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Foreword

Twenty years ago, Nick, now Lord Nicholas Stern, reshaped how we think 
about climate change and the economy. The presumption used to be that 
lowering greenhouse gas emissions would mean slower economic growth. 
The  Economics of Climate Change: The Stern Review upended this notion, 
drawing on cutting-edge scientific research to demonstrate that unmitigated 
climate change would be so economically catastrophic that investing in decar-
bonising our economies was cheap in comparison. The message was quietly 
revolutionary: there is no trade-off between climate action and economic 
development. Quite the opposite, in fact: growth can only be sustained if it is 
environmentally sustainable.

Since then, the world has taken steps forward on carbon pricing, green 
innovation and investment, and international cooperation, but not nearly at 
the speed and scale necessary. Global emissions have continued to rise, and 
the climate system is nearing crucial tipping points. The climate crisis threat-
ens to become unmanageable in many parts of the world, with the poorest 
people least equipped to cope. There is an urgent need for action and few 
excuses for not doing so. In fact, the window for decisive action to reduce 
carbon emissions and restore biodiversity is shrinking. But even as further 
foot-dragging becomes ever more dangerous, elevated economic anxiety and 
cost-of-living concerns worldwide make policy change harder – and that was 
true even before the recent attacks on environmental science.

That is why this book is so timely and so exciting. It convincingly shows 
that a better growth and development model is ours for the taking – one in 
which prosperity and the planet go hand in hand. In this new growth story, 
investment and innovation to combat the climate and biodiversity crises will 
drive and sustain economic output, development, and the creation of quality 
jobs. Growth will be more resource efficient and more productive, with fewer 
negative externalities for the health of people and ecosystems alike.

Technological changes in the past decade have made this 21st-century 
growth story possible. As Lord Stern puts it in his introduction, for many tech-
nologies, ‘the clean is now cheaper than the dirty’. Just as much of Africa and 
Asia skipped fixed-line telephony and went straight to mobile phones, devel-
oping countries can now leapfrog to renewable electricity without sinking 
additional capital into more expensive and polluting fossil-fuel-based energy. 
The breakthroughs go beyond renewable energy. Artificial intelligence prom-
ises to help small-scale farmers increase yields while optimising input  use. 
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New techniques can make cement and concrete cheaper, more durable, and 
less carbon intensive. What is exciting is that poor countries can benefit from 
this new growth story if, collectively, we get our policy and investment prior-
ities right.

But we are a long way from where we need to be. Africa has more than half 
the Earth’s best solar energy resources, yet only around 2% of its solar invest-
ment. Excessive risk aversion and high costs of capital are holding back invest-
ments that would otherwise be good for the economy and the environment.

This illustrates the challenge – and the opportunity – before us: capitalising 
on the new growth story involves trillions of dollars of private investment in 
all countries, and especially in emerging markets and developing economies. 
Incentivising that investment demands smart public policy, paired with cata-
lytic public investment by development banks and governments. At a time of 
fiscal constraints it makes sense to repurpose to this end some of the roughly 
US$2 trillion in current direct annual public spending on environmentally 
damaging fossil fuel subsidies, trade-distorting agriculture subsidies, and 
harmful and wasteful water and fisheries subsidies.

As Director-General of the World Trade Organization (but speaking on a 
personal basis), my agreement with the book’s emphasis on the importance 
of international collaboration and coherence will surprise no one. Ensuring 
that trade and investment can flow freely across borders is vital for the growth 
agenda set out in the book. Diffusing low-carbon technologies around the 
world and driving down their cost through increased competition and scale 
is only part of the story.

Open trade and investment is necessary to harness green comparative 
advantages, in which energy-intensive activities shift to places with abundant 
and cheap renewable energy. If Africa can use solar and wind energy and 
green hydrogen to add more value to critical minerals mined on the conti-
nent, it would be good for global supply resilience of these in-demand prod-
ucts, good for African growth and development, and good for the planet.

At a moment when too many companies and countries are retreating from 
environmental commitments in the name of economic growth, this book 
offers a welcome corrective: climate action is where the growth opportunities 
are. The alternative is environmental and economic catastrophe. Delay is a 
luxury we cannot afford.

Dr Ngozi Okonjo-Iweala, Director-General of the WTO 
June 2025
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Preface

It is almost two decades since the Stern Review, The Economics of Climate 
Change, was published. Its key conclusion from the examination of the 
science and economics of climate change was that the costs of inaction far 
outweigh the cost of action. Two years after the Stern Review, I published 
A Blueprint for a Safer Planet distilling the Stern Review messages ahead of 
COP15 in Copenhagen in 2009, setting out a plan of action, and arguing 
that such action could create a new era of progress and prosperity. Ten years 
after the Stern Review, I published Why Are We Waiting? which argued 
not only that that the key conclusion was still stronger, but also that the 
investment in the new low-carbon economy could be a major driver of 
growth. I emphasised still more strongly the dangers of delay, hence the 
title. At the end of the year that it was published, 2015, the world created 
the landmark Paris Agreement1 at COP21 with its temperature target of well 
below 2 °C and efforts to hold to 1.5 °C.2 The argument that tackling the 
climate crisis embodied a tremendous investment and growth opportunity 
began to gain traction in the years before Paris; indeed it was an important 
foundation in delivering the Paris Agreement. 

We are now a decade on from the Paris Agreement and Why are We Wait-
ing?. Emissions have gone on rising, the climate crisis is deepening, and it is 
ever more clear that it is intertwined with the crisis of biodiversity loss. Nev-
ertheless, those 10 years have seen remarkable progress, with around three 
out of four countries having net zero targets, covering around 80% of world 
emissions. Many cities, provinces, private companies, universities, and other 
institutions have such targets. The costs of renewable power have dropped 
dramatically. So too those of batteries and electric vehicles. The AI revolution 
is with us and together with the drive to the low-carbon economy will shape 
and deliver the growth story of the 21st century.  

This book anticipates and traces that future and how it can be realised. 
Beyond the previous books, it highlights not only the opportunities in this 
unique moment in history but also the dynamics, investment, innovation, and 
structural change which will be necessary for the delivery of the new growth 
story. And I go much more deeply than before into the policies, action, and 
mechanics that can make it happen. There is a strong focus on policies and 
finance both in theory and in practice. When I wrote the earlier books the 
processes of change were just beginning. Now we are grappling with the detail. 
This book can be seen as the Stern Review 2.0. Like the original it tries to look 
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across the whole landscape and focus analytically on both understanding and 
on action. 

It will not be easy. It will need a great deal of investment and there will be 
significant dislocation. But it is a very attractive future. And it is much more 
realistic in my view than inaction and dithering, which would lead to cata-
strophic outcomes for large fractions of the world’s population. It makes little 
sense, in my view, to associate pragmatism or realism with meandering down 
a road to disaster. 

To generate this new story of growth the world will have to overcome many 
obstacles.  Given the remarkable advances in technology, we can now see that 
the majority of those obstacles lie in economy, society, and politics. It will be 
economics and the other social sciences that will help us tackle the difficulties 
and chart the way forward. It is that understanding which has led the Lon-
don School of Economics (LSE) to create its Global School of Sustainability 
(GSoS). This was co-founded by Lei Zhang and myself and began work in Jan-
uary 2025.  Lei, a much-valued alumnus, has been a major donor to the GSoS.

This book builds on the Lionel Robbins Lectures which I gave at the LSE in 
March 2024. I also gave the Lionel Robbins Lectures in 2012, and they were the 
foundation of Why Are We Waiting?. In the preface to that book, I suggested 
that with his acute theoretical mind, his empiricism, and his policy focus, 
Lionel Robbins would have been grappling with these issues had he been 
with us. Robbins was not only an outstanding economist, and central to the 
development of the LSE’s Department of Economics, he knew the importance 
of entrepreneurship and investment for growth and change and recognised 
the crucial role of finance for global public goods. His views on education 
embodied a deep belief in the right to personal development for all. The idea 
of our common humanity runs through the themes of this book together with 
the right to sustainable development. The crises and opportunities we now 
face demand the attention of the outstanding economists of this generation.

The 2024 lectures and this book draw on my own work over the last 
20 years on the economics of climate change. Throughout that time, I have 
seen the building of the low-carbon economy as essentially part of the story of 
sustainable development. Climate, development, and growth are not different 
subjects. They are intertwined and action on climate will drive growth and 
development. And without climate action, growth and development will be 
undermined.  That is the key message of the book. 

In my work of the last two decades, and in attending all the United Nations 
climate COPs since 2006, I have come across many perspectives and learned 
many lessons that I carry with me and are reflected in the story told in this 
book. From 2013 Felipe Calderón and I chaired the Global Commission on 
the Economy and Climate, collaborating with researchers from the World 
Resources Institute (WRI), the Brookings Institution, and beyond. Andrew 
Steer, President of the WRI, played a key role. We helped build the argument 
ahead of COP21 in Paris that climate action and development come together. 
I have co-chaired the Independent High-Level Expert Group on Climate 
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Finance with Amar Bhattacharya and Vera Songwe, since COP26 in 2021, 
working with the UNFCCC and with the COP presidencies. I worked with 
the G20, including on the Eminent Persons Group on Global Financial 
Governance established under the German G20 presidency of 2017 and 
chaired by Tharman Shanmugaratnam, and the Independent Expert Group 
on Strengthening the Multilateral Development Banks (MDBs), established 
by the Indian G20 presidency in 2023 and co-chaired by N.K. Singh and Larry 
Summers. I worked with President Macron on his initiatives around the Pact 
for Prosperity, People, and the Planet and also with the UK and German G7 
presidencies of 2021 and 2022. I have worked closely with Christine Lagarde 
and Kristalina Georgieva as Managing Directors of the IMF, and Ajay Banga, 
President of the World Bank and some of his predecessors. Throughout 
the period I have collaborated with the Executive Secretaries of the United 
Nations Framework Convention on Climate Change (UNFCCC), including 
Christiana Figueres, Patricia Espinosa, and Simon Stiell. The UN Secretaries-
General Antonio Guterres and Ban Ki-moon have championed these issues 
and I have interacted and worked with them. So too the UN Deputy Secretary-
General Amina Mohammed. There are and have been many strong leaders 
and initiatives working towards a better future. But moving from persuasive 
arguments to real action is a tough and detailed task. This book is an attempt 
to help this process along the way.

This is a transformation within which the private sector, and its investments 
and innovations, are of great importance. My interactions with the private sector, 
for example through COP26 in Glasgow and the EBRD (as Chief Economist), 
have been of great importance to my own understanding. As part of that I have 
learned much from my experience as Chair of Systemiq over the last seven years. 

I emphasise these international collaborations because this is a subject 
that is quintessentially international. Nations must make their own choices 
and increasingly they recognise that the clean route to growth carries great 
advantages for their own nation. But collaboration is crucial across nations. 
Through the G20, the international financial institutions (IFIs), the UN and 
in many other ways, it must go beyond the climate institutions and tackle 
world economic and finance issues alongside and together with climate and 
biodiversity. 

The next decades of global development are critical, as choices made now will 
either lock us into a high-carbon, catastrophic future or set us on a new low-car-
bon path of growth and development. In particular, this fork in the road is of 
special importance to emerging markets and developing countries (EMDCs) 
where most of world growth will occur, and most of the new infrastructure will 
be built. Embracing low-carbon growth could see EMDCs leapfrog straight to 
cleaner and more efficient technologies and structures, to both great benefit 
for their own development and to the benefit of the planet. The argument is 
strengthened still further by the abundance of renewable potential in EMDCs. 

This is also a moment of special importance as a result of the turmoil associated 
with the Trump presidency in the USA which began in January 2025. There is no 
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doubt that the hostility of his administration to climate action is a setback. But 
when a great power steps back, here on all of trade, aid, finance, health, security, 
and climate, other powers can and will step forward. That process is beginning. 
Further, much of the US public and private sectors will continue to go forward 
as they did under the previous Trump presidency. Many  investors  put their 
money into solar and wind power generation because it is cheaper. Change 
aligned with climate action in the USA will continue, although it will no doubt 
be somewhat slowed by the actions of the presidency. 

The purposes of the book are to describe the actions that will be necessary 
to realise the growth story, to set out a coherent agenda for action and policy, 
and to show how that agenda can be delivered. In so doing we will also estab-
lish a research agenda, particularly in economics. However we must be clear 
that this is an area where action and research have to go together. We cannot 
wait for the research to be completed prior to taking action. But at the same 
time action will need serious analytical guidance. 

The audience for the book follows in large measure from its purposes. I hope 
it will be useful to all those interested in the challenges of climate change, bio-
diversity, and economic development and poverty reduction. And how poli-
cies and action to take on these challenges can be researched, articulated, and 
implemented.  That audience would include civil servants and politicians, and 
more generally, all those interested in the making of policy. Further, I hope it 
will be of interest to the private sector, NGOs and the public at large. This is a 
subject in which all should be interested and where effective action requires 
the involvement of all.

It would also, I hope, include university students across the world. I have 
tried to create a book which can be used in courses on the economics of cli-
mate change. Also, in courses on climate change and the social sciences more 
generally. I hope it would be of value to those studying climate in science and 
engineering as well: these students will need to have some understanding of 
economy, politics, and society if their own ideas are to have traction. Further, 
and of particular importance, I hope it will be of value to courses on economic 
development and economic policy. Indeed, it is in large measure a text on 
sustainable development.  

The first key message of the book is the growth story. There is no horse 
race between climate action on the one hand and economic development and 
poverty reduction on the other.  They go hand-in-hand. For clarification at 
the outset let me emphasise two points. First, climate action and biodiversity 
action are intertwined. But they are not the same. Nevertheless, action on 
these two fronts should be integrated. When I say climate action, it should be 
understood to also involve careful attention to biodiversity action. Second, by 
growth, I mean growth of a very different kind to the dirty, destructive mod-
els of the past. By growth, I usually mean growth and development across all 
dimensions of well-being. And I mean growth over the next few decades, not 
over some vague notion of the indefinite future. 



The second message is that delay is deeply dangerous. This point was central 
to the Stern Review and at the core of Why Are We Waiting?. It remains central 
now. Severe impacts are being felt already, and the dangers will only escalate if 
climate is unmanaged or managed ineffectively or managed with delay. They 
would likely lead towards mass movement of people. And potentially wide-
spread conflict. 

The third message is that we can now describe the investments and innova-
tions for the transformation of the economy that will be necessary. At least we 
can do that sufficiently clearly to set off in a purposeful way down the road we 
must travel. We will, of course, learn along the way and must design policies 
and actions so that we do learn. 

The fourth is that all this will involve not only great investments and inno-
vations but also structural change and dislocation. Careful design of policies 
and actions will be critical for a just transition and to avoid or reduce potential 
opposition. This should be a story in which all can participate. 

The fifth is that much of what countries can and should do to tackle climate 
change is unambiguously in their own interests, even narrowly interpreted. 
However, international collaboration will be of the essence. That is why our 
international institutions, including the G20, the UN, the development banks, 
the IMF, and the WTO will be so important. 

This volume (taking the Stern Review and The Blueprint together as the 
first) is essentially the third in 20 years, with 10 years between the first and 
the second (Why Are We Waiting?), and with 10 years between the second the 
third. Thus, I am led to wonder whether I will need to write a fourth, 10 years 
from now. One measure of the success of this book would be that the fourth 
turns out to be unnecessary. I am indeed confident and optimistic about what 
we can do. I worry very much about what we will do. This book is in large 
measure part of the process which tries to move from possibility to delivery. 

Finally, I should note that this is one of the earliest volumes of LSE Press. I 
am delighted that I have the opportunity to contribute at an early stage in the 
work of the Press. I am very grateful to Sarah Worthington for all her encour-
agement and her leadership as Chair of the LSE Press. And I see this also as 
one of the first major publications for the Global School of Sustainability. For 
these reasons and because I wanted the book to be freely available to students, 
it is of great importance that this book is available as open access. 

Notes
	 1	 This was the twenty-first session of the ‘Conference of the Parties’ of the 

United Nations Framework Convention on Climate Change. 

	 2	 Temperature here means the increase in global mean surface temperature 
relative to the second half of the 19th century. 
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Introduction:  
if not us, who? If not now, when?

We are at a critical moment in history. The next decade is decisive. It is this 
generation that must act, and it must act urgently and at scale to reduce green-
house gas (GHG) emissions and protect and restore biodiversity. Delay is dan-
gerous. The consequences could be catastrophic. For many, perhaps hundreds 
of millions or billions, they could be existential. The science has been clear for 
decades on the potential scale of the risks. As emissions go on rising and the 
evidence gets ever stronger, the alarm signals are unmistakeable. The science 
sets a fierce timetable for action.

The rewards from urgent action, however, go way beyond the avoidance of 
immense risk, fundamental though that is. Whilst that argument was made 
in the The Economics of Climate Change: The Stern Review (hereafter the Stern 
Review) in 2006, it has become ever more clear, particularly since 2015: the 
investment, innovation, and structural change that can deliver the radical 
change in economic activities necessary to reduce emissions and protect bio-
diversity can also deliver a much more attractive story of growth and devel-
opment than the dirty, destructive growth models of the past. We have in our 
hands a new growth story for the 21st century. The urgency demands that we 
create this new path in the second quarter of this century. 

That growth story is more resource efficient, creates lower-cost energy, kills 
and maims far fewer people from pollution, yields robust and fruitful eco-
systems, makes our land more productive, focuses investment on the most 
innovative areas, and raises investment itself. Clarity on the necessary scale 
of action and the risks of delay is essential to our argument. But the core of 
this book, and I trust its new contribution, is the focus on the growth story 
embodied in the action necessary, on its key elements and drivers, and on the 
policies and actions required to create it. It is this story that has become ever 
more clear to me in the two decades since the publication of the Stern Review 
in 2006.1 It is not simply a story of destruction avoided; it is a new story of 
growth. That new story will be built on remarkable technological change, par-
ticularly since 2015; the clean is now cheaper than the dirty across a wide 
range of economic sectors. The new story of growth, what it looks like, and 
how it can be achieved is the core of this book. In many ways this book is the 
Stern Review 2.0. 

Because this new growth is driven by investment and innovation, it will 
in large measure be created by the private sector. But public action will be 
critical in creating a favourable environment for the investment, in fostering 
creativity and innovation, in promoting research and development, and in 
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carrying through vital public sector investment. That will involve a role for 
the state very different from that associated with the market fundamentalism 
so popular at the end of the last century. 

The first and primary purpose of this book is to set out a new view of the eco-
nomics of growth and development which has sustainability at its core as both a 
key requirement and a key driver. Second, in so doing I offer a research agenda for 
and some challenges to my own discipline, economics. Third, I offer a reflection 
on the Stern Review after two decades. Fourth, I hope that it can serve as a course 
book – open access – for courses on sustainability and development economics. 

It is the concentration of GHGs in the atmosphere that causes global warming 
(see Chapter 2). Carbon dioxide is the most important of these gases. Since a 
kilogram of carbon dioxide emitted from Johannesburg has the same climate 
effect as one from London, or anywhere else, the response must take place across 
the world. This is a challenge for international collaboration and coherence. 
That challenge is not easy – particularly in today’s turbulent and often fractious 
world – but the difficulties are moderated by the fact that so much of the neces-
sary action is in the best interests, even if narrowly interpreted, of each country. 

Setting out this growth story and showing how it can be realised is the pri-
mary purpose of the book. It is sketched briefly in this introduction, together 
with a summary of the scale of the risks faced by the world in terms of the 
climate and biodiversity crises and thus the necessity for action with urgency 
and scale. It is followed by a sketch of the book’s structure and logic.

This book carries a message of hope. But the path that turns hope into real-
ity is full of difficulties and obstacles. I believe that they can be overcome 
and this book will try to show how. One thing is clear: it will take substantial 
investment, innovation, and systemic and structural change if that hope is 
indeed to become a reality. And, to stress again, delay is dangerous.

A new growth story: drivers and potential 
The key argument of this book is that the investment and innovation neces-
sary for a strong and effective response to the climate and biodiversity crises 
will drive a new growth story, much more attractive than the dirty, destructive 
models of the past. That investment is therefore both an imperative and an 
opportunity. We begin here with a summary of the opportunity: the growth 
story. And then of the imperative, given the scale and nature of the risks. To 
be crystal clear on two points: this is growth which is very different from the 
past; and we are talking about the next two or three decades, not some vague 
notion of indefinite growth (see Chapter 5). 

There are six key drivers of the new growth story, and investment is at the 
core of that story:

1.	�Lower costs, learning by doing, induced innovation: Investment will 
be focused where innovation is vibrant and costs are low and falling.
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2.	�Increasing returns to scale in new technologies: Much of the invest-
ment will take place in areas where there are powerful increasing 
returns to scale as new initiatives are started and expanded, for exam-
ple solar panels or LED lightbulbs.

3.	�Improved resource efficiency: Investments in resource efficiency 
have great potential, including the circular economy. Energy efficiency 
is of special importance. Efficiency means productivity means growth.

4.	Stronger system productivity: The investment, innovation, and 
structural change necessary to strengthen the productivity of big 
systems – energy, transport, cities, land, and water – will increase 
productivity across the board. For example, interconnected transport 
systems, with smooth links between public and private and greater 
scope for cyclists and pedestrians, create cities that are much more 
efficient and productive than those associated with traffic jams and 
frustrated travellers and commuters. 

5.	Improved health: Improving health can drastically reduce the deaths 
and disability associated with air and other pollution in both urban 
and rural areas. The health benefits from reduced pollution will surely 
be of great value to well-being in their own right, but they also make 
people more productive. Enhancing human capital enhances produc-
tivity and growth.

6.	Increased share of investment: The new investment itself adds to pro-
ductive capacity and drives growth. In this context, infrastructure is of 
special importance. 

Artificial intelligence (AI) will play a powerful role across all these drivers, 
particularly in innovation, discovery, efficiency, and management of systems. 
We are fortunate that the need for fundamental change and AI have arrived 
at the same time. 

All of these effects simultaneously reduce emissions and damage to our 
ecosystems and create much more productive economies and societies. They 
do that by lowering costs, fostering innovation, improving efficiency, creating 
better functioning of the key systems, improving health, and raising produc-
tive investment itself.

As I shall argue in this book, most macro modelling and analyses of out-
put growth largely ignore the six crucial drivers, with the exception of the 
last. And generally, they also ignore the losses from failing to adapt. It is a 
new growth story both in theory and in practice. Further, adaptation and 
the building of resilience to a climate that is changing will increase output 
and productivity, relative to strategies which act as if climate change is not 
happening or is minimal. Avoiding destruction from flooding increases pro-
ductivity relative to failing to do so. Clearly adapting farming techniques to 
changing seasons and rainfall patterns is more productive than carrying on as 
if nothing is happening.
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Most of the investment and innovation in this new form of growth will be 
from the private sector. Indeed, it has been described as the biggest investment 
opportunity since the Industrial Revolution.2 But strong public policy and 
leadership are central to creating favourable conditions for this investment and 
innovation. At the regional level, the EU Green Deal is doing this, through a 
strong package of cohesive long-term policies.3 At a more local level, it is also, for 
example, what the Basque Government is doing through the Net-Zero Basque 
Industrial Super Cluster, a green hub where the public sector works as a facilitator, 
aligning business needs and technological supply to clean priorities and economic 
growth (World Economic Forum [WEF], 2025). Making it easier to use or build 
the new and clean can increase consumer demand. For example, the German 
government’s elimination of permitting rules allowed residents to install solar 
panels simply by hanging them and plugging them into a socket. Balcony solar 
panels increased rapidly – a convenient way to reduce electricity bills. Around 1.5 
million German balconies now have solar panels (Burgen, 2024).

Strategic thinking and acting on sustainable investments can be found across 
the world. In Latin America, for example, Chile is seeking to position itself among 
the largest green hydrogen exporters by 2040 (Ministry of Energy of Chile, 2022). 
On the African continent, countries such as Namibia, Morocco, and South Africa 
are building on the continent’s clean energy potential in an exciting way by devel-
oping plans to position themselves as green hydrogen production hubs, poten-
tially exporting to European countries or using it themselves (Radford and Field, 
2023). Green skills were mainstreamed into the school curricula of Rwanda, as 
part of its Green Growth and Climate Resilience Strategy (REN21, 2025). And 
Kenya’s Energy Transition and Investment Plan (2023) outlines a pathway to 
meet the country’s energy needs and socioeconomic development objectives 
simultaneously, aiming to reach net zero by 2050 (SEforALL, 2025). In Asia, for 
example, India is crafting a roadmap to green their steel sector (Ministry of Steel, 
Government of India, 2024). And the Lao People’s Democratic Republic (PDR)–
Thailand–Malaysia–Singapore Power Integration Project is setting the example 
in energy multilateralism: this cross-border electricity trading initiative facilitates 
transferring renewable energy electricity across borders, particularly from the 
Lao PDR, which is highly abundant in hydroelectricity, to Singapore, through 
Thailand and Malaysia. This helps participating nations to both drive develop-
ment forward and meet their sustainability goals, while also creating an important 
precedent for future multilateral energy trading projects (REN21, 2024).

In some sectors jobs will be created. In others they will be lost. And across 
the economy many jobs will change. There will be great opportunities but also 
dislocation for workers and consumers. Public action must recognise that the 
rewards of success can be immense but also make sure that the difficulties 
and dislocations are managed to protect those who might suffer. To fail to 
do so would not only be unjust but also undermine support that is necessary 
for change. As the economies of the world are transformed, more jobs are 
expected to be created than lost. But workers who face transitions will need 
support, particularly in relation to skills. Investments will be needed in peo-
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ple and places where dislocation occurs. Consumers will see some prices rise 
alongside others that will fall and some poorer consumers particularly may 
need protection, including through transfers (Stern and Stiglitz, 2023). The 
participation of civil society will be of great importance in managing change. 

The new growth story unlocks new employment opportunities for employ-
ees, the self-employed, and entrepreneurs. This is of particular importance for 
the development of low- and middle-income countries. There are real oppor-
tunities in the new approach to growth to create quality employment opportu-
nities, of special importance in a context where many promising high-skilled 
youths may otherwise decide to emigrate (African Union Commission [AUC] 
and Organization for Economic Co-operation and Development [OECD], 
2024; International Labour Organization [ILO], 2024). Examples of practical 
measures to take such opportunities include the ‘Boosting Green Employ-
ment and Enterprise Opportunities’ programme in Ghana, whose integrated 
approach both provides useful technical skills and connects the unemployed 
with opportunities through employment as well as self-employment (Ambasz 
et al., 2024; GrEEn, 2020).

The developing world is at centre stage in the new growth story. It is where the 
majority of world growth will occur, and infrastructure and other investments 
will be made in the coming two decades. For example, most of the infrastructure 
of developing nations is yet to be built; even in a middle-income country like 
India nearly 70% of the urban infrastructure likely to exist in 2047 will be built 
between now and then (Kouamé, 2024). If these investments look anything like 
the old, the risks to our future will be immense. Delaying action brings the risk 
of locking-in emissions from carbon-intensive, long-lasting dirty capital. 

The next few decades will see strong urbanisation in the developing world 
and it will be crucial for sustainable growth to avoid the great congestion and 
pollution locked into many existing city structures. It is indeed possible to 
find other ways to do things. Medellín, Colombia, introduced cable cars as 
part of their mass transport system, reducing emissions from mobility while 
integrating marginalised areas on hillsides and improving the links between 
residents and jobs (Dávila and Daste, 2013). The lion’s share of solar and 
wind energy opportunities in the world reside in developing nations, hitherto 
largely untapped. But examples are emerging and among the 12 nations that, 
as of 2023, were already generating virtually all their electricity from renew-
ables (>98%), eight are from the Global South. Among these clean power-
houses are Albania, Bhutan, Nepal, Paraguay, Iceland, Ethiopia, and the Dem-
ocratic Republic of Congo (Jacobson, 2025). 

For most developing nations there is a huge opportunity to leapfrog the 
destructive and inefficient models of the past, avoiding the outdated and dirty, in 
much the same way that Africa and Asia skipped traditional fixed-line telephony 
to move directly to modern mobile phones. Kenya has increased access to 
electricity dramatically, reaching around 80% of its population in 2023, by relying 
extensively on clean sources instead of fossil fuels, with nearly 90% of its electricity 
being renewable based (International Energy Agency [IEA], 2025). Around 20% 



6	 THE GROWTH STORY OF THE 21ST CENTURY

of this electricity is being generated with grid-scale wind and solar technology 
(Thurber, 2024). In the words of William Ruto (2022), Kenya’s president: ‘Rather 
than trudging in the fossil-fuel footsteps of those who went before, we can leapfrog 
this dirty energy and embrace the benefits of clean power.’

The scope for innovation across all sectors is immense. For example, in 
agriculture we can now see a future where AI helps determine planting 
dates, irrigation techniques, fertiliser use, and market opportunities – and 
via accessible devices for small-scale farmers, such as smartphones. This 
future is already beginning with startups in developing nations, combining 
the latest technology with local expertise in agricultural systems. The infra-
structure of the future could be built using lower-carbon materials backed 
by favourable economics. For example, by substituting clinker with calcined 
clays, it appears possible to reduce the ratio of clinker (responsible for over 
80% of the overall emissions of cement production) in cement or concrete 
mixes, thus decreasing process- and energy-related production emissions. 
In comparison to clinker, producing calcined clay requires lower tempera-
tures (approximately 800 °C vs 1400 °C), thereby reducing production costs 
by around 25%. These costs could decrease even further as calciners for cal-
cined clay, which are still at the early stages of their development, improve 
over time (Systemiq, 2024). 

So too we are learning from the past: scientists are learning from ancient 
structures that have passed the test of time. It seems Romans used con-
crete-manufacturing strategies with self-healing functionalities, qualities 
that enabled buildings such as the Pantheon, the largest unreinforced con-
crete dome in the world, to survive millennia – while many modern concrete 
structures endure only a few decades (Chandler, 2023; Seymour et al., 2023). 
Imagine the widespread use of concrete that can self-heal its cracks, just like 
bones do, extending the life of structures and cutting down concrete use and 
repair costs.4

Some of the new approaches to, and forms of, development will involve 
changing lifestyles, including changing behaviour to reduce waste and pol-
lution, and altering diets. During 2022, I had the privilege to be part of the 
Indian Government’s launch of the Lifestyle for Environment (LiFE) move-
ment, an initiative that fosters behavioural and consumption changes of indi-
viduals through simple acts, for example around waste, while also leveraging 
social networks to influence collective norms in favour of sustainability. Ulti-
mately, this initiative is about generating a mass movement for ‘mindful and 
deliberate utilization, instead of mindless and destructive consumption’, said 
Narendra Modi, Prime Minister of India, at COP26 (Modi, 2021).

Achieving a global transformation of this magnitude will be challenging. 
The pace and scale of the investment increases and transformations that need 
to take place are historically unprecedented outside war time. In addition to 
the profound changes necessary in institutional structures and behaviours, 
the macroeconomic and public finance challenges will be substantial. All this 
is feasible, in my view, but we must not underestimate the difficulties. We 
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must think ahead, prepare for them, tackle them, and be ready to learn and 
adjust along the way. There will be surprises, failures, disappointments, and 
false starts. But the pace must be maintained. The prize of success is immense 
and the consequences of hesitation or failure potentially devastating.

Rising emissions, rising risks
Under current policies, temperatures are headed to potentially catastrophic 
warming of close to 3 °C by 2100 (Climate Action Tracker, 2023).5 Our planet has 
not not experienced average temperatures that are 3 °C higher than pre-industrial 
levels for around three million years. Sea levels were then 5–25 metres higher 
than today (Miller et al., 2012; IPCC, 2023). This was long before our current 
civilisations established themselves in the period after the last ice age. Since then, 
humanity has lived – and, on the whole, flourished – in a fairly stable climate and 
temperature. It was this benign period, known as the Holocene Epoch, which 
covers the last 11,000 or 12,000 years, that allowed settled agriculture.6 Grasses 
became cereal crops and there were settlements to enable the nurturing and pro-
tecting of crops whilst waiting for harvests. There were stocks of grain, which 
meant hunting and gathering was no longer necessary on a daily or weekly basis. 
And there were surpluses, allowing much greater non-agricultural activities. 
During the Holocene Epoch, temperatures are estimated to have been within the 
range of plus or minus 1 °C relative to the end of the 19th century – until the last 
couple of decades. Homo sapiens, present for a quarter of a million years, has not 
experienced anything close to temperature increases of 3 °C.

Rising emissions have already, according to the World Meteorological 
Organisation (WMO), pushed the world to a long-term temperature increase 
in 2024 of 1.34–1.41 °C compared with 1850–1900 (WMO, 2025a). The rate 
of warming between 1991 and 2024 was more than 0.2 °C per decade (WMO, 
2025b). At that rate of increase, warming of 1.5 °C will be reached within the 
next decade, and 2  °C by the 2060s. Future risks will escalate rapidly with 
every fraction of a degree of warming, particularly since ‘tipping points’ could 
be passed, such as destabilisation of major ice sheets and collapse of the Ama-
zon forest system. These could create powerful dynamic feedbacks, including 
further temperature increases. We stabilise temperatures by stabilising con-
centrations of GHGs, since that determines the magnitude of the warming 
effect. We stabilise concentrations or stocks by balancing sources and sinks 
for the emissions or flows (see United Nations Framework Convention on 
Climate Change [UNFCCC], 2015, Article 4). This balance has come to be 
known as ‘net zero’ (see Section 1.4 in Chapter 1). 

These risks could lead to large-scale movements of people, potentially hun-
dreds of millions or billions, and, as a consequence, severe and extended con-
flict (Brown, 2008; Clement et al., 2021; Institute for Economics and Peace, 
2020). In the words of leading climate scientist Michael Mann (in Carrington, 
2023, paragraphs 10–11):
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If we can keep warming below 1.5 °C then we can preserve this 
fragile moment [i.e. the more benign Holocene conditions]. But if 
we go beyond 3  °C, it’s likely we can’t. In between is where we’re 
rolling the dice … 1.5 °C is already really bad but 3 °C is potentially 
civilisation-ending bad.

And remember that those who cannot move could suffer even more. 
Already at 1.5 °C, for example, 950 million people across the world’s drylands 
will experience increased risks of water stress, heat stress, and desertification 
(Mirzabaev et al., 2019). The share of the global population exposed to flood-
ing will continue to rise sharply. Heatwaves that, on average, arose once every 
10 years in a climate with little human influence, will likely occur around four 
times more frequently with 1.5 °C of warming and close to six times with 2 °C 
(Intergovernmental Panel on Climate Change [IPCC], 2021). 

The actions we take today will shape not only the climate realities of future 
generations, but also those of many people currently alive. The observed changes 

Figure I.1: The potential generational impacts of climate change 

Note: Observed (1900–2020) and projected (2021–2100) changes in global surface tempera-
ture (relative to 1850–1900), which are linked to changes in climate conditions and impacts, 
illustrate how the climate has already changed and will change along the lifespan of three 
representative generations (born in 1950, 1980, and 2020). Future projections (2021–2100) 
of changes in global surface temperature are shown for very low (SSP11.9), low (SSP1–2.6), 
intermediate (SSP2–4.5), high (SSP3–7.0), and very high (SSP5–8.5) GHG emissions scenarios. 
Changes in annual global surface temperatures are presented as ‘climate stripes’, with future 
projections showing the human-caused long-term trends and continuing modulation by 
natural variability (represented here using observed levels of past natural variability). Colours 
on the generational icons correspond to the global surface temperature stripes for each year, 
with segments on future icons differentiating possible future experiences.
Source: Figure SPM.1 Panel (c) in IPCC (2023, p. 7). Copyright 2023 by IPCC. Reproduced 
with permission. Use of IPCC figure(s) is at the User’s sole risk. Under no circumstances 
shall the IPCC, WMO or UNEP be liable for any loss, damage, liability or expense incurred 
or suffered that is claimed to have resulted from the use of any IPCC figure(s), without 
limitation, any fault, error, omission, interruption or delay with respect thereto. Nothing 
herein shall constitute or be considered to be a limitation upon or a waiver of the privi-
leges and immunities of WMO or UNEP, which are specifically reserved. 
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in global surface temperatures since the 1850–1900 period, along with projec-
tions through 2100, portray a deeply concerning trend of escalating climate 
impacts over a single lifetime. Figure I.1 illustrates this for individuals born in 
1950, 1980, and 2020, showing how different emissions scenarios directly influ-
ence warming levels, which are depicted in distinct temperature stripes. Those 
born today are at major risk of being plunged into catastrophic climate change 
of 3 or 4 °C unless our generation acts swiftly and strongly.

Climate impacts are not only a future problem; they are happening right 
now and are increasingly part of our lived experience. They include rising 
risks of  wildfires, floods reaching coastal properties or storm surges inun-
dating whole regions, extreme heat in densely populated areas such as the 
Indo-Gangetic plain, the southerly advance of the Sahara, and increases in 
the frequency and intensity of extreme weather events everywhere. Across 
the world climate change and biodiversity loss are damaging our lives 
and livelihoods.

The world is already heading for temperature increases above 1.5 oC. Every 
extra centigrade decimal of temperature involves still more danger. Temper-
atures will not stabilise unless the concentrations or stocks of GHGs stabi-
lise. That means net zero emissions or flows of GHGs. The earlier we achieve 
net zero, the lower the temperature at which we stabilise.7 Given that we are 
already into dangerous territory where tipping points may be close, the agreed 
targets of the Paris Agreement – well below 2 oC and efforts towards 1.5 oC – 
require net zero by 2050. Breaching of those targets involves very serious risks 
of outcomes which would be catastrophic for billions of people (see Chap-
ter 2).

Sketch of book structure and its logic 
The book, in large measure, follows the logic of the arguments set out 
above and in Chapter 1. The four chapters of Part I together provide the 
foundations, principles, and scaffolding – from the science to the poli-
tics – for the building of the story of the book. Chapter 1 traces our route 
to the present and its crises, together with how ideas have changed and 
how international action has started to emerge. And it begins the discus-
sion of new opportunities for growth and development.  It is ‘how we got 
here, and where we need to go’.

Chapters 2 and 3 briefly examine some fundamentals crucial to the 
theses of this book. The science and the scale and nature of necessary 
responses are examined in Chapter 2. Key issues and strands in politics, 
economics, and ethics are the subject of Chapter 3. It notes in particular 
how the contribution of economic analysis in this area has often been 
misguided, and also how it must change, whilst recognising that the 
change has begun. It is in the economy, politics, and society that the main 
obstacles will lie. Social scientists have a crucial responsibility to help 
chart ways forward.
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These chapters on the foundations are especially important considering 
the widespread misinformation and deliberate disinformation that obscure 
or dismiss the immense risks of inaction and, similarly, exaggerate the costs 
and downplay the many benefits of action. We examine and tackle common 
fallacies and confusions in Part IV. These distortions of analysis and data are, 
all too often, designed to undermine action and to protect the status quo and 
associated vested interests. They are dangerous in terms of the massive climate 
risks we face. And they hinder the taking of the great opportunities in the new 
growth story. We are confronting complex challenges in a fast-paced envi-
ronment and in that context there is fertile ground for simplistic narratives. 
These attempts to muddle and divert make thoughtful analysis and action 
more important than ever. While disagreement is central to healthy debate, 
it is essential that discussions are grounded in a robust understanding of the 
fundamentals and a respect for data and analysis.

Chapter 4 focuses on opportunities, particularly in relation to how the 
world, its challenges, and the understanding of those challenges have evolved 
since the mid-2000s. This encompasses the journey from the Stern Review 
in 2006 to the UNFCCC COP21 in Paris in 2015, and then from Paris to the 
present. Before Paris, extrapolations based on current policies indicated the 
possibility of temperature increases of around 4  oC. After Paris, and a new 
sense of direction, these increases dropped to around 3 oC and they are now 
between 2.5 and 3 oC. We are still in a very dangerous place. The acceleration 
of action is now critically urgent. Chapter 4 sets the action agenda. 

Part II sets out the central thesis that the response to climate change 
embodies the growth story of the 21st century; the opportunity. It is essen-
tial to respond quickly and at scale to avoid the most severe risks of climate 
change and to adapt to changes that we cannot prevent; the imperative. Chap-
ter 5 shows how we can act on the risks while creating a new path of growth 
and development. The response begins with understanding the nature and 
the specifics of the challenges and requirements for action. There will be real 
difficulties, competing interests, different perspectives, mistakes, and learn-
ing along the way, but collectively, we now know enough to move quickly 
and purposefully. At the heart of progress will be an understanding that the 
actions necessary can foster the growth story of the 21st century, much more 
attractive than the environmentally damaging approaches to growth of the 
past. That argument is at the core of this book, and successful action depends 
on understanding it. Developing countries have a special opportunity to 
leapfrog the dirty, destructive paths followed in the past by developed coun-
tries. The new approach to growth can both achieve sustainable development 
across its many dimensions and respond forcefully to the climate and biodi-
versity crises. Identifying the necessary investment in the new technologies, 
fostering that investment, and financing it will be crucial. Governments will 
set strategies, policies, and frameworks, but the private sector will be in the 
vanguard of investment. 
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Chapter 6 offers an analysis of key elements of that growth story, focusing on 
investment, innovation, and systemic and structural change, and particularly 
on policies and actions to foster the necessary change. It examines actions, 
policies, institutions, and behaviours that are necessary to deliver transforma-
tion at the country level. Investment in natural and social and cultural capital, 
as well as physical and human capital, will all be critical. The systemic changes 
necessary involve recasting the key systems of energy, transport, cities, land, 
and water, all of which are themselves intricately connected.

Chapter 7 recognises and explores the consequences of the action agenda 
for the role of the state in fostering and enabling the fundamental sectoral, 
systemic, and technological changes embodied in the necessary new path of 
development and growth. It also examines how political economy and vested 
interests present obstacles to change. Closely associated with these obstacles 
are the ways in which preferences and behaviours evolve, or fail to evolve, 
with changing circumstances, with experiences, and with public discussion of 
new ideas. It is in part a synthesis, from a policy and institutional perspective, 
of the arguments of the second part of the book.

Climate action requires international commitment across the world. Such 
action will inevitably transform international relations and the world’s eco-
nomic geography. Part III of the book concerns these international issues and 
dynamics, exploring how differences across and relationships between nations 
and regions will reshape the world economy, taking into account the decline 
of fossil fuels. These differences, interdependencies, and the new economic 
geography are the focus of Chapter 8. It highlights too how the developing 
world is moving to centre stage in shaping the issues and setting the agenda.

Creating this new growth story will require both international and national 
action. Richer countries have an obligation to support poorer countries in 
their pursuit of a new path of growth and development; the richer countries 
prospered in large measure through environmentally harmful growth, but 
it is the poorer countries that suffer the most from climate change despite 
having contributed the least to the causes of it. Mobilising support from the 
rich world, often in the face of reluctance or opposition within their politics, 
will be critical to a successful transition. Overcoming that reluctance requires 
an understanding of the risks of inaction, of mutual interdependence, and of 
the opportunities in the new growth story. Moral imperative, responsibility, 
and self-interest point in the same direction. The necessity of collaboration 
across richer and poorer nations, especially around finance, is examined in 
Chapter 9. 

Finance, both private and public, will be at the heart of international col-
laboration. Multilateral development banks (MDBs) play a central role in 
creating the conditions for investment and mobilising finance. They are 
powerful instruments of public policy if used to their full potential and offer 
the best ‘value for money’ in providing international support. Reforming 
these institutions is a core issue, one in which, with close collaborators, I 
have been actively engaged through public discussion and written propos-
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als.8 That involvement has been based on my experience as Chief Economist 
of both the World Bank and the European Bank for Reconstruction and 
Development (a regional development bank) and senior economist in the 
UK Treasury (Second Permanent Secretary and Head of the Government 
Economic Service), from where I led the Stern Review. Increasing the scale 
of and the collaboration amongst MDBs will be crucial. Improving their 
impact and efficiency and their collaboration with the private sector will 
also be key to success. 

The final part of the book, Part IV, draws arguments together and asks how 
action can be galvanised. We begin in Chapter 10 by emphasising the fallacies 
and confusions that are encountered in public discussion of climate change 
and how they can be confronted. It also recognises and highlights the major 
obstacles which must be overcome. It is, in an important sense, a summary of 
many of the arguments of this book.

The final chapter, Chapter 11, reflects on the evolution of ideas, including 
those since the Stern Review, to show both how far we have come and how 
far we must go. It summarises the research agenda embodied in the argu-
ments and conclusions set out in the book. It concludes with a call to action, 
stressing the need for immediate and large-scale efforts. A much better path 
for growth and development is in our hands. We should be confident about 
what we can achieve but recognise that our abilities to manage the politics of 
change and to collaborate will be tested. This will be a challenging transition. 
Translating what we can do, in principle, into what we will do, is fraught with 
difficulty. Optimism about the former is very different from optimism about 
the latter. The risk of failure is real, with potentially devastating consequences. 
Success means creating dynamic, sustainable, resilient, and equitable develop-
ment. A world of shared prosperity.

The spirit of the book is well summarised by Brutus in Shakespeare’s 
Julius Caesar (Act 4, Scene 3):

There is a tide in the affairs of men which, taken at the flood, leads 
on to fortune. Omitted, all the voyage of their life is bound in shal-
lows and in miseries. On such a full sea are we now afloat. And we 
must take the current when it serves. Or lose our ventures.

Brutus was not necessarily on the side of virtue, nor was he always success-
ful, but the metaphor of the tide does capture well the idea that we are at a 
moment of crucial decision. Delay is dangerous.

Notes
	 1	 See Stern (2006, 2007). Published online in October 2006 and by Cam-

bridge University Press in January 2007.
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	 2	 Mark Carney (2020, p. 2) has said: ‘Achieving net zero will require a 
whole economy transition – every company, every bank, every insurer 
and investor will have to adjust their business models. This could turn 
an existential risk into the greatest commercial opportunity of our time.’ 
And Philipp Hildebrand and Edwin Conway of BlackRock: ‘The transi-
tion to a low-carbon economy presents historic investment opportunities 
and challenges for clients – on par with the rise of emerging markets and 
digitization in recent decades’ (in Segal, 2022, paragraph 6).

	 3	 For more details on the delivery of the EU’s Green Deal see European 
Commission (2023). 

	 4	 For an overview on self-healing concrete technologies see Zhang et al. 
(2024). 

	 5	 These are average global surface temperatures measured as increases 
relative to the second half of the 19th century, assumed to correspond to 
temperatures preceding the industrial revolution.

	 6	 Some scientists argue that we left the Holocene around 1950 and have 
entered a period that some term the Anthropocene (Ellis, 2024).

	 7	 We should, of course, also recognise that the shape of the path to net zero 
matters since it is the whole path, particularly the summation of flows 
over time, that determines concentrations.

	 8	 See Songwe et al. (2022) and Summers and Singh (2023).





Part I.
Foundations: a world re-drawn and an 
urgent agenda for action





1. How we got here, and where to now

Our starting point is a world facing climate and biodiversity crises and severe 
poverty in many countries. The challenge is to deal with those crises, over-
come poverty, and build a more sustainable, resilient, and equitable world. An 
effective response requires careful analyses of the crises and origins as founda-
tions for coherent and effective plans for action. And that, in turn, requires an 
understanding of the nature, origins, and determinants of the crises, together 
with clarity on the objectives that will be used to assess actions and outcomes. 
In so doing, we will also recognise how international action to tackle the cri-
ses has emerged, how objectives have changed in response to growing under-
standing of the crises, and how approaches to understanding the nature of 
growth have been changing in economics and elsewhere.

I begin that analysis of where we are now and where we need to go, in a 
somewhat personal way, by describing briefly, in Section 1.1, the changes in 
my ideas since the Stern Review was published in 2006. As noted this book is 
in many ways the Stern Review 2.0.

Objectives have changed over the last decades, particularly around well-be-
ing and sustainability. This is the topic of Section 1.2. All this has been in the 
context of remarkable advances in incomes per capita and life expectancy, and 
thus population, since the Second World War, which are explored in Section 
1.3. Section 1.4 narrates the international response to the crises since their 
beginnings, and Section 1.5 reviews past growth theories, how we must go 
beyond them, and structural and technological changes that are key in the 
new growth story. 

1.1 Lessons from the two decades following the 
Stern Review
The world as a whole has, for too long, underestimated the risks of climate 
change. Many still do. However, this has changed since we began work on the 
Stern Review in 2005. In the face of overwhelming evidence, for most people 
and countries, there is much less science denial in public discussion.1 Yet a 
lingering reluctance to act at the pace required persists among much of the 
public and many decision-makers. 

There is often an implicit science denial of a new type, sometimes called 
‘lukewarmism’, which started becoming prominent in about 2010. This argu-
ment suggests delay in action because ‘it might not get as bad as you suggest’. 
This is anti-science or sloppy thinking. The science is clear that unmanaged 
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climate change could be catastrophic and existential for many. The magnitude 
of potential consequences points to strong action even though the probability 
of catastrophe (however defined) may be less than 100%. As emphasised in 
the Introduction and in Chapter 10, clarity on the fundamentals is crucial 
to confronting the misinformation and distortion that is all too common on 
these issues. We will return to the evidence on climate risks and on acceptance 
of the science in Chapters 2 and 3. We should note, however, that outright 
denial of the science and the assertion that it is all a ‘huge hoax’ is still a hall-
mark of some on the political right.

This section reflects on the Stern Review and how my understanding of 
climate risks and climate action has changed since then.2 Note that it was a 
review of the economics of climate change and took account of economic 
analysis until that point (2006) and the then-current state of climate science. 
At the time of the Stern Review there were three Assessment Reports (ARs) 
available, which had been conducted by the Intergovernmental Panel on 
Climate Change (IPCC) (AR 1, 2, 3), the UN body that monitors and assesses 
climate change science (see IPCC, 1990, 1996, 2001). The fourth was a work 
in progress. By 2025, there were six, plus the 2018 special report on global 
warming of 1.5 °C and 2 °C. Whilst IPCC reports have always been clear that 
there is a major issue around the risks and dangers of climate change, they 
have, on the whole, been cautious about drawing strong conclusions. As an 
intergovernmental institution looking to find broad cross-nation agreement, 
many of their statements have been ‘lowest common denominator’ in terms of 
negotiation and often heavily qualified. 

As time has gone by, the ARs have been ever stronger in their statements, as 
concentrations of greenhouse gases (GHGs) have continued to rise, as the evi-
dence of the potential magnitude of the risks has become ever stronger, and as 
the scientific analyses have become ever broader and deeper. For example, in 
contrast to 1990, when the IPCC could not confirm that climate change was 
human-induced, the 2021 AR6 report states that there is ‘overwhelming’ evi-
dence of climate change and identifies human activities as its primary cause. 
This shift is due to improved data and analysis (Chen et al., 2021). Neverthe-
less, a reading of the evidence then, as we started to work on the Stern Review, 
made it clear that the climate risks were likely very large. In retrospect, whilst 
I was accused of alarmism by many commentators, climate sceptics, and some 
economists when it was published, the Stern Review in fact understated the 
risks of climate change. 

Further, in 1990 technological alternatives to fossil fuels looked costly. Indeed, 
it was generally assumed that low-carbon sources of energy and activity were 
more costly than fossil fuel sources. The idea that the clean was in all cases clearly 
more costly than the dirty was ‘baked in’ to the United Nations Framework 
Convention on Climate Change (UNFCCC) in 1992.3 Thus, for the UNFCCC, 
the question of who pays for the extra cost of the clean was central. For many, 
that assumption persists today, notwithstanding powerful evidence that the 
clean is already cheaper than the dirty across a wide, and increasing, range of 



HOW WE GOT HERE, AND WHERE TO NOW	 19

economic sectors given the strong technological advances of the last two dec-
ades, particularly the last. Those advances continue at a rapid rate.4 

The Paris Agreement came a decade after we began work on the Stern Review. 
One reflection of the increase in the assessment of risks was that the Paris Agree-
ment looks to a balance of sources and sinks – that is, net zero (also see Section 
1.4 on the Paris Agreement). The Stern Review had taken the weaker criteria of 
cutting emissions by 80% between 1990 and 2050, whereas net zero is a 100% 
reduction. An important feature of a net zero objective overall is that, for its reali-
sation, it becomes necessary for all to set and achieve a net zero objective, since the 
amount of net negative emissions is likely to be small. With an 80% target, all too 
many could see themselves in the remaining 20% – see Section 2.2 in Chapter 2.

Notwithstanding the understating (in retrospect) of climate risks in the cli-
mate science, and the under-anticipation, as it turned out, of the future techno-
logical advances, the three central conclusions of the Stern Review were very 
clear: first and foremost, ‘the benefits of strong and early action far outweigh 
the economic costs of not acting’ (Stern, 2007, p. xv). Second, the ‘world does 
not need to choose between averting climate change and promoting growth and 
development’ and ‘tackling climate change is the pro-growth strategy for the 
longer term’ (Stern, 2007, p. xvii). Third, ‘climate change is the greatest market 
failure the world has ever seen’ and ‘a range of options exists to cut emissions; 
strong, deliberate policy action is required to motivate their take-up’ (Stern, 
2007, pp. xviii, xvii). There was much more, of course, including on the dangers 
of delay, international collaboration, the analysis of the necessary policy instru-
ments, and so on. 

Whilst there are nearly 700 printed pages in the Stern Review, with 
27  chapters and a technical annex, these are the three broad conclusions 
that we highlighted then and which I would highlight now. They have stood 
the test of time; indeed they have been strengthened still further, as the sci-
ence has further emphasised and demonstrated the immense risks of climate 
change and as technology has advanced so rapidly.

In relation to my perspective on the climate challenge, the most significant 
change since the mid-2000s is the strengthening of my recognition that climate 
action drives growth. It is not simply something that can be combined with 
growth; it is a core driver. Further, it is a much better form of growth. And it can 
last. It is sustainable. That argument is gathering momentum and recognition, 
but it has not yet been won. Hence my enthusiasm and commitment to foster 
the idea and set it out in this book. The discussion should move on to the prac-
ticalities and difficulties, which are real and substantial, of delivering the emis-
sions reductions and the new growth story. The time to suggest delay is long 
gone, even though there are many who persist with that proposition.

A key perspective in driving forward is to see action as an investment rather 
than a cost. The investment increases must be large and rapid. But these are, in 
large measure, investments with high returns beyond the advantages associ-
ated with emissions reduction, which are of course of fundamental importance. 
There is thus an investment opportunity as well as the immediate imperative for 
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rapid action to stop climate change. I would now emphasise still more strongly 
investment for growth and change rather than ‘cost of action’. 

Another major change is that, whilst the remit of the Stern Review was 
climate change, in retrospect I would give stronger emphasis to natural 
capital as a whole, particularly biodiversity, which is addressed in depth in 
Chapters 2 and 3. Indeed, now, as this book demonstrates, I would speak of 
sustainability rather than narrowly of climate. Sustainability is about offering 
to future generations opportunities at least as good as ours (assuming future 
generations behave similarly to those who follow them) and that is clearly 
broader than climate (see Section 1.2).

The growth and investment argument has to be set out clearly and strongly 
because, even in 2025, the difficulties in investment, in change, and in pursu-
ing the new growth story, which are indeed substantial, are still seen as rea-
sons for moving slowly. This sometimes masquerades as ‘realism’. However, 
choosing inaction or delay is to choose to strongly increase the likelihood of 
climate catastrophe. Promoting catastrophe should, in my view, be regarded 
as a profoundly unrealistic position. 

Good economic analysis should recognise the essential substance of the 
problem: the huge climate change risks associated with inaction and the vast 
clean investment opportunities that can come with strategic action. We must 
transform not only our economies, but also economics, as will be emphasised 
at a number of points in the book. Increasingly, the change in economics is 
happening, but it is time to accelerate both the change in the subject of eco-
nomics and the imperative for action in the world. Indulging in hesitation 
and delay is the opposite of promoting development. It risks the reversal of 
development. 

The consequences of delay are underlined by the observation that we now 
have to do over 20 years what we could have done over 40 years. This implies 
that the increase in the investment rates, starting now, to stabilise climate at 
an acceptable level is substantially higher than it would have been then. One 
upside is, however, that technological advance has meant current investments 
are even more conducive to growth than those of 20 years ago would have 
been. That is not, however, an argument for further delay because we are 
now so close to 2 °C and dangerous climate change, and to tipping points. 
Note further that starting 20 years ago would have brought the technological 
advances to an earlier date. And would have made stabilisation at lower tem-
peratures more likely, reducing risk substantially. 

At the same time, economic analyses should examine closely the challenges 
of implementation. The new story of growth takes us to a much better path 
of development, but the transition will not be easy. Dislocation will be sub-
stantial, and the political economy of opposing forces will pose serious prob-
lems. Good policies and constructive and reliable institutions can help create 
opportunities and benefits for all across the short and medium term as well 
as the long. But policy detail will matter. So does the narrative, which shapes 
commitment and strategies. 
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1.2 The new objective: from growth to sustainable 
development
The new growth story is not about economic growth in its narrow and crude 
sense, but about sustainable development. In the last two or three decades, we 
have seen a deepening and broadening of ideas around the meaning and goals 
of development. The goals are now seen as way beyond income and output, 
as measured for example by GDP, and now embrace health, education, and 
environment. They also embrace distributional issues, including in relation 
to gender, rights, and income and wealth. This section presents this history, 
explaining how development objectives have been examined and discussed 
over the last 80 or 90 years. Clarity on goals is at the core of the design of 
strategy and policy. And it is central to understanding that the new path of 
growth is much more attractive than the dirty, destructive models of the past. 

From GDP to development

We begin in the 1930s when, with John Maynard Keynes and Simon Kuznets, 
the measurement of aggregate economic activity got underway with a real 
sense of purpose. A timeline is set out in Figure 1.1. 

Figure 1.1: Timeline of key events, discussions, and concepts around 
growth and development

Source: Author’s elaboration.
Note: HDI is the Human Development Index, MDGs the Millennium Development Goals, 
and SDGs the Sustainable Development Goals (see text).
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The Great Depression led to a concern to understand the causes of aggregate 
economic activity, which had slumped so badly, and thus how to understand, 
define, and measure it became a crucial issue. A key aspect of the desire to 
measure economic activity was the direct concern with levels of employment, 
and with the desperate circumstances associated with the mass unemploy-
ment of the 1930s, particularly in the USA and Europe. Thus, the focus in 
measuring output was not necessarily to measure well-being as such, but on 
activity and the demand for labour. It was here that the idea of GDP or gross 
national product (GNP) was born; output and activity was the focus.5

Keynes led the theorising about the causes of the level of activity and many 
contributed. Kuznets, Richard Stone, James Meade, and others measured eco-
nomic activity in the form of GDP in the USA, the UK, and beyond. Though 
the inventors of GDP emphasised the dangers of misunderstanding when 
complex realities are simplified into a single number, GDP or output increas-
ingly became the focus for thinking about governmental success in terms of 
the ability of the economy to generate advances in living standards.6 

Politicians – from Harold Macmillan in the 1960s in the UK, to Ronald Reagan 
and Bill Clinton in the 1980s and 1990s in the USA, and Donald Trump in this 
century – have asked versions of the question, ‘Are you better off now, as a result of 
my administration and leadership, than when I started in office?’ Or, when attack-
ing an incumbent, they would ask whether people have become worse off during 
their tenure. Often changes measured in real income per capita of relevant groups 
were and are used in these discussions, although perceptions were and are some-
times more powerful than and different from the pictures from official statistics.

During the 1970s and 1980s, concern was growing in relation to broader 
dimensions of well-being, or standard of living, including on inequality of 
income and on the environment. And discussion of the distribution of outcomes 
extended way beyond that of income to all the dimensions of standard of living 
or well-being. The Limits to Growth report, 1972, focused on the possibility of 
exhausting natural resources and the increasing pressure on the environment 
(Meadows et al., 1972). The report of the Brundtland Commission on the 
Environment in 1987, titled Our Common Future, had a similar focus. That 
report contained a definition of sustainability as follows ‘[meeting] the needs 
of the present without compromising the ability of future generations to meet 
their own needs’ (Brundtland Commission, 1987, p. 15). The Rio Earth Summit 
followed in 1992, which launched the UNFCCC.7

The concept of sustainability (introduced briefly in Section 1.1) that I shall sug-
gest and use is similar in spirit and language to Brundtland but with important 
differences. I define sustainability as offering future generations opportunities at 
least as good as the opportunities available to the current generation, assuming 
that future generations behave similarly toward those that follow. This definition 
and the one of the Brundtland Commission are similar, but I think the notion of 
‘opportunity’ captures the issues more clearly than ‘needs’. The idea of sustainabil-
ity runs through the book, and we come back to it in many places. 
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The definition proposed here is in the spirit of the work of Amartya Sen. Dur-
ing the late 1970s and 1980s Sen was developing his ‘capabilities approach’, which 
suggested that the purpose of development was not narrowly about outcomes or 
output, but the opportunities people had to shape their own lives. It was also about 
the freedom to act in pursuit of lives that people had reason to value; see, for exam-
ple, his seminal work Development as Freedom (Sen, 1999). These capabilities are 
shaped, in large measure, by health and education as well as material assets and out-
put, and also by the constraints associated with social conventions; in this context, 
of particular importance are the opportunities for women and social groups facing 
constraints and discrimination. Running through this approach, from the perspec-
tives of freedom and capabilities, was the concern to understand the meaning of 
well-being and of poverty – and the distribution of well-being more generally. 

In a time when many, understandably, highlight the importance of free-
dom, it is necessary to remember the imperative of achieving a sustainable 
development path that can create, and not destroy, the freedoms of gener-
ations to come. Following a dirty fossil-fuel path now means reducing the 
opportunities and freedoms for future generations to develop and thrive. 

From the Millenium Development Goals to the Sustainable 
Development Goals

Through these processes of reflection and enquiry and public discussion, per-
spectives on the goals of development widened and deepened. The statisti-
cal measures used to calibrate development progress moved on accordingly. 
The UN Human Development Report, led by Mahbub ul Haq, and benefiting 
from the guidance of Amartya Sen, produced, in 1990, the Human Develop-
ment Index (HDI), an aggregate of life expectancy, an education measure, 
and GDP per capita (see United Nations Development Programme [UNDP], 
1990). In my view the aggregation into one number, the HDI, creates difficul-
ties of interpretation, but the key point is the introduction of the dimensions 
of health and education both as crucial development outcomes and as routes 
to the expansion of income and other dimensions.

The Millenium Development Goals (MDGs) were agreed at the UN in 2000 
and had eight broad dimensions, based, similarly to the Human Development 
Report, on income or consumption, health and education, but also with the 
addition of environment (Goal 7) and the development of a universal partner-
ship for development (Goal 8). However, their focus was on family income, 
health, and education. This broadening of the agenda and measurement did 
make a difference to the behaviour of international development institutions. 
For example, when I was Chief Economist of the World Bank (2000–2003), 
I made sure that progress on the MDGs appeared right at the front of the data 
presentation, for example in the flagship report of the World Bank, the World 
Development Report. That did, I think, help raise the awareness of health and 
education as objectives and sharpen the focus of the World Bank and other 
development organisations on these goals and issues.
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The focus on the environment had been developing from the 1970s 
and 1980s with Brundtland in 1987 and Rio in 1992. The Stern Review 
was published in 2006. Environment finally made its way strongly and 
prominently into international development goals with the Sustainable 
Development Goals (SDGs) in 2015. By 2015 the lived experience of 
climate change and environmental degradation had become more intense. 
And the understanding of the climate and biodiversity crises, particularly 
the former, was deepening. 

Adopted in 2015, the SDGs aim to be universally applicable; they apply to 
all countries, whereas the MDGs applied only to developing countries (see 
United Nations [UN] General Assembly, 2015). That universality is a crucial 
point and implicit within the idea of sustainability where the future envi-
ronment is influenced by the actions of all. They incorporated new dimen-
sions such as equity, empowerment, peace, and inclusion. This extensive set 
of 17 goals and 169 targets was developed through a participatory process, 
reflecting a shared global undertaking on the need for an approach to meas-
urement that recognises the importance and interdependence of a whole range 
of factors shaping well-being and development, both as goals and instruments 
or means. Of the 17 goals, 11 refer to the environment, sustainability, or cli-
mate explicitly. One way to understand the 17 goals, shown in Figure 1.2, is to 
see the first 10 as building on the MDGs but with a much stronger focus on 
distributional issues, the next five as focused on environment, and the last two 
focused on how we work together as countries and peoples.

Figure 1.2: The SDGs

Source: UN (2023a). Copyright 2023 UN. The content of this publication has not been 
approved by the United Nations and does not reflect the views of the United Nations or 
its officials or Member States.
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The shift from GDP to the MDGs and then to the SDGs reflects an evolution 
in our collective understanding of what constitutes development. It under-
scores a global recognition that development must not only yield increases 
with respect to some narrow economic indicators but also improve human 
well-being, broadly understood, and protect the environment for future gen-
erations. As with health and education, environment is a goal in itself as well 
as an instrument that enhances health and material output. At the heart of 
this agenda is the strong argument that countries in the Global South have the 
right to develop. In other words, they have the right to the capacity to enhance 
the well-being of their citizens, now and in the future. 

It is the right to development that underpins the SDGs. And their preamble 
acknowledges the relationship between development and the environment.8 This 
right is also recognised in the Paris Agreement, which states that nations should 
‘respect, promote and consider’ the right to development when taking climate 
action (UNFCCC, 2015, p. 1). This right was reflected in the principle of com-
mon but differentiated responsibilities under the UNFCCC, which led to different 
obligations for developed and for developing countries (Kaltenborn et al., 2020).

A critical point here, as already emphasised, is that as soon as we think 
about sustainability, we have to include all countries. The bigger the output, 
the bigger the potential consequences for the environment. Thus, combining 
growth and development with sustainability requires finding ways of increas-
ing well-being whilst acting sustainably. That this is possible is a central argu-
ment of this book. Indeed, the argument is stronger than that. The quest and 
drive for sustainability, particularly around climate and biodiversity, will drive 
development and yield much more attractive paths than those of the past. As 
we will see in the next section, the growth paths of the past, while yielding 
great benefits, have failed to deal with a great many challenges and have cre-
ated intense pressures, indeed crises, for our future sustainability.

1.3 Extraordinary advances and deep challenges
The last seven decades have seen extraordinary advances in life expectancy, 
education, income growth, and to some extent, until the last few years, 
democracy and human rights. This period has witnessed rapid and large falls 
in global poverty and falls in global inequality in health and education. But 
a 13-fold increase in total economic output (narrowly measured), and dirty 
and destructive methods of production, particularly around energy and fossil 
fuels, has put extreme pressure on our climate, biodiversity, and the environ-
ment. That 13-fold increase has been made up of, roughly, a quadrupling of 
output per head and a tripling of population. The latter has, in large measure, 
been a consequence of extraordinary increases in life expectancy, by around 
26 years, or 50%, since 1950. I take it that most people would regard these 
advances as impressive and welcome in and of themselves. Some statistics on 
change in key outcomes globally are summarised in Figure 1.3. 
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While advances in overall outcomes for this period are striking, there remains 
fragility and great variation across regions. Advances in democracy have 
stalled or been set back in the last two decades (Freedom House, 2023). Many 
countries have seen the rise of autocratic figures and populism. There is much 
that is deeply troubling, including democratic backsliding, declines in press 
freedom, and the continued marginalisation, demonisation, or persecution of 
religious, racial, social, and national groups in many countries.

Economic progress has been less strong in Africa (e.g., on life expectancy 
and infant mortality). For example, the lower secondary completion rate in 
2021 was much weaker in sub-Saharan Africa (46%) compared to other devel-
oping regions such as Latin America and the Caribbean (74%) and South Asia 
(82%) (World Bank, 2024a). After a strong decline between 1910 and 1980, 
within-country inequality on income dimensions has, in most cases, risen 
since 1980, particularly when measured in terms of the shares of income and 
wealth going to the top 1% (Chancel et al., 2022). 

One should recognise, however, that overall world inequality in income has 
decreased since the 2000s – although it remains remarkably high. This results 
from within-country inequality stabilising between 2010 and 2020, while 
the decline in between-country inequality accelerated – partly due to rapid 

Education
Girls’ primary school enrolment rose

from 51% in 1950 to 89% in 2023.

Lower secondary completion rates 
in 2021 improved in some 

developing regions but are still low in 
others, e.g., Latin America and the 

Caribbean (74%), South Asia (82%), 
sub-Saharan Africa (46%).

Health and population
World life expectancy has risen
from 47 in 1950 to 73 in 2023.

Global population has more
than trebled, from 2.5 billion to

8 billion in 2023.

Politics
In 1945, 1/3 of world’s population

lived in colonies, 10% in 
democracies. Now, nearly 0 in

colonies, over 29% in democracies.
Income

World income per capita
increased by a factor of 4.5 since 1950.

Global economy has grown 
13-fold since 1950.

Poverty
The share of people living in

extreme poverty
(<US$2.15/day) has fallen

from around 60% of the global
population in 1950 to about

8% in 2020.

Source: Author’s elaboration using the following sources on education: Our World in Data 
(2023); World Bank (2024a, 2024b). Health and population: United Nations [UN] (2024a). 
Politics: UNCCD (2024); Herre (2022). Income: Roser (2019). Poverty: Yonzani et al. (2022).

Figure 1.3: Global advances since the Second World War
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growth in many, including large, developing countries, and relatively poor 
economic growth in developed nations after 2008 (Chancel et al., 2022).

Many people who have been lifted out of poverty remain highly vulner-
able to falling back into it. For example, the Covid-19 pandemic pushed 
more than 70 million more people into extreme poverty in 2020 (World 
Bank, 2022). At present, almost 700 million people live in extreme pov-
erty,9 including around 400 million in sub-Saharan Africa and 150 million 
in South Asia (World Bank Poverty and Inequality Platform, 2023). They are 
very vulnerable to both extreme weather events and longer-term processes 
such as desertification.

The combined impacts of the pandemic, geopolitical conflicts, and the cri-
ses of climate and environment have severely damaged prospects for delivery 
of the SDGs. Indeed, the turbulence and crises have threatened to reverse 
decades of advancement in various areas, pushing more populations into 
extreme poverty and exacerbating global inequalities (World Bank, 2024b). 
Food insecurity has worsened, with the number of people facing hunger ris-
ing in large measure as a result of the pandemic, war, and climate change 
(UN, 2023b). The pandemic has led to significant setbacks in education, with 
millions of children missing critical learning periods. The uncertainties at the 
time of writing, Spring 2025, about three months into the second presidency 
of Donald Trump, particularly about the Trump administration’s approach to 
international economic relations, are creating still more turbulence.

Gender equality has also suffered; there was a surge in gender-based vio-
lence during Covid-19 lockdowns (UN Women, 2021). Progress towards 
gender equality is worryingly slow, with extrapolation of current trends 
indicating it would take centuries to achieve parity in several key areas such 
as closing gaps in legal protection and removing discriminatory laws (UN, 
2023c). For example, nearly 50% of married women in the world do not have 
decision-making power over their reproductive health and rights, severely 
impairing their social and economic autonomy (UN, 2023c). Making progress 
on gender equality is not only of fundamental importance in its own right but 
also can create communities that are more resilient and can make better use of 
resources for development (Erman et al., 2021; UN Women, 2021). 

Whilst we focus on the difficulties and crises we now face, we should not 
lose sight of the great advances in the decades since the Second World War. 
The growth of incomes has lifted billions out of poverty. People around the 
world tend to live longer and many deadly illnesses have been overcome or 
beaten back. The challenge now is to go still further in combating poverty 
and creating more healthy ways of living across the world, particularly where 
deprivation is most intense. That will require, and must go hand in hand with, 
tackling the climate and biodiversity crises and building growth and develop-
ment that is sustainable, resilient, and equitable. 

These are global crises, and the new paths must be created by the actions 
of nations across the world. We now turn to international interactions and 
agreements which can help foster and shape national and international action. 
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1.4 International agreements: the significance of Paris, 
COP21
The 2015 Paris Agreement, with its commitment to limiting temperature 
increases to well below 2 °C and to pursue efforts towards 1.5 °C, was a land-
mark. Along with the SDGs, it is a guiding light of what must be done to 
achieve sustainability. It brings a commitment towards net zero. It stands as a 
testament to what can be achieved when countries recognise a shared threat 
and new opportunities and are ready to adapt their domestic agendas towards 
a common global goal. See Figures 1.4 and 1.5 for the celebration of what at 
times seemed an unlikely outcome.10 

To grasp why the adoption of the Paris Agreement represented such a 
huge and celebrated international advance, some insights on the difficulty of 
developing this kind of international agreement are offered in this subsec-
tion. How it happened helps us understand some basic principles of this and 
other agreements. It must be seen in the context of the history of international 
negotiations around these issues.

In negotiating these agreements there are three key dimensions.11 

1. The legal strength of agreements: Stronger legal agreements mean coun-
tries are more likely to take their commitments more seriously and stick with 
them, even when governments change. However, trying to make agreements 
‘legally binding’ can make some countries wary of losing control over their 
own policies, which can discourage them from joining or committing fully. 
In my view, it is a mistake to lay excessive stress on ‘legally binding’, if it is 
expressed in terms of invoking international sanctions on those who break 
agreements. It is implausible that such sanctions could ever be really strong 
and effective. Who would make the judicial assessments and who would do 
the enforcing? But, as I will describe, national courts and legal structures, 
based on domestic interpretations of the obligations arising from interna-
tional agreements, such as the Paris Agreement, can be powerful.

2. How agreements are structured (architecture): Agreements could, in 
principle, be structured in a way that spells out exactly what each country 
must do (top-down), while others could let countries set their own goals (bot-
tom-up). While bottom-up can encourage more countries to join by giving 
them more flexibility, it may result in less ambitious aggregate goals. Con-
versely, top-down can lead to higher goals but might discourage participation. 
The way top-down and bottom-up are combined matters greatly. The success 
of COP21 was founded on the way the overall temperature agreement, essen-
tially a top-down but aggregate goal, was coupled with bottom-up country 
targets for emissions reductions set by countries themselves. And these were 
complemented by mechanisms for ratcheting-up targets over time, given that 
the sum total of emissions reductions from countries (from the bottom-up) 
was insufficient to deliver the aggregate (top-down) temperature target.
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Figure 1.4: Moment of approval of the Paris Agreement

Note: (from left to right, front row) Laurence Tubiana, Christiana Figueres, Ban Ki-moon, 
Laurent Fabius, and François Hollande. 
Source: UN Climate Change (2015a). Copyright 2015 UN Climate Change. Reproduced 
with permission.

Figure 1.5: Standing ovation for adoption of the Paris Agreement at 
COP21, 2015

Note: (from left to right, front row) The author, Al Gore and Ségolène Royal.
Source: UN Climate Change (2015b). Copyright 2015 UN Climate Change. Reproduced 
with permission.
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3. Fair distribution of responsibilities: The UNFCCC introduced the prin-
ciple of ‘common but differentiated responsibilities’ (CBDR) in the original 
agreement of 1992, recognising that not all countries are historically equally 
responsible for climate change or equally capable of action to tackle climate 
change. There is broad agreement on this principle, but its interpretation has 
changed through time, a matter addressed in Chapter 3. And there are dif-
ferences in interpretation across countries. Further, as we will examine in 
Chapter 9, the mutual responsibilities include, at centre stage, international 
finance to support action in poorer countries. 

Different countries and groups have different approaches to agreements and 
different emphases on what they regard as important or crucial. For exam-
ple, in some contexts, the EU might push for greater formality of obligations, 
while the USA might prefer more flexibility and market-driven approaches.12 
The G77 (the main negotiation group of developing countries) and China 
emphasise their own interpretation of fairness (in relation to CBDR), stress-
ing obligations arising from historical emissions and thus for wealthier coun-
tries to provide strong financial support.

Given these difficulties and the complexities and tensions of international 
politics, it is indeed remarkable how far the world has come: in creating the 
UNFCCC in 1992; in getting the Paris Agreement of 2015; in advances in 
subsequent COPs, particularly COP26, where ambition was strengthened and 
the private sector took the stage in a strong way; and in integrating climate 
into sustainable development, for example in multilateral development banks 
(MDBs). Collaboration and action are indeed possible. However, we must 
constantly emphasise that we have been going much too slowly. And there 
have been and will be setbacks. Indeed, as I write in Spring 2025, interna-
tional collaboration has weakened, in particular as a result of Trump’s second 
presidency.

From Rio to Paris: a brief history

The journey of formal agreements on climate action began with the UNFCCC, 
created in 1992. That in turn drew on the creation of the IPCC in 1988 and 
the Rio Earth Summit of 1992. Early on during the UNFCCC negotiations, 
there was a tension between the EU, which pushed for specific emission 
limits for countries, and the USA, which argued for a focus on national 
strategies and measures. This resulted in a hybrid system where all countries 
reported their climate policies (a bottom-up approach) while only developed 
nations aimed to reduce emissions to 1990 levels by 2000 (a top-down target) 
(Bodansky, 2011).13

As climate science advanced, coupled with direct experience of climate 
change and extreme events, the need for strong and urgent action became 
ever more apparent. The persistent and effective advocacy of small island 
states vulnerable to climate change helped keep a focus on the importance of 
continuing to make progress in the climate discussions. The Kyoto Protocol 
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in 1997 took a more stringent stance with ‘legally binding’ targets for devel-
oped countries. But it ultimately struggled with participation. It also, over 
time, showed the fragility of the idea of ‘internationally legally binding’ in this 
context, where the term is understood as the attempted enforcement of the 
obligation to meet targets for a particular period. In principle, under Kyoto, a 
country that failed to meet its targets in a given period would have to add the 
extent to which it had missed its target in the given period to its target for the 
next period. But it had little strength. For example, when Canada undershot 
its target – and thus, in principle, faced stronger targets in the next period – it 
simply left the Kyoto Protocol. 

The 2009 Copenhagen Conference (COP15) was expected to be a landmark 
event, but international tensions were severe and it ended with only a broad 
political statement, which was not formally adopted by the COP; it is known 
as the Copenhagen Accord. Despite its limitations, the Copenhagen Accord 
was an important advance in some key respects. It set a ‘below 2 °C’ global 
warming limit and called for financial support for climate action in develop-
ing nations. For the first time, China and other developing countries commit-
ted explicitly to emission cuts, alongside the world’s developed economies, a 
move that broadened participation. However, only a limited group of coun-
tries drafted the Accord.

The Copenhagen Accord of COP15 in 2009 was taken forward into COP16 
in Cancún in 2010 and was in large measure formally adopted there. Inter-
estingly, the shared shock of the quarrelsome and chaotic atmosphere in 
Copenhagen created a desire for calmer discussion and finding agreement 
in 2010. Some also remarked, only partially light-heartedly, that the warmth 
of Cancún was more conducive to agreement than the cold of Copenhagen. 
Cancún also benefited from the strong leadership of Mexican President Felipe 
Calderón and Foreign Minister Patricia Espinosa.

The success of the Paris Agreement at COP21 in 2015 was founded on a 
flexible yet ambitious architecture. Nations would set their own climate action 
commitments, known as nationally determined contributions (NDCs), which 
they would enhance over time. This approach was a substantial innovation, 
as it combined national flexibility with a clear and strong collective goal and 
regular global reviews to assess progress and increase ambition. It married 
self-determined commitments with global objectives (Bodansky et al., 2017). 
It created a durable framework adaptable to the changing capacities and 
circumstances of nations, institutionalising an iterative process for shaping 
medium- and long-term climate action. 

The transparency and accountability mechanisms within the Agreement 
build pressure for countries to intensify their efforts over time. It was a 
political success that was driven very skilfully by the Presidency of France 
and the leadership of the Secretariat of the UNFCCC. The top tier of 
French negotiating leadership was Laurent Fabius, President of the COP 
and Foreign Minister of France, and Laurence Tubiana, as France’s Climate 
Change  Ambassador and Special Representative to the conference, who 
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led the French team. Christiana  Figueres was Executive Secretary of the 
UNFCCC. All three showed great wisdom and strong leadership. I had the 
privilege of working closely with them and saw at first hand the importance 
of personal relationships, trust, and the right kind of coalitions. For example, 
Pete Betts,14 who was lead negotiator for Europe (and the UK), had built 
strong relationships with other negotiators over many years and was a key 
figure in bringing people together. Very sadly, Pete died in 2023. The energies 
and persuasiveness of the group of small island states were very impressive 
and they played a key role. The account of Paris set out by Todd Stern, the 
USA’s lead negotiator, is a valuable personal and analytical history (see Stern, 
2024).15 

Another key foundation for success at Paris was the increasing under-
standing that the transition could be a growth story. The Global Com-
mission on the Economy and Climate (New Climate Economy), which I 
co-chaired with Felipe Calderón at that time, helped build the case.16 Felipe 
and I had worked together on the successful COP16 in Cancún, 2010. The 
growth story had not really gained traction there in any strong way, but it 
had begun. It was indeed in the Stern Review in 2006. We both felt that 
in the drive to the next level of commitment it would have to be central. 
Andrew Steer (then head of the World Resources Institute [WRI]), Felipe, 
and I worked, with many friends and colleagues, to establish the Commis-
sion in 2013.

There were two other important factors contributing to the success of 
the Paris Agreement. One was the work of Lima (Peru) COP20 (impres-
sively led by Manuel Pulgar-Vidal), which was in close harmony with 
those leading COP21. It was a strong two-year process. Another was the 
leadership of Presidents Xi Jinping and Barack Obama, who announced 
their NDCs jointly, in November 2014, one year ahead of Paris COP21. 

Table 1.1: Characteristics of the Paris Agreement, 2015 (COP21)

Characteristics Description
Global scope Applies to all countries (195 members) while recognising 

their different capabilities 

Progressive action Expects stronger action over time, adaptable to national 
circumstances

Iterative process Establishes a regular cycle for updating and enhancing 
NDCs

Transparency and 
accountability

Implements a framework to track progress and hold 
countries accountable 

Legally binding Creates legal obligations for countries to participate in a 
process to continually improve their climate action

Source: Author’s elaboration drawing on Bodansky (2016, pp. 290–291) and Stern (2024).
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That Obama–Xi leadership was in turn facilitated by the longstanding and 
close collaboration of John Kerry, Todd Stern, and Xie Zhenhua, the lead 
envoys and negotiators for the USA and China. Personal relationships and 
trust do matter and they are built over time and around shared goals.

Table 1.1 reflects the characteristics of the Paris Agreement. Paris was a 
landmark. A key element in reaching agreement was the recognition that 
whilst rich countries had been the main drivers of past emissions, emerging 
markets and developing countries (EMDCs) would be major drivers of future 
emissions. It was time to come together.

Contributions of the COPs

I have attended all the COPs since 2006, from COP12 in Nairobi to COP29 
in Azerbaijan. Since the Paris Agreement of 2015, COPs have seen nations 
solidify their commitments into law, while the Agreement itself has cata-
lysed rapid technological changes, especially in renewable energy. Countries 
have been ratcheting up their ambitions, with the shared goal of aligning 
national actions with global targets. Broadly speaking, some momentum has 
been maintained. There are two key factors at work driving this momentum: 
ever-growing strength of climate impacts and ever-stronger recognition of the 
potential of the growth story. However, when pointing to achievement, we 
must emphasise that progress has been far too slow. And we know that there 
will be setbacks along the way. Those setbacks include the withdrawal of the 
USA from the Paris Agreement by the first and second Trump administra-
tions. Yet, the resilience of international commitment has been impressive, 
with the big majority of countries maintaining or increasing commitments 
since Paris, and many states and cities of the USA declaring that ‘we are still 
in’ during the first Trump presidency. 

Finally, in the Paris Agreement, we have the introduction of the idea of ‘net 
zero’ emissions. The language used in the Paris Agreement was the balance 
between sources and sinks of GHGs (Article 4.1). The idea of net zero subse-
quently became very influential. Prior to Paris, many targets were expressed 
in terms of, for example, cutting emissions by 80% from 1990 to 2050 (see, 
e.g., Stern, 2007). As noted above, it is remarkable how many emitters thought 
they were in the remaining 20% and could get away with minimal action. 
If there are only a few places which are negative, then most will have to be 
around net zero emissions. Concepts which can be broadly understood – that 
net zero flows are necessary to stabilise emissions – and which can apply gen-
erally are key foundations of agreement. 

Through time, the COPs have become much more than negotiating plat-
forms for countries. City representatives, the private sector, and civil soci-
ety come together too. COP26 in Glasgow in 2021 was particularly impor-
tant in advancing the participation and commitment of the private sector 
and tightening overall temperature targets (on the back of the work of the 
IPCC in comparing 1.5 °C and 2 °C, see IPCC, 2018). It was led strongly by 
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Alok Sharma (now Lord Sharma) as president, and well supported by the 
UK government. That participation of the private sector and their emphasis 
on the investment opportunities was an indication of the increasing traction 
of the growth story. 

COP26 was two years in the making because the Covid-19 pandemic pre-
vented a COP in 2020. It was in Glasgow that Amar Bhattacharya and I first 
showed that delivering climate finance on the scale necessary would involve 
tripling finance from MDBs. That led to the establishment of the Independ-
ent High-Level Expert Group on Climate Finance (IHLEG), which produced 
reports for subsequent COPs 27, 28, 29, and 30. Mark Carney played an out-
standing role in forming the Glasgow Financial Alliance for Net Zero (GFANZ), 
within which many private financial institutions committed to net zero.

It is in many ways remarkable how far the climate COPs have come. Since 
the successful Cancún COP16 in 2010, there have been real successes at 
Paris COP21 in 2015 and Glasgow COP26 in 2021. Interestingly, they were 
all two-year COPs in some shape or form and roughly, took place every five 
years. There are good signs that Brazil’s COP30, due to be held in Belém in 
November 2025, and on which Brazil has been working for some time, will 
also carry some successes, including around finance and forests. There have 
been important steps forward in other COPs too, for example around a fund 
for loss and damage in Sharm el-Sheikh COP27, and the clarity of the Global 
Stocktake (showing how far action was behind what was necessary) in Dubai 
COP28, together with its explicit recognition – for the first time – of move-
ment away from fossil fuels and commitments to improve energy efficiency 
and triple renewables. The COPs can make progress. 

At the same time, the COPs have become large and lumbering affairs. They 
do bring all nations together, but with nearly 200 countries and a principle 
of unanimity, progress is difficult. In the future, in my view, the focus should 
be more on delivery. That will involve more participation of non-state actors 
such as MDBs. Particular tasks and responsibilities could be associated with 
particular groups, for example MDBs on finance. The Global Stocktake could 
be the responsibility of a group drawn from the IPCC. Private finance insti-
tutions, building on GFANZ and the creation of ‘country platforms’ (see 
Chapter 9), could work on how to bring investment possibilities into real 
investment-grade propositions. There are new ways forward building on, not 
rejecting, the COP system, which could help provide the pick-up in pace and 
contribute to the greater international solidarity needed.

1.5 Growth: received theories, change, and the new vision 
To rise to the challenges of the climate change and biodiversity crises, to tackle 
poverty and to move forward on the SDGs, we must keep growing and develop-
ing. Progress on these dimensions requires resources and investment in capital 
in all its forms. At the same time, the core argument of this book is that invest-
ment for a sustainable future will itself drive growth, and that growth will be in a 
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different form from the dirty, destructive models of the past. We shall also argue 
that this requires an analytical approach to growth which goes beyond standard 
theories and focuses on different drivers. 

The new analytical approach is set out in Chapter 5. And we dispose there 
of two related mistaken assertions. First, that there is an inevitable trade-off 
between growth and environmental responsibility and second, that achieving 
sustainability requires stopping growth. I should underline that the new kind 
of growth emphasised and analysed in this book is not the one depicted in the 
long-run infinite-horizon models of traditional growth theory, with exoge-
nous technical progress,17 indefinite growth, and little structural change. Our 
story here is one of clean growth and structural transformation that must take 
place at speed over the next few years. We are talking about transformation 
and growth over the next two or three decades. This does not mean indefi-
nite, eternal, infinite or ‘forever’ growth in the sense of the traditional growth 
model. In those models there is a portrayal of growth that goes on, at a given 
rate, say 2% per annum, forever. That means that with the constant growth 
rate the economy becomes larger indefinitely. Thus, in these models, given 
long enough, output would surpass any given level you may wish to specify. 
That really is a fairy tale, but it is how traditional growth models portray the 
long run. 

To understand the difference from past growth theories, and how we must 
move beyond them, it is important to have a brief description of those theo-
ries in front of us. That is the first purpose of this section. And in doing so we 
emphasise that there is real substance and insight in received growth theories, 
notwithstanding the peculiarities of the infinite horizon. The second purpose 
of this section is to highlight the pivotal changes in structures and technolo-
gies, which are at work in the transformation and which must be recognised, 
built on, and integrated into the new growth story. 

Received theories of growth

Understanding the conceptual foundations of the older approach is an essen-
tial part of the new growth story. Some of this modelling can get rather math-
ematical and technical and I promise that there will be very little formal eco-
nomic or mathematical analysis in this book. There will, however, be quite a 
lot of economics. 

Although the history of enquiring into growth is long, including in the clas-
sics of Smith, Ricardo, and Marx, we begin with theories emerging around 
the Second World War, associated particularly with Roy Harrod and Robert 
Solow. The conceptual approaches of Harrod and Solow were and remain very 
influential in shaping economic thinking. But in more recent years macro and 
growth modelling have been evolving to integrate industrial dynamics and 
environmental factors as essential components of future growth and devel-
opment. 
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The Harrod model (1939) explains a country’s growth rate with reference 
to (a) its level of saving, which in turn shapes the level of investment, and (b) 
the amount of investment necessary for producing an extra unit of output. In 
other words, the more you invest, the faster you grow, and the more produc-
tive the extra capital, the faster you grow. Whereas Harrod had a shorter-run 
focus, Solow (1956) was interested in the path of growth rates over time and 
the determinants of long-run steady growth. In simple terms, an economy 
grows if capital, labour,18 or technology augment, or improve. However, in the 
models, capital accumulation does not by itself sustain growth indefinitely; it 
has diminishing returns. What leads to sustained long-term growth is tech-
nological progress, which allows for continuous and indefinite improvements 
in efficiency. Essentially, the Solow-type models in this sense envisage growth 
forever. However, both the Harrod and Solow models are silent on the causes 
of technical progress – this is why they are called exogenous growth models. 
It is important to note that the infinite horizon here is not meant to be taken 
literally. The idea of the long run here is a state of affairs that persists over a 
long period of time with a settled structure.

The understanding of technical progress and its relationship with past paths 
of investment and growth was powerfully influenced by Kenneth Arrow’s 
(1962) theory of ‘learning by doing’. In the 1980s and 1990s, Arrow’s insights 
were used to link micro learning and macro growth, under the ‘endogenous 
growth’ strand of research.19 Paul Romer (1986) put forth a model where tech-
nological advance is a by-product of capital accumulation. More endogenous 
growth models followed. Of particular importance is the work of Philippe 
Aghion and Peter Howitt (1992), who formalised Joseph Schumpeter’s ideas 
of creative destruction. 

Schumpeter’s (1942) influential story is that dominant firms in markets will 
at some point have their market power overturned by firms employing new 
technologies and ideas, hence ‘creative destruction’. Theories and models in 
the tradition of both Arrow and Schumpeter have real power in making tech-
nological advances endogenous or explained within the model itself. Some 
of these approaches to understanding and fostering technical progress will 
be further explored in Part II of this book, and are helpful in shaping ideas 
around the driving forces of the new growth story. 

Whilst the approach to modelling the drivers of growth embodied in the Har-
rod and Solow models has long shaped economic analysis, perspectives on the 
processes of economic development, structural change, and associated policies 
have fluctuated and changed. Development economics moved from a focus on 
sectoral shifts and planning in the 1950s and 1960s to a focus, in the 1980s and 
1990s, on market-driven policies and processes. There has been, more recently, 
what I regard as a much needed and welcome re-emphasis on structural and 
technological change in the context of increasing emphasis on sustainability. 

In the early days of development economics, in the sense of the economics 
of developing countries, there was a strong focus on how changing sectoral 
structures were at the heart of growth and development, including through the 
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growth of manufacturing or sectors where capital was important. In the 1950s, 
Arthur Lewis (1954, 1955) put the question of how savings and investment in 
poor countries could increase to drive growth, which was generally recognised 
to be at the core of the subject of economic development. He highlighted the 
movement out of low-productivity subsistence sectors as a driving force in 
increasing savings, investment, and overall productivity. In the 1940s and 1950s 
P.C. Mahalanobis, who was very influential in Indian planning, emphasised the 
importance of ‘machines to make machines’ in achieving rapid growth; this 
approach embodied a focus on sectoral priorities, particularly in relation to 
capital goods. Ragnar Nurkse (1953) argued for a ‘big push’ across all sectors 
given the importance of complementarity of activities and a potential shortage 
of effective demand. Paul Rosenstein-Rodan also advocated a ‘big push’ the-
ory of development across all sectors together both to overcome fixed costs, 
thereby exploiting economies of scale, and to guarantee the availability of com-
plementary inputs for each sector. There was also a strong Keynesian element 
in relation to aggregate demand generating aggregate supply. Albert Hirschman 
(1958) favoured creating ‘unbalanced growth’ to induce entrepreneurship and 
investment. The mechanism he advocated for this inducement was the creation 
of demand for key inputs in an economy for which domestic supply was not as 
yet on a substantial scale in order to create clear signals to foster entrepreneur-
ship and investment. All of these approaches, although very different, embod-
ied the idea of an active state and structural change in driving economic growth. 

The necessary climate action will require and will generate powerful struc-
tural change in all the world’s economies and will recast large parts of the 
world’s economic geography (see Chapter 8). In some cases, it will create 
opportunities for leapfrogging, across the dirty stages of development, espe-
cially in EMDCs. To leverage and accelerate such change requires understand-
ing both the processes of economic change and the conditions which enable 
them to happen. The foundations of Harrod/Solow, of the development eco-
nomics of the early post-war period, and of the new approaches to Schumpet-
erian ideas, are all of real value in creating and understanding the new growth 
story. All these insights will contribute. But we have to go beyond – for more 
on this, see Chapter 5.

Changing structures 

The developing world has been, and is, rising as a share of global economic 
activity. China’s rapid industrial growth, which started in the late 1970s, has 
fundamentally reshaped global production and trade patterns, challenging 
traditional economic alliances and redefining the structure of world trade. 
India, Brazil, Indonesia, and many other countries, large and small, have seen 
real progress. We do indeed now have a multi-polar world. 

Structural change has involved much more than the structure of the world’s 
output: aside from a doubling of output, the next two or three decades will likely 
see a doubling of global infrastructure and a doubling of the urban population. 
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The majority of these increases will occur in developing countries, and they are 
all central to the new growth story. For example, the growth in the share of the 
population at working ages in the next two or three decades, which will occur 
in many developing countries, can become an opportunity for accelerated clean 
economic growth. The ranking of the most populous nations will likely change, 
as shown in Table 1.2, with the USA being surpassed by Pakistan, Nigeria, and 
the Democratic Republic of Congo in the second half of this century (United 
Nations Department of Social and Economic Affairs [UNDESA], 2024).

In the face of rapidly changing birth rates, in different ways in different places, 
estimates of future populations have some uncertainty, but a peak of around 
10 billion or a little more in the two or three decades following 2050 is seen 
as likely (UNDESA, 2024). However, the consequences of unmanaged climate 
change could potentially bring those numbers down in a dramatic and tragic 
way. It is striking that population forecasts rarely take account of the potential 
effects of climate change.

In the case of Africa, the population aged between 15 and 64 years old is 
expected to nearly double by 2050 (African Union Commission [AUC] and 
Organisation for Economic Co-operation and Development [OECD], 2024). 
Indeed, while most countries in the world grapple with an ageing population, 
it is likely that youth (aged 15–24) in Africa will represent 40% of the global 
total of young people by 2030 (UNDESA, 2015; World Economic Forum 
[WEF], 2024).20 Absorbing this young population into the African continent’s 

Table 1.2: Projected rankings of most populous countries in 2024, 2054, 
and 2100

2024 2054 2100
1 India India India 

2 China China China 

3 USA Pakistan Pakistan 

4 Indonesia USA Nigeria 

5 Pakistan Nigeria Dem. Rep. of Congo 

6 Nigeria Indonesia USA

7 Brazil Ethiopia Ethiopia 

8 Bangladesh Dem. Rep. of Congo Indonesia 

9 Russian Federation Bangladesh United Rep. of Tanzania 

10 Ethiopia Brazil Bangladesh 

Note: Country names set in bold are those that have increased in rank; country names set 
in italic are those that have fallen in rank. The others have retained the same ranking for 
two years.
Source: Author’s elaboration adapted from UNDESA (2024).
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workforce is a huge development challenge. Failure to generate opportunities 
might create great social tensions. If the availability of attractive quality jobs 
does not grow, many highly skilled workers might decide to emigrate (AUC 
and OECD, 2024). In Asia, where an increasing number of young people are 
getting higher education, the types of jobs available do not match their skills, 
leading to rising graduate unemployment (International Labour Organiza-
tion [ILO], 2024). It is in the developing world that the workforce of the future 
will grow. It must – and can – be sustainable growth that will provide them 
with the opportunities.

These increases in populations and changing structures of workforces in 
key developing countries will be accompanied by rapid urbanisation, with 
powerful demands for infrastructure (see Figure 1.6). Choices made on infra-
structure and capital now will either lock us into high emissions or set us on 
a low-carbon growth path which can be sustainable, resilient, and inclusive. If 
the growth in capital, jobs, and infrastructure in these rapidly growing regions 
looks anything like the past, we cannot meet the goals of the Paris Agreement 
and will be headed for temperature increases closer to 3 oC than 2 oC, with 
devastating consequences. The new growth story embodies an investment 
imperative as well as an investment opportunity. 

To meet the Paris targets

2060
Global 

building
stock

Strong growth in EMDCs
through income levels with
strong demand for infrastructure.

Growth of approximately 3%
per annum. Led by emerging
and developing countries.

Urban population will more
than double by 2050, at
which point 7/10 people will
live in cities. 

Likely global growth and change in the next decades: three doublings

2050/
2060

2050

GDP 2x

>2x

2x

Urban
Population

Decrease GHG emissions from
 ~57.4 in 2022 to ~25 Gt CO2e by

2030 
1.5 °C ~60%

or

Decrease GHG emissions from
 ~57.4 in 2022 to ~41 Gt CO2e by 

2030 
2 °C ~60%

Figure 1.6: The critical need for decreased emissions over the next three 
decades 

Note: GHG reduction needs estimates from UNEP (2023). Source: Author’s elaboration. 
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Changing technologies

As mentioned throughout this chapter, and it is a core theme of the book as a 
whole, the world has seen extraordinary advances in green technologies over 
the last one or two decades, particularly around electricity generation and 
road transport. The clean is now cheaper than the dirty in sectors accounting 
for one-third of emissions, and that proportion is likely to grow rapidly in the 
next decade (Systemiq, 2020). These issues are central to the new growth story 
and are discussed in greater detail in the next part of this book, particularly 
in Chapter 5. 

Fortunately, whilst the difficulties in creating the new growth story are sub-
stantial and might at times seem daunting, the timing for seeking transforma-
tional change is opportune in one important sense: there are changes in tech-
nologies that are affecting the global economy, especially around digitisation 
and artificial intelligence (AI). The development of AI is likely to accelerate 
powerfully into the 2030s, and it will surely play a crucial part in this new 
growth story. For example, there is huge potential for AI in helping reshape 
the crucial systems in cities, energy, transport, land, and water, which will be 
at the heart of the transition to the new economy (Stern et al., 2025; Stern and 
Romani, 2023, 2025; Zenghelis et al., 2024). 

Further, AI can be critically important for economic development by 
driving innovation itself: AI technologies can automate activities to accel-
erate scientific and technological development (OECD, 2023). Sir Demis 
Hassabis and John Jumper of Google DeepMind were two of the three win-
ners of the Nobel Prize for Chemistry in 2024. Their award was granted for 
creating AlphaFold2, an AI model that fulfilled in 2020 what Heiner Linke 
(Chair of the Nobel Committee for Chemistry) described as a ‘50-year-
old-dream’ (Royal Swedish Academy of Sciences, 2024): predicting the 
three-dimensional structure of proteins from their chemical sequence. In 
the words of Sir Demis, ‘AI can deliver scientific advance at digital speed’ 
(Stern and Romani, 2023, p. 5).21 

In developing nations, access to foundational technologies such as the 
internet, computers, and smartphones is still limited though expanding. In 
2022, only 25% of people in low-income countries used the internet (World 
Bank, 2024c). Such access is crucial to unlocking economic opportunities. For 
example, the availability of fast internet access can increase the probability 
that an individual is employed by up to 13.2%, raise total employment per 
firm by up to 22%, and enhance firm exports nearly four-fold (World Bank, 
2024c). In agriculture, where self-employment is pervasive, small farmers 
with smartphones can improve productivity and profitability through guid-
ance on weather, agriculture, techniques, and marketing. Digitisation, the 
internet, and AI will be of special importance in the green transformation 
given the importance of interconnectors, systems management, discovery, 
and innovation. And digitisation requires electricity.
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1.6 Concluding remarks: towards sustainable development
The crises we now face have their origins in huge growth in both income 
per capita and life expectancy in the eight decades since the end of the Sec-
ond World War. Those advances have been of fundamental importance to 
well-being across the world and billions have been lifted out of poverty. But 
that growth has been driven by energy from fossil fuels and by running down 
our natural capital, for example through deforestation, land degradation, and 
pollution of rivers and oceans. We now see that we must follow a very differ-
ent approach to growth in the future. The last two or three decades have seen 
a deepening understanding of the processes at work that have led to the crises; 
to a deeper understanding that national and international objectives should 
reflect our concerns with sustainability, resilience, and equity; and, on these 
foundations, how we should act to deliver the new and much more attractive 
approach to growth and development. That is the purpose of this book. The 
book also reflects how my own ideas on growth and development, and how 
growth and development can be shaped and fostered, have deepened over the 
two decades since the Stern Review. 

As the world pursues climate action and moves towards sustainability, the 
transformation of the global economy will be shaped by outcomes which fol-
low from the decisions and circumstances of each nation. Many of the poorer 
nations have a tremendous opportunity to embark on a very different and 
better path than the destructive route taken by rich countries. The potential 
to leapfrog is of huge significance. But the cost and availability of capital will 
be crucial in the ability to take these opportunities. Understanding these dif-
ferential challenges and opportunities (see Chapter 8) is vital for the analysis 
of international action and policy which will be a key focus of the book (see 
Chapter 9).

We can build a new approach to development that is sustainable, resilient, 
and equitable – for all countries and communities. The investments, innova-
tions, and structural and systemic change necessary to tackle climate change 
and create the new growth story involve dynamic and strategic choices. The 
argument goes way beyond narrow, static cost–benefit analyses of pros and 
cons. The climate science sets a severe time constraint if we are to avoid dev-
astating damage. Thus, we must invest, innovate, change, and collaborate with 
urgency and with scale. 

Notes
	 1	 Vlasceanu et al. (2024) find, in their study with more than 59,400 partici-

pants across 63 countries, that the average belief in climate change is high 
(over 85%), with only modest variation among nations. This is a shift 
from the public confusion, uncertainty, and denial of the 2000s (Capstick 
et al., 2015). 
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	 2	 In Chapter 3, I shall comment in more detail on a number of issues of 
relevance to reflections on the Stern Review, including the failure of 
much of the literature to recognise the severity of key market failures. 
And it has, on the whole, given inadequate attention to the central 
importance of the dynamics of innovation, investment, and structural 
and systemic change. These are in addition to the problems noted here of 
much of the economics literature failing to take account of the potential 
magnitude of the risks. 

	 3	 It is embedded throughout the document (see UNFCCC, 1992). For 
example, Article 3 emphasises the need to balance the priorities of eco-
nomic development and environmental goals, implying there is a trade-
off in resource use. 

	 4	 The clean is already cheaper than the dirty across sectors responsible for 
a third of emissions, a proportion that will likely rise quickly (Systemiq, 
2020).

	 5	 GNP refers to the income of a nation whereas GDP refers to income 
generated within its borders.

	 6	 In the words of Kuznets (1934, pp. 5–6): ‘The valuable capacity of the 
human mind to simplify a complex situation in a compact characteriza-
tion becomes dangerous when not controlled in terms of definitely stated 
criteria. With quantitative measurements especially, the definiteness of 
the result suggests, often misleadingly, a precision and simplicity in the 
outlines of the object measured. Measurements of national income are 
subject to this type of illusion and resulting abuse, especially since they 
deal with matters that are the centre of conflict of opposing social groups 
where the effectiveness of an argument is often contingent upon oversim-
plification.’

	 7	 And two other UN Conventions: on biodiversity and combating deserti-
fication.

	 8	 The preamble states: ‘We are determined to end poverty and hunger 
in all their forms and dimensions, and to ensure that all human beings 
can fulfil their potential in dignity, equality, and a healthy environment’ 
(UNGA, 2015, p. 2).

	 9	 Living on less than US$2.15 per day (in 2017 purchasing power parity 
values) (the extreme poverty line).

	 10	 The Agreement set the goal of ‘holding the increase in the global average 
temperature to well below 2 °C above pre-industrial levels and pursuing 
efforts to limit the temperature increase to 1.5 °C above pre-industrial 
levels’. These limits on the rise of global temperature were set after intense 
negotiations with the aim of reducing climate change risks and impacts. 
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	 11	 Discussion based on Bodansky (2011, 2016).
	 12	 And the USA withdrew from the Paris Agreement during the first and 

second Trump presidencies.
	 13	 In the original UNFCCC agreement of 1992 there are broadly two cat-

egories of country: Annex 1, mainly the developed, and non-Annex 1, 
the rest. 

	 14	 See his book The Climate Diplomat: A Personal History of the COP Con-
ferences. Profile Books. 2025.

	 15	 Todd Stern is not a relation, but he is a friend. 
	 16	 See, e.g., the reports of the New Climate Economy (2014, 2015, 2016, 

2018, 2020) generated by the Global Commission on the Economy and 
Climate.

	 17	 Exogenous technical progress in this context means technical progress 
determined outside the model not by forces within the model. It is some-
times referred to as ‘manna from heaven’ in the sense that, as far as the 
model is concerned, it is progress that just appears from nowhere.

	 18	 Labour tends to be treated in these models as a constant, or growing at a 
fixed rate, whereas capital can be augmented by investing. 

	 19	 Endogenous technical progress here means that technological advance 
is explained within the model – in this case via past experience as 
expressed through cumulated investment.

	 20	 Africa will be the major source of future population growth. While in 
1960 Africa comprised around 10% for the world’s population, in 2050 
it is expected to be the home for around 30% (United Nations Economic 
Commission for Africa [UNECA], 2024). For example, the populations 
of nine nations, including Angola, Central African Republic, Democratic 
Republic of Congo, Niger, and Somalia, are expected to at least double in 
size between 2024 and 2054. 

	 21	 This work is part of a much bigger story of extraordinary advances in 
biochemistry, with great potential to shape change. Indeed, the revolu-
tion that AI technology can bring is just beginning, with AlphaFold2 
code having been made freely available. It has already been applied by 
millions of scientists to conduct their own work, from research seeking 
to develop resilient crops to new vaccines (O’Donnell, 2024). 





2. Some fundamentals:  
science and nature 

Tackling the immense risks of the climate and biodiversity crises by invest-
ing, on scale and with urgency, delivers a new path for growth and devel-
opment. This is much more attractive than the dirty, destructive models of 
the past. That is the story of this book. It was sketched in the introduction 
and Chapter 1, which provided an outline of our argument. Chapters 2, 3, 
and 4 complete Part I of the book with some fundamentals underlying the 
analysis (Chapters 2 and 3) and, in the context of the crises and a changing 
world, an agenda for action with urgency and scale (Chapter 4). The response 
to the challenges will then be discussed in the rest of the book. Parts II and 
III set out the kind of investment and structural and technological change 
that is necessary, show how this can lead to the new growth story, examine 
how that investment can be fostered and financed, and analyse the challenges 
in international collaboration. All this must be built on an understanding of 
the nature of the challenges and of the analytical principles that are required 
for a serious response. It is these fundamental underpinnings that constitute 
the subject of this chapter and the following, with Chapter 2 examining sci-
ence and nature, and Chapter 3, economics, politics, and society; the natural 
sciences followed by the social sciences. 

In this chapter, we discuss the challenges arising from the science, which 
describes the nature of the risks, dictates the sense of urgency, determines the 
scale of response, and sets the timelines. These are not political deadlines aris-
ing from discussion and negotiation, but real timelines established in terms 
of consequences and dangers of delay. Timetables for cutting emissions are in 
this sense crucially different from other development goals. If a health goal is 
achieved later than we would wish, that is troubling. But if emissions goals are 
achieved late, then all other goals are potentially undermined. This observa-
tion does not imply some intrinsic ranking, in terms of importance or values, 
climate above health, but follows from the practical realities of the problem. 

Climate change drives biodiversity loss and biodiversity loss drives climate 
change. Our ecosystems underpin industries such as agriculture, fisheries, 
and forestry, and provide services that support life itself, like clean water 
and air. In many cases, this natural capital cannot be substituted, and once 
destroyed is very difficult or impossible to restore. These issues go beyond 
climate change. But the climate and biodiversity crises are interwoven. Thus, 
whilst they are not the same, we have to tackle them in an integrated way. 
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The forces at work in climate change identified by the science, starting with 
Fourier’s basic insight 200 years ago on the trapping of heat, through to our cur-
rent understanding of the immense risks that climate change involves, are set 
out in Section 2.1. The potential increase of those risks in the next few decades, 
together with the likelihood of overshooting the Paris targets and the dangers 
of tipping points, are examined in Section 2.2. The necessity of large-scale adap-
tation given the presence and intensification of the effects of climate change 
are analysed in Section 2.3. The interweaving of the twin crises of climate and 
biodiversity is discussed in Section 2.4.

Clarity on the foundations of the science and biodiversity (this chapter) 
and foundations in politics, history, economics, and ethics (next chapter), is 
essential for the analysis and delivery of effective action. The story embodied 
in these summaries of relevant natural science and social science is in large 
measure one of obstacles, difficulties, and great risk. Some of the more posi-
tive forces at work are set out in Chapter 4. 

2.1 The forces and the dangers 
The science of climate change is founded in basic physics: greenhouse gases 
(GHGs) trap heat. It is, in its essence, clear, simple, and long-standing. The pre-
dictions of the theory have matched the temperature increases subsequently 
observed. And the consequences of the warming have become ever more 
troubling. The climate science and its history are summarised briefly here.

Two hundred years of science 

The science of climate change has grown more sophisticated in recent dec-
ades, but the basic scientific story of the existence of a warming effect is two 
centuries old. The cause, in the form of GHGs, was identified in the middle of 
the 19th century and the first substantive prediction of the quantitative effects 
of rising concentrations of GHGs was at the end of that century, around 130 
years ago. As the science has advanced and concentrations and temperatures 
have risen, the data have validated the theory in a comprehensive and striking 
way. The theory came very early in the story, and the data, subsequently aris-
ing from measurement and experience, have been consistent with that theory. 
In the 1980s scientific consensus on anthropogenic global warming stated to 
emerge. By 2021, the Intergovernmental Panel on Climate Change (IPCC) 
noted, in its Sixth Assessment Report (AR6): 

The first IPCC report, released in 1990, concluded that human 
caused climate change would soon become evident, but could not 
yet confirm that it was already happening. Today, evidence is over-
whelming that the climate has indeed changed since the pre-indus-
trial era and that human activities are the principal cause of that 
change. (IPCC, 2021, p. 244)
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Figure 2.1 shows in simple form the basic history of the key contributions 
to the atmospheric physics of climate change. 

The research conducted in 1824 by French mathematician Joseph Fourier was 
the start of the science of climate change. He concluded, by analysing inflows 
and outflows of energy, and the surface temperature of the Earth, that there 
must be something trapping the escape of heat from the atmosphere. Without 
that, his calculations showed the Earth would be much cooler than it is. In the 
1850s, Eunice Newton Foote in the USA, and a few years later, physicist John 
Tyndall in Ireland, independently showed that the key gas trapping the escape 
of heat was carbon dioxide.1 In 1896 Svante Arrhenius, a Swedish scientist, 
linked the emissions of CO2 to fossil fuel consumption, and did the first calcula-
tion of the likely effect of doubling the concentration of CO2 in the atmosphere 
on temperature.2 The effect on temperature of a doubling is known as ‘climate 
sensitivity’. It is generally taken to be in the range of 2 oC to 5 oC (IPCC, 2021). 
The AR6 best estimate is 3 oC. It is usually estimated from modelling or from 
historical data. So far, since the second half of the 19th century, the concentra-
tion of CO2 has gone up by around 50% with the big majority of the increase in 
the last half-century (see the discussion on carbon budgets below). 

During the 1920s and 1930s, an explanation of the mechanism of the trap-
ping of heat – in terms of certain gases, the ‘greenhouse gases’, interfering with 
the escape of infra-red energy from the atmosphere – was developed using 
quantum theory (two of the pioneers were Niels Bjerrum and David Denni-
son). By the early 1930s a fairly complete quantum picture of CO2 infra-red 
spectroscopy was in place. More recently, in 2024, the physicist Keith Shine 
and collaborators diagnosed more precisely the impact of ‘Fermi resonance’ 
on CO2 radiative forces – further advancing our understanding of carbon 
dioxide’s heat-trapping effect at the molecular level.3 

Different GHGs make different contributions to the greenhouse effect in terms 
of their trapping of heat; they have different effects on ‘radiative forcing’, meaning 
the amount of energy from the sun that enters our atmosphere, relative to the 
amount leaving (MIT, 2024a). To measure the total effect of different GHGs, and 
given that CO2 is the most important, overall flows and stocks are often converted 
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Figure 2.1: Climate change science timeline

Note: The red line denotes the period from which scientific consensus on anthropogenic 
global warming emerged. 
Source: Author’s elaboration.
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to CO2e or CO2 equivalent, to give an aggregate flow or stock of GHGs, where the 
conversion is done via their relative radiative forcing. One kilogram of methane, 
for example, traps about 84 times more heat than one kilogram of CO2 averaged 
over 20 years – but 28 times as much over 100 years since the atmosphere life-
time of methane is much less than CO2 (Ritchie et al., 2024).4 Methane stays in 
the atmosphere for around 12 years, compared with centuries in the case of CO2 
(IEA, 2022). And they are absorbed by oceans, land, and forests in different ways. 
Whilst the basic science of the greenhouse effect is very simple, some of these 
complications – for example, differences in lifetimes, in their effect on radiative 
forcing, and in absorption – can make modelling of the greenhouse effects some-
what complicated. But the scientific essentials of the underlying story are straight-
forward, in terms of the trapping of heat, how the trapping works, and which 
gases are responsible. This is simple, robust, and basic science.

The warnings from scientists of the potential magnitude of global warming 
started to build around the 1980s. In June 1988, US physicist James Hansen 
testified before the US Congress about global warming and the responsibility 
of humans. The IPCC was created in the same year – a UN body that brings 
scientists together from across the world to assess the science associated with 
climate change (see Chapter 1). These assessments, intended to be used by 
policymakers, synthesise the state of the scientific knowledge on climate 
change for that purpose. Indeed, the IPCC does not produce new research; 
rather, it collects and evaluates existing conclusions, identifying which find-
ings are widely supported by the scientific community. The reports undergo 
lengthy reviewing processes that include several reviewing stages, aiming to 
build objectivity in assessments. As such, they are institutionally cautious.

Though the IPCC has always been careful to make statements in a way 
which takes account of uncertainty, its warnings on the strength of the effects 
and the confidence in the conclusions have grown ever stronger. In 2021 it 
declared, ‘it is unequivocal that human influence has warmed the atmosphere, 
ocean and land’ (IPCC, 2021, p. 4). 

Given that the science is so old, and well founded, it is natural to ask why we as 
a world have been so slow to accept it, let alone move on it. Part of the answer lies 
in inertia and resistance to change. But part also lies in the work of vested interests 
to undermine the science. These have been the ‘merchants of doubt’ (see Oreskes 
and Conway, 2010). According to Banerjee (2015), as far back as the mid- to late-
1970s, fossil fuel giants such as Exxon and Shell were conducting internal research 
that corroborated the effects of carbon emissions on climate change. Yet major oil 
companies spent decades working to create confusion and doubt around the issue. 

Ever more worrying impacts: the lived experience

The history of IPCC reports has been one of estimates of the potential severity 
of impacts being revised upwards. Indeed, some of the effects of climate change 
are coming through at greater speed, scale, and intensity than anticipated in 
each earlier report. The lived experience and the detail of the accumulating sci-
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entific evidence point to ever-increasing risks at a scale that should be of deep 
concern. However, the economics, as we will see in Section 3.2, has struggled to 
keep up with these conclusions. As noted in Chapter 1, when the Stern Review 
was published in 2006, the prospects were already very worrying; they look far 
worse now. And, as noted, the IPCC’s processes make it institutionally cautious.  

The levels of CO2  concentrations have been rising strongly since the second 
half of the 19th century – the usual benchmark in terms of the beginning 
of the Industrial Revolution. The flows of emissions have risen very strongly 
since the Second World War (see Figure 2.2).

Concentrations are now at levels the world has not seen for at least 800,000 
years, and likely three million years (see Figure 2.3). Whilst flows of emissions are 
net positive, concentrations will go on rising. The usual baseline for calculating 
the rise in average global surface temperature is the period 1850–1900, when the 
concentration of CO2 was between 280 and 290 parts per million (ppm). In 2025, 
it was about 425 ppm. Given that the concentration was around 310 ppm in 1950, 
it is clear that the powerful increases have been driven by the rapid and carbon-
intensive growth of the last seven or eight decades.5 At present, global annual GHG 
emissions are still rising, with a 1.3% increase to 57.1 billion tonnes of carbon-
dioxide-equivalent recorded between 2022 and 2023 (UNEP, 2024b). 

Rising concentrations mean rising temperatures and climate impacts. The 
world has witnessed increasing sea levels and desertification (in some places). 
Such effects are termed ‘slow onset’. And we have seen an increased frequency 
and intensity of some extreme weather events in many parts of the world – 
heavy rainfall, heatwaves, and droughts. 

Figure 2.2: Annual CO2 territorial emissions from fossil fuels and 
industry since 1850

Note: Measured in tonnes. Land-use change is not included. 
Source: Author’s elaboration using data from Our World in Data (2024). 
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The physical impacts of climate change directly affect economic activity, for 
example in agriculture, and destroy property and livelihoods, for example, in 
floods and wildfires. Figure 2.4 shows some examples, including the devastat-
ing impacts that occurred in Los Angeles, California, in 2024 due to the mas-
sive Palisades and Eaton wildfires, which engulfed more than 16,000 structures. 
Many lives, homes, and businesses were lost. Some were insured, some were not. 
Future insurance will be very expensive or unobtainable (Madakumbura et al., 
2025; WWA, 2025a). Figure 2.4 also shows the effects of fires in August 2024 in 
São Paulo state, Brazil, which occurred following a period of extreme drought, as 
temperatures in the country rose to between 5–10 °C higher than the 1991–2020 
average. This contributed to the rapid spread of thousands of fires in the state of 
São Paulo, destroying many thousands of hectares of crops and causing severe 
health problems from smoke (Fowle, 2024). In the town of Cobargo, Australia, 
on New Year’s Eve 2019, a devastating fire destroyed much of the town and took 
many lives. A month earlier, John Mullins, the former chief of the New South 
Wales Fire and Rescue, had told The Guardian (in Zhou, 2019):

Just a 1 °C temperature rise has meant the extremes are far more 
extreme, and it is placing lives at risk, including firefighters. Climate 
change has supercharged the bushfire problem. 

Figure 2.5 shows further examples, all of which occurred in 2024: during 
October, in Valencia in Spain, nearly a year’s worth of rain fell in just eight hours, 
taking with it the lives of more than 200 people. Around that time Hurricane 
Milton  hit Florida, USA, after rapidly intensifying into one of the strongest 
Atlantic hurricanes on record, and causing long-lasting impacts on both 
communities and their economies.6 Nearer the end of 2024, Super Typhoon 
Man-yi hit the Philippines, causing a terrifying storm surge several metres high 

Figure 2.3: The rise in CO2 concentrations in the last 800,000 years

Source: Author's elaboration, using ice core data from Etheridge et al. (2001) and Luthi et 
al. (2008), and modern data from Lan and Keeling (2025)..
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Note: top: A firefighter watches the flames from the Palisades Fire burning homes on 
the Pacific Coast Highway amid a powerful windstorm on 8 January 2025 in Los Angeles, 
California, bottom: Destroyed crops at a sugarcane farm following wildfires in Ribeirão 
Preto, São Paulo state, Brazil, on Tuesday 27 August 2024. An unprecedented outbreak of 
fires that hit sugar-cane fields in the world's top exporter Brazil over the weekend is set 
to impact global supply of sweetener and elevate prices.
Source: top: Apu Gomes/Getty Images via Getty Images, bottom: Victor Moriyama/
Bloomberg via Getty Images.

Figure 2.4: Extreme event examples: massive fires 
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Figure 2.5: Climate-related flooding examples from 2024

Note: top: Scenes of devastation in the streets of Benetusser after the passing of the 
flood; army, firefighters, police and volunteers help to normalise the situation, Valencia, 
Spain on 11 November 2024, bottom: An aerial view shows submerged homes at a 
village in Ilagan, Isabela province on 18 November, 2024, due to continuous heavy rains 
from Super Typhoon Man-yi. Filipinos cleared fallen trees and repaired damaged hous-
es on 18 November after the sixth major storm to batter the Philippines in a month 
smashed flimsy buildings, knocked out power and claimed at least one life. 
Source: top: David Carbajo/NurPhoto via Getty Images, bottom: VILLAMOR VISAYA/AFP 
via Getty Images.
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Figure 2.6: The complex interconnections of climate change impacts

Note: This is a causal loop diagram, in which a complete line represents a positive 
polarity (e.g., amplifying feedback; not necessarily positive in a normative sense) and a 
dotted line denotes a negative polarity (meaning a dampening feedback).
Source: Figure 3 in Kemp et al. (2022, p.7), p. 7. Copyright 2022 The Authors, CC BY 4.0.

https://creativecommons.org/licenses/by/4.0/
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on the shores of Catanduanes, requiring 650,000 people to flee (see Figure 2.5 
for an image of a submerged village in Ilagan, in the Isabela province). The six 
typhoons that hit within a month towards the end of 2024 in that country took 
more than 160 lives (Agence France-Presse, 2024). 

The examples chosen here are very recent and have been selected to illustrate 
the immense impacts on lives and livelihoods. Such effects are becoming increas-
ingly frequent and severe. Once-in-a-decade heatwaves on land are now nearly 
three times more likely in a world 1.2 °C warmer than in pre-industrial times 
(IPCC, 2021). The duration of ocean heatwaves has tripled since the 1940s (Mar-
cos et al., 2025). And heavy precipitation events on land that occurred every 10 
years are now more frequent and wetter (IPCC, 2021). These impacts propagate 
throughout human and natural systems, altering their equilibrium and generating 
disruption, disequilibrium, and instabilities (Figure 2.6). They can set back devel-
opment by decades. For example, the floods in Pakistan in 2022 were the worst 
ever, affecting more than 30 million people, destroying infrastructure and causing 
billions of dollars of damage. About a tenth of the country was submerged. The 
floods were caused by intense monsoon rains and exacerbated by glacial melt.

While some physical impacts of extreme weather events associated with cli-
mate change are immediately evident, other impacts can be less obvious. For 
example, it has been found that increased heat stress lowers work intensity and 
productivity (Heal and Park, 2015; Parsons et al., 2022),7 decreases cognitive 
performance (Seppänen et al., 2006), and impairs learning (Park et al., 2021). It 
can have particularly significant effects on the health of children (Carleton and 
Hsiang, 2016) and so too in human pregnancies (Chersich et al., 2020). 

Climate change also influences the probability of pandemics, for example 
through changed interactions amongst birds, animals, and humans (World 
Bank, 2024). And it is already causing a rise in vector-borne diseases, for exam-
ple dengue, a virus transmitted through certain mosquito species. At present, in 
parts of Asia and South, Central, and North America, nearly one-fifth of dengue 
cases can be attributed to climate change (Childs et al., 2025) (see also Table 2.1).

High temperatures are particularly dangerous when combined with high 
humidity. For example, in the densely populated North China plain, vital for 
food production, projections indicate that, mainly due to climate change but 
also the effect of irrigation for agriculture, wet bulb temperatures (a combi-
nation of temperature and humidity) of 35  °C, which can be fatal after six 
hours, could be reached between 2070 and 2100 under a very high emissions 
ratio (Kang and Eltahir, 2018). That is a projection which is particularly wor-
rying for the health of farmers, who work outside without air conditioning. 
Such effects are also likely in the Indo-Gangetic plain, where occurrences of 
extreme heat are increasing. Population densities in the North China and 
Indo-Gangetic plain are high. These are the homes of hundreds of millions of 
people. Their environments could become uninhabitable in the second half of 
the century. Population movements could be immense.

Those working inside are not always protected from the effects of heat-
waves. Brownouts in electricity systems due to increased demand for cool-
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ing during hot weather generate serious costs, with cascading impacts across 
urban systems (Aivalioti, 2015; Zuo et al., 2015). Many energy systems across 
the world are not prepared for the high energy demands arising from temper-
ature peaks. For example, in March 2025, massive blackouts occurred dur-
ing an extreme heatwave in Buenos Aires, Argentina,8 that affected hundreds 
of thousands of users, causing disruptions across the city (including due to 
non-functioning traffic lights) (WWA, 2025b; Xinhua, 2025).

Over 80% of international trade volume is carried by sea (UNCTAD, 2021), 
and climate change threatens to disrupt the functioning of waterways, canals, 
and seaports. For example, in 2023, the Panama Canal authorities had to 
impose restrictions on ships’ depth – meaning they could transport fewer 
goods – due to drought conditions lowering water levels (Reuters, 2023). 
Similar examples can be found around the world. Small island states and 
landlocked countries with a limited number of trade routes are particularly 
vulnerable to such disruptions from sea level rise, droughts, and floods. 

The interconnectivity of our world means that climate change impacts can 
ripple across economies, disrupting the lives of many far and wide. An illus-
trative example is the 2011 floods in Thailand, which left key manufacturing 
hubs for the automotive and electronic industries submerged in water, causing 
economic losses of US$47 billion, equivalent to 12% of Thailand’s GDP (World 
Bank, 2018). This led to a global shortage of hard drives and delayed car produc-
tion for months, which increased prices and affected businesses internationally. 

These examples are offered to illustrate the nature and intensity of the 
impacts of climate change which are already occurring. At the aggregate 
level, the economic losses associated with extreme weather, climate, and 
water events are estimated to have increased eight-fold from the 1970s to the 
2010s (WMO, 2023). Between 1991 and 2024, global temperature has risen by 
around 0.2 °C each decade (WMO, 2025). There is no doubt that these losses 
will increase sharply as temperatures continue to rise. 

The challenges that arise from the climate science dictate both the urgency 
of and scale at which action must occur – to avoid the immense risks of a 
changing climate. The argument for acting in this way is greatly strength-
ened when we recognise that climate action will bring the multiple benefits of 
driving economic growth, protecting and creating resources, and fostering a 
healthier environment. Climate action must be at the heart of and a priority 
in each nation’s sustainable development story – both to avoid catastrophic 
outcomes and reap the opportunities that come from moving to a more sus-
tainable, resilient, and equitable world.

2.2 Risks, urgency, overshooting, tipping points, and carbon 
budgets
Under current policies, temperatures are headed towards an increase of close 
to 3 °C by 2100 (Climate Action Tracker, 2023) and even higher next century. 
Whole areas of the world might become uninhabitable as a result of inunda-
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tion, desertification, extreme events, or extreme heat. Growth and develop-
ment for many would be set in reverse. Such temperatures could lead to large-
scale movements of people, likely hundreds of millions or billions, potentially 
leading to major and persistent conflicts (Brown, 2008; Clement et al., 2021; 
Institute for Economics and Peace, 2020). These risks, our proximity to tip-
ping points, and the exhaustion of the ‘carbon budgets’ (see below) demon-
strate the acute urgency of action. 

It is now clear that we will pass 1.5 oC in the next few years. Thus, if we main-
tain that as a target, there will be ‘overshooting’ in the sense that we will pass it 
and, over time, will have to return. Figure 2.7 illustrates some possible paths, 
the lowest of which would allow for some overshooting of 1.5 °C. Whether 
we follow a path that takes us closer to 1.5 oC or closer to 3 oC depends on 
actions on emissions, by countries and communities across the world, deliv-
ery of country commitments under the Paris Agreement, expressed, as noted 
in Chapter 1, as nationally determined contributions (NDCs). 

Prior to the Paris Agreement in 2015, the then current policies looked as if 
they would take us closer to 4 oC by 2100, so there has been progress. But far too 
little to get us to the Paris target of well below 2 oC. Nevertheless, if all the net 
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zero pledges and targets were to be delivered, the outcome would be close 
to 2  oC. That would still be dangerous, but much less than the immensely 
dangerous 4 oC that was likely before Paris and the highly dangerous 3 °C to 
which we are headed on current policies. 

To retain the 1.5 oC target, there will have to be a period of negative emis-
sions. And given the increasing dangers of tipping points beyond 1.5 oC (see 
the next subsection), it does indeed make sense to plan for this. If emissions 
become net negative, for example as a result of carbon dioxide removal, then 
concentrations and temperatures will fall.9

Exceeding 1.5  oC would generate powerful impacts across the world. At 
1.5  °C, the annual longest heatwave duration in the world's largest cities 
would average around 16 days, and at 3 °C nearly a month (24 days).10At 3 °C 
it is likely that more than one-sixth of the biggest cities in the world, where 
more than 300 million people live, would be exposed to at least one heatwave 
with a one-month duration (or longer) annually (Wong et al., 2024). Europe, 
a region relatively more prepared for climate change than many developing 
nations, already saw almost 50,000 excess deaths attributed to heat in 2023, at 
global warming of around 1.2 °C (Gallo et al., 2024). 

As shown in Table 2.1, hotter days may mean more days with optimal tem-
peratures for disease-carrying mosquitos: arboviruses are expected to become 
more widespread.11 The incidence of dengue is already rising strongly (WHO, 
2024). Cities in low-income nations would be disproportionately affected, 
being expected to experience over 70 peak arbovirus days each year at 1.5 °C, 
and nearly 90 peak arbovirus days each year at 3 °C (Wong et al., 2024). 

In the last 6,000 years, human beings have farmed, worked, lived, and 
thrived mostly in areas within a narrow band of mean annual temperature 
(MAT) of around 11 °C to 15 °C, with a relatively smaller proportion in hot-
ter areas corresponding to around 20 °C to 25 °C (Xu et al., 2020). However, 
research indicates that, if our emissions are kept high, by 2070: 

3.5 billion people will be exposed to MAT ≥29.0°C, a situation 
found in the present climate only in 0.8% of the global land surface, 
mostly concentrated in the Sahara, but in 2070 projected to cover 
19% of the global land. (Xu et al., 2020, paragraph 6)

This exposure can result in increased morbidity and mortality, with many of 
the expected 3.5 billion people living in those areas possibly having to move, a 
number which represents 30% of the projected global population (Figure 2.8). 

Predicting numbers of people who will be forced to move due to climate 
change, both internally and across borders, is not straightforward.12 Neverthe-
less, the IPCC, back in the early 1990s, already had enough evidence to warn 
the world that the ‘gravest effects of climate change may be those on human 
migration as millions are displaced by shoreline erosion, coastal flooding 
and severe drought’ (IPCC, 1992, p. 103). The IPCC states in its latest report 
(AR6) that it has high confidence that climate hazards are a ‘growing driver of 
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involuntary migration and displacement’ (Cissé et al., 2022, p. 1044). It is the 
poorest households who are particularly at risk when areas start to become 
uninhabitable because many will lack the resources to move (Birkmann et al., 
2022). The IPCC also notes it has high confidence in climate hazards being a 
‘contributing factor to violent conflict’ (Cissé et al., 2022, p. 1044).13

With global warming of around 1.5 °C, West Africa and the Sahel could see an 
estimated 40% reduction of the area suitable for maize production (Birkmann et 
al., 2022). Globally, it has been estimated that there could be a loss of 7–10% of 
rangeland stock at an increase of 2 °C. Food security risks in many regions will 
increase strongly as global warming advances (Hoegh-Guldberg et al., 2019).

The overall risks from passing 1.5  °C are illustrated by the following 
estimates concerned with heat and floods. Lenton et al. (2023) conclude that 
decreasing global warming from 2.7 °C to 1.5 °C could reduce the number of 
people exposed to MAT above 29 °C by around five times. And on floods, the 
IPCC highlights that with ‘every additional one degree Celsius of warming, 
the global risks of involuntary displacement due to flood events are projected 
to rise by approximately 50%’ (Cissé et al., 2022, p. 1046).

The effects of global warming on biodiversity could be catastrophic, as illus-
trated by the experience of Pantanal, in Brazil, the largest tropical wetland in 
the world, and immensely rich in biodiversity. In 2024, it experienced dry and 
windy conditions that drove devastating wildfires which were found by scien-
tists to be ‘40% more intense due to climate change’ (WWA, 2024). If warming 
increased to 2  °C, the weather conditions that lead to these huge wildfires 
would be twice as likely to occur than at present (see Figure 2.9).

Figure 2.8: Expansion of extremely hot regions in a high-emissions 
scenario

Note: In the current climate, MATs >29 °C are restricted to the small dark areas in the 
Sahara region. In 2070, such conditions are projected to occur throughout the shaded 
area following the RCP8.5 scenario. Absent migration, that area would be home to 
3.5 billion people in 2070 following the SSP3 scenario of demographic development. 
Background colours represent the current MATs.
Source: Figure 3 in Xu et al. (2020, p. 11,352). Copyright 2020 The Authors, CC BY-NC-ND 4.0.

https://creativecommons.org/licenses/by-nc-nd/4.0/
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Tipping points: dynamic, irreversible, and destructive processes

We may be dangerously near tipping points, which could unleash unstable 
feedback loops and rapid and destructive change. A tipping point is where a 
small alteration in a system can cause abrupt changes because of amplifying 
feedback processes. Some of these changes may be very difficult, or impos-
sible, to reverse. Further, triggering one tipping point could trigger another, 
potentially setting off further dangerous dynamic instabilities. Many of the 
consequences are difficult to predict but potentially catastrophic. 

Figure 2.9: Recent fires and expected recurrence of associated conditions 
in the Brazilian Pantanal

Note: top: A National Security Force vehicle is travelling along a road bordered by 
areas scorched by forest fires that have been devastating the southern Pantanal in 
Mato Grosso do Sul for a month in Corumba, Brazil, on 2 July, 2024.
Source: top: Gustavo Basso/NurPhoto via Getty Images, bottom: World Weather 
Attribution (2024). Copyright 2024 World Weather Attribution. Reproduced 
with permission. 
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The IPCC warned of tipping points in its third Assessment Report (AR) 
more than two decades ago (IPCC, 2001). During that period, these ‘large-
scale discontinuities’ in the climate system were considered probable only if 
global warming surpassed 5 °C compared to pre-industrial levels. Over suc-
cessive IPCC reports, estimated trigger temperatures have repeatedly been 
revised downwards. It is alarming that we may already be near critical tip-
ping points at current levels of global warming (Lenton et al., 2019). The most 
recent IPCC Special Reports (IPCC, 2018, 2019) suggest that some tipping 
points are likely to be triggered between 1.5 and 2  °C of warming. This is 
hugely worrying given that 1.5 °C could be reached within the next decade. 
We may be close to abrupt and irreversible change: the urgency for action is 
intense. 

This subsection elaborates briefly on five potential tipping points and their 
possible implications. Figure 2.10 indicates that a number of major systems 
are at risk of being tipped at temperatures below 2 °C. Recent studies suggest 
that five major global tipping points could be triggered, possibly within a 
decade (e.g., Lenton et al., 2023b). The five major tipping points we may 
be near to crossing, and that we explain briefly below are: (1) the demise 
of the West Antarctic ice sheet; (2) the die-off of tropical coral reefs; (3) 
the irreversible thaw of the Arctic permafrost; (4) the slowing of an ocean 
current known as the North Atlantic subpolar gyre (SPG); and (5) the loss of 
the Greenland ice sheet. 

Tundra

Permafrost

Tipping Threshold

<2°C

>4°C

2-4°C

AMOC

Permafrost
Greenland
Ice sheet

Sahel & W.
Afr. Monsoon

E. Antarctic
Subglacial BasinsE. Antarctic

Ice Sheet
W. Antarctic

Ice Sheet

Mountain
Glaciers

Amazon
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Barents
Sea Ice
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Figure 2.10: Climate tipping elements and their sensitivity to global 
warming

Note: Tipping elements are categorised as cryosphere (blue), biosphere (green), or circu-
lation (purple). Colours of labels denote temperature thresholds categorised into three 
levels of global warming above pre-industrial (key on the right), with darker red indicat-
ing lower temperature thresholds (greater urgency). Permafrost appears twice as some 
parts are prone to abrupt thaw (at lower temperatures) and some (organic-rich Yedoma) 
to self-propelling collapse (at higher temperatures). 
Source: Adapted from Figure 1 in Lenton et al. (2024, p. 5). Copyright 2024 The Authors, CC 4.0.

https://creativecommons.org/licenses/by/4.0/
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There are other tipping points which could occur as a combination of 
biodiversity loss and climate change. They are potentially of immense importance 
and might occur in the next few decades. For example, deforestation and climate 
change are destabilizing the Amazon, the world’s largest rainforest. Estimates of 
where an Amazon tipping point could lie range from 40% deforestation to just 
20% forest-cover loss. About 17% has been lost since 1970. The stronger the 
warming, the more likely the system collapse for a given level of deforestation.

The demise of the West Antarctic ice sheet by 2100 could lead to sea level 
rises of as much as 2 metres (Moseman, 2024). This would be potentially dev-
astating to the billions who live in coastal areas, possibly displacing around a 
tenth of the global population (SMC, 2024).

Ocean heatwaves have already led to mass coral bleaching and to the death 
of significant amounts of shallow-water coral, but with the possibility of some 
subsequent substantial regrowth, on Australia’s Great Barrier Reef. Virtually 
all (99%) tropical corals are projected to be lost if global average temperature 
rises by 2 °C, because of interactions between warming, ocean acidification, 
and pollution. Warm water coral reefs are particularly vulnerable to global 
warming and are crucial elements in biodiversity. They are home to one-quar-
ter of marine biodiversity and provide critical services to approximately 330 
million people, who depend directly on reefs for protection from storm surges, 
and as sources of food and livelihood (Cooley et al., 2023; WWF, 2024). 

Permafrost, which is ground that remains frozen, is primarily found in the 
Arctic, a region that is warming three times faster compared to the global 
average. The warming is causing the permafrost to begin thawing, a process 
likely to be irreversible in the foreseeable future. As a result, future generations 
will face the ongoing challenge of offsetting these emissions. When permafrost 
thaws, it releases CO2 and methane, with methane being a GHG that is around 
30 times more potent per kg than CO2 over a 100-year period. Current models 
suggest that permafrost is already contributing to global warming, and at current 
emission levels, the Arctic is heading towards contributing similar levels of CO2 
and methane as a large industrialised country (International Cryosphere Climate 
Initiative, 2021; MIT, 2024b). By 2100, some estimates suggest that additional 
warming caused by thawing of the permafrost could be as high as 0.7 °C.

The SPG is a system of circulating currents located south of Greenland that 
is linked to the main Atlantic Meridional Overturning Circulation (AMOC) – 
a central current that works as the main heat transport engine in the Atlantic 
and one of the biggest on Earth (Swingedouw et al., 2021). The current known 
as the Gulf Stream in the UK is part of the AMOC. The slowing of the SPG 
could cause regional cooling, for example, affecting agriculture in Europe and 
North America, and changing potentially dangerously, extreme weather event 
patterns, including storms. The threshold for the SPG collapse appears to be 
around 1.8 °C (1.1 to 3.8 °C). This could happen within a decade or so. 

The SPG collapse could also accelerate the weakening of the AMOC and, 
though this would take more time, the consequences would be catastrophic and 
unpredictable (International Cryosphere Climate Initiative, 2021; Rahmstorf, 
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2024). Such an event would result in substantial cooling of the northern hem-
isphere and warming of the southern. It would disrupt the Amazon rainforest 
ecosystem, possibly leading to cascading tipping points, which were described 
above in this section. Sea levels would rise quickly in areas such as the East 
Coast of the USA, and the severity of storms would intensify (MIT, 2024c; van 
Westen et al., 2024).

The Greenland ice sheet is melting increasingly rapidly. If it were to melt 
completely, it could raise sea levels by 7 metres over thousands of years. Some 
models suggest that at 1.5 °C of global warming, which will likely occur within 
the next decade, the Greenland ice sheet may already be doomed. If it passes 
such a threshold, ‘as the elevation of the ice sheet lowers, it melts further, 
exposing the surface to ever-warmer air’ (Lenton et al., 2019, p. 592). Whilst 
the full effect might take place over thousands of years, substantial impacts 
could appear this century (Aschwanden et al., 2019; Gautier, 2023). 

The science is not yet definitive on which systems have tipping points, how 
close we are to crossing them, and what the impacts would be if we do cross 
them. But it can, and has, identified great risks and it is possible that impacts 
could be still more catastrophic than currently understood. The risks around 
these, and other, tipping points send a powerful message that delaying action 
is extremely dangerous; potentially existential for many. 

Carbon budgets, urgency, overshooting, and negative emissions 

A carbon budget describes the total amount of future emissions that could be con-
sistent with staying below a given temperature limit (e.g., 1.5 oC or 2 oC) with a 
specified probability. It is a useful way to express the scale and urgency of action, and 
it embodies the idea that it is the path and accumulation of emissions over time that 
determines concentrations of GHGs and thus warming. It is often related to a his-
torical budget starting at a much earlier date, to illustrate how much we have already 
consumed, and how much (or little) remains, as shown in Figure 2.11. If the ‘total 
carbon budget’ is exceeded and no additional actions to remove atmospheric CO2 
are pursued, the result is higher global warming than the specified limit or target.14

As we saw in Chapter 1, and earlier in this chapter, our past polluting model 
of growth powered by fossil fuels has already raised concentrations of CO2 
to 50% above levels of the second half of the 19th century. Budgets for 1.5 °C 
are close to or already exhausted and there are very limited budgets for 2 °C. 
It took 107 years to use up the first quarter of the carbon budget for 1.5 °C 
that existed in 1850. However, only 33 years were needed to exhaust the sec-
ond quarter, and just 21 years for the third quarter. The remaining carbon 
budget in 2024 to stay under 1.5 °C is 150 GtCO2 and from 2025 for a 50% 
probability to stay under 1.5 °C it is 130 GtCO2 (Forster et al., 2025). This 
will be depleted in the next few years, given that the current annual rate of 
CO2 emissions is around 40 Gt. Further, the remaining carbon budget from 
2025 for a 50% probability to remain under 2 °C is 1050 GtCO2, which will be 
exhausted within around three decades at the current emissions rate (Forster 
et al., 2025).15
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The chance to limit global warming to 1.5  oC without overshooting has 
gone, and limiting to well below 2  oC without overshoot, as in the Paris 
Agreement, will be very difficult. Risks escalate with the degree and 
duration of the overshoot, increasing the likelihood of hitting tipping 
points that could push systems into states of no return. It is important 
therefore to keep the degree of overshooting as small as possible and the 
period as short as possible. 

The first priority is to bring down emissions rapidly so that the problem 
of overshooting does not become unmanageable. Nevertheless, it is now 
clear that strong action to remove GHGs will be necessary. The role of 
negative emissions is twofold: they can offset stubborn residual emissions, 
such as from cattle, and they can enable net negative emissions, crucial 
for reversing temperature overshoots. In 2018, the IPCC Special Report 
on global warming of 1.5  °C above pre-industrial levels showed that 
carbon dioxide removal (CDR) is essential in all pathways that meet the 
Paris Agreement’s temperature goals (IPCC, 2018). Methods and costs 
for CDR16 are examined in Chapter 9, together with geoengineering and 
associated issues and challenges. 

Figure 2.11: What are carbon budgets?

2560
GtCO2

Historical budget
GtCO2 already emitted between 1750–2019

 Remaining carbon budget
GtCO2 in line with keeping
global warming to 1.5 °C or 2 °C

This remaining carbon budget
can increase or decrease
depending on how deeply
we reduce greenhouse gases
other than CO2

+/−220
GtCO2

1.5 °C (500) GtCO2400

2 °C (1350) GtCO21150(Gt = billion tonnes)

Probability67% 50%

Note: Historical cumulative carbon dioxide (CO2) emissions determine to a large degree 
how much the world has warmed to date, while the remaining carbon budget indicates 
how much CO2 could still be emitted while keeping warming below specific temperature 
thresholds. Several factors limit the precision with which the remaining carbon budget 
can be estimated. Therefore, estimates need to specify the probability with which they 
aim at limiting warming to the intended target level (e.g., limiting warming to 1.5 °C 
with a 67% probability). Diagram refers to budgets as calculated in 2020. A carbon 
budget, from 2025 for a 50% probability of staying below 1.5 °C would be around 130 
GtCO2, and for 2 °C would be around 1050 GtCO2 (Forster et al., 2025).
Source: FAQ 5.4, Figure 1 in Canadell et al. (2021), p. 778. Copyright 2023 IPCC. Repro-
duced with permission. Font and colours adjusted.
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Geoengineering, particularly solar radiation management (SRM),17 presents 
a set of supplementary measures that can temporarily, if maintained, offset 
some of the warming effects of GHGs. However, these methods introduce a 
whole slew of new risks and uncertainties. They do not address the root cause 
of climate change – the accumulation of GHGs – and their effects last only as 
long as their deployment. Further, they do not reduce CO2 in the atmosphere 
which itself can have direct damaging effects, including acidification of the  
oceans. And governance could present real problems as single nations, insti-
tutions, or even individuals could pursue such methods unilaterally, notwith-
standing any collateral damage. Lastly, it is possible that the adoption of these 
methods could diminish the motivation for reducing emissions. 

As we brace for a future with overshoot, negative emissions technologies 
such as CDR and carbon capture, usage, and storage (CCUS) emerge as 
indispensable tools. Their judicious deployment, coupled with an unwavering 
commitment to emissions reduction, should, in my view, form a key element 
of our path to a stable climate. Geoengineering would likely be hugely 
problematic, in my view, carrying great risks. But given that overshooting is 
likely to be a major problem, these risks from geoengineering require deeper 
understanding. 

Figure 2.12: CO2 emissions from 1850 to 2022

Note: Annual global CO2 emissions from fossil fuels and cement (dark blue) as well as 
from land use, land-use change, and forestry (red), 1850–2023, billions of tonnes. The 
figure uses a different baseline of 1850 for the start of the carbon budget compared with 
a baseline of 1750 for Figure 2.11.
Source: Evans and Viisainen (2023). Copyright 2023 Carbon Brief. Reproduced with 
permission.
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2.3: Adaptation, hazards, vulnerability, and development
Mitigation is about avoiding the unmanageable; adaptation is about manag-
ing the unavoidable. The faster and stronger action on emissions is, the less 
the future challenge of adaptation. However, given past hesitation on action, 
the challenge of adaptation is already daunting. As GHG emissions are not 
yet falling to net zero, but are actually still rising, the risks posed by climate 
change, and the need to adapt, will get much more severe. In the words of 
Ronald Reagan: ‘You ain’t seen nothin’ yet.’18 

Adaptation requires understanding climate risks. These risks come from 
hazards, from vulnerability to the hazards, and from exposure to them (IPCC, 
2022b).19 The risks are in large measure local rather than global, although 
some adaptation, for example, around flooding or desertification, will be 
regional. This localisation means that the science needs to be as precise as 
possible if it is to facilitate an understanding of the risks and how to adapt to 
them. Sound decision-making at the level of household, factory or farm needs 
much greater precision than is available now (UNFCCC, 2020). This involves 
better models, a major increase in information, and stronger computing 
power. International collaboration is a key factor in all of these. Further, as 
adaptation is highly context specific, support for good adaptation interven-
tions requires understanding the specific difficulties, needs and opportuni-
ties of communities. That understanding will in large measure come from the 
communities themselves.

Effective adaptation involves not only dealing with existing threats but also 
building resilience to future threats. That requires forward-looking planning 
and long-term capacity building. In essence, resilience means developing the 
capacity to prepare, respond, and recover from climate impacts. For example, 
in the case of risks of flooding, this could involve improving drainage, early 
warning, and repairing or re-building. That requires a strategic approach to 
strengthening the social, human, natural, physical and financial capacities, 
and infrastructure of communities (Mehryar, 2022). 

Whilst adaptation is mainly designed to reduce climate risks it can gener-
ate multiple development benefits beyond the reduction of those risks even if 
climate change impacts are less severe than expected. For example, strength-
ening energy and irrigation systems plays a critical role in adaptation and 
has powerful development benefits in terms of productivity beyond those 
associated with reducing climate risks (Birkmann et al., 2022; Hammill and 
McGray, 2018). 

Overall, adaptation and the building of resilience are basic economics and 
common sense. Indeed, it makes no sense to build houses and infrastruc-
ture or to follow cropping patterns as if the climate is unchanged when we 
know it has changed and is changing. It is in this way that adaptation and 
development are intrinsically linked: building effective adaptive capacity is 
good development, and good development must incorporate adaptation and 
resilience.
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There are many adaptation measures that can be profitable and attract 
private investment. Improving guttering and water resistance in a building 
in the face of more heavy rainfall would be an example. However, there are 
also many adaptation investments that are not financially attractive to private 
sector investors, particularly where there are difficulties in capturing returns 
in one place. Adaptation investment in flood control across a city or region, 
for example, can deliver great public benefits in avoided losses in that city or 
region, but not necessarily direct financial returns to a private investor.20 

Benefits from adaptation measures do not come only from avoiding losses. 
For example, mangrove forests provide more than US$80 billion annually in 
avoided losses from coastal flooding (Global Commission on Adaptation, 
2019) (see Figures 2.13 and 2.14), but also generate additional economic, social 
and environmental benefits, from fisheries and tourism (e.g., watching Bengal 
tigers in the Sundarbans in India and Bangladesh). And they are very effective 
at capturing carbon. In a completely different context, urban development in 
East London was enabled by the flood protection provided by the Thames 
Barrier (Global Commission on Adaptation, 2019). In the case of LoGIC in 
Bangladesh (see Box 2.1), help with changing cropping patterns in the face 
of salinity, together with a resilience fund, generated profits which financed 
expansion in agricultural activity. 

Box 2.1: The economics of adaptation: a farming 
example

The Local Government Initiative on Climate Change (LoGIC) is a 
multi-donor initiative working in Bangladesh to support the most 
vulnerable 500,000 households in hard-to-reach areas. One of their 
success stories took place in Tildanga, a rural village in Khulna. Due to 
their land being exposed to increased salinity because of high tides 
and cyclones exacerbated by climate change, crop production was 
being lost. The LoGIC project, under the leadership of local authorities 
and cooperatives, intervened by providing a Community Resilience 
Fund (CRF). The CRF, which is aimed at supporting vulnerable women, 
introduces new technologies and provides capacity-building to apply 
them; as well as financial risk support for investments. For example, 
CRF’s support enabled local farmers to invest in sunflower crops, 
which are more saline resistant than other crops, substituting them 
for previous, more vulnerable, crops. This generated enough profits to 
expand cultivation and achieve a stable income source. The provision of 
knowledge, technology, financial capacity, and risk financing are all key 
actions to enable local communities to try and test novel adaptation 
alternatives. Information, investment, technology, and finance are key.

Source: UNDP (2021).
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Adaptation and development 

Planting mangroves (Box 2.2) and restoring degraded land are important exam-
ples of development, mitigation, and adaptation coming together in the same 
investments. So too public transport and decentralised solar power. There are 
many more. This will be discussed in Chapters 5 and 6. It is a conceptual and 
practical mistake to insist that a climate-related investment is either mitigation 
or adaptation. It is so often both, and usually also development. Like mitigation, 
adaptation involves investment in physical, human, social, and natural capital. 
Climate action through investment – and the powerful returns from that invest-
ment – is a constant message running through this book. 

Box 2.2: The economics of adaptation: a mangrove 
example

Mangroves are tropical and sub-tropical shrubs or trees which play a 
central role in local livelihoods by supporting fisheries and providing 
raw materials, coastal protection, and carbon dioxide storage services. 
Since 2021, the government of Indonesia has recognised the impor-
tant role that mangroves play by paying local people to grow them. 
This policy not only supports local communities through monetary 
return for their work but has led to increased fish and crab farm out-
puts, thereby boosting local profits. In Indonesia, the coastal protec-
tion services provided by mangroves are especially vital in areas like 
Java or Lombok, where many properties are at risk of coastal flooding, 
erosion, and storm damage. In certain high-value areas of Indonesia, 
annual mangrove coastal protection benefits surpass US$10,000 
per hectare annually – see Figure 2.13 for an example of how man-
groves provide protection. These substantial benefits are not unique 
to Indonesia; they can be found worldwide but are particularly critical 
in areas where socioeconomic activities are concentrated along the 
coast, such as in tropical islands like Jamaica. There, a significant por-
tion of the economy is based in coastal areas, making mangroves an 
essential aspect of the nation’s protection of built capital: they pro-
tect 50% of residential capital stock, 14% of industrial facilities, and 
35% of service capital stock (e.g., health, education, and public service 
buildings). Total avoided damages to infrastructure due to mangroves 
are significant (Figure 2.14).

Source: Castano Isaza et al., 2019; World Bank, 2021; World Bank, 2023.
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Figure 2.13: Behind mangroves surge is decreased, alleviating floods

Source: Author's elaboration drawing on The Nature Conservancy (2024). 

Figure 2.14: Current flood risk and annual expected benefits from 
mangroves for flood risk reduction in Jamaica: avoided property 
damages 

Source: Figure 15 in Castano Isaza et al. (2019, p.56). Copyright 2019 World Bank. Repro-
duced with permission.
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Climate hazards tend to hit hardest those nations and countries that are the 
poorest. Between 1970 and 2021, least developed countries (LDCs) have faced 
weather-, climate-, and water-related hazards with several disasters causing 
economic damages up to nearly 30% of a country’s GDP (WMO, 2023). For 
small island developing states, the financial impact of disasters has at times 
surpassed 100% of a country’s GDP. In contrast, developed nations have not 
experienced any such disasters where losses exceed 3.5% of a country’s GDP, 
despite these countries accounting for over 60% of the reported financial losses 
from disasters globally. In addition, 90% of reported deaths from such disasters 
in the last 50 years took place in developing countries (WMO, 2023). 

Developing nations suffer disproportionally from the effects of climate change, 
relative to developed nations. This is not only due to their geographical and cli-
matic location and conditions but also their limited capacity to invest to adapt 
and build resilience to changing environmental realities, and their reliance on cli-
mate-dependent sectors. And in some cases, their ability to respond is weakened 
by a history of conflict and weak governance. Climate change can trigger social 
tensions and conflicts in areas receiving migration flows because of increased 
competition over land, jobs, and/or public service access (Hendrix et al., 2023; 
Sharifi et al., 2021). The effects of climate change act as aggravators of existing 
sociopolitical challenges. Climate change is a dangerous threat multiplier which 
deepens pre-existing problems, as observed in many drought-affected regions in 
the African continent, where climate change, migration, and conflict intertwine. 
Such is the case of Darfur, Sudan, where extended droughts and desertification 
mixed with land control disputes and low institutional capacity have contributed 
to violent long-term disputes (Henrico and Doboš, 2024; Oxfam, 2014).

In 2019, eight of the 10 countries most affected by extreme weather were low- 
or lower-middle-income countries, with half of these being LDCs (Eckstein et 
al., 2021). Between 2010 and 2020, human mortality from floods, droughts, and 
storms was 15 times higher in highly vulnerable regions than in low-vulnera-
bility ones (IPCC, 2022a). We must recognise that these numbers and exam-
ples represent past losses over a period when global temperature increases were 
around 1 oC. Far worse is coming if we head towards 2 oC or beyond.

This pattern of vulnerability is present across various developing nations in 
Africa, Asia, and Latin America and the Caribbean. A study by Zhang et al. 
(2024) found that compound drought–heatwave events (when both extreme 
events occur simultaneously) between 1981 and 2020 have significantly 
increased in close to 60% of global land areas, home to nearly four billion 
people. The majority of those affected reside in Africa (40%), East Asia (33%), 
Latin America (8%), and the Middle East (4%). One study found that, from 
2000 to 2015, the proportion of the global population exposed to floods had 
already increased by 20–24% and that 2030 climate change projections sug-
gest that this proportion will keep increasing (Tellman et al., 2021). Nearly 
90% of the flood-exposed people in the world live in low- and middle-income 
countries. Also, nearly half of the 170 million individuals in extreme poverty 
(living on less than US$1.90 per day) and threatened by high flood risk live in 
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sub-Saharan Africa (Rentschler et al., 2022). Asia and the Pacific are particu-
larly at risk from rising sea levels, being home to 70% of the global population 
susceptible to this threat (UNDP, 2024). These events can wipe out infrastruc-
ture, destroy buildings, lives and livelihoods, and set development back dec-
ades (WEF, 2024). We have already remarked on the devastating floods in 
Pakistan in 2022 (and see Climate Overshoot Commission, 2023). 

Climate change intensifies existing inequalities across many dimensions, 
including income, gender, social class, race, ethnicity, disability, age, and migrant 
status. It places some at higher risk from climate impacts than others, especially 
when these identities intersect. For example, women and girls often face height-
ened risks due to their roles and responsibilities in many societies. They often 
have responsibilities, particularly in rural areas, for collecting water and fuel, 
and climate change can make journeys longer and more dangerous, including 
vulnerabilities to personal attack. Further, they are often more vulnerable to 
extreme events. A striking example is that of the 2004 Indian Ocean Tsunami: of 
the 230,000 people killed, 70% were women (Rahiem et al., 2021). They are often 
the last to leave an affected area when a catastrophic event approaches. 

Similarly, indigenous communities frequently inhabit areas that are more 
susceptible to environmental hazards, such as low-lying islands vulnerable to 
sea-level rise, flood plains, or arid regions prone to droughts. A specific exam-
ple is the Aymara Indigenous Peoples in Central and South America who have 
experienced decreasing rain and snow, leading to degraded and dry peatland 
pastures, contributing to out-migration, over-grazing, and the loss of ances-
tral practices (Caretta et al., 2022). Many minority communities face not only 
physical risks but also barriers to aid and recovery efforts, due to systemic 
discrimination or cultural misunderstandings. For example, after natural dis-
asters the Dalit community in India, a historically marginalised group outside 
the Indian caste system, face difficulties in accessing relief camps, and tend to 
receive poorer or fewer relief goods due to caste discrimination (IDSN, 2013).

Even the most resilient structures can be overwhelmed. Aside from risk 
resilience, a third key concept related to climate change impacts, alongside 
mitigation and adaptation, is loss and damage (see Figure 2.15). The scope for 
adaptation and resilience is limited by the capacity of both the natural envi-
ronment and human societies, especially as global warming intensifies (see, 
e.g., IPCC, 2023, p. 2).21 The term ‘loss and damage’ is the focus of Article 8 of 
the Paris Agreement, which draws attention to the vulnerability of developing 
countries through the Warsaw International Mechanism for Loss and Dam-
age associated with Climate Change Impacts. The Agreement states:

Parties recognize the importance of averting, minimizing and 
addressing loss and damage associated with the adverse effects of 
climate change, including extreme weather events and slow onset 
events, and the role of sustainable development in reducing the risk 
of loss and damage (UNFCCC, 2015, p.12). 
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Though in this section we have given particular attention to developing 
nations, which, on the whole, are hit earliest and hardest, developed regions 
too need to accelerate action for adaptation: risks to them are also increasing 
faster than their response (see, e.g., EEA, 2024, on Europe). We saw the exam-
ples of the deadly Los Angeles fires and Valencia floods in 2024. Only around 
half of European cities have dedicated adaptation plans (EEA, 2024), with the 
most disadvantaged groups within the countries being always, in both devel-
oped and developing nations, the most vulnerable to climate change impacts 
(Birkmann et al., 2022). Indeed, though adaptation effort trends have been 
positive, with planning and implementation increasing (e.g., only 26% of 
European cities had dedicated adaptation plans in 2018, compared to 51% in 
2024), the ambition, scope, and pace of adaptation efforts in both developed 
and developing countries remain inadequate in relation to the increasing cli-
mate risks (C3S and WMO, 2024; IPCC, 2022a; IPCC, 2023). 

The IPCC (2022a) found that observed adaptation efforts often operate at 
small scales, responding only to short-term risks. There is a need for more 
transformative actions aimed at adapting to long-term risks. Such systemic 
adaptation may include integrating adaptation into urban planning or devel-
oping large-scale coastal protection infrastructure, including ‘nature-based 
solutions’ (UNEP, 2023b), such as mangroves. 

2.4 Nature: biodiversity and climate
The biodiversity and climate crises are closely intertwined. It makes little 
sense to try to tackle them as if they were separate. They have shared causes, 
particularly the burning of fossil fuels. Indeed, biodiversity loss and climate 
change are accelerating together, feeding into each other in destructive cycles. 
Deforestation weakens carbon sinks; rising temperatures stress ecosystems; 

Figure 2.15: Averting, minimising, and tackling losses and damages

Source: Figure ES.6 in UNEP (2023b, p. xviii). Copyright 2023 UNEP. Reproduced with 
permission.
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and land degradation undermines food production. They are both closely 
related to natural capital and the environment. These crises demand urgent 
action at local, national, and international levels. They are not, however, the 
same thing. And not all causes are the same. The differences matter both for 
understanding and for policy.

The biodiversity crisis

Biodiversity refers to the variety of life at all levels of the biosphere, from genes 
to species, and up to the ecosystems and biomes22 that they form. It underpins 
ecosystem services that sustain human life by supporting natural sustainability 
and resilience (Dasgupta, 2021, Section 2.1),23 with an estimated 55% of global 
GDP (around US$58 trillion) being moderately or highly dependent on nature 
and its services (Evison et al., 2023). Nevertheless, the rate of global change in 
nature experienced since the 1970s appears to be unprecedented (IPBES, 2019). 

When an ecosystem is degraded, it becomes more vulnerable to tipping 
points, and often irreversible change. Ecological degradation combined with 
climate change can turn forests into grasslands, and grasslands into deserts. 
Species population decline is in many of these transitions an early warning 
signal of reduced ecosystem resilience (WWF, 2024). And the vast majority of 
indicators that monitor the status of nature at the global level show a decline. 
In the period 1970–2020, the average size of monitored wildlife populations 
in the Living Planet Index (LPI) decreased by 73% – the LPI includes nearly 
35,000 population trends and 5,495 species (WWF, 2024). Among the ori-
gins of this degradation are the unsustainable extraction of natural resources, 
including deforestation, overfishing, and the impacts of the exploitation and 
use of minerals and fossil fuels.

As ecosystem services decline or disappear, their degradation can cascade 
into economic sectors, generating either gradual or sudden disruptions, which 
can sometimes be permanent. There are certain economic sectors, such as 
agricultural, food, beverages, and construction, which are particularly sensi-
tive to biodiversity breakdown (WEF, 2020).24 As the Dasgupta Review (2021) 
emphasises, nature is not an external factor but a core foundation and enve-
lope for our economic systems. Our lives, livelihoods, and economic growth 
are inextricably embedded within it. Yet, the way we measure economic suc-
cess consistently undervalues natural capital, leading to over-exploitation and 
degradation. Our pattern of growth results in what Dasgupta calls the ‘impact 
inequality’ – where human demand for nature’s services exceeds nature’s abil-
ity to provide sustainable supply. 

We are already experiencing substantial land degradation driven by the 
combination of climate change; destructive, contaminated, and unsustain-
able agricultural practices; pollution from industry; urban sprawl; and some 
infrastructure development. This not only leads to the loss of agricultural land 
but also intensifies food insecurity and poverty. And it can translate into the 
use of further energy-intensive products. For example, a study found that in 
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maize production in the USA, fertiliser would need to increase by around 
30% to compensate for long-term fertility loss due to soil degradation or ero-
sion (Jang et al., 2020). 

Environmental degradation extends beyond climate change and biodi-
versity loss, encompassing a spectrum of issues that can damage the Earth’s 
ecosystems and human health. Pollution remains one of the most pervasive 
problems in environmental degradation. Air, water, and soil pollution affect 
millions of people globally. This pollution results from many sources, includ-
ing burning fossil fuels, industrial discharges, agricultural runoff and crop 
burning, and inadequate waste disposal. An example is the overuse and pollu-
tion of water, which can result in scarcity that affects billions of people world-
wide (Gleick and Cooley, 2021; UNEP, 2024a). That scarcity is exacerbated by 
climate change, which alters hydrological cycles, affecting everything from 
local agriculture to global food supplies. 

It is, in general, very difficult to substitute other forms of capital for ecosys-
tem services. If we push an ecosystem to collapse or beyond tipping points, 
we cannot simply replace the essential services it provides with other forms of 
capital. It cannot be understated how important biodiversity is in supporting, 
not only natural life, but economic life as we know it. There is a crucial sense 
in which our economy is a wholly owned subsidiary of our environment and 
its biodiversity.

The interweaving of climate and biodiversity

There are intricate and dynamic relationships between climate and biodiver-
sity. They are interwoven. Climate change and biodiversity loss are driven by 
similar human activities that have dramatically altered the natural world. The 
burning of fossil fuels both causes climate change and damages plants, ani-
mals, and humans directly via air and water pollution. Fossil fuel combustion, 
responsible for the majority of GHG emissions, also leads to ocean acidifica-
tion, impacting marine biodiversity and disrupting carbon cycles.

Primary activities such as agricultural expansion, fossil fuel extraction, 
and deforestation not only modify vast landscapes but also release consid-
erable quantities of GHGs and other pollutants into the atmosphere, soils, 
rivers, and oceans. For example, over half a century of oil spills in regions like 
Bayelsa in Nigeria have left dangerous levels of toxic chemicals in the environ-
ment, impacting soil, water, crops, animals, and human health (Bayelsa State 
Oil and Environmental Commission, 2023). The expansion of croplands for 
commodities such as soya bean or palm oil, or the expansion of cattle farm-
ing, has been a major driver of deforestation, not only destroying habitats but 
also releasing carbon stored in forests and soils into the atmosphere. 

Climate change usually undermines biodiversity and biodiversity loss 
usually contributes to climate change. Climate change accelerates the depletion 
of natural capital and ecosystem services by altering major geophysical 
conditions such as temperatures, precipitation patterns, and ocean acidity 
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(Burkett et al., 2005; Woetzel et al., 2020). These changes can occur at a pace 
which exceeds the adaptive capacity of many species and ecosystems, leading 
to biodiversity loss. For example, increased frequency of extreme weather 
events like wildfires and severe storms devastates habitats and can lead to 
catastrophic declines in biodiversity. Climate change and biodiversity loss can 
lead to migrations of species and fundamental change in their interactions 
with each other and with humans. Thus they are also interconnected with a 
range of global crises and pressures, including pandemics and migration of 
diseases in animals and humans.

Conversely, the loss of biodiversity directly impacts climate change. The 
degradation of forests and marine ecosystems reduces their capacity to 
sequester carbon, thus more carbon dioxide is released into, and remains, in 
the atmosphere. The degradation of marine ecosystems due to overfishing 
and pollution impacts carbon cycles and accelerates climate change. 
Figures  2.16  and  2.17 illustrate relationships between climate change and 
biodiversity loss. The common drivers (Figure 2.16) point us to areas for 
intervention that can tackle the two crises together. And the feedbacks 
between the two (Figure 2.17) imply that tackling one helps tackle the other. 

2.5 Concluding remarks: the science is clear and sets the 
timetable
The science has been built over the last centuries following Fourier’s funda-
mental insight of 1821 that something is trapping the emissions of heat. The 
identification of GHGs, the first quantitative estimations, and the physical 
mechanisms at work were established over the next century or so. Since 
then the science and modelling of climate change have become ever more 
quantitative and precise as data and analytical techniques have improved. 
The nature and magnitude of the risks have become ever more clearly estab-
lished. 

Since the first IPCC report of 1992, each subsequent report has become ever 
more worrying. We now see that we are close to tipping points which could accel-
erate the pace of climate change. We also see that we will overshoot the 1.5 oC tar-
get within a decade and that holding below the Paris target of ‘well below 2 oC’ will 
not be possible without strong and urgent action. Much time has been lost since 
the magnitude of the risks became clear; further delay is ever more dangerous. 

The effects of climate change are with us, already on great scale and inten-
sity. That scale and intensity will increase. Adaptation and the building of 
resilience will be essential and require substantial investment. 

Finally, in this chapter we saw that we do not have one crisis of climate, but 
twin crises of climate and biodiversity. They are intertwined and mutually 
reinforcing in their causes and dangers. They must be tackled together. 

An effective response to the twin crises and the building of sustainable, 
resilient, and equitable development will require massive investment, power-
ful innovation, and systemic and structural change. Fostering that investment 
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and change will require sound economic and political insight and analysis. 
The next chapter examines the changing world, including its opportunities, 
and sets out an agenda for action. 

Notes
	 1	 This trapping process is now known as the greenhouse effect. The sun 

emits energy which passes through the Earth’s atmosphere and warms its 
surface. When the surface of the Earth absorbs sunlight it reflects some 
of this energy back as infra-red. Some gases in the atmosphere, those 
whose molecules oscillate at a similar frequency to infra-red, interfere 
with the escape of the infra-red energy from the atmosphere. These gases 
are transparent to shorter wave-length radiation but block the longer 
wave-length, in particular, the infra-red. In effect, they act as a blanket 
preventing that energy from escaping and thus cause global warming. 
Gases which are GHGs are those with these particular frequencies.

	 2	 I am very grateful to leading climate scientists John Schellnhuber and 
Brian Hoskins for early guidance on the science. 

	 3	 I am very grateful for the guidance of scientists Keith Shine and  
Brian Hoskins on these issues. For references see Martin and Barker 
(1932) and Shine and Perry (2023). 

	 4	 CO2 equivalent (CO2e) is generally used to describe emissions concen-
tration and trends. Sometimes CO2 data are more broadly available, and 
sometimes it is relevant to mention both, to make a distinction between 
different CO2 and CO2e trends. 

	 5	 Historical GHG concentrations are analysed by examining air trapped in 
ice. Glaciers in Greenland and Antarctica developed over time, allow-
ing scientists to examine concentrations corresponding to up to around 
800,000 years ago. Current GHG concentrations are mainly measured 
using spectroscopy. This entails collecting air samples from various 
remote locations worldwide and shining electromagnetic radiation 
through them. By measuring absorbed radiation and examining the 
wavelength of emitted light, present substances and their quantities are 
identified. A similar process, which applies the same spectroscopic prin-
ciples, can be conducted with satellites (Moseman, 2021).

	 6	 The World Weather Attribution, an institution dedicated to under-
standing how human-caused global warming is linked to these events, 
described Milton as ‘yet another hurricane wetter, windier and more 
destructive because of climate change’ (WWA, 2024).

	 7	 Excessive exposure to heat in the workplace is indeed a dangerous threat, 
being already responsible for 7.2% of all occupational injuries in Africa 
(ILO, 2024).
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	 8	 This event was found to be ‘virtually impossible’ (WWA, 2025b) without 
human-caused climate change. A blackout in Buenos Aires in January 
2022 was found to have been triggered by extreme heat.

	 9	 We are simplifying here. There will be lags. And some GHGs such as 
methane decay fairly rapidly causing concentrations to fall. 

	 10	 The definition of heatwaves varies. Wong et al. (2024) defines it as three 
or more consecutive days on which the maximum temperature is equal 
to or exceeds the local 90th percentile of daily maximum temperature 
over a 40-year period (1980–2019).

	 11	 Arboviruses (e.g. dengue, Zika, West Nile, yellow fever and 
chikungunya) are transmitted to humans through arthropods.

	 12	 For example, population displacement projections by 2050 in  
Latin America, sub-Saharan Africa, and South Asia due to climate 
 change vary, due to different assumptions, between 31 and  
143 million people (Cissé et al., 2022).

	 13	 See Hendrix et al. (2023) for descriptions of debate on climate and 
conflict.

	 14	 Given the complications of GHGs having different timescales and radiative 
forcing, carbon budgets are generally expressed in terms of CO2.

	 15	 Both estimates were calculated using a 67% probability (to remain under 
each temperature limit) at the current emission rate of around 40 GtCO2 
per annum.

	 16	 In short, the cost of removal varies greatly across methods of removal. 
While natural CDR methods are less costly (such as afforestation), their 
permanence could be a problem; forests can burn down. Currently the 
high costs of direct air capture (DAC) hinder its deployment. There 
may be impacts on biodiversity, from some forms of afforestation or soil 
carbon sequestration. Public and private support for innovation may 
eventually drive down these costs. See Chapter 9 for further discussion.

	 17	 SRM acts by preventing energy from reaching the Earth.
	 18	 A statement President Reagan made in November 1984 (see Reagan, 	

1984).
	 19	 For example, restoring wetlands can, by absorbing excess water, reduce 

the risk associated with the hazard of run-off from heavy rain. It is 
also important to improve the vulnerability to the hazard. For example, 
improving the drainage systems of a city would mean that it has become 
less vulnerable to run-off from heavy rain, and therefore flooding of 
homes and businesses might not occur even when the hazard of intense 
rain and associated run-off takes place. Lastly, adaptation is also about 
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acting upon the exposure to climate change risks. For example, modify-
ing land-use planning can reduce exposure by avoiding urban sprawl in 
flood-prone areas (IPCC, 2019). 

	 20	 Many adaptation projects imply large up-front costs with long payback 
timeframes. And information and understanding are key: often the risks 
of inaction are underestimated. These factors contribute to strong limita-
tions in private finance flowing to adaptation, a matter that we discuss in 
Chapter 9.

	 21	 The IPCC distinguishes hard and soft limits to adaptation. Hard limits 
occur when no feasible adaptation actions are possible. For example, if 
a small island is submerged, or continually inundated by storm surges, 
there is a hard limit in the sense that survival requires moving (IPCC, 
2022a). Indeed, that can occur in major regions in bigger countries, such 
as Bangladesh. Soft limits, on the other hand, can exist where potential 
adaptation options are theoretically available but practically inaccessible 
due to ‘financial, governance, institutional, and policy constraints’ (IPCC, 
2022a, p. 26). These soft limits are often exacerbated by inequality and 
poverty, which disproportionately affect the most vulnerable groups by 
increasing their exposure to climate impacts (IPCC, 2022a). For example, 
desertification might in principle be reversed with enough planting and 
irrigation but that might be way beyond the resources available. 

	 22	 A biome is a geographical area classified according to the species that live 
in that location.

	 23	 These ecosystems are complex systems that perform critical functions 
like energy flux through photosynthesis, nutrient cycling, and organic 
matter decomposition. The loss of biodiversity reduces the capacity of 
ecosystems to cope with climate change and hampers their ability to 
sequester carbon effectively. 

	 24	 For example, 60% of wild coffee species are at risk of extinction in the 
next decades due to climate change, deforestation, and diseases, includ-
ing the popular Arabica bean, due to temperature sensitivity (Davis et al., 
2019). 





3. More fundamentals: politics, 
economics, ethics

The fundamentals of the science provide lessons which are crystal clear. The 
climate change and biodiversity crises have already brought the world into 
great difficulty and the challenges, disruption, and destruction will increase. 
The difficulties could become unmanageable unless we take urgent and large-
scale action on mitigation. These difficulties are already of an intensity, and 
worse is to follow, that strong adaptation and the building of resilience is 
essential. Delay on both fronts is dangerous. But we also saw that actions for 
mitigation, adaptation, and development are intertwined. It is a mistake to 
insist that there is a horse race between them. 

The urgent and large-scale action involves investment in the new, and inno-
vation in our technologies and activities. That innovation will, in large meas-
ure, be embedded in the investment. We must invest in the new before we can 
run down the old. Further, much of the structure and systems of the economy, 
including around energy, transport, cities, land, and water, must change in 
fundamental ways. And all this must be done rapidly. The next two or three 
decades are crucial. 

All this action involves, at its core, economic, political, and societal change – 
at a pace which will involve dislocation and stress. The prize is the avoidance 
of catastrophe and a new and more attractive path of growth. It will not be 
easy, but failure would be still more difficult. It is clear that this transforma-
tion, at the pace necessary, will not be possible without sound foundations in 
analyses in the social sciences. Economics, politics, history, geography, and 
ethics are at centre stage. 

Indeed, one can argue that the majority of the challenge now lies in the social 
sciences. The scientists and engineers, of course, have much more to do, as we 
saw in Chapter 2, and will see in Chapters 5 and 6. But it is in economy, politics, 
and society that the biggest obstacles to the changes we must make will be found. 

In Section 3.1 we examine the politics, shaped in large measure by history 
and geography. Economics and ethics are the subject of Section 3.2. I will be 
critical of where my own subject, economics, has steered the discussion. And 
much of that discussion has been cavalier with the ethics. There are major 
ethical issues here and they must be discussed directly. Section 3.3 looks 
forward to how constructive analysis can and should develop, emphasising 
sustainability, political economy, and structural and systemic change. The 
final section is directed to my fellow economists, who are, at last, starting to 
move in a better direction. 
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3.1 Politics and its intersections with history and geography
Chapter 2 introduced the basic science which shapes the consequences of 
our action or inaction. How decision-making actually plays out is in turn 
shaped by politics. And the politics of climate is influenced by history. The 
financial, social, institutional, and other crises and frailties that took place 
in the last two decades (see Figure 3.1) have made political conditions for 
future progress much more difficult than would have been the case without 
them. Further, the economic context in which the developed countries 
became rich – through growth with high emissions – was in some cases 
also one of colonialism. In the eyes of many in developing countries, this 
history points to a special responsibility of the developed countries to lead 
on action and finance in relation to the climate and biodiversity crises. 
Politics, history, and geography are, of course, intertwined with economics 
and political economy; these issues are discussed in the next section.

Not only have these recent crises of the last two decades made conditions for 
action more difficult, they have also consumed bandwidth of politicians and 
political processes. We have a difficult state of affairs for generating action 
on climate and biodiversity. We examine briefly some of the international 
difficulties and show the political friction and mistrust they have generated. 
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Figure 3.1: Timeline of major global crises and disruptive events 
(2008–2024)

Source: Author’s elaboration.
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Support for developing countries: failures and eroded promises

Since 2015, the world has experienced persistent policy uncertainty globally, 
weak trade and investment trends, and rising tides of populism, for example 
the election of political leaders such as Donald Trump in the USA and 
Jair Bolsonaro in Brazil, and the Brexit vote in the UK. A common sequence 
of populist questions has been: Are you angry? Is it the fault of the elite? Is 
it the fault of the immigrants or foreigners? In skilful hands, such discourse 
can be very effective. Populist politics has often coincided with climate denial 
or scepticism. All this has, to put it mildly, not been helpful in the task of 
fostering the new investment necessary for climate action and a new form 
of growth.

The Covid-19 pandemic, which had spread to most countries in the world 
by early 2020, was revealing in many ways of how countries would act in 
times of crisis and what their priorities would be. Developed countries acted 
quickly and invested massive amounts of resources in the rapid development 
of vaccines. However, the reluctance on the part of developed countries to 
share Covid-19 vaccines or to facilitate their production in developing 
countries caused great and understandable resentment. Many spoke of 
vaccine apartheid. It did indeed appear that lives in some countries were seen 
as much more valuable than others. These moments are tests of trust and the 
richer countries were seen by the poorer as failing that test.

The war in Ukraine, which started in early 2022, compounded these struggles. 
Soaring food and energy prices hit developing economies hardest, diverting 
attention and resources away from climate and economic support. Uncertain-
ties and economic pressures increased caution in financial markets and raised 
the cost of capital and reduced its availability for poorer countries. The com-
mitment of developed nations to their own green transition was also tested 
by the energy crisis caused by the outbreak of the war. For example, some EU 
countries moved back towards coal in the short run.

In the climate change arena, a deep wound came from the failure of 
developed countries to deliver the promised US$100 billion per year in 
climate finance by 2020. This commitment, first made at COP15 in the 
informal Copenhagen Accord (2009), formally agreed at COP16 in Cancún 
(2010), and reaffirmed at COP21 in Paris (2015), was foundational in building 
these agreements. Yet, when the deadline passed in 2020 without delivery, 
many emerging markets and developing countries (EMDCs) saw it not just 
as a financial shortfall but as a betrayal. Though the funding was finally met – 
two years late (Organisation for Economic Co-operation and Development 
[OECD], 2024) – serious damage to international relations had been done. 
It has signalled a perceived lack of seriousness and commitment from the 
wealthier nations, particularly since the US$100bn per annum was so far 
short of what is needed (see, e.g., Bhattacharya et al., 2023, 2024). We will 
turn to finance in Chapters 5 and 9. 
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Further, the negotiation processes of international agreements themselves 
sometimes seem to lack transparency and inclusivity, leading to feelings of dis-
enfranchisement among less influential nations. The structures and direction 
of agreements are sometimes seen as determined in the G7 or, in more recent 
times, increasingly in the G20. Large emerging market economies are part of the 
G20, but the majority of countries are not present at that table. A major determi-
nant of the acrimony in Copenhagen in 2009 was the perception that the G7 was 
dictating the agenda. The problem may have changed shape and, to some extent, 
diminished with the increasing role of the G20, but it has not gone away. 

All these difficulties provide a troublesome context for the urgent, large-scale, 
and collaborative climate action which is necessary for the investment and 
change now required. Restoring trust between nations, ensuring the fulfilment 
of climate finance commitments, and accelerating progress on the Sustainable 
Development Goals (SDGs) are not merely desirable policy aspirations but also 
necessities for the collaboration required to secure a sustainable future. Trust, 
delivery, and constructive collaboration are mutually reinforcing.

The significance of history and geography for emissions

The challenges of the politics, and the potential areas of action, are also shaped 
by the sectoral and geographical origins of emissions. In this subsection, we 
trace briefly the sources and trajectory of emissions, which have, in large 
measure, emerged from economic history. Indeed, the history of emissions 
follows closely the economic history of sectors and countries. 

Until around 1950, land use, land-use change, and forestry (LULUCF) were 
the primary sources of CO2 emissions. Deforestation and agricultural expan-
sion were responsible for the release of significant amounts of carbon stored 
in forests and soils into the atmosphere. However, over the past 70 or more 
years, there has been a major shift, with fossil-fuel combustion and industrial 
processes becoming the main emission sources (Evans, 2021) (see Figure 3.2). 
This transition mirrors rising energy consumption and the global expansion of 
industrial activities, together with the reliance on fossil fuels for energy. Indeed, 
rising emissions reflect changing patterns in economic activity. Among sectors, 
the energy sector is the largest emitter, responsible for 34% of global CO2 emis-
sions in 2019, followed by industry (24%), agriculture, forestry, and other land 
use (AFOLU) (22%), transport (15%), and buildings (5%) (Pathak et al., 2022).

Around 30% of the rise in global temperatures since the Industrial Revolu-
tion can be attributed to methane emissions (the primary component of nat-
ural gas), which is the second most important greenhouse gas (GHG) emit-
ted by human activities after CO2 (IEA, 2022). The anthropogenic emissions 
of this powerful and short-lived gas are mostly generated by the agricultural 
sector (around 40%), fossil fuels (35%), and waste (20%) (United Nations 
Environment Programme [UNEP] and Climate and Clean Air Coalition, 
2021). There is substantial geographical variation in the importance of meth-
ane-emission subsectors by country and region.
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The growth of emissions over the period 1980 to 2010 was striking (see 
Figure 3.2). Almost two-thirds (62%) of cumulative emissions from 1850 to 
2019 occurred since 1970. The powerful growth in the flow of emissions from 
1980 to 2000 was driven by rapid industrialisation and urbanisation, particu-
larly in developing economies, and especially China. Emissions are still ris-
ing although there is some evidence that the peak is approaching, particularly 
since China is committed to peaking by 2030, and will likely do so.1 

Although from 2010 to 2019 emissions were higher than in any previ-
ous decade, the rate of increase slowed. This can be attributed to improved 
energy efficiencies and the gradual shift towards renewable energy sources in 
many parts of the world, as well as some slowing in growth in China and the 
world economy as a whole after the global financial crisis of 2008–2010. The 
global Covid-19 pandemic briefly reduced CO2 emissions in 2020 by about 
5.8% compared to 2019 levels, but the decrease was temporary as emissions 
rebounded by year-end. 

The geographical distribution of GHG emissions per capita, in large 
measure, reflects the distribution of income per capita. The highest per 
capita emissions amongst major economies are in the USA and Russia 
– more than double the world average (UNEP, 2023). China’s per cap-
ita CO2e emissions surpassed those of the EU28 in 2014 (Global Carbon 
Project, 2014). In 2021, per capita emissions in India remained under 
half the world average but were climbing (UNEP, 2023). Also in 2021, 
the G20 averaged 7.9 tCO2e per capita, while least developed countries 

Note: Global anthropogenic CO2 emissions from forestry and other land use as well as 
from burning of fossil fuel, cement production, and flaring. 
Source: Figure SPM.1(d) in IPCC (2014, p. 3). Copyright 2014 IPCC. Reproduced with 
permission. Use of IPCC figure(s) is at the User’s sole risk. Under no circumstances shall 
the IPCC, WMO or UNEP be liable for any loss, damage, liability, or expense incurred or 
suffered that is claimed to have resulted from the use of any IPCC figure(s), without 
limitation, any fault, error, omission, interruption, or delay with respect thereto. Nothing 
herein shall constitute or be considered to be a limitation upon or a waiver of the privi-
leges and immunities of WMO or UNEP, which are specifically reserved.

Figure 3.2: Global anthropogenic CO2 emissions
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(LDCs) emitted just 2.2 tCO2e (UNEP, 2023). Trends (2000–2021) of per 
capita emissions for different countries in CO2e are presented in Figure 
3.3. Broadly, per capita emissions in the USA and in the EU have been 
falling in the last few decades whilst China’s have risen strongly. For the 
world as a whole they are flattening.

It is important to recognise that there are both high and low emitters in rich 
and poor nations and that there is not an exact correspondence between 
income per capita and emissions per capita (see Figure 3.4). The link between 
income and carbon emissions is mediated by factors such as the energy mix, 
climate, and culture. For example, in 2019, though the poorest half of the USA 
had half the income of the European middle 40%, it still had similar emission 
levels to that group.2 This is substantially explained by the USA having a more 
carbon-intensive energy mix. Still, it is also related to other factors such as 
characteristics of infrastructure and device or machine efficiency. For exam-
ple, not only are cars highly used in the USA as a transport medium, but on 
average they tend to be larger and less fuel-efficient than those used in Europe 
(Chancel et al., 2022). 

The balance of shares of global emissions has generally shifted from 
high-income towards low- and middle-income countries in the past two 
decades, reflecting the higher economic growth rates in the latter. In 2000, 
high-income nations generated 43% of GHG emissions, compared with 28% 
in 2021. In 2000, low- and middle-income countries generated 53%, com-
pared with 69% in 2021 (UNEP, 2023) and around 71% in 2023 (Fengler et 
al., 2023). Though historical emissions have mainly come from high-income 
nations, the majority of new emissions are being produced by middle-in-
come countries, home to around three-quarters of the people in the world.  

Figure 3.3: GHG emissions per capita in 2021 for key countries (left) and 
trends since 2000 (right)

Note: Per capita GHG emissions in 2021 and trend since 2000, including inventory-based 
LULUCF CO2 (tCO2e/capita).
Source: Figure 2.2, bottom panel in UNEP (2023, p. 7). Copyright 2023 UNEP. Reproduced 
with permission. 
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However, emission levels among middle-income countries vary. For example, 
in terms of GHG emissions per capita, according to the classification pre-
sented in Figure 3.4, India is a low emitter (but emissions are growing rap-
idly), Indonesia a middle emitter, and Brazil a high emitter. Broadly speak-
ing, global objectives (as in the SDGs) would be to increase the number of 
countries with low emissions per capita and high income per capita (top right 
corner) (Fengler et al., 2023).3

China has been the world’s largest emitter of GHGs since 2006 (Liu et al., 
2023). And in 2023, it contributed 30% of the global total (CO2e) (IEA et al., 
2024).4 This substantial share reflects the scale and growth of China’s industrial 
base and its reliance on coal for energy. It became the world’s manufacturing 
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Figure 3.4: Countries classified by income per capita and GHG emissions 
per capita 

Notes: 

•	 Numbers within flag figures represent the percentage of world nations; and 
numbers within person figures represent the percentage of world population. For 
example, 12.6% of world nations, home to 7.4% of the world population, have low 
emissions per capita and low income per capita, emitting 1 gigatonne (Gt) in total.

•	 Classification of low-/middle-/high-income countries based on gross national 
income per capita: Low income ≤ 1,135; Lower-middle income 1,136–4,465; 
Upper-middle income 4,466–13,845; High income >13,845. 

•	 Classification of emission intensity based on average per capita emissions (given 
that the current global average of per capita emissions is around 7.4 tons per 
person per year): low-emission countries <5 tons per capita; medium-emission 
countries 5 to 10 tons per capita; high-emission countries (HECs) >10 tons per 
capita. 

•	 Grey indicates cases where the percentage is 0–0.99; light blue where the per-
centage is 1–9; beige where the percentage is 10–20; and red >20. 

Source: Author’s elaboration using data and figures from Fengler et al. (2023). 
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Figure 3.5: Countries with largest cumulative GHG emissions (GtCO2e) 
1850–2021
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Source: Author’s elaboration using Jones et al. (2023).

hub in the decades 1990 to 2010. Its emissions increased very rapidly in that 
period of extraordinarily rapid economic growth, which averaged around 
10% per annum from 1990 to 2010. The primary energy source was coal. 
We should also note that China has been manufacturing for consumption 
in other countries. The geography of emissions associated with consumption 
looks different from that associated with production, because a reduction in 
production emissions can be accompanied by an increase in carbon-intensive 
imports. The distinction between production-based and consumption-based 
emissions is important in thinking about geography and responsibility, and 
something we return to in Chapter 8. 

Figure 3.5 shows cumulative emissions for 1850–2021. Historically, a few 
countries, notably the USA and China, have dominated GHG emissions. 
Whilst the gap between US historical cumulative emissions and those of 
China is diminishing and some suggest that China’s historical cumulative 
emissions may surpass those of the USA by mid-century (Stevens, 2023), oth-
ers claim that this assertion is based on ‘implausible projections’ (Evans and 
Viisainen, 2024), and that China might never do so.5 The cumulative emis-
sions of China and Russia together already exceed those of the USA. The G20 
is responsible for roughly three-quarters of warming caused up to 2021, and 
accounts for an even greater share of historical cumulative fossil CO2 emis-
sions  (UNEP, 2023).

Figure 3.6 shows the evolution of GHG emissions (CO2e) from China and 
other major emitters between 1945 and 2021. Together, the seven major econo-
mies included in Figure 3.6 accounted for more than 60% of emissions in 2021. 
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In contrast, LDCs (a group of 46 nations with low levels of economic and 
human development) have very low annual contributions to emissions. As 
shown in Figure 3.7, together they represent only 3% of total GHG emissions 
in 2021 (UNEP, 2023), although they have 14% of the global population. 

Figure 3.6: The evolution of GHG emissions (CO2e) from 1945 to 2021

Note: LULUCF are included in GHG emissions. 
Source: Author’s elaboration with Jones et al. (2024) data.

Figure 3.7: Current contributions to climate change (% share by 
countries or regions) compared with population 

Note: LULUCF CO2 emissions are excluded from GHG emissions.
Source: Author’s elaboration with data from UNEP (2023). 
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Looking to the future: developing countries, growth of emissions, and 
mutual responsibilities

The recognition that, historically, the poorest nations have contributed the 
least to global emissions and that they are the most vulnerable to the impacts 
of climate change was embodied in the principle of ‘common but differen-
tiated responsibilities’ (CBDR), which was part of the original framework 
for climate action, the United Nations Framework Convention on Climate 
Change (UNFCCC, adopted in May 1992). The principle was based on the 
recognition, first, that all countries emitted GHGs, which meant there was a 
common responsibility, but also that developed countries, having followed an 
environmentally damaging path to wealth, bore greater responsibilities for cli-
mate action. Further, there was a recognition that those with more resources or 
technologies are better able to take action. Countries were accordingly divided 
into a list in the original 1992 UNFCCC: Annex 1 (richer) and non-Annex 1 
(poorer) categories, with the former bearing greater responsibilities for climate 
action, both in emissions reduction and in assistance.6 That list has largely 
been frozen in time, with, for example, a dominant emitter, China, still in the 
155 countries in the non-Annex 1 category, together with some rich countries 
such as Singapore, Saudi Arabia, and the United Arab Emirates. 

Looking forward, it is clear that EMDCs (other than China) will experience the 
fastest growth in the coming two or three decades, and their future contributions 
to global emissions will exceed those of richer countries. Their current annual 
emissions are already higher; their transition towards the low-carbon economy 
is of great importance to the future of emissions. Investment is at the heart of this 
transition, and EMDCs (other than China) will need to increase their investment 
strongly as a share of income in order to play their part in the transformation 
which is crucial to the achievement of the Paris Agreement goals (see Chapter 9). 

How to foster that investment and finance is at the core of the arguments of 
Parts II, III, and IV of this book. CBDR originally referred to the responsibility of 
richer countries to make deeper emissions cuts and support poorer countries in 
the transition. Richer nations and groups, having been responsible for most of past 
emissions, do indeed have a moral obligation to lead on action. They should do 
this by cutting their own emissions as well as supporting low-carbon development 
elsewhere. These principles are also embodied in the landmark advisory opinion 
issued by the International Court of Justice in the Hague on 23 July 2025.

However, past injustices do not justify repeating the mistakes. As Ethiopia’s 
late Prime Minister Meles Zenawi, a great leader on climate and for Africa, 
said on Africa Day at COP17 in Durban in 2011, ‘It is not justice to foul 
the planet because others have fouled it in the past.’7 Emissions kill and the 
assertion of a right to kill would not, for many, be seen as morally convincing. 
Development requires energy, but energy does not need carbon.

Different countries have different circumstances and approaches. We do 
not attempt comprehensiveness here but, in terms of people and potential 
future emissions, India and China are especially important. 
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India is clearly very vulnerable to climate change and is demonstrating in 
many of its instruments the increasing promise of renewable energy. Prime 
Minister Modi put sustainability at the core of India’s G20 Presidency in 2023. 
For a long time, including for most of the period pre-Paris 2015, India has 
insisted on CBDR being narrowly interpreted and that the rich countries 
should cut emissions much more strongly and deliver much more financial 
support to poorer countries, before putting pressure on them to cut emis-
sions. Some in India, and other developing countries, have seen such pres-
sure as an intention to hinder its growth. However, India supported the Paris 
Agreement and has increasingly become a force for stronger climate action. 

There are many factors explaining the change but, in my view, the two most 
important are the increased recognition of the ever-increasing impacts of cli-
mate change and of India’s great vulnerability. And a rising understanding of 
the potential in the new growth story and the possibility of leapfrogging dirty 
stages of development. However, like many countries, the cost and availability 
of capital, particularly risk capital, is a challenge. And so too, in some cases, 
the investment climate.

China’s approach has evolved from caution in making commitments during 
the Copenhagen 2009 summit, where it highlighted, often vehemently, the 
historical emissions of developed nations, to a more proactive stance in recent 
years. After Copenhagen, China adopted the strategy of ‘Ecological Civili-
zation’, embedding environmental concerns within its developmental agenda 
(Stern and Xie, 2021). It became a leading objective of the Communist Party 
in 2012 (under President Hu Jintao) and a central plank of China’s 13th 
Five-Year Plan in 2016 (under President Xi Jinping). 

By the time of the Paris Agreement negotiations, China was advocating for 
shared global responsibility, notwithstanding its continued commitment to 
CBDR. It became one of the first major emitters to ratify the Paris Agreement, 
reflecting its leadership in global climate governance. As described in Chapter 1, 
in November 2014 in Beijing, Presidents Obama and Xi announced their emis-
sions reduction targets together, one year ahead of Paris, thereby signalling their 
joint commitment to success at Paris.8 Mutual trust does matter in creating agree-
ments. Pete Betts, who was negotiating for the EU and the UK at that time, was 
a much-loved figure and deeply trusted by many across the world. That made a 
real difference. See Pete’s book The Climate Diplomat: A Personal History of the 
COP Conferences.

One of the influences on China’s position was consistency of emissions 
commitments with the five-year plans. The five-year plans are genuine strate-
gies for China; not just aspirational. Achievement of plan targets is one of the 
key criteria against which leaders are judged. In Copenhagen 2009, the 11th 
Five-Year Plan (2011–2015) was not ready but in Paris December 2015, the 
12th (for 2016–2020) was more or less done – note the six-year gap between 
Copenhagen and Paris. Thus, in Paris, China could be confident that its COP 
commitment and five-year plan could be mutually consistent.
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The future of emissions will be determined across all countries. But in 
looking at past and future growth of emissions we have seen that whilst rich 
countries dominated emissions growth in the 19th and 20th centuries, it 
will be EMDCs that will dominate the shaping of the future of emissions. 
Their choices and the support they receive will, in large measure, determine 
whether the world is able to manage the crises of climate and biodiversity.

3.2 Economics and ethics
It is the science that tells us that we have to act with urgency and scale on 
climate and that delay is dangerous. Economics is fundamental to guiding the 
strategies, choices, and investments that will be at the heart of that response. 
The emission of GHGs damages prospects for others. It constitutes a negative 
externality and a market failure if uncorrected by policy. The economics of 
market failures and externalities goes back to the late 19th and early 20th 
centuries, with the crucial insights of Alfred Marshall and A.C. Pigou (see 
below). But the economic analysis of climate change from a growth perspec-
tive started in the early 1990s, particularly with the work of Bill Nordhaus, as 
climate change started to emerge in public discussion. 

We can now see, and it is a lesson that has emerged ever more strongly in 
the 20 years since the Stern Review, that those early attempts in the 1990s, 
whilst understandable first steps, involved analytical approaches, models, and 
perspectives which were not fit for purpose in relation to the magnitude of 
risks and the nature, pace, and scale of necessary change. Further, those early 
discussions of growth and climate were muddled and misleading in their 
treatment of intertemporal values and discounting. 

In this section, we first show the ways in which those early efforts were 
misleading and narrow, both in relation to the economic modelling and the 
discounting. Care with the analytics and ethics of intertemporal values is cru-
cial for an adequate treatment of the latter. Indeed, we should look at ethics 
and moral philosophy more broadly than is standard in economic analyses. 
We then turn to the broader and deeper issues of how economics can get to 
grips with the challenges that the science emphasises strongly: immense risks 
and a response which embodies fundamental technological, structural, and 
systemic change at pace and scale. 

We will put this broader and deeper economics to use in the second part of 
this book when we describe and analyse the new story of growth and develop-
ment which can flow from the action necessary in response to the climate and 
biodiversity crises. This will include the ideas of sustainability and the impor-
tance of investing in all four capitals: physical, human, natural, and social. 
And it will require attention to the difficulties in political economy associated 
with rapid change. 

This discussion of how our economics must broaden and deepen, including 
in relation to the relevant ethical issues, will underpin the analysis of Part II of 
this book on the new story of growth and development, including reflections 
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on growth processes in Chapter 5, strategies and policies in Chapter 6, and 
what is implied for the role of the state in Chapter 7. 

Before embarking further on this analysis of economics and ethics, let us 
begin with emphasising the importance for policy of the concept of market 
failure, in particular, that associated with the damage arising from the emis-
sions of GHGs. That damage represents an externality in the sense that the 
activity of one agent affects the welfare of other agents in a way that is not 
reflected in the price of goods and services. Private and social costs differ, 
and we have a negative externality. Alfred Marshall, in Principles of Economics 
(1890), highlighted the possibility of a gap between marginal private costs 
(or benefits) and marginal social costs (or benefits),9 and the deviation from 
efficiency that would involve. If agents do not face the full social costs of their 
actions, they over-indulge in the activity producing the negative externality. 
In such cases, a reduction of the activity at the margin would produce ‘bene-
fits’ to those affected by the externality which would be greater than the loss to 
the agent pursuing the activity. The reason is that, for the final unit consumed 
(‘on the margin’ in the language of economics), the person pursuing the activ-
ity gets zero benefit because she/he goes on consuming up to the point where 
the price paid is equal to the benefit perceived. Hence there is zero cost to her/
him from reducing by one unit, whereas the person affected has gained from 
the reduction.

In the early 20th century Arthur Cecil Pigou showed, particularly in his book 
on the Economics of Welfare (1920), that taxation could effectively and efficiently 
bridge that gap. We call these Pigouvian taxes and the idea has been ever-present 
in the economics of climate change. And it is an insight and idea of great value. It 
absolutely should be at the centre of discussion on the policy stage.

Many economists offer versions of the following statement: ‘economic 
theory shows that setting a price for carbon, the Pigouvian tax for example, 
is the optimum or most efficient policy’.10 That is a basic analytical mistake 
because there are many other serious market failures at issue here, which we 
will discuss in Chapter 6. 

To reiterate, the Pigouvian insight is crucial and should be central to policy, 
even though policy must go way beyond that idea. Economics has been far 
too narrowly focused on this one instrument. Aside from not tackling many 
other highly relevant market failures, a carbon price is not by itself powerful 
or subtle enough to drive systemic change. It does not, by itself, redesign a 
city, energy, or transport system. A key task for economics should now be 
the design of incentive, institutional, and behavioural policies, and actions 
that can tackle the market failures, foster investment, and bring fundamental 
change. And how to do that at pace: time matters; delay is dangerous. 

GHG emissions and climate change are often seen as global public goods 
or bads. The notion of a public good is another crucial idea in this con-
text.11 A public good benefits everyone, and no one can be excluded from 
using it; examples are clean air or a stable climate. Public goods can lead to 
collective action problems, such as free-riding, where people rely on others 
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to take action and to create the public good, so they can benefit without 
contributing. Free-riding in the context of public goods is a standard idea 
in economics and an idea of real significance. It underlines concerns that 
international agreements on climate may be fragile in the sense that every-
one will have a reason to do less than committed, on the assumption – an 
important one – that others will fulfil their commitments. In other words, 
one might avoid acting, assuming others will do enough. The idea of a pub-
lic good will influence much of what follows, including international issues 
in Part III. 

Inadequate assumptions, inadequate models

A second problem in the mainstream economics of climate change, beyond 
that of excessive focus on just one instrument, the carbon price, has been 
the way in which models integrating economic growth and the effects of 
climate change have been constructed and used. Simple models with this 
integration – called integrated assessment models (IAMs) – were introduced 
by Bill Nordhaus in 1992. Such integration is important and the models 
initially provided some insight. But they had and have several problems in 
the basics of their construction and calibration which have made them very 
misleading. Modelling should be as simple as possible and will necessarily 
omit issues of importance. The problem here, however, is twofold: what 
these IAMs have built in badly distorts the issues; and the central challenge 
of how to transform the structures and technology of the economy has been 
essentially excluded.

In part through the use of these distorting IAMs, our subject has perpet-
uated the idea, all too pervasive in much of public discussion in economics 
and more broadly, that there is an inevitable trade-off between climate action 
and economic growth. Bill Nordhaus’s early paper in 1991 in many ways cast 
the discussion in that direction; its title was ‘To slow, or not to slow’. Given 
its model structure and assumptions, it derived the answer to that question 
(reflected also in much of the following work along these lines), namely that 
yes, there should be some slowing of growth to help deal with climate change, 
but not much. And further, the paper concluded that the ‘optimum’ long-run 
global temperature increase was around 3.5 oC. A description of that temper-
ature as ‘optimum’ was a conclusion which seems absurd to those who have 
looked carefully at the science, but it has been influential in public arguments 
against strong targets and action. 

Nordhaus (2018) has more recently lowered his estimate of long-run ‘opti-
mum’ temperature but, at 3 °C by 2100, it is still far too high for any sensible 
interpretation of the dangers indicated by the science. For example, when the 
Earth was last at that temperature sea levels were 5–25 metres higher than 
today (IPCC, 2023). Michael Mann (in Carrington, 2023) refers to the dan-
gers in terms of the future of civilisation (see also IPCC, 2018). Substantial 
parts of the world, including many of those currently heavily populated, 
would likely be uninhabitable.
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The erroneous and misleading conclusions from IAMs follow from inade-
quate assumptions about the nature of climate change:

1.	Underlying growth impervious to climate change. Their structure 
assumes basic underlying aggregate growth, notwithstanding that climate 
change could thoroughly derail growth and cause decline or collapse.

2.	Underestimated risks. The risks from climate change are generally 
trivialised into potential losses of a few percentage points of GDP, even 
at high temperature increases (e.g., 4 oC or 5 oC), when what is at issue 
includes potential loss of lives and livelihoods on a massive scale.

3.	Misrepresenting catastrophic change. The use of expected utility max-
imisation,12 a standard tool in these models, as a criterion or objective 
can be very misleading because of its limited ability to encapsulate 
catastrophic loss. Seeing losses as potentially unbounded or infinite is 
surely a possibility when deaths could be in the hundreds of millions. 
Yet, infinity is not easily incorporated in models. A different approach to 
risk is necessary when, for many in the world, the stakes are existential. 

4.	Large and increasing costs of action. The models generally assume large 
costs of action, weak technical progress, and strongly rising marginal 
costs of action, when we have seen rapidly falling costs of action for many 
technologies and economies of scale in taking action. Indeed, we should 
now emphasise still more strongly that we should see the action not in 
terms of costs but as productive investment in a new form of growth.

5.	High discounting13 of the lives and livelihoods of future generations. 
Future incremental benefits are assigned low value and large long-term 
impacts can be seen as unimportant because the high discounting in these 
models assumes them to be so. There is no sound justification for the 
approach to discounting used, particularly given the scale of damage that 
could arise. Discounting is discussed in the following subsection; it has 
been a distinctive theoretical debate in the economics of climate change. 

It should surely be clear that with those assumptions, all highly implausible 
and misleading, the whole structure is tilted against conclusions in favour of 
strong climate action. 

A fundamental problem, as noted above, which is associated with high risk, 
is the extensive use in these IAMs of the expectation of social utility14 as a crite-
rion. In other words, the criterion is the weighted average of utilities of possi-
ble outcomes, where the weights are the associated probabilities. Utility might 
be seen as becoming unbounded or move to minus infinity in catastrophic 
outcomes. That makes the expected utility criterion for deriving formal policy 
conclusions largely unusable. That is the point which the late Martin Weitz-
man (2009) made clearly and strongly.15 He spoke of an apparently infinite 
social cost of carbon if an extra unit increases the probability of infinite dam-
age. Essentially, the expected utility approach falls apart as a helpful guide in 
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the context of risks which have to take account of the possibility of hundreds 
of millions of deaths. In those circumstances we need different approaches to 
evaluation, or ways of understanding policy. In the context of risks of the mag-
nitude we may face, Joseph Stiglitz and I have suggested a ‘guardrail approach’ 
(Stern et al., 2022). Guardrails prevent us from getting too close to danger, such 
as falling off a cliff or under a train. An example would be one that the world 
has indeed chosen to use: setting an upper target limit or temperature increase 
(see also discussion on discounting in the next subsection). 

It must be recognised that certain adjustments to these kinds of models, 
IAMs, have been made in partial acknowledgement of some of those basic 
problems, but some of the faults, particularly around assumptions on under-
lying growth, the absence of structural change, and the increasing marginal 
costs of action, are inherent in the approach. As a result, these IAMs largely 
rule out the new growth story because they essentially assume away the 
potential drivers of that growth (which we will discuss in Chapter 5). These 
models have very limited ability to build in fundamental structural and sys-
temic change. The role and strength of technological change has also generally 
been underrepresented. Yet structural, systemic, and technological change are 
at the heart of the necessary response and the new growth story. 

As we discussed in Chapter 1, economics does make thoughtful and fruitful 
contributions to our understanding of technological progress and structural 
change. Joseph Schumpeter’s creative destruction, Kenneth Arrow’s learning 
by doing, and Arthur Lewis’s story of structural change all carry great insight 
and potential around these issues. These elements are fundamental building 
blocks for understanding and unlocking our growth story but all are omitted 
from standard IAMs. Revitalising these insights and continuing research in 
these areas around technology, structural, and systemic change is crucial for 
an economics of climate change which tackles the real problems we face and 
the transformations which are available to us. 

As argued here, much of the economic modelling of climate change, particu-
larly concerning the interaction of growth and climate action, became locked 
into an approach which turned out to be an unhelpful route to policy analysis. 
The recognition of the inadequacy of this modelling approach has strengthened, 
as understanding has deepened of the potential magnitude of the risks; of the 
scale, pace, and nature of necessary change; and of advances in technology – 
including those already achieved and those likely to appear. Our focus in this 
book is on what economic analysis should be doing. The issues for economics 
now should be about how to foster the large increases in investment and the fun-
damental structural, systemic, and technological changes which are now neces-
sary and urgent – and on how to think about the management of immense risk. 

Too much of the growth–climate modelling of the past, in my view, turned 
out to be a false start that became locked in. Before we begin the discussion 
on where economics should go, we must take a careful look at intertemporal 
values, discounting, and ethics. These values are critical to a discussion of how 
to act now to tackle fundamental risks in the future.
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Flawed analytical and ethical approaches to intertemporal values and 
discounting

Economics has been far too casual and simplistic about discounting and valu-
ations applied to future impacts and consequences, particularly in the context 
of the very big potential impacts associated with climate change. All too many 
economists appeared to think that they could read off such intertemporal val-
ues16 for social decisions, here of immense importance, from rates of interest 
or return in private transactions on financial markets. That is bad economics 
and muddled thinking: first, market transactions reflect personal preferences, 
not moral positions, and, second, the markets in question, here capital mar-
kets, are full of imperfections.

Many formulations go straight to the question, ‘What is the discount rate 
being applied?’ That is not the place to start. The key idea is a relative valuation 
between a unit of benefit in the future and one now. That is a shadow relative 
price or relative social valuation. It is the discount factor, not the discount 
rate. There is an important technical distinction between discount factors and 
discount rates. The latter is the proportional rate of fall of the former. For 
example, if a unit in the next period is worth 0.99 of a unit now, then the 
discount factor is 0.99 and the discount rate is 1%. The former is logically 
prior to the latter.17

Yet many economists failed to start a discussion of discounting from the 
basic question of relative valuations and the future increases or decreases in 
key variables likely to influence those valuations. All too many jumped straight 
to discount rates. I offer briefly here a slightly technical account, although with 
minimal mathematics, of the intuitive arguments on discounting just given. 

We begin with the question: ‘How do we value an extra unit of account, 
for example consumption, in the future relative to now?’ This is a ‘normative’ 
issue, a question of values in social decision-making, and we use the adjective 
‘social’ to emphasise this. That relative valuation, or relative shadow value,18 is 
the social discount factor. Social discount rates are the rates of change of valua-
tions, not the valuations themselves. 

As soon as we start from first principles in this way, we see that these rela-
tive valuations will depend, first, in most ethical frameworks, on how well off, 
or poor, future generations may be relative to ourselves. In fact, under inac-
tion or weak action on climate they could be much worse off. Second, these 
relative valuations also depend on how we would value a future life, which 
differs from a current one only in terms of date of birth. 

Note, also, it is clear if we proceed in this way from first principles that 
we would not expect to find a single discount rate. It will depend on a time 
period, the good in question, who the good is consumed by, and so on. 
Relative valuations of the goods concerned in the future relative to now will 
depend on the date we are discussing, which good, the person at issue, and all 
the circumstances at that time.
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As these valuations depend on how we act now, they cannot be seen as 
something exogenous, in other words, determined external to our decisions 
and the system. Most people would value an extra unit going to a richer 
individual less than one going to a poorer one. That is a value judgement 
that is probably widely shared. On that basis the social discount factor 
depends on the state of affairs in the future relative to now, and that in turn 
depends on our actions now. Social discount factors, and thus also their 
rate of change, social discount rates, are endogenous. In other words, they 
depend on what we do and are not something we can ‘import’ from entirely 
outside our models; they are not exogenous. 

I will argue here that pure-time discounting19 has little support from most 
commonly used ethical frameworks. It is a critical ethical assumption often 
used in economics but with little ethical foundation. Above I referred to 
value judgements concerning people at different levels of consumption or 
income. An explicit discussion of values will also be crucial when thinking 
about how lives in the future, at identical levels of consumption or welfare 
to now, are valued relative to now. That latter question refers to pure-time 
discounting, or discrimination by date of birth. It is a different issue from 
whether or not future generations will be better or worse off and relative 
valuations in those circumstances. 

In my view, it is not easy to find a persuasive ethical argument in favour 
of applying a value to a future life, identical except for date of birth, which 
is different from that applied to a life now. To do that would indeed simply 
be discrimination by date of birth. It would be an extraordinarily strong 
position to take and would need a strong argument to justify it. It violates 
principles of symmetric or equal treatment which we often invoke as key 
features of equality and common humanity. Examples of the use of such 
principles include equality of right to vote across different ages (subject to 
a minimum age) and equality before the law. And such notions of equality 
of individuals in relation to life, liberty, and the pursuit of happiness are 
embedded in key political and philosophical statements – for example, in 
the US Declaration of Independence. Further, they are part of many of the 
great religions of the world.

Finally, we must note that there is some probability that some exogene-
ous factor, a large asteroid, say, could arrive and obliterate the world; there 
would be a reason for discounting on those grounds. Such discounting 
would be logically distinct from pure-time discounting; it does not value the 
life or utility per se of a future person any less, but simply takes into account 
the probability that the person might not be there. But such discounting 
would likely be very small, much smaller than, say, 1%, which would imply 
that there is a 50% probability of the world being wiped out by an asteroid in 
the next 70 years.20 Figure 3.8 sets out the logic of the argument I have just 
discussed in a simplified way.
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Broader perspectives on ethics

In my view, one of the causes of the weakness of the profession in this area 
is the absence of discussions of moral philosophy in much of economics 
education. Further, there has been a line of argument that ethics and moral 
philosophy should be excluded from the formation of economists and their 
toolkits and perspectives. These issues, some argue, are not for economists 
and best left to philosophers, politicians, or religious leaders.21 Or that values 
can be ‘found on the shelf elsewhere’, for example in markets. Whilst there is 
no single ‘correct’ ethical position, excluding ethics is to misunderstand and 
distort policy making. Values should be explicitly discussed, not ‘buried’ or 
‘imported’ in simple-minded ways. 

The crises of climate and biodiversity, and the responses to them, will have 
profound consequences for this and future generations – indeed, potentially 
existential for many. And remember that ‘inaction’ is a choice, even if taken by 
default, which carries immense consequences. Our ethics and values, whether 
implicit or explicit, are basic to our choices, including those involving minimal 
action or inaction. Facing risks of this magnitude forces us to ask ourselves 
who we are, what our values are, and what we stand for.

To illustrate different perspectives on the relevant ethical issues here, five 
prominent broad approaches in moral philosophy are considered briefly: 
Kantian, contractarian, Aristotelian, ‘commonsense pluralism’, and conse-
quentialism. They can be applied to the deep moral challenges which arise 
here in relation to the welfare or interests of current and future generations. 
In my view, they all, and they are very different in moral perspectives, point to 

Figure 3.8: The ethics and economics of discounting

Note: The ‘extra unit’ could be of consumption or income, or some particular good, 
depending on the unit of account.
Source: Author’s elaboration.
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strong action on the climate and biodiversity crises.22 That they point the same 
way not only helps to build a strong ethical case for action, but also increases 
the chances of agreement.

One of Immanuel Kant’s formulations of his ‘categorical imperative’ was: 
‘Act only according to that maxim whereby you can, at the same time, will that 
it should become universal law.’ In other words, act in a way that you would 
wish all others to do the same. That, for example, would see ‘free-riding’ 
through my own inaction on climate change, whilst hoping or assuming 
that others will act, as immoral in the sense of contradicting the categorical 
imperative. Kant’s second formulation of the categorical imperative was 
to never treat ‘humanity’ as an instrument in the sense of seeing others as 
a means to our own ends (Kant, 1993 [1785]). Again, that points to strong 
individual responsibilities to act on climate; not to ‘free-ride’ and not to treat 
future generations as an instrument for our benefit. 

The contractarian approach – as, for example, embraced by Jean-Jacques 
Rousseau or John Rawls – sees an individual as a member of society and as 
having a contract with that society. Rawls (1971) examined how such a con-
tract could be based on the idea of what individuals would seek as a social 
contract if they did not know where or who they would be in a society. That 
was his idea of the ‘original position’ being behind a ‘veil of ignorance’. If I do 
not know which generation I will be in from behind that veil of ignorance, I 
would likely worry about being part of a future generation that could be in 
catastrophic circumstances as a result of neglect from this generation. That 
would likely lead to an argument that future generations should have the same 
weight in social decision-making as current generations. This would consti-
tute an argument against pure-time discounting.

An Aristotelian approach focuses on the idea of moral character or ‘virtue’, 
or ‘what sort of person should we be?’ We have some notion of good behav-
iour, as we might recognise good playing of the flute or kindness to others. 
Most people would regard reckless behaviour which potentially causes great 
damage to others, such as drunken driving, as not virtuous. Similarly, such an 
approach would likely see neglect of a kind which puts future generations in 
danger as unvirtuous. 

Some have also suggested an approach known as ‘commonsense pluralism’, 
which tries to crystallise everyday moral beliefs and treat them as guiding 
principles.23 In this approach one adopts the moral behaviours that have 
evolved, perhaps on the implicit or explicit assumption that they have evolved 
for a beneficial functional purpose. A problem with this approach in this 
context is that we have not yet experienced the kind of risks we could be 
facing. Nevertheless, it is likely that recklessness in relation to the future of our 
descendants or children would not fit well with such commonsense pluralism.

We should note that many of the religions of the world embody a deep 
respect and central place for nature, including Hinduism, Buddhism, Taoism, 
the Abrahamic religions (Islam, Judaism, and Christianity), and many of the 
belief systems of indigenous communities across the world. An important 
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example in relation to climate was the encyclical (June 2015, six months 
ahead of Paris COP21) of the late Pope Francis, Laudato Si', on environment, 
nature, and climate. A succinct expression of one of his key messages was: ‘If 
we destroy creation, then creation will destroy us’ (Pope Francis, 2014). Not 
only a clear position, but also powerfully and simply communicated. ‘Love thy 
neighbour as thyself ’ is a maxim that also points away from free-riding, away 
from pure-time discounting, and towards strong climate action.

There is increasing emphasis in public discussion on the notion that the 
natural world has rights. It has been part of Ecuador’s constitution since 2008 
and the case has been argued by indigenous communities across the world. 
The quote from Pope Francis above, and the arguments in Laudato Si', stress 
the importance of respect for nature as God’s creation. Such rights of nature 
are in the spirit of Rachel Carson’s famous book Silent Spring (1962). And the 
idea has recently been argued powerfully by Robert Macfarlane in his book 
Is a River Alive? (2025).24 

Finally, amongst the broad approaches discussed here we have consequen-
tialism, which is the standard approach in economics. Actions are assessed in 
terms of the perceived costs and benefits associated with their consequences. 
Making judgements within consequentialism usually, but not always, requires 
an aggregate criterion, measure, or index. And if utilities are invoked in mak-
ing assessments or judgements, they have to be specified; the specification 
of utilities is itself an ethical position.25 If the consequences of some set of 
actions could be catastrophic for large numbers of people, then from a broad 
range of criteria for evaluation we might regard those actions as unacceptably 
damaging. Thus, again, consequentialism would likely, in my view, point to 
strong action on climate change. But that does depend on specifications of 
consequences and on values used to assess those consequences. The applica-
tion of the consequentialism approach often takes the form of thinking of an 
action as a small perturbation to the status quo. That often involves compar-
ing a world with and a world without the action in a static model, and where 
consequences are small. In this case, however, we have to think of action and 
inaction as associated with potentially very large consequences, and occur-
ring in systems with complex dynamics.

From now on the analysis in this book is based largely on the consequen-
tialist approach. However, it is important, in my view, that we recognise that 
this approach is just one of the approaches in moral philosophy of relevance 
here. How we, as this generation, value the lives of future generations will 
be critical. If we attach very little weight to their lives and to losses or gains 
to them, then we are likely to be less willing to take strong action on climate 
change. We would normally think that interested parties should be part of 
decision-making but, of course, future generations are not present when deci-
sions are taken.
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3.3 Ways forward for constructive analysis in economics and 
the social sciences
Much of our discussion so far in this section has been highlighting past mis-
leading approaches in economics and ethics. They have done real damage and 
should be avoided in future work. We now turn to the more constructive and 
creative story of how, in my view, we should be thinking about these great 
challenges and crises. These ideas will guide us throughout the rest of the 
book. We examine sustainability and its implications for perspectives on types 
of capital, political economy, and systemic and structural change.

Sustainability and a broad view of capital and investment

Understanding ecosystems in terms of their functionality helps us appreciate 
their role as capital goods, essential for the sustainability of our biosphere.26 
Natural capital consists of the world’s stocks of natural resources, including 
soil, water, air, and all living things. This capital yields a flow of services that 
contribute to human life and livelihoods. As we saw in Chapter 1, the view 
of sustainability adopted here can be seen as requiring action to maintain or 
enhance the group of capitals and endowments for future generations, so that 
opportunities are not diminished over time. These endowments involve all 
forms of capital: physical, human, natural, and social/cultural.

These four types of capital, and the services they provide, are deeply 
interwoven. Taken together, they shape future opportunities. Physical capital 
includes tangible assets such as infrastructure, plant and equipment, housing, 
and so on. Human capital encompasses education, skills, knowledge, and 
health. Natural capital includes ecological assets such as forests, flora, soil, 
fauna, oceans, water, and air. Social/cultural capital refers to the institutions, 
behaviours, societal beliefs and norms, and networks that foster trust and 
cooperation within communities. 

Power and inequality will be of real significance to social capital. Though harder 
to define and measure than the other three, social capital is vital to the function-
ing of society and the shaping of opportunities. It can be eroded and it can be 
augmented; the former can happen more quickly than the latter. In some ways it 
should be seen as social and cultural capital; for example, how we see the notion 
of responsibility, individual and mutual, is both cultural and social; we sometimes 
use social, for brevity, as including cultural. The work of Elinor Ostrom (1990, 
2000), for example, showed how institutions, rules, and behaviour – essentially 
what we have called social and cultural capital – could develop in ways that fos-
tered care for and sustainable use of natural resources. In this case social/cultural 
capital is developed in part as a result of a shared need to protect natural capital. 

Policies and incentive structures to tackle climate change, biodiversity, and 
environment together will have a number of key elements. Valuing natural 
capital and bringing those valuations into economic decision-making is of 
special importance. We must see natural capital as an over-arching supplier of 
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the services that allow the economy and society to function. In the sense that 
it facilitates and enables other activities, it is fundamentally infrastructure. If 
we destroy our natural capital, then our physical capital will be undermined 
and so too our economies, our health, and our societies. There is a crucial 
sense in which our economy and society are wholly owned subsidiaries of our 
environment, our climate and biodiversity, and our natural capital. 

The interplay between these capitals creates dynamics that can either 
enhance or undermine development, sustainability, and resilience. For exam-
ple, investments in human capital can lead to better health outcomes and 
longer life expectancy. Healthy populations with a balanced age distribution 
can, in turn, strengthen social and cultural capital through greater family, 
community, and societal engagement, including across generations. Environ-
mental degradation, including climate change and biodiversity loss, can harm 
public health, erode physical assets through climate impacts, reduce social 
cohesion, undermine livelihoods, and increase the risk of conflict. Investment 
in, or shock to, one kind of capital can also involve investment in or shocks to 
other kinds. For example, investing in forests can both enhance natural capital 
and improve human capital via health and recreation; wildfires can destroy 
natural capital and undermine physical, human, and social output. There can 
be virtuous or vicious cycles.

Understanding and managing these capitals cohesively is central to promoting 
sustainable and resilient development. Their dynamic interplay determines the 
success or failure of sustainable development initiatives, making it essential 
to approach actions and investments in relation to each capital as part of an 
integrated whole rather than in isolation. Investing in all four capitals offers 
the potential of advances in all of economic growth, social well-being, and 
environmental health. Considered and effective action in this way can provide 
real and mutually-reinforcing advance across all development goals.

Political economy

Many of the challenges of acting on climate change are inherently challenges 
of political economy, including resistance from those who perceive potential 
loss or dislocation, the challenges of building a just transition, and the 
processes of institutional and behavioural change. Political economy should 
be part of the foundations of the economics discipline. Indeed, in the late 
18th century a giant figure in the building of economics, Adam Smith, was 
fundamentally and explicitly concerned with political economy. 

Achieving effective climate action and embarking on a new path of growth 
and development is not merely a matter of scientific and technological 
advances; it is also, as argued throughout this book, a deeply political, eco-
nomic, and social challenge. Indeed, many, including myself, would contend 
that the main obstacles lie within politics, economics, and society. These 
barriers and difficulties require careful analysis, strategic action, vigorous 
engagement, good communication, and wise judgement. 
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Political economy plays a crucial role in either facilitating or hindering pro-
gress on climate action and the new growth story. In this context we take 
political economy as meaning the way political, economic, and social factors 
influence and shape climate policy decisions and their outcomes, particularly 
in relation to opposing forces. Analysing the political economy of transition 
helps understand the factors that can either enable or block changes in action, 
policy, and practices.27 

Let us consider the traditional economic approach, which has much merit, 
to climate change focused largely on market mechanisms. There will be major 
difficulties in implementation, arising from those who might see their interests 
as threatened. There are real distributional consequences. There will be very 
large net gains to effective and timely action on climate change, but there will 
be some net losers, particularly those receiving rents and profits from fossil 
fuels. Thus, there will be vested interests and opposition. There will be battles 
for influence and power, within and across nations. Climate policies have 
significant distributional impacts across regions, classes, and generations. 
Understanding the barriers potentially arising from political economy requires 
careful analytical attention if robust policies to overcome these barriers are 
to be created. That analysis should, in particular, provide guidance on likely 
gainers and losers, including over the shorter and longer term.

Hallegatte et al. (2023) provide a useful framework, in the context of cli-
mate, which categorises political economy issues into four main components: 
institutions, interests, ideas, and influence. 

Institutions, first, are the established structures, customs, and regulations 
or rules that influence economic, political, and social behaviour. Institu-
tions, such as climate change legislation and committees, can provide clear 
direction, fostering confidence and stability essential for long-term plan-
ning. However, certain institutional processes, such as spatial planning pro-
cedures, can create obstacles to rapid decision-making, for example when 
determining routes for transmission lines. Regulatory bodies, such as those 
governing electricity or water, may have a narrow focus, prioritising con-
sumer prices while neglecting necessary emphasis on climate and environ-
mental considerations. Rules for project appraisal in finance ministries and 
elsewhere can be skewed against the green transition, for example through 
their approach to discounting or inherent limitations in examining struc-
tural, programmatic, and large-scale changes. Overall confidence in insti-
tutions and structures can boost investor confidence. In some cases, such 
as within the EU, regional, or cross-country, institutions can exert a signifi-
cant influence in creating confidence in the direction of travel. They can, of 
course, also cause bureaucratic delay. 

Second, interests represent what different groups stand to gain or lose from 
climate action and new approaches to growth. The understanding or per-
ception of how costs and benefits are distributed can strongly influence how 
various actors respond to climate policies. For example, workers may be con-
cerned about job security as industries evolve, while environmental groups 
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push for action to protect nature. Policy-making will be more successful in 
gaining support if it works to design climate policies that account for these 
varied interests by, for example, integrating job opportunities – and, in some 
cases, protections – into new policies. 

Immense forces are at play from the fossil fuel industries, where the stakes, 
in terms of their profits and rents, are in the trillions of dollars per year (Ver-
bruggen, 2022). These industries can and will vigorously oppose potential 
threats to their profits and rents. Historically, this opposition has included 
fostering uncertainty or denial regarding climate science (see, e.g., Oreskes 
and Conway, 2010).28 They are also likely to exploit crises, such as those aris-
ing from the war in Ukraine, to put forward dubious arguments for slowing 
the transition. For further discussion of such issues, see Chapter 7. 

Third, ideas refer to the beliefs, values, and perspectives people hold – 
including their views on government ‘interference’, the virtues of the market 
economy, attitudes towards climate science, prioritisation of the environment 
and biodiversity, and notions of fairness and responsibility. These all shape 
their preferences and their support or otherwise for climate policies and 
approaches to growth. Trust in science or government, as well as the perceived 
fairness and effectiveness of policies, play critical roles in gaining public 
support. 

Education can be influential here; science and environmental education in 
schools have already had a major impact on public understanding of climate 
issues. Most European students entering universities now would have been 
taught the basics of the greenhouse effect and climate change at school. The 
media, including social media, also play a role, sometimes in the promulga-
tion of denial of the importance of climate change.

Finally, influence refers to the fact that different actors in society have var-
ying capacities to use their power, authority, and resources to sway decisions 
and shape ideas in their favour. Influence concerns who has the power to gen-
erate the support that can foster or block changes and shape perspectives. 
This can involve lobbying by businesses, campaigns by environmental groups, 
or public protests. For example, large companies might use their influence to 
slow down policies that would harm their profits, while civic groups might 
rally public support for stronger climate action or cleaner air in cities. Others 
might oppose, for example, creating pedestrian zones or limitations on the 
use of motor vehicles. 

Understanding who holds influence and how they wield it can explain why 
certain climate policies succeed or fail. Influence is not only about shaping 
specific decisions and policies but also about shaping ideas and attitudes. 
Here, politicians, religious and cultural leaders, and those skilled in social 
media, can exert powerful influence.

These four categories are helpful in structuring some aspects of political 
economy but do not fully cover crises, preferences, and building support. 
These are examined partly in the following paragraphs and in Chapters 4, 6, 
and 10. 
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In the very early days of work on the Stern Review, in early 2006, I spoke to 
the late Danny Kahneman, a famous psychologist and economist. He argued 
that ‘the messenger’ was critical in conveying ideas and pointed to trust in 
religious leaders. Pope Francis has been of great significance as a leader, with 
his cyclical Laudato Si' in 2015 being an important example. See Section 4.1 
in Chapter 4 for a more detailed discussion of the contribution of both these 
men.

For communities to achieve shared and stable commitments to tackle 
climate change and to embark on a new path of growth, some shared 
understandings will be necessary. That does not, of course, mean unanimity 
or ‘group think’, but it does mean both the discussions of arguments and values 
and some cohesion around a sense of direction. Understandings shape both 
preferences and perspectives, which are then expressed through behaviour, 
both politically and personally. It is therefore important to analyse how 
preferences, perspectives, and behaviours are formed in relation to climate, the 
environment, and growth. The use of ‘citizens’ assemblies’ can help ordinary 
citizens come together and listen carefully to, and cross-question, evidence 
and analyses on a subject on which decisions are necessary. They can help 
develop considered views, rather than the instant reactions of opinion polls.29

The UK held a citizens’ assembly on climate change in 2020, bringing over 
a hundred people together. The resulting report sets out the principles the 
members agreed on and the resulting recommendations, which included a 
levy for frequent fliers and a ban on the sale of polluting vehicles by 2030–
2035 (Climate Assembly UK, 2020). France held a Citizens’ Convention on 
Climate in 2019–2020, bringing 150 randomly selected citizens together. The 
final proposals included measures such as making ecocide a legal offence, 
reducing speed limits on highways, and requiring renovations to improve 
building energy efficiency (Convention Citoyenne pour le Climat, 2021). 

This overall set of topics – political economy, institutional and behavioural 
change, and the formation of values – is increasingly the focus of research by 
political scientists, social psychologists, economists, and others. Particularly 
notable is the work of my LSE colleague Tim Besley and his collaborators, 
who have made important contributions to the political economy of climate 
and environment, for example shedding light on the role of values in sup-
porting or hindering green transitions (Besley and Persson, 2023). And on 
how values and behaviour change in response to experience, evidence, and 
argument. Their research starts from the assumption that demand depends 
not just on changing prices and taxes but also on values. Besley and Persson 
(2023) investigate the way in which market failures interact with government 
failures (such as short-termism) and stand in the way of green transitions, 
preventing them outright or slowing them down. 

The way ideas are shaped and political opinions are formed will be of crucial 
significance in the future of climate action. So too will be an understanding 
of the political economy of opposing and supporting forces. This is a vitally 
important area of research.
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Systemic, structural, and technological change; EMDCs; and investment

The growth story, and within it fundamental economic change, should now, in 
my view, have still stronger emphasis than it did in the Stern Review. This is a 
much more dynamic story than we could see at the time, even though we rightly 
said, in the Review, that climate action is pro-growth in the long term. We now 
see that climate action is a driver of growth in the short, medium, and longer 
term. And that the devastation resulting from weak action would undermine 
and reverse growth. The technological understanding and advances and the 
lessons from experience are telling us that many poorer countries can leapfrog 
the dirty, destructive phases of development followed by the rich countries to a 
much more attractive and sustainable path of growth.

The dynamics of systemic, structural, and technological change must 
now be at the centre of economic analyses. As we saw in Chapter 1, the 
economics of structural and technological change has a strong history. There 
are Schumpeterian theories, which are of great significance. Development 
economics, particularly in the three decades after the Second World War, 
highlighted changing sectoral composition as countries develop. The works 
of Arthur Lewis, Albert Hirschman, Paul Rosenstein-Rodan, Ragnar Nurkse, 
and others are, in their different ways, full of insight around these processes 
of change (see Chapter 1). The collection of approaches and how they are 
chosen, and how they are combined into decision-making, will all be crucial 
to social policy formation. They should include sector studies (e.g., energy), 
system studies (e.g., cities, land, or water), and technological studies on how 
to discover and implement lessons from economic history. Overall economy-
wide formal models will have some roles, but they should not dominate 
attempts at understanding policy because they will leave out, in most cases 
and in large measure, the key structural, systemic, and technological issues.

Aggregate growth models cannot really address these questions, since the 
modelling structure leaves them out. Thus, they are silent by assumption on 
the most central action and policy issues. We will need a number of analytical 
approaches. 

In a similar vein on structural change, I would now put the EMDC chal-
lenges still more prominently at the top of the research and action list. Their 
growth, and how they grow, will be the most important driver of emissions. 
And their development and ability to reduce poverty, and how they develop, 
will be the most important element of advance in well-being across the world. 
The majority of people and the incidence of poverty are concentrated in these 
countries. They are the most vulnerable and they have the greatest opportu-
nities to find new and better paths to development. The biggest challenge for 
them, and where international action should be focused, is in fostering and 
financing the large increase in the investment necessary for the new path of 
development: sustainable, resilient, and inclusive. 
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3.4 Concluding remarks: to my fellow economists
I close this chapter with an appeal to, and an agenda for, my fellow econo-
mists. Our profession has not contributed to this most important challenge 
of our day to its full potential, although it is now making progress. There are 
six priorities: 

1.	The analysis of how fundamental structural, systemic, and technologi-
cal change can take place and how it can be promoted; including anal-
ysis of its political economy and a just transition.

2.	How to foster and finance a major increase in investment, from micro, 
structural, and macro perspectives.

3.	How to understand and promote policy towards the interweaving of 
the economy, climate, and biodiversity.

4.	How to understand the analytics of and policy towards extreme risk.
5.	How to understand the role and political economy of institutional and 

behavioural change in the processes of transition and in establishing 
the new growth story.

6.	How to build a public economics where time matters, urgency is cen-
tral, there is real dynamics, and there are multiple market failures. 

A broader research agenda, including more detail on these priorities, is pre-
sented in Chapter 10. 

Creating the understanding of what is necessary to respond to the climate and 
biodiversity crises and setting out on a new growth story should have been a key 
task and challenge for economics over the last two decades. In my view it has, 
in large measure, failed to step up to that challenge with the sense of urgency, 
depth, and clarity of focus required. Further, much of what has been done has 
been misleading about the magnitude and nature of the problems, issues, and on 
the necessary responses. Thus, it has been one of the causes of slowness of action, 
although arguably not the most important one. Whilst I do recognise that eco-
nomics is now moving in a more positive direction, precious time has been lost.

If I were to start my research career and activities in public life again, these 
are the analytical issues I would want to focus on. And, if I were starting the 
Stern Review over again, it would be these sets of issues, on action and analyt-
ics, that I would make the highest priority.

The last two chapters have provided foundations and principles for the 
analysis of climate change. The essence of the challenges and crises requires 
that we examine carefully key guiding principles from science, politics, eco-
nomics, and ethics. Such examination is essential to building sound policy. 
Indeed, building foundations through an understanding of these subjects, 
principles, and challenges is basic and necessary. This chapter has shown that 
we need to change not only our economies, but also economics. It is of utmost 
importance that, when conducting economic analysis, we leave behind inad-
equate assumptions and models, incorporate ethical considerations, value all 
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four capitals comprehensively, recognise the role of political economy, and 
acknowledge the dynamics of systemic, structural, and technological change.

I have been strongly critical of major strands in the economics literature 
– and, I think, for good reasons. However, economics is, at last, moving in a 
better direction. It is moving beyond narrow textbook frameworks and unwise 
attempts to shoehorn new and immense issues into standard models. Some of 
this is reflected in the discussion of the economics of the new growth story 
in Chapter 5 and the policies and actions to realise that new growth story in 
Chapter 6.

The next chapter provides an analysis of the context for action, particularly 
developments over the last two decades that present opportunities to accel-
erate action. After two chapters on analytic foundations, often highlighting 
daunting and complex challenges, let us remind ourselves that we are building 
towards a positive and hopeful story. But one where there are major obstacles 
to overcome. They can indeed be overcome, but care with both principles and 
reality will be crucial to that endeavour.

Notes
	 1	 Various projections suggest that China’s carbon emissions will peak soon, 

or may have already peaked (You, 2024). Supporting this, a survey by 
the Centre for Research on Energy and Clean Air involving 33 domestic 
and 11 international experts found that 44% believe China’s emissions 
have either already peaked or will do so by 2025. This marks a notable 
increase from 2023, when only 21% held this view (White, 2024).

	 2	 European emissions were still high relative to global standards in 2019 
(Chancel et al., 2022).

	 3	 Figure 3.4 represents a cross-tabulation between income and emissions 
per capita across countries. There is a close correlation. Among low-in-
come countries (a group of 26 nations with low income per capita), none 
of them have high emissions per capita.

	 4	 This is a marked increase from holding 25% of the share in 2021, see 
Figure 3.6.

	 5	 China currently emits around 10 GtCO2e per annum more than the USA 
and is a little over 200 GtCO2e ‘behind’ in cumulative emissions.

	 6	 Additionally, the convention assumed that lower-carbon or cleaner versions 
of economic activities would be unambiguously more costly, raising 
concerns about who would bear the costs if poorer countries pursued such 
paths (UNFCCC, 1992, e.g., Art. 4.3). As we mentioned in Chapter 1, the 
great changes in the costs of action were not foreseen. Developments like 
these fundamentally change, indeed enhance, the case for action.

	 7	 I was on the platform with him to hear that important statement.
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	 8	 As noted, this was built on the long-standing friendly relationships 
between Xie Zhenhua on the China side and John Kerry and Todd Stern 
on the USA side of negotiations.

	 9	 In economics, ‘marginal’ refers to the impact of a small, incremental 
change, such as the cost or benefit of producing or consuming one 
additional unit of a good or service. If marginal private costs (or benefits) 
differ from marginal social costs (or benefits), it means the true costs or 
benefits of an activity are not being fully accounted for in the incentives 
faced by the private decision-makers.

	 10	 See, e.g., a joint letter to the Wall Street Journal of 16 January 2019, 
signed by 3,649 economists from the USA. The first sentence of its first 
recommendations reads: ‘A carbon tax offers the most effective lever to 
reduce carbon emissions at the scale and speed that is necessary’ (Wall 
Street Journal, 2019). And see Chapter 5.

	 11	 Formally speaking, a public good is a special case of an externality where 
the effect on others works through the sum total of the relevant actions – 
in this case, emitting GHGs.

	 12	 Expected utility maximisation is a decision-making criterion where agents 
choose the option that provides the highest average or ‘expected’ satisfaction 
(utility), taking into account both the range of possible outcomes and their 
probabilities, and where the probabilities are used to calculate the average. 
In this sense the decision-maker looks at averages over possible outcomes.

	 13	 Discounting refers to valuing a unit occurring in the future differently 
from one now.

	 14	 Social utility is the utility (or satisfaction) from the perspective of the 
welfare of all individuals in the economy taken together. Many IAMs 
aim to capture the aggregate effects of climate change by considering an 
aggregation of the expected utility of representative agents.

	 15	 Marty was a good friend for almost half a century and we discussed these 
issues at length.

	 16	 Intertemporal values refer to the valuation of effects occurring in the 
future. These are value judgements and would usually be influenced by 
ethical perspectives and the circumstances envisaged in the future.

	 17	 In continuous time, if the discount factor is k, then the discount rate is 
(minus) the rate of change of k, or −(dk/dt)/k, where in the notation of 
simple differential calculus, dk/dt is the rate of change in the discount 
factor over time.

	 18	 A shadow value refers to the social value of an additional unit of a 
resource or commodity; it is in contrast to the private value as embodied 
in market prices. In this case, the valuation of an extra unit of consump-
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tion in the future relative to now can be understood as the shadow value 
of future consumption, captured by the social discount factor.

	 19	 Pure-time discounting refers to attaching a lower value to utility, welfare, or 
satisfaction occurring in the future relative to now, simply because it is in 
the future. This aspect of discounting is separate from and in addition to any 
discounting of consumption units because we may be better off in the future.

	 20	 For further discussion of exogenous extinction discounting, see Stern 
(2015) and Chichilnisky et al. (2020). The extinction–discounting link 
goes back, at least, to Kenneth Arrow and James Mirrlees in the 1960s 
(see, e.g., Mirrlees, 1963). Indeed, I recall discussing exactly these issues 
in the late 1960s with Arrow, Mirrlees, and Solow, respectively. It has also 
been examined by Partha Dasgupta and Geoffrey Heal (1979), Robert 
Solow (1991), and Joseph Stiglitz (1982). 

	 21	 That was, in essence an argument put forward, for example, by Lionel 
Robbins (1932).

	 22	 This discussion draws on Chapter 6 of Stern (2015) and on two articles 
in Economics & Philosophy, namely Stern (2014a) and Stern (2014b). See 
those sources for further references.

	 23	 See, e.g., Fesmire (2020), Light (2002), and Palmer (2014). For an over-
view of ethical perspectives including commonplace pluralism in the 
context of climate change, see Jamieson (2007).

	 24	 See also Philippe Sands’ (2025) article in the Financial Times reviewing 
Macfarlane’s book on 26/27 April 2025.

	 25	 Although there do seem to be some who come close to arguing that we 
can make objective assessments of ‘happiness’ – see, e.g., Layard (2005).

	 26	 See, e.g., Dasgupta (2021, Section 13.1).
	 27	 See, e.g., Worker and Palmer, 2021.
	 28	 At a conference in Columbia University in November 1959 to celebrate the 

100th anniversary of the USA oil industry, Edward Teller, the famous physicist, 
warned explicitly, analytically, and numerically of the dangers of global warm-
ing arising from the CO2 released from the burning of fossil fuels. He included 
the statement ‘All the coastal cities would be covered’ (in Franta, 2018a, 
paragraph 5). For decades afterwards the oil industry, notwithstanding the 
fact that its own scientists were verifying these arguments, tried to undermine 
the science. In 1965, Frank Ikard, the president of the American Petroleum 
Institute (API), acknowledged at API’s annual meeting that climate change was 
occurring and would bring challenges for the sector (Franta, 2018b).

	 28	 They usually involve citizens chosen randomly. They have been 
pioneered in Ireland (Farrell et al., 2019) where they were influential,  
for example, in shaping decisions on gay marriage and abortion.





4. A changing world: new opportunities and 
an agenda for action

The foundations for the analysis of climate change in science, politics, eco-
nomics, and ethics were set out in Chapters 2 and 3. It is a story of chal-
lenges, difficulties, and obstacles. We saw that the science pointed strongly 
to action with urgency and scale. That requires fundamental technological, 
structural, and systemic change. The intense and interwoven problems of 
biodiversity add further difficulty; we have twin crises. The political assess-
ment was one of eroding trust between nations in relation to a problem that, 
in its essence, requires global action – and of pushback from vested inter-
ests. We also saw that much of the economics of climate change had been 
misleading and unhelpful. 

This chapter highlights how a changing world, particularly developments 
in the two decades since the Stern Review, has created forces that provide 
opportunities for the acceleration of the action that is now urgently needed. 
This does not mean that the obstacles are easily overcome; however, there are 
strong tail winds as well as head winds. 

The first set of forces for change come from public pressure and legal account-
ability. They are examined in Section 4.1. The extraordinarily rapid change in 
technology and the increasing recognition of the opportunities in investment 
in these technologies and in the new growth story by the private sector will be 
a second set of drivers of change. These are discussed in Section 4.2.

International institutions are moving climate to centre stage, including most 
of the multilateral development banks (MDBs), and new coalitions are forming. 
The major countries and regions, in their different ways, are moving too. The 
USA was moving quickly under President Joe Biden. Indeed, under the first 
Trump presidency (2017–2021), investment in renewables for the power sector 
moved rapidly, for the simple reason that they are highly competitive relative to 
fossil fuels. The second Trump presidency is a setback, but the forces of change 
will continue. Further, developing nations are increasingly taking a leading 
role. International action in a changing world is the subject of Section 4.3.

These changes in international action across the world are creating a 
new geopolitics of climate change, indeed of development more generally. 
Geopolitics is also influenced by changing attitudes to trade and international 
relations which are showing turbulence, particularly in relation to the second 
Trump administration. The changing geopolitics is examined briefly in 
Section 4.4. 
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In Section 4.5, we look forward and set out key elements of the agenda for 
action. We bring the analysis of the challenges of Chapters 2 and 3 and of the 
opportunities and forces of Chapter 4 together, setting the framework for the 
analysis for the rest of the book. 

4.1 Forces for change: public pressure and legal 
accountability 
There are major pressures for change from outside government. These come 
from public perception and opinion, from political action, and from the law. We 
examine them in turn. The private sector is also a powerful force – and often a 
voice for change – which we consider in Section 4.2, alongside technology.

Public perception: the climate message matters, as does the messenger

As we saw in Chapter 2, the role of human influence on climate change is 
almost universally accepted within the science community. The accumulation 
of evidence, along with public discussion and direct experience, has led to 
widespread recognition, across most of the world, of the existence of climate 
change and an understanding of its causes in human action. 

At present, global surveys indicate that the general public believes climate 
change is happening, that humans are responsible, and that strong action is 
necessary. There is also increasing public recognition of the dimensions and 
intensity of the danger. Recent research by Vlasceanu et al. (2024), with more 
than 59,400 participants across 63 countries, found that the average belief in 
climate change was high (over 85%), with modest variation among nations – 
see Figure 4.1A. Most participants also supported active climate policies, with 
the average global score being 72% (Figure 4.1B).

There are many who believe that stronger action should be pursued. 
For example, research conducted by Andre et al. (2024) surveyed nearly 
130,000 individuals across 125 countries, finding that 89% think that their 
‘national government should do more to fight global warming’.1 A nationally 
representative survey (although with only 1,033 people in the sample) 
(Leiserowitz et al., 2023) found that 72% of the population in the USA 
think global warming is happening and well over half of Americans (58%) 
understand that global warming is mostly human caused. Another study 
found that 74% of Americans support the USA participating in ‘international 
efforts to reduce the effects of climate change’ (Tyson et al., 2023).

Further, many surveys show that people are prepared to pay more for goods 
that are sustainably produced. For example, a recent consumer survey by 
PwC, which collected more than 20,000 responses across 31 countries, found 
that 80% of consumers said they were willing to pay more for sustainably 
produced or sourced goods (PwC, 2023). However, results from such 
surveys are often context specific. For example, Bain and Co. (2023) found 
environmental concerns to be highest in fast-growing economies, such as 
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India, Indonesia, Brazil, and China, which also reported higher willingness 
to pay premiums on sustainable goods. Consumers from these countries 
were willing to pay premiums between 15 and 20%, compared to 8 and 11% 
for consumers in countries like the USA, UK, Italy, and Germany. 

Figure 4.1: Country-level means of (A) climate change belief and  
(B) policy support 

Note: Countries without available data are shown in grey. 2

Source: Figure 4 in Vlasceanu et al. (2024, p. 9). Copyright 2024 The Authors, CC BY 4.0.

https://creativecommons.org/licenses/by/4.0/
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Increasingly extreme events can be linked directly, via work known as ‘attribu-
tion science’, to climate change, as opposed to a simple statement such as ‘climate 
change makes such events more likely’ (McSweeney and Tandon, 2024; van Old-
enborgh et al., 2021). Attribution science has helped to shift public opinion by 
linking the seemingly abstract concept of climate change with personal and tangi-
ble experiences. Indeed, improvements in the science, under efforts such as those 
by the World Weather Attribution initiative (WWA, 2024), have enabled the rapid 
establishment of the link between specific extreme events and climate change. 
This can now be done in a matter of days or weeks, before the news about them 
dissipates. It is one thing to claim, for example, that climate change has increased 
the overall length of heatwaves in general, and another that a specific heatwave in 
a specific place has been likely caused or magnified by climate change. Attribution 
has been demonstrated for a whole range of events, from wildfires in the USA and 
heatwaves in India and Pakistan, to typhoons in Asia and record-breaking rainfall 
in the UK (McSweeney and Tandon, 2024).

During the early stages of the Stern Review in 2006, I had the opportunity to 
discuss, with the late Danny Kahneman, a pioneering psychologist and econ-
omist, the issue of how views, values, and behaviour are shaped by scientific 
evidence, personal experience, and public discussion. Danny, who was one of 
the world’s great pessimists, emphasised the many difficulties, highlighting 
the forces of inertia, resistance to change, and fear of loss. Whilst he was far 
from optimistic about our ability to change as individuals, communities, and 
the world, he underscored the importance of the messenger rather than solely 
the logic and persuasiveness of the argument itself. He suggested that in the 
USA, for example, the ‘evangelical right’ and its leadership could be influen-
tial in shaping opinions in favour of climate action. Bishop James Jones, the 
former Bishop of Liverpool, expressed a similar view, seeing one of his key 
tasks as reaching out to this group, given his potential credibility with them.3

Many religious leaders around the world, across all faiths, have provided 
leadership on these issues. In June 2015, the late Pope Francis published his 
second encyclical, Laudato Si', which clearly articulated the importance of the 
environment, climate, and biodiversity in relation to economic development. 
This was just a few months ahead of COP21 in Paris. He was very skilful and 
effective in his use of language and ideas, for example stating on another occa-
sion, ‘If we destroy creation, then creation will destroy us’ and ‘God forgives 
always, we men forgive sometimes, but [nature] never forgives’ (Pope Francis, 
2014). Whatever your religious beliefs may be, and I note mine are not similar 
to those of Pope Francis, these tight, concise phrases convey real insight into 
the issues at stake. It is powerful communication. 

The media, traditional and social, have been very varied in their approach 
to communication relating to climate change. Climate deniers, sceptics, or 
minimalists/lukewarmers4 have commanded substantial attention, particularly 
on social media. There has been a recent resurgence in the promulgation of ideas 
that seek to delay climate action by discrediting or playing down climate actions, 
climate science, social movements, and the negative impacts of global warming. 
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Denying that global warming is happening or that humans are its cause is 
increasingly seen for what it is, irrational and unscientific. However, denialism 
has not gone away; indeed, Donald Trump still speaks of climate change as a 
hoax. But, on the whole, outright denial has been increasingly replaced by 
attempts to dismiss the scale of risk and exaggerate the cost of response.5 

It is important to be aware of, and to try to understand, how disinformation 
and misinformation evolve. Some public or publicly regulated communica-
tion outlets have, for extended periods, operated under the misguided belief 
that ‘balance’ required equal time and attention for serious climate science 
and climate denial. The BBC was guilty of this for a long period and eventually 
had to apologise (e.g., Today Programme, October 2017) (Hickman, 2018). 
As one scientist friend remarked, ‘A balanced discussion of science does not 
require putting up Coco the Clown against a Nobel Prize winning scientist, 
just because they hold different views.’

On the other hand, there have been outstanding communicators who have 
presented the evidence effectively. David Attenborough is an exemplary 
figure, with his powerful television programmes on the loss of biodiversity 
and its links to climate change. King Charles III in the UK has also, with 
persistence over many decades, been influential in promoting understanding 
of the deterioration of the environment and biodiversity, and the potential 
consequences. The leaders of small island states, such as Mia Mottley of 
Barbados, have been very effective. So too has Al Gore. We must also 
recognise the courageous involvement of journalists, lawyers, indigenous 
people, academics, communicators, innovators, investors, young people, and 
more in exposing inaction and driving response. Standing Up for a Sustainable 
World (Henry et al., 2020) highlights many of these transformative efforts.

Both the message, with its logic and conclusions, and the messengers are, as has 
been argued above, critical. Further, how the message is framed can also shape 
how it is received. In my view, and that of many others, it is crucial to combine 
the message of concern and fear over great risk, and thus the imperative to act, 
with a message of hope. The hope here is that, although it is late, it is not too 
late to make a profound difference to the prospects for future generations. Wise 
and purposive action can not only drastically reduce the risks but also lead us 
to a new growth path that is much more attractive than what went before. There 
are great communicators who can offer that message of hope, including Barack 
Obama, John Kerry, Christiana Figueres, and Mary Robinson, among others, 
alongside the late Pope Francis, David Attenborough, King Charles III, and Al 
Gore, as already highlighted. The late Prime Minister Meles Zenawi of Ethiopia 
also spoke and led powerfully on these issues. I have the privilege of being on 
the Council of Hope, founded in 2017 by the great leader and communicator 
Jane Goodall. All of these recognise and articulate very clearly the magnitude of 
the threat, but they also convey and communicate a vision of the promise of a 
new path of development. In the last century M.K. Gandhi and Nelson Mandela 
were inspirational on the creation of a new world, offering hope, leadership, and 
action, and both took the environment very seriously. This book is, I hope, itself 
a contribution to a spirit of hope. 
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Political action and youth activism

Activists, in particular the young, can and do keep climate action in the public 
eye and push the limits of what is politically possible. Generally speaking, the 
young show a higher concern about climate change than older generations. 
People Climate Vote6 found in 2021 that people under 18 are more likely to 
think climate change is a global emergency than other age groups – 70% of 
people under 18 think climate change is a global emergency, compared to 
65% of those aged 18–35, 66% of those aged 36–59, and 58% of those aged 
over 60 (United Nations Development Programme [UNDP] and University 
of Oxford, 2021). 

The world has witnessed strong public pressure from young people over the 
last two decades. Since Greta Thunberg’s first protest, aged 15, in 2018 at the 
Swedish Parliament, she has become an icon of climate activism. Her protest 
launched the Fridays for Future (FFF) movement, which spread quickly and 
around the world. The core demand of FFF has been delivery on the Paris 
Agreement. I was in the audience during her 2019 speech at the UN Climate 
Action Summit to dozens of world leaders. Her speech remains a pivotal 
moment in the history of climate awareness and activism:7

For more than 30 years, the science has been crystal clear. How dare 
you continue to look away and come here saying that you’re doing 
enough, when the politics and solutions needed are still nowhere in 
sight? (Thunberg, 2019).

There has been a clarity and simplicity in young people’s demands, dating back 
many decades. For example, Severn Cullis-Suzuki (from Canada) was just 12 
years old when she spoke out at the 1992 Rio Summit about environmental 
degradation and the responsibility of older generations to act (Grasso and 
Giugni, 2022). Veena Balakrishnan and young colleagues from across the world 
have led the Youth Negotiators Academy at the COPs and it has been a real 
pleasure to be asked, as a person from an older generation, to join their Wisdom 
Council and work with them. Their skill and energy are remarkable. Hilda 
Flavia Nakabuye founded Uganda’s FFF movement (see Henry et al., 2020) and 
has worked to empower more women to join the fight against climate change. 

In many cases, the young have moved from protest to proposal. In my 
own experience as a professor at LSE, I have seen our students move beyond 
demands for action to detailed and strong work on the elements of an agenda 
for action. For example, in 2017, LSE created a sustainability strategy after 
careful consultation across the whole university. Students played a key role 
in its formulation. Demand for courses with environment, sustainability, 
and climate elements continues to rise. Many of the best students seek grad-
uate study and research on these issues. They will play a strong role in the 
Global School of Sustainability, established in January 2025 at LSE with the 
aid of substantial support from an alumnus, Lei Zhang.
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Indeed, more than merely acting as protestors, the youth are now shaping 
policies and strategies, demonstrating how large-scale change happens. For 
example, youth groups have initiated climate litigation actions themselves 
(Nisbett and Spaiser, 2023). As of December 2022, around 34 cases across the 
world were presented on behalf of children and youth on a human rights basis, 
relying on evidence of these groups’ particular vulnerability to climate harm 
and including principles of intergenerational equity (United Nations Envi-
ronment Programme [UNEP], 2023).8 It was the initiative, and campaigning, 
of the Pacific Islands Students Fighting Climate Change – work that started in 
a classroom in Fiji – that eventually led to the landmark International Court 
of Justice opinion of July 2025 mentioned in the previous chapter.

Legal accountability

Beyond widespread recognition of the serious injustices associated with climate 
impacts, courts are being used to pursue accountability. As we saw in Chapter 3, 
wealthier countries and the richer groups are responsible for a high share of cur-
rent and historical emissions, yet the repercussions are felt earliest and hardest by 
the poorer nations and the poorer communities within societies. And it is the cur-
rent generations that are undermining the future opportunities of coming gener-
ations. There are major issues of ethics and justice around both intergenerational 
and international equity (see Chapters 3 and 6). The notion of injustice can be 
understood (following Sen, 1999, 2009) in terms of the actions of some denying 
rights to others. Here emissions harm opportunities and rights to development.

Legal action is being pursued along two broad lines. First, lawsuits are being 
brought against entities, often corporations, for depriving people or commu-
nities of rights or for the creation of damage to others. Though it was eventu-
ally (May 2025) dismissed, an exemplary case of this is Lliuya v. RWE, where 
a Peruvian farmer, Saúl Luciano Lliuya, filed a lawsuit against the German 
energy company RWE in 2015, claiming that its contributions to greenhouse 
gas (GHG) emissions were responsible for the glacial melting threatening his 
hometown of Huaraz. The case, which was allowed to proceed by the German 
courts in 2017, argues that the company, as one of the largest CO2 emitters in the 
world, should be held accountable for the increased risk of flooding caused by 
the melting glacier, which puts Lliuya’s community in danger. This was the first 
case in the world that relied on climate attribution science. The dismissal was 
not on the grounds of absence of liability for damage but because, in this case, 
the risk to the particular farmer was deemed to be very small.

Second, legal systems also play a growing role in enforcing climate 
commitments – where legal challenges are brought against entities, often 
governments, for failing to meet climate commitments. Through legislation 
and international agreements, countries commit to standards; these can 
become legally binding and subject to enforcement mechanisms within the 
nation. These legal frameworks provide a system of accountability for those 
failing to meet their obligations – they are part of the broader architecture 
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of global climate action. National courts and international tribunals are 
increasingly holding governments and companies accountable, putting 
pressure on the translation of promises into action. In total, Setzer and 
Higham (2024) reported that more than 2,666 climate litigation cases have 
been registered globally, with around 70% of them filed since 2015. 

Landmark cases like Urgenda v. The State of the Netherlands (2018) and 
Neubauer et al. v. Germany (2020) forced governments to strengthen emissions 
targets, given the respective governments’ failure to engage with their obligations 
under the Paris Agreement. In the USA, Juliana v. United States (2015), though 
ultimately unsuccessful, argued that government inaction on climate change 
violated the constitutional rights of young Americans. Litigation is also being 
used, for example, to demand the incorporation of climate risk into financial 
decision-making or by shareholder activists pursuing climate agendas. Many 
more climate litigation cases have been filed in the Global North than in the 
Global South, although it is the Global South that will suffer most severely 
from inaction on climate and although they, through their emissions, have 
contributed least to the problem (see Setzer and Benjamin, 2019).9

4.2 Technology, innovation, and the private sector
As argued in Chapter 1, the Paris Agreement has been a basic strategic founda-
tion and guiding star for much that has followed. The clear sense of direction 
embodied in the Agreement has built confidence for investment and techno-
logical innovation. This ‘Paris effect’ has created a global shift of investment, 
innovation, and research and development (R&D) in terms of major techno-
logical advances and new forms of private sector investment (Systemiq, 2020). 
Although this effect has gathered momentum in the private sector, govern-
ment strategy and policy is essential in continuing to enable progress – as will 
be discussed in Chapter 6.

The global agreements and national commitments associated with them 
have advanced markets for low-carbon technologies. Progress in solar, wind, 
and storage have made the clean become cheaper than the dirty in electricity 
generation across the world. That is increasingly true for surface transport via 
electric vehicles. Investments in clean technologies and infrastructure in one 
region have created global ripple effects, driving down costs and increasing 
accessibility across the world. Since 2015, progress on low-carbon technol-
ogies, investments, and markets has been much faster than anticipated and 
greater than many realise (Systemiq, 2023).

Transforming energy systems

At the heart of the action agenda is the global transformation of energy systems, 
with a rapid transition away from fossil fuels. And the rapid development 
and improvement of clean technology have given us a springboard for this 
transformation. Further detail on clean investment, positive tipping points in 
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cost and adoption, and other advances is provided in Chapter 5, along with 
other key dimensions of the new growth story. But it is important to introduce 
this progress in the first part of the book, because it is a foundation of much 
that follows.

The clean is already cheaper than the dirty across around 30% of emis-
sions and this proportion is rising quickly (Systemiq, 2020). Wind and solar, 
including storage, now offer the lowest cost means of generating electricity 
in most of the world (Bond et al., 2024). Many new technologies, including 
clean technologies, follow an uptake S-curve. Positive technological tipping 
points refer to critical cost and technology thresholds after which the tech-
nology out-competes incumbents on affordability, attractiveness, and acces-
sibility. Adoption and diffusion accelerate as a result. Through reinforcing 
feedback loops, such as learning by doing, the technology can become more 
efficient; economies of scale can reduce costs, attracting new investments and 
sales. Policies aimed at triggering positive tipping points can have an outsized 
impact on accelerating progress in the adoption of new and clean technol-
ogies and in reaping the associated benefits of these technologies (see this 
acceleration illustrated in Figure 4.2).

Such positive tipping points are being reached in more and more technologies; 
in other sectors or activities, they are close to being reached. For example, by 
2018, the levelised cost of electricity (LCOE)10 for new solar and wind was 
already lower than that for new coal and gas in many parts of the world. 
Other tipping points are on the horizon: unsubsidised battery electric vehicles 
(BEVs) are expected to reach purchase price parity with internal combustion 
engines (ICEs) by 2026–2027 in major regions (S&P, 2022). Green ammonia 
and green hydrogen are also gaining traction, with strong policies and major 
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projects expanding rapidly worldwide (Systemiq, 2023). Costs fell particularly 
rapidly in the decade 2010–2020. They are still falling and will likely continue 
to do so, given the intensity of R&D, learning-by-doing, economies of scale, 
and growing competition. The remarkable progress in cost reductions in 
renewable energy technologies is illustrated in Figures 4.3 and 4.4. The 
rollout of these technologies is already transforming energy systems around 
the world, making accelerated climate action more feasible and offering a 
renewed sense of hope.

Figure 4.3: Renewable power technologies: decreases in LCOE, 
2013–2023

Note: The costs are global averages, i.e., 
weighted averages of, for example, all 
solar projects. 
Source: Adapted from Bond et al. (2024, 
p. 8). Copyright 2024 The Rocky Mountain 
Institute, CC BY-SA 4.0.

https://creativecommons.org/licenses/by/4.0/
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In 2022, according to the International Renewable Energy Agency (IRENA, 
2023a), the worldwide average cost of electricity from solar photovoltaic (PV) 
reached US$0.049/kWh – almost one-third lower than the most economical 
global fossil fuel alternative. For onshore wind it was US$0.033/kWh – 
nearly half the price of the least expensive fossil-fuel-fired option in the 
same year. ‘Round-the-clock’ renewables (including storage) are already 
competitive with fossil fuels, provided capital costs are manageable. Costs of 
generation and storage continue to fall. Better grids reduce the storage needed 
(BloombergNEF, 2023; IRENA, 2023a). Investment in grids is crucial to the 
advancement of renewables on an economy-wide scale. But decentralised solar 
in villages or small towns can play a powerful role in expanding opportunities 
for poor people. 

Given that technical progress and cost reduction have moved so strongly 
in the past decade or so, it is striking that estimates of cost reductions and 
deployment have continually underestimated the pace of change (see Fig-
ure 4.5). At last, forecasts seem to be catching up with reality. And the world 
would be wise to plan for continuing technical progress and cost reduction in 
new low-carbon technologies.

As a consequence of rapid falls in costs, solar and wind deployment is 
exploding and global annual investments in renewables are already far higher 
than in fossil fuels. According to the International Energy Agency (IEA), for 
‘every USD 1 spent on fossil fuels, USD 1.7 is now spent on clean energy. Five 
years ago [in 2018], this ratio was 1:1’ (2023, p. 12) (see Figure 4.6). In 2025, 
this ratio is expected to reach 2:1 (IEA, 2025a). There is huge solar deploy-
ment potential for the world. China has played a crucial role in driving down 

Figure 4.4: Global levelised cost of energy for renewables

Note: The average cost per unit of energy generated across the lifetime of a new power 
plant. These data are expressed in US dollars per kilowatt-hour. It is adjusted for inflation 
but does not account for differences in living costs between countries. 
Source: Author’s elaboration using IRENA (2024) data – with minor processing by Our 
World in Data.
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the cost of solar panels and has accounted for the majority of global solar 
power deployment since 2015. Nevertheless, other countries are picking up 
quickly – we shall return to this in Chapters 8 and 9. China’s very large pro-
duction capacity for low-cost solar, and for wind power and batteries, embod-
ies great opportunities, particularly for the developing world.

Different countries have different potential in energy technologies. Land 
scarcity in Bangladesh and Indonesia limits solar potential relative to Africa, 
which has 60% of the world’s best solar resources (IEA, 2022). Some countries, 
for example those in northern Europe, are well-endowed with wind potential. 
Other countries such as Mongolia have strong potential in both. 

Progress in the new growth story has depended on policy and 
entrepreneurship. Indeed, promoting clean innovation through sound 
policy and the fostering of entrepreneurship is a fundamental aspect of 

Figure 4.5: Actual versus IEA’s projected LCOE of solar PV, 1970–2040

Source: Ives et al. (2021, p. 8). Copyright 2021 The Authors. Reproduced with permission.
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climate leadership. Two interrelated events that were key to achieving scale 
and falling costs are the early subsidies in Germany for solar in 2000 under 
their Energiewende policy (Öko-Institut, 2013; Trancik et al., 2015) and, 
partially in response to those initiatives, China’s industrial development and 
entrepreneurship. The boom in solar demand experienced in Germany gave 
an important push to the, at that time, pioneering solar manufacturing firms 
in China, which reacted by investing aggressively in the sector (Quitzow, 
2015). It is remarkable how advance has taken place even with, on the whole, 
rather modest policies across the world to support renewables. Technological 
acceleration really is possible. On the other hand, frequent changes of 
policy can undermine investor confidence. And some policies, for example 
in support of gas in the USA or coal in Indonesia and Pakistan, may lead 
to entrepreneurial interests and capacity which constrain future progress 
in renewables (see Chapter 6). Fossil-fuel subsidies remain substantial (see 
Chapters 5 and 6). 

In 2023, around 90% of global net power capacity additions came from 
solar and wind – versus 6% from fossil fuels (BloombergNEF, 2024a). 
In 2024, the majority of the increase in global electricity demand was met by 
the growing supply of low-emission sources, with 80% of the increase in global 
electricity generation being produced by renewable and nuclear sources (IEA, 
2025b). Further, clean energy technologies and infrastructure investment hit 
new records in 2024, reaching US$2 trillion (IEA, 2025a).

 The high-income countries and China are still playing a dominant role. 
However, emerging markets attracted more than double the total new renew-

Figure 4.6: Global investment in clean energy and in fossil fuels, 
2015–2025e

Note: 2025e = estimated values for 2025. MER = Market Exchange Rates. Other clean 
fuels = modern bioenergy, low-emissions H2-based fuels, and CCUS associated with fossil 
fuels, and also includes direct air capture.  
Source: Author’s elaboration using IEA (2025a) data.
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ables investment in 2023 than in 2018, and 85% of low- and middle-income 
economies deployed more renewables capacity relative to fossil fuels in 2023 
(Cuming, 2024). The shift has begun in these countries, although the scale 
remains small in relation to their economies, population, and opportunities, 
and in relation to the progress seen in high-income countries and China. 

Though the progress in clean technology has been remarkable, in many 
countries major barriers to investment persist. Figure 4.7 illustrates the recent 
increases in energy transition investment, with emerging markets and devel-
oping countries (EMDCs) other than China experiencing, indeed, smaller 
absolute amounts of investment and slower investment growth. In many 
cases, there are in these countries powerful barriers in the investment climate 
and the cost and availability of capital.11 These barriers will be a major theme 
for Chapters 8 and 9 in Part III of the book. 

Further, notwithstanding strong trends in renewables, it is important to 
recognise that investments in fossil-fuel extraction and use have continued 
in most regions worldwide. Globally, governments still plan to produce more 
than double the amount of fossil fuels in 2030 than would be consistent with 
the long-term temperature goal of the Paris Agreement (SEI et al., 2023). 

In pathways aligned with net zero by 2050, beyond the projects already 
committed as of 2021, the IEA has argued that there should be no new oil 
and gas fields approved for development, and no new coal mines or mine 
extensions (IEA, 2021b). The coal, oil, and gas extracted over the anticipated 
lifetime of coal mines which are producing or under construction and oil and 
gas fields as of 2018 would emit more than 3.5 times the carbon budget availa-
ble to limit warming to 1.5 °C and almost the entire budget available for 2 °C.

Thus, carbon budgets aligned with the long-term temperature goal of the 
Paris Agreement of well below 2 °C require that much of the existing capital 

Figure 4.7: Annual energy investment by selected country and region, 
2015 and 2025e

Note: 2025e = estimated values for 2025. MER = Market Exchange Rates.
Source: Author’s elaboration using IEA (2025a) data.
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stock will need to be retired early, retrofitted with carbon capture and storage 
(CCS), and/or operated below capacity (IEA 2023; Intergovernmental Panel 
on Climate Change [IPCC] 2022; Trout et al., 2022). Globally, this leaves no 
room for new fossil-fuel infrastructure if we are to stay on track with the goals 
of the Paris Agreement. Investing in such infrastructure today is, in effect, a 
bet that the world will fail to meet those targets – or that, even if fossil fuel 
use declines in line with the Paris Agreement, this particular investment will 
remain viable while others do not. The latter is a risky assumption – and one 
that many investors may ultimately find to be mistaken.

The role of artificial intelligence

The advances in green new technologies are occurring simultaneously with 
extraordinary progress in artificial intelligence (AI) and machine learning 
(ML, an AI subset). Applications that utilise these technologies can contrib-
ute to advancing both adaptation and mitigation action, as illustrated in the 
examples in Figure 4.8. One notable application is the use of image recog-
nition technology for monitoring and planning purposes. Deep learning, a 
subset of ML, can be used to enhance the classification and analysis of images 
provided in real time by satellites. For example, it can be used to classify 
images of vegetation cover to identify changes over vast areas, such as deser-
tification or deforestation, or to identify emission hotspots, for example of 
methane, through live satellite imagery (Vinuesa et al., 2020). In these cases, 
and many others, AI provides useful information to plan necessary biodi-
versity and climate-associated policies. Importantly, AI can also enhance our 
understanding of potential climate impacts, supporting more effective adap-
tation and resilience-building efforts. 
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and 
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use change 
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Figure 4.8: Examples of AI applications that can help advance 
adaptation and mitigation action

Note: MRV = measurement, reporting, and verification.
Source: Author’s elaboration drawing on UNFCCC (2024).
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AI applications are likely to have very powerful benefits in the design and 
management of systems, including cities, energy, transport, land, and water, 
which are central to driving the climate transition. They will be a powerful 
force in discovering new technologies, new materials, and the location of crit-
ical minerals. We will return to these and other AI applications in Chapter 5.

However, a key challenge that must be highlighted is the substantial elec-
tricity demand already associated with AI-related data processing. Those 
demands will continue to increase rapidly. For example, in the USA, nearly 5% 
of all energy used is directed toward data centres, a figure that has increased 
two-fold since 2018 (Dominici, 2025). It is estimated that electricity demand 
from data centres globally will more than double by 2030, which is equivalent 
to more than the entire electricity consumption of Japan today (IEA, 2025c). 
Accommodating this demand and ensuring it has zero-carbon supply will be 
challenging. 

On the other hand, the application of AI itself could help in reducing overall 
energy demand. For example, Stern et al. (2025) estimate that when looking 
at AI applications in only three sectors – power, food, and mobility – AI could 
reduce global business-as-usual (BAU) emissions by 3.2 to 5.4 GtCO2e annu-
ally by 2035 (Figure 4.9). These emissions reductions outweigh the estimated 
0.4–1.6 GtCO2e increase in emissions from the global power consumption 
of data centres based on all of AI’s activities (not just those related to decar-
bonisation). And it seems likely that AI applications to systems management 
and discovery in the future will be less energy intensive than the many other 
applications which require searching over literature, information, and data 
sources covering most of the world and most of the past.
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The private sector

Despite setbacks and slowdowns, the direction of travel on climate action 
over the decade since Paris has been positive, even though sharp acceleration 
now is required. For example, as Figure 4.10 shows, the number of net zero 
pledges by nations, states, cities, and companies increased from 2020 to 2024. 
Mark Carney, former Governor of the Bank of England and elected Prime 
Minister of Canada in early 2025, has described climate change as ‘the greatest 
commercial opportunity of our time’ (2020, p. 2). Indeed, much of the driving 
down of technology cost has been the result of investment, innovation, and 
going-to-scale in the private sector. The whole story of the green transition 
and the new model of growth is driven by investment and the majority of that 
will be in the private sector. The attraction of the private sector to these great 
investment opportunities has been growing since Paris COP21 in 2015. 

The private sector has responded to the overall strategic sense of direction 
embodied in Paris, to price and subsidy measures, to regulations against pol-
luting activities, to targeted transformation in many countries of economic 

Figure 4.10: Net zero coverage 2020 to 2024 (by number)

Note: Number of net zero pledges per entity group covered by the Net Zero Tracker 
database and growth since December 2020. Data for December 2020 and June 2023 are 
taken from Black et al. (2021) and Net Zero Tracker (2023). 
Source: Figure 1 in Net Zero Tracker (2024, p. 14). Copyright 2024 Net Zero Tracker. Repro-
duced with permission.
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and particularly energy systems, and to social pressures. A manifestation of 
their involvement, as mentioned in Chapter 1, is that COPs have now become 
much more than a meeting place for government officials. They are now a 
gathering also of private sector investors working in these sectors and of 
community and social institutions and groupings. Reflecting the increasingly 
important role of the private sector, the present trend is that national climate 
plans – the nationally determined contributions (NDCs, see Chapter 1) – 
now take a shape that helps private investments discern where they can ‘step 
in’ and invest.12 Also, fossil fuel companies now see the importance of their 
involvement and are present at COPs, although in large measure, it seems, to 
see if they can slow action.

There has been a wide range of initiatives collecting, monitoring, and 
facilitating private sector buy-in and commitments. The Science-Based 
Targets initiative (SBTi) was established to drive ambitious climate action in 
the private sector by enabling companies to set out GHG reduction targets 
aligned with a 1.5 °C future. The Race to Zero rallies non-state actors (including 
companies, cities, regions, financial institutions, and educational institutions) 
to take rigorous and immediate action to halve global emissions by 2030. 
And Climate Action 100+, a large investor coalition on climate change with 
more than 600 investors, is engaging with the world’s largest corporate GHG 
emitters to curb emissions, strengthen climate-related financial disclosures, 
and improve governance on climate change. Table 4.1 provides a summary of 
some of these and other private sector initiatives. 

Many investors and shareholders interpret companies’ actions on sustain-
ability as in their own interest, and some have prosecuted companies for lack 
of climate action or the misalignment of their sustainability aims and their 
behaviour. For example, the Pensions Board of the Church of England and 
the National Pension Fund of Sweden confronted 55 companies from Europe 
because of their ‘misleading and misaligned corporate lobbying practices’ 
(Church of England, 2018, paragraph 4). 

Nevertheless, it is also true that during times of difficulty – for example, 
associated with the war in Ukraine that started in 2022 – some companies, for 
example from the oil and gas sector, have diluted their climate commitments. 
In particular, both BP and Shell have weakened their carbon reduction tar-
gets, attributing this to future strong gas demand and uncertainty associated 
with the energy transition (Bousso, 2024). They may also be discovering that 
they over-estimated their potential advantages in the new low-carbon tech-
nologies and are going back to core business. 

Retreat has also taken place recently, in early 2025, in the USA under 
political pressure, particularly in Republican states. Indeed, there have been 
attempts to force financial institutions or major companies to reduce or 
reverse net zero commitments. These pressures may continue or increase as 
the new Trump presidency progresses. Since his re-election in late 2024 we 
have already seen the six largest American banks – Goldman Sachs, Wells 
Fargo, Citigroup, Bank of America, Morgan Stanley, and JPMorgan Chase – 
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depart from the Net Zero Banking Alliance (NZBA). The largest asset man-
agement company in the world, BlackRock, has also retreated from the Net 
Zero Asset Managers (NZAM) initiative (Dennis, 2025).13 Thus private sector 
commitment is not necessarily robust in the face of short-term political pres-
sure or energy crises. 

Notwithstanding some setbacks, and others will occur, the increase in private 
sector commitment over the last decade has been remarkable and the longer-
term trend seems unlikely to be reversed. The clean is becoming cheaper than 
the dirty across more and more sectors and positive technological tipping 
points are being unlocked. Further, as it recognises and embraces opportunities, 
the private sector can foster change in public policy by highlighting 
those opportunities and linking them to the new approach to  growth.  
The private sector is key to the credibility of this narrative, as it will be 
committing resources and taking risks. At the same time, the private sector 
can help create the conditions for investment and change by working with 
governments to identify obstacles to investment and the kinds of policies that 
can create the signals and confidence for investment in the new. 

4.3 International action in a changing world
From Paris COP21 onwards, international mechanisms for collaboration 
have been building beyond the confines of the United Nations Framework 
Convention on Climate Change (UNFCCC) and the COPs. Of special 
significance have been the collaborations between the finance ministries and 
between the central banks, including via the G20. MDBs and international 
financial institutions (IFIs) have been re-orienting their activities. Major 
strategic changes have taken place in key countries towards lower carbon and 
sustainability. In this section we describe and analyse these collaborations 
and changes. Whilst recognising that the second Trump presidency will 
be disruptive and create steps backward in the USA, the strategies and 
commitments have been growing over the past decade. In the world as a 
whole, they will continue, as they did during the first Trump presidency. No 
doubt other disruptions will appear on the way to 2050 and beyond, but the 
sense of direction is clear. 

We also emphasise the changes that are taking place in the EMDCs, where 
the bulk of economic growth will take place in the coming years. This growth 
– coupled with the fact, as we have seen, that investment in green technologies 
has been much smaller in these economies (except China) – implies that it is 
these countries that will see the main growth in emissions and it is here that 
climate action is of special importance. In large measure, it will be in these 
economies that the climate and biodiversity future of the world will be deter-
mined. And it is these countries that have the opportunity to leapfrog to a new 
form of development. 
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International collaboration

The UNFCCC and the COPs have been central to collaboration and agreements 
on climate. But for the last two decades, there has been increasing recognition 
that climate and the economy, or climate and growth and development, cannot 
be seen as separate subjects. Hence, increasingly and particularly post-Paris, 
it has been recognised that the responsibilities for climate action cannot be 
confined to the environment ministers, who have been the principal partners 
in the COP. For example, with Felipe Calderón and working closely with 
Andrew Steer, then head of the World Resources Institute (WRI), in 2013, 
we founded14 the Global Commission on the Economy and the Climate 
(GCEC; usually termed the New Climate Economy (NCE)) to explore and 
emphasise the economy-wide importance of climate action. The first report 
of the GCEC, Better Economy, Better Climate in 2014, showed that climate 
action could drive growth. The idea was gaining increasing traction before 
Paris 2015, and that in part helped to achieve and underpin the agreement. 
The NCE assembled evidence on the energy security and air pollution benefits 
of reducing emissions, possibly influencing China’s targets of reaching peak 
coal consumption by 2020 and peak emissions by 2030 (World Resources 
Institute [WRI], 2015). And Felipe Calderón’s engagement with the Colombian 
government influenced their decision to integrate climate into their five-year 
development plan (WRI, 2015). 

Recognition of the importance of the interweaving of climate and the econ-
omy led to the foundation of the Network for Greening the Financial System, 
the group of central bank governors, founded in 2017, with over 140 mem-
bers in 2025 (NGFS, 2025) and the Coalition of Finance Ministers on Climate 
Action, founded in 2019, with around 100 members in 2025.15 Among its core 

Figure 4.11: Frameworks for sustainable finance 

Source: Figure 1 in Climate Policy Initiative (2021, p. 1). Copyright 2021 Climate Policy. 
Initiative. Reproduced with permission. Courtesy of Climate Policy Initiative. 
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actions, the Coalition generates a space that enables ministries of finance to 
become lead agencies in NDC development and implementation. They do 
so by facilitating knowledge-sharing and peer-to-peer learning across min-
istries, and through capacity building. For example, the coalition developed 
a guide which details the climate action options finance ministries usually 
already have at their disposal, drawing on a wide range of member case stud-
ies (see CFMCA, 2024). A summary of these and other initiatives, both public 
and private, is provided in Figure 4.11. 

Climate and sustainability are also central now to the work of the G20. An 
example of particular significance was the work of the G20 Independent Expert 
Group (IEG) on MDBs established under the 2023 India G20 Presidency, 
chaired by N.K. Singh and Larry Summers (I was a member). It published two 
reports: The Triple Agenda for MDBs in June and A Roadmap for Better, Bolder, 
and Bigger MDBs in September 2023 (Singh and Summers, 2023a, 2023b). 
The first of these emphasised the importance of including global public 
goods, particularly climate and biodiversity but also pandemics, in addition 
to fighting poverty and promoting shared prosperity. The second – from the 
perspective of necessary investment for the Sustainable Development Goals 
(SDGs) and for climate, nested within the SDG framework – emphasised the 
importance of expanding (tripling) MDB finance and of MDBs working more 
with the private sector, including by taking more risk and functioning more 
effectively overall, including working better as a group. These reports have set 
the agenda for MDB reform since – placing particular emphasis on the role of 
MDBs in tackling today’s global challenges. We return to the elements of this 
agenda in Chapter 9. 

In 2025, the International Maritime Organization (IMO) sent a clear signal 
on the role of low-emissions fuels in the future of shipping. A landmark 
agreement was reached to introduce the first global levy on GHG emissions 
from ships. Set to take effect in 2027, the new rules will apply to a fleet that 
accounts for 85% of CO2 emissions from international shipping (International 
Maritime Organization [IMO], 2025). A carbon-trading mechanism will 
accompany the levy, allowing ships to trade emissions credits. The scheme is 
expected to generate around US$10 billion annually, which will be invested in 
low-emissions shipping technologies and fuels. However, this falls short of the 
US$60 billion that many had hoped for (Harvey, 2025). Despite opposition 
from several petrostates, and the USA exiting the talks before they concluded, 
the agreement marks a significant shift, with no other industry having made 
such a commitment at the global level.

The UN leadership itself, through its Secretary-General and Deputy 
Secretary-General, has long been in the vanguard of the arguments for 
action on climate. Ban Ki-moon championed the Paris Agreement. António 
Guterres and Amina Mohammed have constantly warned of the urgency of 
action and set that action in the context of development and its finance. In 
2022, Mohammed proclaimed that ‘we are living on borrowed time’ (2022, 
paragraph 3). In 2023, Guterres stated: 
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We are miles from the goals of the Paris Agreement – and minutes 
to midnight for the 1.5-degree limit. But it is not too late. We can – 
you can – prevent planetary crash and burn. We have the technol-
ogies to avoid the worst of climate chaos – if we act now. (2023, 
paragraph 13)

The UNFCCC has been at the heart of international commitment. Since Paris 
COP21 in 2015, the world’s international institutions have tilted strongly 
towards action on climate and important coalitions have been created, both 
public and private. Within this context of growing emphasis on climate in 
international institutions, we now examine the transition in major countries 
and groups of countries. 

The European Union
The EU has, mostly, been at the vanguard of multilateral cooperation in global 
climate efforts and negotiations. At the international level, the EU has played 
a leadership role in negotiations throughout the years. For example, in the 
negotiations for the Kyoto Protocol (1997), it pushed for binding emissions 
reductions, a contentious issue.16 It also significantly influenced other nations’ 
climate policies through its own actions. For example, by establishing an emis-
sions trading scheme in 2005, it provided an early model for market-based 
climate responses. Further, the European Green Deal (of 2019) set the goal 
of making Europe the first climate-neutral continent by 2050, including the 
target of reducing GHG emissions by at least 55% by 2030 compared to 1990 
levels. With this goal in mind, the Fit for 55 Package (2021) included some key 
revisions to the Emissions Trading System (ETS)17 and the introduction of a 
Carbon Border Adjustment Mechanism (CBAM)18. These targets and instru-
ments, together with other policy reforms, contributed to the sharp increase 
in the price of carbon on the ETS since 2018; the price reached a record level 
of over €100 per tonne of CO2 in February 2023 and is currently (Spring 2025) 
around €70 per tonne of CO2.

19 
However, the EU has much to do if it is to become a leader of the growth 

story of the 21st century. Its investment and its growth of productivity has 
been weak. In 2023, the European Commission tasked Mario Draghi – for-
mer Italian Prime Minister (2021–2022) and President of the European 
Central Bank (ECB) (2011–2019) – with writing a report on the future of 
competitiveness in the EU, in the context of US and Chinese leadership 
in growth of productivity. The 400-page report was published in 2024 and 
titled The Future of European Competitiveness. There, Draghi highlights the 
importance of closing the innovation gap between Europe and the USA and 
China, noting both that EU companies are specialised in mature technologies 
where there is limited potential to achieve breakthroughs, and that research 
and innovation spending in the EU is limited relative to the USA and China. 
In the last two decades, the sectors of the top three companies in terms of 
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R&D spending in the USA have changed, from automotive and pharmaceuti-
cal industries (2000s) to software and hardware companies (2010s), and then 
to the digital sector (2020s). This story has been different in the EU, where 
automotive companies have consistently dominated research and innovation 
spending. It seems that investment in the EU has remained concentrated on 
technologies and sectors where the productivity growth rates of larger com-
panies are slowing. And now the European car industry has serious problems, 
in large measure because the future is in electric vehicles and Chinese firms 
have a substantial lead. 

Draghi argues convincingly that it is critical that the EU unlocks its innova-
tive potential to lead in the new technologies of this century and incorporate 
their benefits into existing industries. The EU is behind in the breakthrough 
digital technologies that will drive future growth. For example, since 2017 
around 70% of foundational AI models have been developed in the USA. 
Also, though quantum computing seems to be a promising area of major 
innovation, none of the top 10 companies globally in terms of investment in 
quantum technologies are based in the EU – five are based in the USA and 
four in China (Draghi, 2024a). Trying to take advantage of the potentially 
powerful links between competitiveness and climate action (see also Chapters 
5 and 8) is part of the EU’s agenda.

Recent developments in the USA under the second Trump presidency, 
including in relation to defence and trade, have led to a still stronger focus in 
the EU on efficiency, productivity, and green technologies, as embodying the 
growth of the future. To this end, Ursula van der Leyen, the President of the 
European Commission, emphasised in her World Economic Forum (WEF) 
Davos January 2025 speech three key messages from the Draghi report: unify 
financial markets, reduce and harmonise regulation, and foster low and stable 
energy prices through renewable energy (World Economic Forum [WEF], 
2025). This shows the EU’s commitment to pursuing competitiveness and 
productivity and highlights ways forward which align with sustainability.

The United States

The recognition by the US government of the importance of climate action 
has shifted since the 1990s. It is an illustrative and important example of how 
the political pendulum can swing dramatically – for better, and for worse. 
At key moments they have been leaders and on other occasions obstacles to 
progress. 

In the early 1990s, under the administration of President George H.W. Bush, 
the USA was hesitant to commit to binding emission targets, emphasising 
concerns over implications for economic growth and energy security. Non-
binding targets were adopted in the initial UNFCCC agreement. But it must 
be recognised that without the strong personal commitment of the first 
President Bush, the success of the 1992 Rio Earth Summit and the creation 
of the UNFCCC would not have occurred. And it was another Republican 
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President, Richard Nixon, who created the US Environmental Protection 
Agency (EPA) in 1970. 

The narrative shifted towards stronger climate action under President 
Bill  Clinton, a Democrat, who supported the Kyoto Protocol (1997), with 
its binding targets. Vice President Al Gore was a real leader here and played 
a crucial role in delivery of the Kyoto agreement. However, the subsequent 
Bush administration (under the second President Bush, George W. Bush, a 
Republican) withdrew from the protocol, citing the lack of commitments 
from developing countries and overly stringent targets as major concerns 
(Depledge, 2005, p. 19).

Under President Barack Obama, a Democrat, there was renewed focus 
on climate security and promoting a low-carbon economy, and he showed 
real international leadership in the creation of the Paris Agreement of 
December  2015 (Zhang et al., 2017).20  It was the joint announcement of 
targets by Presidents Xi Jinping and Barack Obama in Beijing one year ahead 
of Paris that sent the message that both China and the USA sought a strong 
climate agreement. 

This collaborative approach was reversed when President Donald Trump 
took office in 2017. He rolled back numerous environmental regulations 
and withdrew the USA from the Paris Agreement, arguing it imposed unfair 
economic burdens. The response from many other US institutions to Trump’s 
withdrawal was striking and substantial, with states, cities, and businesses 
across the USA rallying to commit to the Paris goals (with initiatives like the US 
Climate Alliance for Cities and the ‘We are still in’ campaign), demonstrating 
strong domestic support for climate action irrespective of federal policies. I was 
at COP22 in Marrakech in November 2016 when the US presidential election 
results came through. The steadfastness of countries, the private sector, and 
NGOs in relation to the commitment to ‘keep going’ was remarkable. Under the 
first Trump presidency the cost advantages of renewables were such that the US 
solar industry grew by 128% between 2016 and 2020 (SEIA, 2024). The good folk 
of Texas, where solar power generation increased by more than 100% between 
December 2016 and December 2017 (Graves and Wright, 2018), may or may not 
take climate change seriously but they can recognise and act on cost advantages.

The Biden administration in the USA rejoined the Paris Agreement imme-
diately on taking office in 2021 and the Inflation Reduction Act (IRA) of 2022 
represents one of the most significant pieces of climate legislation in world 
history. It set a new course for a clean energy industrial strategy in the USA 
to drive investment and growth and support the achievement of decarbonisa-
tion ambitions, with around US$370 billion allocated to energy and climate 
investments. Rather than focusing on regulation or emission targets, the IRA 
sought to achieve decarbonisation through production and investment sub-
sidies, with 43.6% of the planned funding set aside for tax credits on green 
energy production (Landais et al., 2023).21 

An estimate from Rhodium Group (August 2024) indicates that support for 
US$78 billion in federal clean investment – almost entirely via tax credits but 
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also through grants and loan guarantees – occurred in the post-IRA period 
and that private spending in those technologies over the same period was 
five to six times larger than public investment. In fact, since the enactment 
of the IRA, clean investment accounted for more than half of the total US 
private investment growth. The fastest growth occurred in investment in the 
manufacturing of clean energy and transportation equipment and technol-
ogy, which saw, in the year and a half after the IRA, a more than quadrupling 
of the amount invested relative to the two years prior to the IRA’s enactment 
(Rhodium Group and MIT CEEPR, 2024). 

The election of Trump in November 2024 for a second term has brought 
a further, and very sharp, swing of the pendulum of US policy. Figure 4.12 
shows projected emissions, estimated in March 2024 during the presidential 
race, under a potential Trump presidency versus a potential second Biden 
(subsequently Kamala Harris) administration. But circumstances have 
changed greatly since 2016/2017, particularly in the advance of technology, 

Figure 4.12: The projected effect of the election of Donald Trump as US 
president in 2024 – US GHG emissions

Notes: Black line: Historical US GHG emissions 1990–2022, billions of tonnes of CO2 
equivalent. Red line and area: Projected emissions under the ‘Trump’ scenario where 
Biden’s key climate policies are eliminated. Blue line and area: Projected emissions under 
the ‘Biden’ scenario with the IRA and other key climate policies. Yellow: US climate target 
trajectory pledged by the Biden administration (50–52% by 2030). The range for each 
projection corresponds to results from six different models and uncertainty around 
economic growth, as well as the costs for low-carbon technologies and fossil fuels. This 
graph was created in March 2024, before Joe Biden withdrew from the presidential race. 
Source: Evans and Viisainen (2024). Copyright 2024 Carbon Brief. Reproduced with 
permission.
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with the result that today, shortly after the start of Trump’s second presidency 
in 2025, the clean is cheaper than the dirty across a wide range of sectors. The 
private sector momentum is strong. As noted, the first Trump presidency saw 
strong increases in investment in renewables and the cost advantages are still 
stronger now. Nevertheless, it is difficult to say whether US emissions will be 
as projected by Carbon Brief, as their analysis focuses on the impacts that 
Trump’s rollback of key Biden administration climate policies will have. The 
analysis does not consider additional measures that Trump could take, for 
example to increase fossil fuel extraction or undermine the energy transition.

How far and in what way President Trump will, in his second term, reverse 
and unwind this support remains to be seen. He will, one might suppose, want 
to take into account the many green jobs created in these new geographies and 
sectors in the USA. Many of these are in Republican voting states – over 70% of 
IRA-related investments were in Republican congressional districts (Nilsen and 
Rigdon, 2024). And he may be concerned about US competitiveness with China 
where there is a risk of the USA losing ground in the race for the technologies of 
the future. The private sector momentum in green technologies and investment 
is now very strong; indeed, the investors of, e.g., Texas may well continue with or 
accelerate their investments in solar and wind as the cost advantages in relation 
to fossil fuels widen still further. Nevertheless, President Trump’s commitments 
to undo climate progress are not only very dangerous for the world as a whole 
but will also directly affect US citizens, through job opportunities and future 
climate impacts. And they will damage the USA’s standing in the world – 
something we will discuss in the section ‘A new geopolitics’ and in Chapter 8. 

People’s Republic of China

China, the world’s largest emitter, recognises its major role in world emis-
sions, its own vulnerability to climate change, and the special vulnerability of 
poorer countries. Moreover, it recognises and is taking the great national and 
global economic opportunities in the green transition. 

Correspondingly, in the last few decades, China, whose approach in the 
international negotiations we have described in Chapter 3, has adopted 
increasingly strong climate strategies. The 13th Five-Year Plan for Economic 
and Social Development of the People’s Republic of China (2016–2020), where 
the country sets its economic and social goals, established targets for reducing 
carbon intensity (emissions per unit of GDP) by 18% by 2020 compared to 
2015 levels and to increase the share of non-fossil fuels in the energy mix 
to 15%. The following 14th Five-Year Plan (2021–2025) set more ambitious 
targets, including reducing carbon intensity (emissions per unit of GDP) by 
13.5% and increasing the share of non-fossil fuels to around 20% by 2025. It 
also emphasised innovation in green technologies and the development of 
a low-carbon economy. Further, in 2020 China announced its ‘dual carbon 
goal’ to peak carbon emissions before 2030 and achieve carbon neutrality by 
2060. It will peak well before 2030, and indeed may do so in 2025 (Climate 
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Action Tracker, 2024). And it is now expanding its ETS, while also increasing 
its penalties for non-compliance in energy-intensive industries.

China has made extraordinary strides in its ability to produce capital 
equipment for renewables on great scale and at low cost, and in installing 
that capacity. In 2022, solar power capacity added in China was 45% of the 
global total installed that year (IRENA, 2023b). By July 2024 China’s solar 
production capacity was more than 1200 GW per annum and rising (Climate 
Action Tracker, 2024); it is adding 300 GW of renewable capacity internally 
each year (S&P Global, 2024) – compared to a UK total installed capacity of 
all forms of around 100 GW (Ember, 2024a) – and can now produce solar 
panels at a cost of around US$0.10 per watt compared with around US$0.30 
per watt elsewhere and costs of around US$2 per watt in the world in 2010 
(IEA, 2020; Swanson and Rappeport, 2024). A major global opportunity and 
challenge will be to use that remarkable production capacity for installations 
across the world (see Chapter 9). 

China also dominates in the production and deployment of electric vehicles 
(EVs). It is by far the largest EV market and producer. In 2023, more than half 
of the EVs on the roads of the world were situated in China. In 2024, estimates 
indicated that 45% of vehicles sold in China were EVs (IEA, 2024a). It also 
dominates at various points in the supply chain – for example, by 2025 more 
than 70% of all EV batteries ever produced were made in China (IEA, 2025c). 
This is driven largely by the low cost at which China can produce batteries – 
they are cheaper than in Europe and North America by over 30% and 20%, 
respectively (BloombergNEF, 2024b). 

The rapid growth in clean technology production was strongly influenced 
by Chinese government support (Myllyvirta, 2024), but it is also a result 
of powerful competition and entrepreneurship in areas which the Chinese 
industrialists and the government have identified as the technologies and 
products of the future.22 These developments in power, EVs, and green growth 
are illustrated in Figure 4.13, showing that China has made great strides in 
embracing a new approach to development and seeking to achieve ‘harmony 
between humans and nature’.

At the same time as noting the remarkable advance in renewables and EVs 
in China, we should also note that it is still opening coal-fired power stations. 
China began building around 95 GW of new coal-power capacity in 2024, 
the highest rate since 2015 (Centre for Research on Energy and Clean Air 
[CREA] and Global Energy Monitor [GEM], 2025). That likely arises from a 
still strong emphasis on energy security, given turbulence in the Ukraine, in 
the Middle East, and in US politics. Renewables will, over time, squeeze out 
coal and plants will retire or run below capacity.

In my view, based on nearly four decades of working on and in China 
and extensive discussions with policy-makers there, China’s rapid economic 
change towards the development and use of clean technologies has been 
driven by four considerations. First, the country is very vulnerable to cli-
mate change and recognises both that its own emissions are large and that 
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its actions influence others, so that its own activities are major determinants 
of the world’s climate. Second, China has been very worried about air and 
other pollution in cities, with senior figures making remarks of the following 
kind, ‘What is the point of all this advance in material development if we can-
not breathe in our cities?’ Third, China recognises the tremendous potential 
in its next stages of development, which lie in a new growth story based on 
clean and efficient technologies. Fourth, China sees that by developing new 
technologies quickly and going to scale it can capture new markets around 
the world. Taken together, these arguments are powerful and have led to the 
dramatic changes we are witnessing. These arguments give reasons to believe 
that these strategies and changes in China are robust and will continue.

The next plan, the 15th (2026–2030), will be of paramount importance 
in the world. It is likely to accelerate action and further emphasise China’s 
leadership. As planning goes forward, in 2024–2025, for this plan China will 
revisit its NDC climate pledges. Clean energy and industry are becoming a key 
part of China’s economic and industrial development: in 2023, clean energy 
was the top growth driver of China’s economic expansion, accounting for 40% 
of GDP growth (Myllyvirta, 2024). Solar was the largest contributor. China’s 
leadership on these fronts will shape global power dynamics and economic 
geography. It is likely that in the 15th Five-Year Plan, China will emphasise 
high-end manufacturing (including AI), the expansion of the service sector, 
and the pursuit of the green transition. 

EMDCs: pushing for climate action and growth

The EMDCs have great opportunities to leapfrog the dirty development stages 
and also face major adaptation challenges. The future of their emissions, given 

Figure 4.13: China is embracing a new approach to development under 
the principle of ‘harmony between humans and nature’

Sources: Author’s elaboration using IRENA (2023b), IEA (2024b), Myllyvirta (2024), and 
You (2024).

In 2023, clean 
energy 
accounted for 
40% of its GDP 
growth

China exceeds expectations set in 
14th FYP (2021–2025): 

2023 2024 2025

Seems to be close 
to achieving 2030 
peak 
emissions aim

Surpassed 2030 aim 
of 1,200 GW of wind 
& solar capacity

Ahead of plan (with 2030 aims)

15th FYP (2026–2030) will 
be critical for the world's 
future.

In 2022, solar PV 
capacity added 
in China was 45% 
of the global 
total 

2022

In 2023, more than half of the EVs 
on the roads of the world were 
situated in China.



142	 THE GROWTH STORY OF THE 21ST CENTURY

their population and likely growth, will be the single biggest geographical 
determinant of our climate futures. Progress on these fronts requires strong 
and urgent investment. There is both an opportunity and an imperative.

For much of the past three decades, developed nations led international 
climate negotiations in terms of setting the agenda. At COP21 in Paris (2015), 
Europe and the USA played key roles in securing a strong agreement.23 The 
breakthrough in Paris was partly due to USA–China cooperation. When, as 
we have noted, President Obama and President Xi announced their climate 
targets in Beijing (2014), they set a collaborative tone that helped shape the 
final agreement. Key negotiators like John Kerry and Todd Stern from the 
USA and Xie Zhenhua from China built relationships that allowed China and 
the USA to align their positions, creating space for broader international con-
sensus (see Stern, 2024). Whilst the small island states played a crucial role, 
at the time, the EMDCs as a whole were not the driving force behind the 
climate agenda. The EMDCs did participate in shaping the agreement, but 
their primary focus was ensuring that rich countries took the lead in cutting 
emissions and delivering financial support. They saw these as necessary con-
ditions before committing to stronger action themselves. 

EMDCs, understandably, continue to exert pressure on rich countries on 
those two key dimensions, but they have become more flexible, particularly 
as the opportunities in the new growth story become ever more visible and 
tangible. And their vulnerability to climate change is ever more obvious and 
threatening. At COP23 in Bonn (2017), the Fiji COP,24 they played a central 
role in the Talanoa Dialogue, a process aimed at increasing climate ambition. 
At COP26 in Glasgow (2021), they successfully pressed for stronger climate 
commitments, demanding the long-promised external support of US$100 
billion per year be fulfilled. At COP27 in Sharm el-Sheikh (2022), they won 
a historic victory with the establishment of the Loss and Damage Fund, 
securing financial assistance for nations hit hardest by climate disasters. 
Whilst the sums in the Fund are miniscule relative to the problem, a principle 
was established.

As noted, small island states have long fought for stronger action and were 
very influential in securing the Paris Agreement and the retention of the 
1.5 oC target (see Stern, 2024). Larger EMDCs are also setting the pace. China, 
India, Brazil, and others are driving investment in renewable energy, clean 
infrastructure, and other green opportunities, reshaping the global response 
to climate change. EMDCs are no longer waiting for richer nations to lead. 
On the other hand, the scale of investment necessary for their transition will 
require strong external financing flows if it is to move at the pace necessary for 
the Paris Agreement (see Chapter 9). 

EMDCs: the next growth engine

In the coming decades, EMDCs will shape the global economy. Since 2000, 
EMDCs have contributed an average of 60% of annual global growth – 
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double their share in 1990s – and this figure is set to rise to 65% by 2035 
(Perez-Goropze et al., 2024; World Bank, 2025). Driven by urbanisation, 
infrastructure investment, and rapid population growth, this expansion will 
have profound consequences for emissions and climate action. 

EMDCs vary widely, from economic powerhouses like India and Brazil to 
some of the least developed nations. Although China is an upper-middle-in-
come country, it is often analytically excluded from the EMDC grouping because 
its energy investment and technological advances have been very distinctive 
and require their own analysis. And China does not need external finance. We 
have indicated where China has been excluded. China is indeed a special case 
within the EMDC story. It has the world’s largest GHG emissions and has half 
the world’s coal power plants. At the same time, China leads in cleantech inno-
vation and manufacturing as well as electrification. It outperforms the USA and 
Europe on a number of fronts – in 2023, for example, China added more solar 
capacity and sold more EVs than the USA in 30 years (Butler-Sloss et al., 2024). 

A common challenge faces the EMDCs: delivering better living stand-
ards without following the high-carbon path of past industrialisation. While 
advanced economies bear most historical responsibility for climate change, 
the future depends on choices EMDCs make now. Their decisions – on energy 
systems, infrastructure design and build, and patterns of consumption – will 
lock in emissions trajectories for decades. 

In 2024, advanced economies grew at an average rate of 1.7%, whereas 
EMDCs (other than China) expanded at around 4% (IMF, 2025). This growth 
is driven by ‘catching up’ technologically, young populations, growing ser-
vice and industrial activity, rapid urban expansion, and the associated invest-
ments. Young, rapidly expanding populations contribute a potential ‘demo-
graphic dividend’ as more people enter the workforce and stimulate demand 
for goods and services. The extent of that dividend depends on education, 
skills, and complementary infrastructure. Cities are being built at pace with 
roads, housing, and public services demanding energy, land, and materials. 
As income and output rise, so does energy use both in industry and con-
sumption. Transportation illustrates the challenge: booming car ownership 
increases pollution and emissions unless cities invest in public transportation 
and low-carbon alternatives. Most EMDCs are moving through income levels 
where the income elasticity of demand for energy is strong.25 Energy demand 
is surging, driven by growing populations and rising incomes, although 
energy consumption per capita remains relatively low in many EMDCs (IEA, 
2021a). The world’s population will grow by 1.9 billion by 2050, with all of that 
growth taking place in EMDCs (other than China) – especially in sub-Saha-
ran Africa and South (and Southeast) Asia (Gu et al., 2021). 

Neither EMDCs nor the world can afford for EMDCs to follow the old model 
of fossil-fuelled growth, building the dirty first and attempting to ‘clean up’ later 
(Dhakal et al., 2022). These countries are among the most vulnerable to climate 
change, facing rising threats from extreme heat, floods, and other climate-re-
lated disruptions. Without decisive action, climate change could stall or even 
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reverse development progress. While advanced economies have historically 
contributed a much larger share of cumulative emissions, and many EMDCs 
rightly assert their right to development and the need for international support, 
the dangers from a ‘business-as-usual’ approach, in the sense of following past 
models, are immense. If EMDCs adopt carbon-intensive growth paths, limiting 
global warming to well below 2 °C will quickly become unattainable, intensify-
ing climate-related risks and undermining development gains. 

Yet EMDCs (other than China) also have an unprecedented opportunity. 
Because much of their infrastructure has yet to be built, many of them can 
leapfrog straight to cleaner, more efficient technologies. Many are rich in 
renewable energy – 70% of the world’s solar and wind resources and 50% of 
critical minerals are in the Global South (Singh and Bond, 2024). Investing in 
renewables can meet the rising energy demand in these economies without 
deepening fossil fuel dependence. 

The economics have shifted in their favour. Solar, wind, and battery costs have 
plummeted and are still falling, making clean energy the most affordable way to 
expand electricity access. With millions still lacking power, meeting their needs 
through renewables would transform lives without driving emissions. They rep-
resent an engine for new industries, jobs, and economic leadership. Despite the 
potential, many EMDCs struggle to break out of low-income status. Progress 
on this has slowed or stalled since the early 2000s (World Bank, 2025). Given 
limited budgets and the scale of necessary infrastructure and other investment, 
without external support the green transition will be difficult. As we shall show 
in Chapter 9, the green transition, at the pace necessary, will require much larger 
financial flows from private investors, multilateral institutions, and advanced 
economies than we have seen in the past or than have yet been committed. 

India is beginning to lead on the global stage. Its G20 Presidency in 2023 
(see Chapter 9) was an important example, as are several initiatives that it 
co-founded, including the Coalition for Disaster Resilient Infrastructure 
and its solar initiatives. Through initiatives like the  Leadership Group for 
Industry Transition, the country also aims to develop industrial applica-
tions in high-emitting industries like steel and cement, including the use of 
green hydrogen. Brazil followed India as G20 President in 2024 and is host-
ing COP30 in 2025, a unique combination of leadership roles which Brazil 
is putting to good use.26 It will be followed in its G20 presidency by South 
Africa. The trio of India, Brazil, South Africa offers a real opportunity to move 
EMDCs to centre stage in setting the world agenda. India is likely to host the 
UNFCCC COP33 in 2028.

India has also emerged as a leader in solar energy. In 2023, it became the 
world’s third-largest solar and wind power generator, behind only China and 
the USA (Ember, 2024b). Additions of solar PV and onshore wind are expected 
to more than double by 2028 (compared to the period 2018–2023) (IEA, 
2024c). The International Solar Alliance (ISA), headquartered in India, is fos-
tering global cooperation in solar technology. India has proposed the ‘One Sun, 
One World, One Grid’ and a ‘World Solar Bank’, aiming to harness solar energy 
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at a global scale. In the first quarter of 2024, renewables accounted for 71.5% 
of India’s new energy capacity added (Institute for Energy Economics and 
Financial Analysis [IEEFA], 2024). India’s large population and rapid economic 
growth make it crucial to global climate action. It is India that will experience 
the world’s largest surge in energy demand over the next three decades.

Brazil, for long a leader in hydropower, is accelerating investment in solar, 
wind, and biofuels. In 2023, renewables supplied 93.1% of the country’s elec-
tricity, making its grid among the cleanest in the world (Ministério de Minas 
e Energia, 2024). Hydropower still dominates, but solar and wind are growing 
rapidly, with PV projects expected to account for 70% of all new capacity in 
the coming years (IEA, 2024d). Brazil is also a pioneer in second-generation 
biofuel, with flex-fuel cars covering a large share of its domestic market (IEA, 
2024d). At the same time, oil and gas continue to play a major role in Brazil’s 
economy and politics, shaping energy investment decisions even as the coun-
try advances its renewable energy ambitions. Following current production 
projections, by 2030 Brazil is set to become the world’s fifth-largest oil pro-
ducer (Rystad Energy, 2024).

Chile is a model for renewable energy policy and planning. In 2023, around 
half of its electricity came from renewables, and the government aims to reach 
80% by 2030 (IEA, 2024e; Ministry of Energy, Government of Chile, 2022). 
Chile’s transition has been carefully guided by long-term policy frameworks 
and strong public–private partnerships, making it one of Latin America’s 
most attractive destinations for green investment. 

Further, China is helping drive clean energy expansion in partner devel-
oping countries. Investments in Malaysia and Vietnam have turned them 
into major exporters of solar PV technology, with PV products now making 
up 10% and 5% of their trade surpluses, respectively. Indeed, China’s invest-
ments in clean infrastructure and manufacturing in developing countries are 
reshaping global investment in clean energy. Though originally focused on 
fossil-fuel infrastructure, the Belt and Road Initiative (BRI) pivoted in 2021, 
pledging to end financing for new coal plants (Bian et al., 2024).27

With their huge renewable potential and pressing development needs, 
investments are urgently needed in EMDCs (other than China). They would be 
expected to account for nearly 50% of the increase in clean energy investment 
by 2035 on a global trajectory to meet global climate goals (Bhattacharya 
et al., 2024) (see Figure 4.14). Though many EMDCs are making progress 
in the green transition, more than 90% of the clean energy investment 
increase between 2019 and 2023 occurred in developed nations and China 
(Bhattacharya et al., 2024) (see also Figures 4.15 and 4.16). 

For many poorer countries, finance for renewables remains prohibitively 
expensive. In Africa, solar power is cheaper than fossil fuel electricity if capital 
cost is 7–10%, but not if it is the 20% plus faced by much of Africa (see Energy 
Transitions Commission, 2023). The cost of capital for utility-scale solar PV 
projects in EMDCs (other than China) is more than twice that in advanced 
economies (IEA, 2023a). There are also often barriers in public decision-
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Figure 4.14: Clean energy investment needs by economic regions for 
2030 and 2035

Note: Clean energy investment needs are estimated based on IEA projections, supple-
mented with additional figures to account for early coal phase-out and just transition- 
related costs. 
Source: Figure 1.2 in Bhattacharya et al. (2024, p. 15). Copyright 2024 The Authors. Repro-
duced with permission.

Figure 4.15: Increase in annual clean energy investment in selected 
countries and regions, 2019–2023e, billion US$ (2022)

Note: 2023e = estimated values for 2023.
Source: IEA (2023, p. 14). Copyright 2023 IEA, CC BY 4.0.

https://creativecommons.org/licenses/by/4.0/
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making, land availability, grid structures, and so on. Investment requires 
confidence in revenue streams, in the ability to manage costs, and in being 
able to get things done. Much of that high cost of capital in poorer countries is 
due to perceived risk. Some of that risk is real, for example exchange rate risk 
and creditworthiness of utilities. But perceptions of risk are often exaggerated. 
We return in Chapters 5, 6, and 9 to ways to overcome the financial barriers, 
increase flows, and lower the cost of capital.

At a broad level the conclusions for the action agenda for EMDCs (other 
than China) should be clear: improve the investment environment, radically 
bring down the cost of capital, and help them procure at the cheapest source 
for supplies. 

4.4 A new geopolitics
It is the developed countries and China that have dominated past emissions. 
And they have, on the whole, up to COP21, dominated climate negotiations. 
The developed countries, although their emissions remain high relative to the 
developing world, have led the way in emissions decline. China’s emissions 
will start to decline in the next few years; indeed, they may be around their 
maximum now. 

However, as we have seen, the future of emissions growth will now be in 
EMDCs (other than China), and these countries are increasingly leading the 
debate on climate action. They recognise the growth potential in the new model, 
and they particularly will have to build the resilience in the face of climate 
forces to which they are especially vulnerable. Leadership is increasingly with 
these countries, both in terms of where the crucial investments will be located 
and in climate discussions. 

Note: These figures relate to developing and emerging economies, excluding China. 
Source: Figure 2.11 in IRENA and CPI (2023, p. 58). Copyright 2023 IRENA, and CPI. 
Reprinted with permission.

Figure 4.16: Renewable energy investments in developing and 
emerging markets, by top countries, 2013–2020 
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It is in EMDCs (other than China), as we have seen, where the solar potential 
is concentrated and many of them are endowed with the minerals which will be 
of increasing importance in new technologies. This combination implies that 
the weight of economic geography is moving towards them (see Chapter 8). 

China and the USA will, in very different ways, be central to how this new 
economic geography and geopolitics play through. China will respond to the 
change brought by the second Trump presidency, so let us begin briefly with 
how that might develop. I write this just a few months into that presidency. 
Some future strands seem fairly clear. But others are unpredictable. Indeed, 
unpredictability appears to be an inherent part of this Trump presidency.

Amongst the strands that are clear is the radical reduction or abandoning of aid. 
Much of the support for activities associated with the US transition away from 
fossil fuels and reducing emissions will be cut off.28 There will be a sharp move 
away from multilateralism. The USA has already announced its withdrawal from 
the World Health Organization (WHO) and the Paris Agreement. Military sup-
port for Europe will be diminished, for Ukraine in particular, but also in terms of 
the robustness of the US commitment to the North Atlantic Treaty Organization 
(NATO). Protectionism in relation to trade will rise strongly.

All these examples, and they are of great importance, together constitute 
a stepping away from, and scaling down of, the constructive involvement of 
the USA with the rest of the world. These are the embodiment of an America 
First strategy where the interests of the USA are as interpreted by the Trump 
administration. Often that interpretation will be, in the view of many, narrow, 
short-sighted, and transactional. 

The USA’s withdrawal on the economic, environment, and health fronts 
comes, however, with some possible expansion on the territorial front, as 
witnessed by Trump’s articulated intentions towards Greenland, the Panama 
Canal, Canada, and Gaza. The combination of economic and territorial 
threats, together with the weakening of the USA commitment to NATO, 
has led other coalitions to move more strongly together on defence. And the 
EU’s commitment to implement the Draghi Report (2024a, 2024b) is likely to 
become stronger in terms of innovation, productivity growth, and the energy 
transition. As Ursula von der Leyen put in in her speech at WEF Davos in 
January 2025, the EU will seek to integrate more closely each of its finance 
and energy markets and co-ordinate on reductions in regulation (WEF, 2025). 

The foreign ministries of China and India, hitherto with a tense relation-
ship, have indicated their desire to work more closely together (Dayal, 2025; 
Kugelman, 2025). The Brazil, Russia, India, China, and South Africa (BRICS) 
organisation is widening membership, particularly in response to these new 
US positions.29 And Africa, in particular, will be looking to enhance its coop-
eration with China, and Asia more generally. 

As space is vacated, others will step in and look for new alliances. It is clear 
that China sees these new developments as an opportunity and is looking 
forward strategically. Its potential leadership on the climate front will become 
still stronger. First, China will show the powerful example of its own transi-



A CHANGING WORLD: OPPORTUNITIES FOR ACCELERATION	 149

tion, which, as we have seen earlier in this chapter, is gathering pace. Second, 
it will be working with other countries to create and make use of the tech-
nologies in which it has become a world leader. These include renewables, 
storage of electricity and grids, EVs, and green hydrogen/ammonia. Third, 
China will work with other countries to make the most of their great exper-
tise in implementation and delivery, particularly in relation to infrastructure. 
Fourth, it will make greater use of its powerful development banks. All these 
are predictions we can make with confidence. 

China is likely to advance its influence on the trade front. As US-inspired 
tariffs wars intensify (as of 2025), China will open up trade with the developing 
world more strongly. And it has already announced zero tariffs for goods from 
developing countries. The Trump approach to international interactions is 
therefore likely to intensify existing trends of power and influence moving 
away from the USA. The Chinese economy has been bigger in purchasing-
power parity (PPP) terms than that of the USA for more than a decade. In 
2024 the developed countries’ share of the world’s output (in PPP terms) was 
around 40%, compared with 58% in 2000 and 64% in 1980 (IMF, 2024). Of the 
remaining 60%, the EMDCs (other than China) constituted around 40% and 
China around 20%. The EMDCs will look to each other and China for growth 
in demand, trade opportunities, technologies, and finance. And they will 
not be confident, should the need arise, of military support from the USA. 
Further, Europe, China, and India will be exploring ways in which they can 
work more closely together. 

On the climate front these changes in geopolitics, both the underlying 
trend and the shock from Trump’s second presidency, will see leadership pass 
towards China and the developing world. Brazil’s COP30 in Belém in Novem-
ber 2025 is likely to move more effectively and strongly without the USA. The 
USA stepping back will be disruptive, but it will not derail climate action. 
In some ways it will simplify discussions, strengthen resolve, and see others 
taking the lead. 

At the same time, there will be those who might argue that if the USA is 
moving less quickly, then their own obligation to move is reduced. And the oil 
and gas companies see an opportunity to loosen or abandon commitments to 
the transition, as Shell and BP have done. Some financial institutions are already 
diluting or abandoning commitments as a result of pressure from US Federal 
institutions and some state governments. US climate science has been a leading 
force in the Intergovernmental Panel on Climate Change (IPCC) and support 
for climate science in the USA is being sharply reduced or abandoned. 

Thus the geopolitics and the new circumstances do not all point one way on 
climate action. My own judgement is that the underlying forces for change – 
in terms of the lived experience of climate change becoming ever more severe, 
the advance of clean technology becoming ever more rapid, and the realisa-
tion of the attractions of the new form of growth – will enable world action 
on climate change to ride out this storm. And it will see a permanent change 
in the balance of leadership. Experience will give its own judgement on these 
predictions before too long. 
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4.5 Concluding remarks: the agenda
We have seen from the science that without radical changes current policies 
will put the world on a path of emissions that could result in a global temper-
ature increase of close to 3 °C this century. The science tells us that the poten-
tial consequences of such temperatures are so severe that emissions must be 
cut sharply, starting now, and reach net zero by 2050. And we have seen from 
the work of the IPCC (2018), comparing 1.5 °C and 2 °C, that 2  °C would 
expose the people of the planet to great danger, including the possibility of 
dangerous tipping points. 

The agenda for action is determined both by the urgency and by the scale of 
action necessary to tackle the immense risks and to embrace the opportunities 
for a new form of growth. Fundamental structural and systemic change will 
be necessary. And large-scale investment, and the innovation it embodies, 
will be at centre stage. This investment represents an imperative for climate 
action and an opportunity in the new form of growth.

The overarching tasks

The 3 °C path we are currently on would be catastrophic, likely existential for 
many hundreds of millions, possibly billions, of people. Therefore, the first 
and overarching task on the agenda is cutting emissions sharply and moving 
to net zero by mid-century. 

It now seems likely, given the delays in taking action, that the world will 
overshoot 1.5 °C. Indeed, 1.5 °C is likely to be exceeded within the next dec-
ade. That has important implications for the agenda. First, the challenge of 
adapting to the climate change which is now unavoidable will demand strong 
action and investment. The ever-increasing scale of the challenge is illustrated 
by the latest (2025) data on droughts and floods collected by NASA’s GRACE 
Programme. Since 2019, the intensity or frequency of extreme dry and wet 
events (defined as beyond one standard deviation from the mean) has dou-
bled globally. In other words, around 2025 the world’s water systems, and 
related activities, have to deal with extreme droughts and floods twice as often 
relative to 2019.30 That is an indication of how fast the challenge of adaptation 
and resilience is intensifying. The pace of change is deeply worrying and the 
investment required for water infrastructure to cope with these extremes will 
be very demanding. Second, the overshooting of 1.5 °C will require substan-
tial action for carbon dioxide removal (CDR), and research and innovation 
on bringing down the costs of CDR are essential. It also raises the possibility 
of solar radiation management (SRM), although that seems likely to have its 
own inherent and potentially immense risks (see Chapter 9). 

The topics on the agenda then move to how the necessary reduction in 
emissions and building of resilience, or adaptation, can be achieved. And the 
context for this is a world that has major development challenges and has pov-
erty across the various dimensions of well-being affecting billions of people. 
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The SDGs set in 2015 were indeed intended directly and specifically as targets 
for a sustainable response to the development and poverty challenges. The 
core of the action agenda therefore must be the overarching task of combining 
all three of the following: 

1.	Development and poverty reduction across all dimensions of well-being. 
2.	Rapid and large emissions reductions, i.e., mitigation.
3.	Adaptation and the building of resilience. 

We have seen in this chapter that there is momentum for change. The action 
has started. There are some positive tail winds. But we are moving too slowly. 
Acceleration is crucial. Change on the necessary scale and pace will not be 
easy. There will be opposition. The new geopolitics has some difficult strands. 
But climate action, as embodied in the Paris Agreement, is both necessary 
and possible. And it will deliver development, growth, and poverty reduction.

The key instruments and mechanisms

This rest of the book tells the story of how development, mitigation, and adap-
tation can indeed be pursued together. The necessary actions to advance on 
all three fronts constitute the agenda. The key elements will be, on the one 
hand, investment and innovation and, on the other, systemic, structural, and 
technological change. 

Investment and innovation will drive change across the whole economy. 
There is an investment imperative from the climate and biodiversity crises 
and an opportunity in creating a new path to development. The necessary 
investment is substantial, as we have seen. The conditions for investment 
and its finance will be critical. Nations and the international community and 
institutions will have to work individually and together. Clear strategies are 
needed for the short, medium, and long term. 

All of the actions have to keep urgency and scale constantly in mind. Time 
is of the essence; delay is dangerous. The emissions reductions are not some 
broad aspiration that can come through whenever we are able to deliver. The 
science dictates the timelines if the risks are to be manageable and the risks of 
catastrophic outcomes are to be substantially reduced. 

The argument – and in many ways this is the key message of the book – is 
actually stronger than ‘it is possible’ to achieve all three together. The invest-
ment and innovation as well as the systemic, structural, and technological 
changes which are essential for mitigation and adaptation will drive a new and 
much more attractive form of growth and development: sustainable, resilient, 
and inclusive. 

The necessary scale and nature of the investments and change were sketched 
briefly earlier in this chapter. We come back to them in more detail in the rest 
of the book, particularly Chapters 5 and 9. The necessary investments are 
large, involving increases of the share of investment in GDP of around 2 to 3 
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percentage points (ppt) globally and 4 or 5 ppt in many developing countries. 
Achieving that increase will be a major challenge. But it is a realistic goal: first, 
because investment rates have in recent times been historically low; second, 
because the world has potential savings rates which can accommodate that 
investment; third, because failing to achieve the increase would put the world 
in great peril. The alternative to carrying through these investments and the 
necessary systemic and structural change is to risk the worst outcomes. That 
should be regarded as reckless and, indeed, in this sense the most unrealistic 
of options. 

The investment necessary will be in all forms of capital, particularly physical, 
human, and natural. Social capital not only plays a key role in relation to the just 
transition (see below), it would be very damaging to the transition if eroded. 
The biggest quantitative investment demands, as we have seen and will explore 
further, are in connection to the energy transition. However, investments in 
natural capital are critical. These are, of course, of direct significance to reducing 
emissions. But, and this is of great importance, they can and must contribute to 
tackling the biodiversity crisis, which is interwoven with that of climate. Natu-
ral capital enables, sustains, and is necessary for so many of our activities and 
needs, including air and water, and should be seen in this crucial sense as part of 
our basic infrastructure. The climate and biodiversity crises are so interwoven 
that we must tackle them together. If we fail on one, we fail on the other. 

The next items on the agenda follow from the earlier ones. In particular, 
how to generate, manage, and finance the investment and change. They 
concern first how to create the conditions for investment; innovation; and 
systemic, structural, and technological change – in terms of incentives, 
institutions, and behaviour. That is a major challenge, since investment 
and change are risky and will be inhibited and restricted unless conditions 
to manage that risk are in place. We will need country platforms31 and 
structures to generate a positive investment climate and policies and 
institutions which can steer investment in the necessary directions. 

Finance for investment must be at centre stage. The extra saving that is nec-
essary must match the extra investment and be translated into financial flows 
if it is to be realised and effective. The first source of finance will be domestic, 
both public and through the local capital markets and financial system. In 
most countries the major source of finance for investment is domestic sav-
ings. But for many EMDCs, particularly the poorest, external savings or flows, 
private and public, will be crucial. 

The second source is external private flows. These are often restricted by 
powerful perceptions of major risk. Managing and reducing that risk will be 
critical to the enhancement of those flows and lowering the cost of capital. 
Third is external public flows, particularly from MDBs and development 
finance institutions. These flows can and should be structured in ways that 
contribute to reducing and managing risk and thus enabling private flows. 
MDBs will play a vital role in funding public investment too. And MDBs can 
and should help create a positive investment climate. 
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The fourth source of finance, critical for certain investments, will be low- 
or zero-cost funds, with minimal or zero service obligations. These include 
Official Development Assistance (ODA), highly concessional finance32 from 
MDBs, special initiatives such as the use of Special Drawing Rights (SDRs) 
from the International Monetary Fund (IMF), flows from carbon markets, 
new forms of international taxation (e.g., on sea or air travel), and philan-
thropy. Chapter 9 will explain and discuss these instruments. Different 
combinations of these flows will be appropriate for different projects and 
programmes. Highly concessional flows would be of special relevance to 
adaptation, loss and damage, and natural capital. Further work on enhancing 
all of these concessional sources is of great importance.

If these changes do take place, as they must, there will be the challenge of 
managing inevitable dislocations. They will be of particular significance to 
poorer people. Thus, we have on the global agenda, the creation of a just tran-
sition. This is of significance for all countries. There is a moral duty to protect 
people who may suffer from rapid structural and technological transforma-
tion, pursued for a common good. And a just process is necessary to make the 
transition politically feasible. A just transition will be of special significance 
to poorer countries and communities who may be less able to manage dislo-
cations or disruption to lives and livelihoods. The just transition underlines 
the importance of our fourth class of capital, social and cultural. This capital 
includes mutual trust, sense of community, institutional strength, recognition 
of shared values, and so on. It is more difficult to define and measure than 
other forms of capital, but it is crucial to development and to effective action. 
It is an asset or stock that can be undermined and destroyed, and it can be 
enhanced, particularly by working together in the face of a common threat.

This agenda is summarised in Table 4.2. The table also includes references 
to chapters in this book where the issues are examined. It is an agenda which 
follows directly from the arguments set out in this chapter and its predecessors. 
It is rooted in the science, basic moral values, technologies, economics, and pol-
itics. In examining how that agenda can and should be pursued, we shall show 
that an effective response to the challenges and delivery of the agenda will drive 
the growth and development story of the 21st century – sustainable, resilient, 
and inclusive. It will yield a much more attractive path of development across all 
dimensions of well-being than the dirty, destructive paths followed in the past. 
Not growth forever, but a transformation over the next two or three decades 
which is full of opportunity and which can set the world on a new and much 
more attractive path. That opportunity is of special importance for developing 
nations who can leapfrog the dirty, destructive models of the past. 

The first block (I) constitutes the overarching agenda. It is crucial to deepen 
the understanding both that this is the new growth story, and that strong 
investment and change are necessary for its delivery. And to be clear that 
delay is dangerous. Block II contains the instruments for change. Block III 
concerns international action. 
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None of this will be easy. On the contrary, as I have taken care to emphasise, 
change of this magnitude and pace will be difficult. And the greatest difficulties, 
given the advances in technology and its future potential, lie in economics, poli-
tics, and society. That is why the purposive and creative application of the social 
sciences and humanities is so important to the tackling of the climate and biodi-
versity crises we face. Economics, as part of the social sciences, has many insights 
and tools to offer in responding to these challenges. We will continue to draw 
and build on the analytical insights from economics, and the social sciences more 
generally, in the rest of the book. The difficulties are not a reason to hesitate and 
delay. These are problems to be tackled with a sense of urgency. The alternative of 
not making the changes, or of delaying them, would be far more difficult. Tackling 
and delivering on this agenda forms the subject of the rest of this book.

Table 4.2: The agenda for the growth and development story of the 
21st century

Agenda Cross-reference
I. Overarching tasks

1. Accelerate emissions reductions. Chapters 2, 5, 6, 7, and 9
2. Strengthen adaptation/resilience Chapters 2, 5, 9, and 10
3. Combine development and poverty reduction 
with mitigation, adaptation/resilience, and 
protecting and enhancing biodiversity.

Chapters 4, 5, 6, and 9

II. Key instruments and mechanisms
4. Identify strategic investments. Chapters 5, 6, 7, 8, and 9
5. Foster systemic, structural, and technologi-
cal change.

Chapters 5, 6, and 8

6. Create conditions for investment; innova-
tion; and systemic, structural, and techno-
logical change: incentives, institutions, and 
behaviour.

Chapters 6, 7, 8, and 9

7. Catalyse the right kind and sources of 
finance for investments.

Chapters 6, 7, 9, and 10

8. Manage inevitable dislocations: create a just 
transition.

Chapters 6, 7, 8, and 9

III. International 
9. Continue to build international collaboration 
around delivery on the Paris Agreement by pur-
suing the above agenda. Strengthen ambition in 
all countries. Finance at centre stage.

Chapters 8 and 9
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Notes
	 1	 These results are consistent with Ipsos’s (2023) analysis of more than 

21,200 adults in 29 countries. Aside from identifying that people think 
their nations should do more to combat climate change (global average 
of 66% agree), they also identified that more people believe that the 
economic cost of climate change will be higher (42%) than the cost of 
actions to reduce it (26% believe the latter will be higher). Furthermore, 
Poushter et al. (2022) analysed public opinion in 19 advanced econo-
mies in North America, Europe, Israel, and the Asia-Pacific region. They 
identified that the percentage of citizens who believe that global climate 
change is a major threat in 2022 reached an all-time high in 10 coun-
tries – with data every year from 2013 to 2022. They found that a median 
of 75% of people across 19 countries (mostly in Europe, North America, 
and Asia-Pacific) claim that climate change is a ‘major threat to their 
country’ (Poushter et al., 2022). 

	 2	 Climate beliefs were measured by the answer of participants to the 
question ‘How accurate do you think these statements are?’ from 0 = not 
at all accurate to 100 = extremely accurate. The statements were: ‘Taking 
action to fight climate change is necessary to avoid a global catastrophe’, 
‘Human activities are causing climate change’, ‘Climate change poses a 
serious threat to humanity’, and ‘Climate change is a global emergency’. 
The climate policy support variable consisted of the level of agreement 
of participants from 0 = not at all to 100 = very much so, in relation to 
the following nine claims: ‘I support raising carbon taxes on gas/fossil 
fuels/coal’, ‘I support significantly expanding infrastructure for public 
transportation’, ‘I support increasing the number of charging stations for 
electric vehicles’, ‘I support increasing the use of sustainable energy such 
as wind and solar energy’, ‘I support increasing taxes on airline compa-
nies to offset carbon emissions’, ‘I support protecting forested and land 
areas’, ‘I support investing more in green jobs and businesses’, ‘I support 
introducing laws to keep waterways and oceans clean’, and ‘I support 
increasing taxes on carbon intense foods (e.g., meat and dairy)’ (Vlas-
ceanu et al., 2024). 

	 3	 He shared these thoughts in a discussion.

	 4	 Lukewarmers try to say that whilst they claim to recognise climate 
physics, the effects of climate change are likely to be modest and, further, 
the costs of change in our economies to tackle climate change will be 
very high.

	 5	 Examples include spreading the idea that clean energy does not work or 
that climate policies are harmful. This approach is known as ‘new denial’ 
and has been identified as the cause of 70% of YouTube climate denialism 
in 2023 – a substantial increase from 35% in 2018 (CCDH, 2024). 
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	 6	 People Climate Vote is the largest survey of public opinion on climate 
change, which encompasses 50 countries.

	 7	 And see my chapter in Greta Thunberg’s The Climate Book (2022). See 
also ‘Coming Generations on the Front Line’, Part IV of Standing up for a 
Sustainable World, edited by Henry et al. (2020).

	 8	 Covering countries such as Pakistan, India, the USA, Australia, Brazil, 
Guyana, Spain, and many more.

	 9	 Only around 200 climate cases were registered in Global South nations 
(around 8% of all cases) – 87% were filed in Global North courts and 
around 5% in international and regional courts (Setzer & Higham, 2024).

	 10	 The definition of LCOE used by the Department for Energy Security 
and Net Zero is ‘the discounted lifetime cost of building and operating a 
generation asset, expressed as a cost per unit of electricity generated (£/
MWh)’ (2023, p. 10).

	 11	 Other barriers include unclear policy frameworks and market design, 
financially strained utilities, weak grids, high implementation costs, and 
a push-back from vested interests, in addition to the high costs of capital 
(IEA, 2023b).

	 12	 An NDC with these characteristics is called ‘investable NDC’; we will 
return to this in Chapter 6.

	 13	 NZBA is a banking-specific coalition; the NZAM is an asset management 
focused coalition (shown in Figure 4.11). Both are affiliated with GFANZ 
(discussed in Table 4.1).

	 14	 See Chapter 1.

	 15	 The Grantham Research Institute (GRI) on Climate Change and the 
Environment, together with the World Bank, have worked with the 
co-chairs of the Coalition in its creation and development. From the 
GRI, Amar Bhattacharya, Nick Godfrey, Anika Heckwolf, and myself 
have all been involved.

	 16	 The agreed reductions were, in principle, binding on the Annex 1 (devel-
oped) countries. But the enforcement mechanisms (that if you missed 
your target in the first period, you had to ‘catch up’ in the second period) 
had no traction (see Chapter 1).

	 17	 The overall cap on emissions has been tightened further, with a reduction 
rate of 2.2% per year starting in 2021, up from 1.74% in the previous 
phase. This means fewer allowances are available each year, driving up 
the price of carbon and incentivising reductions. Moreover, the EU ETS 
expanded (in January 2024) to include the maritime sector. A separate 
ETS, referred to as ETS2, will come into effect in 2027 and will include 
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road transport and buildings. This extension is designed to cover sectors 
that are harder to decarbonise and where emissions have been stub-
bornly high.

	 18	 The CBAM is aimed at ‘levelling the playing field’ for EU industries 
that are subject to the ETS by providing border charges on high-carbon 
imports thereby discouraging ‘carbon leakage’. See Chapters 8 and 9.

	 19	 Other key policy developments include the new renewable energy target 
of at least 42.5% of energy from renewable sources in the EU’s gross 
final consumption of energy by 2030, but aiming for 45% by 2030. This 
implies a near doubling, from 2024, of the existing share of renewa-
ble energy in the EU. They have also introduced an energy efficiency 
target of reducing final energy consumption at the EU level by at least 
11.7% compared to projections of energy use for 2030 (based on a 2020 
reference scenario). In addition, a major portion of the EU’s Multiannual 
Financial Framework (MFF) for 2021–2027, as well as the NextGener-
ationEU recovery fund, has been designated for climate action, with at 
least 30% of expenditures allocated to climate-related projects. 

	 20	 ‘There are multiple paths and mechanisms by which this country can 
achieve – efficiently and economically – the targets we embraced in the 
Paris Agreement. The Paris Agreement itself is based on a nationally 
determined structure whereby each country sets and updates its own 
commitments. Regardless of US domestic policies, it would undermine 
our economic interests to walk away from the opportunity to hold 
countries representing two-thirds of global emissions – including China, 
India, Mexico, European Union members, and others – accountable’ 
(Obama, 2017, paragraph 19).

	 21	 Originally, the IRA allocated US$30 billion in production tax credits to 
accelerate domestic production of solar PV, wind turbines, and batter-
ies, as well as critical minerals processing; US$10 billion investment tax 
credit to build clean technology manufacturing facilities (e.g., to make 
EVs, wind turbines, and solar panels); US$20 billion in loans to build 
new clean vehicle manufacturing facilities; more than US$9 billion for 
Federal procurement of clean technologies made in the USA to create a 
stable clean products market; and US$27 billion clean energy technology 
accelerator to support the implementation of mitigation technologies 
(Democrats Senate, 2022). 

	 22	 According to Song et al. (2024), Chinese subsidies to the EV sector in 
2018 were around US$17 billion; in 2023 this number was US$45 billion. 
As costs of production fall strongly, these subsidies are likely to decrease.

	 23	 The USA pledged significant emissions reductions and committed to the 
Green Climate Fund, designed to support climate action in developing 
countries. The EU pushed for the inclusion of a 1.5 °C temperature limit, 
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working closely with small island states, and committed to financially 
supporting developing countries in their transition to low-carbon econ-
omies and adaptation to climate impacts, which was crucial in encour-
aging their participation in the agreement. It then included the UK; Pete 
Betts of the UK’s Department of Energy and Climate Change was the 
lead negotiator for Europe.

	 24	 It was a Fijian presidency, but the UNFCCC took the view that holding 
the meeting in Fiji itself posed excessive logistical problems.

	 25	 An income elasticity of energy above 1 means that as incomes rise, 
people’s demand for energy tends to grow more than proportionally with 
income.

	 26	 I am a member of the economic advisory group to the Brazilian COP 
president and, with Amar Bhattacharya and Vera Songwe, am co-chair-
ing the Independent High Level Expert Group on Climate Finance 
(IHLEG) for the COP30 presidency.

	 27	 Some concerns remain over debt risks associated with Chinese infra-
structure loans, particularly in Sri Lanka and Tajikistan (Jones and 
Hameiri, 2020; Samaranayake, 2021; van Twillert and Halleck Vega, 
2023; World Bank, 2019).

	 28	 There may be some residual support for CCS associated with enhanced 
oil recovery or for some jobs, for example, in Republican states. 

	 29	 As of 2025, members of BRICS are Brazil, Russia, India, China, South 
Africa (since 2010), Egypt (since 2024), Ethiopia (since 2024), Indone-
sia (since 2025), Iran (since 2024), and the United Arab Emirates (since 
2024). This expanded membership has been informally referred to as 
BRICS Plus since 2024.

	 30	 Presentation by Christopher Gasson at Paris Water Summit, 13 May 
2025.

	 31	 Country platforms concern clear and coherent strategies, reliable institu-
tions, problem-solving abilities, and finance. In other words, the condi-
tions for investment and finance and the conditions for the practicalities 
of ‘getting things done’. See also Chapter 9.

	 32	 International Development Association (IDA) is the ‘soft window’ of 
very long-term, low-interest finance at the World Bank. Other MDBs 
have similar windows.



Part II.
The new growth story: investment, 
innovation, and fundamental 
structural change





5. Rising to the challenges: the key 
elements of a new growth story

The global economy is on an unsustainable path. The climate and biodiversity 
crises are now so acute that the ways in which the world produces and con-
sumes must change rapidly, and on a great scale. We must break the destruc-
tive relationship between production and consumption on the one hand and 
the environment on the other. This was the conclusion of Part I of this book, 
leading to the action agenda set out at the end of the last chapter. 

The second part of the book, Chapters 5 to 7, shows how we can forge a new 
path for economic development that does break this destructive relationship. 
With the right policies and public and community action, this new path can 
deliver a much more attractive structure for growth and development, with 
rising living standards across all dimensions. It can deliver sustainable, resil-
ient, and inclusive development. But the next two decades are critical to suc-
cess. This chapter explains how well-designed climate action constitutes the 
growth story of the 21st century. Chapter 6 goes deeper into the story, particu-
larly how it can be fostered, examining details of central concepts, strategies, 
policies, institutions, and incentive structures. Lastly, Chapter 7 emphasises 
and examines the state’s role in shaping the new growth story.

Failure to implement change at the necessary pace and scale will likely 
result in an environment so hostile that disastrous decline could become 
highly likely or, indeed, inevitable. There is real hope but also real danger. It 
will be our actions as a world community over the next two or three decades 
that will decide which way we will go.

The changes in economic structures and the required increase in invest-
ment and innovation are substantial and challenging. Some may argue that 
these changes are too difficult and ‘unrealistic’. However, the consequences of 
inaction far outweigh the challenges of realising the necessary investment and 
change needed to embark on the new path. Investment and innovation will be 
at the heart of the story of creating the new. That will in large measure be from 
the private sector. Creating the conditions and finance for that investment will 
be central to public action and policy.

Our first task in this second part of the book is to outline the key elements 
of the new growth story (Section 5.1). The discussion highlights six key 
drivers of growth in the transition to a new form of development: rapid 
innovation, increasing returns to scale, greater resource efficiency, better-
functioning systems (such as cities, energy, and transport), improved 
health, and the increase in investment itself. We must be clear that we are 
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identifying and emphasising the growth and development opportunities 
over the next two or three decades, driven by investment and structural and 
systemic change. This is not a story of growth of the kind depicted in the 
long-run infinite-horizon models of standard growth theory.1

In Section 5.2, the analysis focuses on integrated action and the centrality of 
investment, innovation, and their financing, as well as the scale and urgency 
required for the entire process of change and growth, for the national econ-
omy and across the economies of the world. It also stresses the importance 
of integrating development, mitigation, and adaptation in our analysis and 
action. There is a brief discussion of the powerful influence on growth likely 
to be exerted by the combination of artificial intelligence (AI) and the green 
transition. 

In Section 5.3, we examine and refute two misleading arguments that 
are sometimes offered as counters to our own: first, that there is a trade-off 
between climate action and growth when, as explained in Chapter 4 and Sec-
tion 5.2, such action drives growth and development, and second, that we 
must reverse growth, sometimes called ‘de-growth’, to tackle the climate crisis. 
We also examine some arguments around population. Whilst they have some 
relevance, the central question for future action is not primarily the number 
of people, but how they consume and produce. In this section, we show that 
the investment, innovation, and systemic change necessary for managing the 
climate and biodiversity crises will drive the creation of a new, attractive, and 
sustainable growth without having to ‘balance’ climate or environment on the 
one hand and growth on the other. 

Further details on investment across sectors, geography, and the role of 
public versus private sectors are set out in Section 5.4. There are significant 
variations across these dimensions, and coherence within and across dimen-
sions is of critical importance. The implications for growth, development, and 
poverty reduction in developing countries are drawn together in Section 5.5, 
emphasising the themes that run through the chapter and the book. There is a 
great opportunity to leapfrog the dirty, destructive models of the past, but the 
challenge is to foster and finance the key investments. There is no horse race 
between action for strong development and climate action. They can drive 
each other forward. 

To meet the challenges, we will need a response encompassing three core 
elements: investment, innovation, and systemic/structural change. This 
response must correspond to the urgency and scale of the challenges to avoid 
the most severe risks of climate change (emissions reductions), to adapt to the 
inevitable impacts and risks, and to create a new path of growth and develop-
ment. The new path is the growth story of the 21st century. We know enough 
now about this path to embark on it confidently, but we must plan to learn and 
adjust along the way. Delivering change at the pace and scale necessary will 
not be easy. But the alternative of delay and inaction will create danger and 
destruction, which would be far more difficult. 
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For economics to play a constructive role in this new story, it must shift 
towards the economics of rapid structural, systemic, and technological trans-
formation, moving away from narrow, mostly static general equilibrium per-
spectives or narrow models of exogenous growth, with often fixed underlying 
structures and systems.

This is the moment for economics to step up. In doing so, its analysis must 
be interwoven with politics, finance, law, geography, international relations, 
history, culture, and, crucially, moral philosophy. It must integrate with social 
sciences and the humanities while also being informed by and collaborating 
with the natural sciences, technology, and engineering. Although much more 
will be needed, science, technology, and engineering have advanced rapidly 
and will likely continue to do so. Most of the obstacles and difficulties will 
arise in the realms of economy, society, and politics. 

5.1 The drivers of growth 
There are six driving forces arising from action to reduce emissions that together 
can generate a new growth story. These forces operate both individually and in 
interwoven and complementary ways. As we will see in Section 5.2, effective 
adaptation and the associated resilience it also creates, protects growth; without it, 
incomes, lives, and livelihoods would be at risk from damage. The six drivers are:

1.	Lower costs, learning-by-doing, and induced innovation in the new 
cleaner technologies.

2.	Increasing returns to scale in new technologies.
3.	Greater resource efficiency across the economy.
4.	Stronger system productivity, including in energy, transport, cities, 

land, and water.
5.	Improved health, with associated higher productivity.
6.	Increase in the share of investment in overall output. 

They are clearly conceptually and practically distinct, but powerfully 
inter-related. They are set out diagrammatically in Figure 5.1. 

We should note that most of the processes embodied in these growth driv-
ers, except increased investments, are often excluded from standard macro-
economic or general equilibrium modelling. High on the research agenda 
for economists should be to better integrate these crucial drivers into their 
analyses. We examine these six drivers in turn. 

Lower costs, learning-by-doing, and induced innovation in 
clean technologies

The pace of technological advancement and cost reduction in key new 
technologies has been extraordinarily rapid and has often far exceeded 
expectations, as we saw in Chapters 1 and 4. Capital costs for renewables 
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continue to fall much faster than those for conventional technologies. During 
the work on the Stern Review in 2005/6, we did not anticipate that the cost 
of solar electricity would drop by 80% over the next decade and continue 
falling rapidly thereafter (IEA, 2020). Nor did we foresee that by 2024, most 
car manufacturers would build their planning around the end of the era of the 
internal combustion engine. As of 2025, solar (with storage costs) is cheaper 
than coal generation of electricity across major markets, including India, 
China, Australia, and the USA (Energy Transitions Commission [ETC], 
2025a).2 Outside these major economies, there is greater variation, but with 
increasing government support schemes and the rapidly declining costs of 
batteries and solar, cost competitiveness will only increase. By 2035, this cost 
competitiveness of solar and batteries will be achieved across most markets 
(ETC, 2025a).

Driving these costs reductions has been (a) research and development (R&D) 
and innovation, (b) learning-by-doing, and (c) economies of scale. Whilst 
these overlap and interweave, they are distinct. We treat the first two together 
as part of technical progress. Economies of scale constitute a logically distinct 
phenomenon which occurs for given technologies. Innovation plus R&D and 
learning-by-doing have been very powerful as new approaches and materials 
have developed and experience with the new technologies has advanced.

Underpinning these cost reductions is the idea that clean technology 
follows learning curves – that is, production costs decrease as cumulative 
production increases. This effect comes from learning, from economies of 
scale, and from technological advancements. Renewable energy follows 
learning curves, more so than fossil fuels, because they are newer technolo-
gies. Broadly speaking, processes for extraction, processing, and use of fossil 
fuels have remained largely unchanged. Technical progress has occurred, 
for example fracking, but, on the whole, these are mature technologies 
where innovation and learning-by-doing are much less strong than for the 

Figure 5.1: The 21st-century growth story: six interwoven, mutually 
reinforcing drivers
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Source: Author’s elaboration.
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new, clean technologies. Furthermore, extracting fossil fuels gets increas-
ingly more difficult and expensive as the resource depletes, requiring deeper 
drilling, lower-quality reserves, and more complex extraction techniques 
(e.g., fracking). In contrast, renewable energy technologies, such as solar 
panels and wind turbines, continue to benefit from continuous innovation, 
manufacturing improvements, and learning-by-experience. These dynam-
ics explain why the price of solar power has dropped so much over the past 
few decades. As well as showing much slower technological advance, fossil 
fuel costs remain volatile, driven by geopolitical factors and resource con-
straints. Uncertainty adds to cost.

With the declining costs of low-carbon technologies, the clean has become 
cheaper than the dirty for electricity generation across most parts of the world 
(United Nations Environment Programme [UNEP], 2019), provided the cost 
of capital is manageable. The cost of capital is a key issue, particularly for 
poorer countries, and is a core theme for Chapters 6 and 9. Improved grid 
structures, management, and markets will further enhance the efficient allo-
cation of electricity across space and time. It will become easier to manage 
variability and to match supplies and demands, especially with AI, lower-cost 
storage, increasing links to multiple sources of supply, and improvements in 
power markets.

China’s leadership in the manufacture of solar panels and batteries has 
played a key role in the remarkably rapid fall in costs of solar photovol-
taic (PV) power, bringing it down by 85% over the last decade (Cao et 
al., 2021; International Energy Agency [IEA], 2023a).3 The falling costs 
of renewables and storage have transformed what is possible and profit-
able. And the ability to manage systems, including via AI, has improved 
strongly at the same time. As costs fall, perceived risk falls too, thus low-
ering the financing costs. For key climate technologies these financing 
costs were expected to fall by 40% due to the IRA, an important factor in 
the rapid scale-up. 

Generation, grid and transmission structures, storage, and power markets 
are complex entities. Different sources for generation play different roles and 
have to be combined in markets where supply and demand vary over space 
and time. It is important not to over-simplify. Yet, we can say, as already 
emphasised in this chapter, that clean is becoming cheaper than dirty across a 
growing number of sectors worldwide.

As prices fall, new sectors and technologies become commercially viable, 
generating further rapid change. For example, cost reduction in renewable 
electricity decreases the cost of green hydrogen (produced by electrolysis), 
which drives down the cost of green ammonia, opening opportunities for 
green fertilisers and sea transport. Further, AI can turbocharge the process 
of innovation itself, across every sector. The pace of technical progress shows 
little sign of slackening.

The application of AI in emerging markets and developing countries 
(EMDCs) could greatly enhance and accelerate the process of leapfrogging. 
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For example, with AI new factories can be equipped in ways which are much 
more energy efficient, using built-in energy management systems. That is 
much cheaper than complex retrofitting in older buildings and factories (see 
IEA, 2023b).

The speed of change has already been remarkable. And we note that the 
changes have occurred even though government policy has often been weak 
and problematic. In large measure, they have been driven by a recognition of 
the opportunities in the new path of growth and that a shift towards a low-car-
bon future is inevitable. Clearer and more credible strategy, sound govern-
ment support, and more robust policies could greatly accelerate innovation 
and investment (see Chapter 6). Digital technologies and AI will not only 
improve grid management and meeting of demand and supply, but also accel-
erate the pace and effectiveness with which clean technologies are discovered, 
improve the geographical identification of key minerals, and accelerate and 
improve how capital is deployed towards the net zero transition.

Current economy-wide models, mostly general equilibrium models, often 
struggle to account for these dynamic factors, leading to an underestima-
tion of the pace and potential of technological change. We should recognise, 
however, that such dynamics are not easily modelled. Economic analysis is 
more straightforward with simple competitive equilibrium, diminishing or 
constant returns to scale, and modest changes in technology. But we need 
analyses and actions which embrace the complexity of the real dynamic forces 
which are at issue here. These are the forces which will play a powerful role in 
shaping the transition and the new approach to growth.

As we saw in Chapter 4, the world has already passed many positive 
technological tipping points and others are close.4 These achievements 
represent major opportunities for governments and the private sector to 
commit to and invest in the global transformation. Further, the costs of 
decarbonisation of previously ‘hard-to-abate’ sectors (see Section 5.4) are 
falling with advances in underlying technologies (such as renewable energy 
and clean hydrogen production). For example, the costs of decarbonising 70% 
of global emissions in 2021 was estimated to be 40% lower than it would have 
been just two years earlier (Systemiq, 2023a). The links among sectors can 
sometimes imply that when one tipping point is crossed in one sector, it can 
lead to tipping point cascades, where progress in other sectors is accelerated. 
For example, falling costs in clean electricity, an output of the energy sector, 
can lead to lower costs – and thereby a tipping point – in other sectors, such 
as electric vehicles (EVs) or green hydrogen (Systemiq, 2023a). 

Well-designed policies can help initiate and drive forward such cascading. 
For example, mandating zero-emission vehicles can generate greater EV 
deployment, raise demand for renewables, and induce innovation, which 
reduces the cost of batteries, lowering the cost of renewable energy storage 
(Systemiq, 2023a). Important policies that could generate new cascading 
tipping points include the recently adopted regulation and pricing of global 
shipping emissions under the International Maritime Organization (IMO), 
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mentioned in Chapter 4. At the time of writing in early 2025, these policies 
were moving towards implementation. This will potentially increase the 
global demand for clean fuels, such as methanol and ammonia made with 
green hydrogen. Economies of scale in these fuels could yield advances in 
other applications that rely on the same hydrogen-based technologies, such 
as green fertilisers. 

Figure 5.2 provides an illustrative overview of different stages of technology 
deployment, focusing on three enabling conditions for tipping points  – 
affordability, attractiveness, and accessibility.5 In the formation stage, 
technologies are neither affordable, nor attractive, nor accessible, relative 
to incumbent technologies, with prototype solutions still not proven at 
commercial scale. Systemiq (2025) places technologies such as zero-carbon 
plastics and sustainable, synthetic aviation fuel (eSAF) currently at this 
stage. Other technologies are further along the S-curve of adoption and 
deployment  – becoming increasingly attractive and accessible, but not yet 
fully affordable. Electrothermal energy storage (ETES), which will be crucial 
for electrifying industrial heat processes and storing excess energy as heat, is 
in the acceleration stage, getting close to the tipping point. When technologies 
such as solar power pass their tipping points, they go on to grow rapidly, 
becoming increasingly affordable, attractive, and accessible. Innovation is 
needed to achieve tipping points. Policies, as mentioned above, can induce 
innovation, and thus lead, in turn, to tipping points. 

Often however, these dynamics of acceleration and growth are local or 
regional, as they are influenced by, for example, local regulation, clean energy 
generation potential, and offtake arrangements. It is therefore necessary that 
analysis on possible policy levers and remaining obstacles takes place at these 
levels, rather than at the global level only. Doing so sometimes enables the 
identification of specific levers that are needed to accelerate reaching specific 
technological tipping points in particular locations.

Realising and capitalising on these clean initiatives will require a substantial 
increase in investment, both private and public. It is the potential for profit-
able investment that drives so much of these dynamics, although we should 
also recognise that the motivation of many of the engineers, technologists, 
architects, planners, entrepreneurs, and others involved also comes from 
enthusiasm for and commitment to finding effective responses to the climate 
and biodiversity crises and building a new approach to growth. That invest-
ment will be realised only if it is supported by favourable policies and strong 
collaboration. This is a constant theme in our argument throughout the book 
and particularly in Chapter 6.

As highlighted in Chapter 4, market opportunities in the new technolo-
gies and an increasing understanding of the imperative to change produced 
a major shift in global energy investment priorities over the past decade. 
However, the current global trajectory of clean energy investment falls far 
short of what is needed to meet growing energy needs in a sustainable way. 
And investment is concentrated in advanced economies and China (as we 
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saw in Chapter 4), given the many challenges that hinder investment in 
EMDCs. Capital investment for fossil fuel energy supply in EMDCs (other 
than China) exceeds low carbon investment by more than 2:1 (Bloomb-
ergNEF, 2024).

Increasing returns to scale in new technologies

By definition, increasing returns to scale occur where a proportional increase in 
the inputs to a production process produce a greater than proportional increase 
in the output. Increasing returns to scale can emerge from various factors:

•	 The initial set-up costs involved in building essential equipment and 
facilities: Once these facilities are established, their costs are spread 
over larger production runs, reducing average costs as output increases. 

•	 Processes of discovery: For example, strong R&D departments can 
produce improvements across a whole range of activities.

•	 Material usage: For example, the volume of a container, such as silos or 
trucks, could increase faster than the material used to construct it, as 
seen in storage and transport. 

•	 Information management and the distribution of work and goods: 
Scale allows for specialisation, shared resources, and lower inventories.

•	 Critical networks, such as electricity grids, broadband, public trans-
port, or recycling facilities: For example, establishing a network of EV 
charging stations across the EU would be more cost-effective per unit 
than installing single chargers; this network, in turn, would promote 
greater EV adoption, further driving down costs. 

•	 Clustering of activities to enable effective use of supply chains and 
skills, combined heat and power, and so on: Increasingly we see the 
rise of clean industrial zones, such as the case of the Tianjin Economic-
Technological Development Area (TEDA) in China (see Section 8.3). 

These various sources of economies of scale are mutually reinforcing, creating 
a powerful cycle of cost reduction and scale increases.

Economies of scale are not limited to production in particular firms or clus-
ters; they also play a crucial role in discovery. Some activities, such as particle 
physics, require large-scale machinery to achieve breakthroughs. In AI, pro-
jects such as AlphaFold have shown that looking across a broad waterfront, 
here analysing all proteins collectively, can yield transformational insights. 
Ideas are public goods which can be applied repeatedly without being ‘used 
up’, a fundamental economy of scale. These forces are highly relevant in the 
transition to net zero, influencing technologies from solar panels and EVs to 
recycling and the circular economy. 

An illustrative example of production economies of scale can be seen in India’s 
adoption of LED light bulbs. Through large-scale public procurement, the cost 
of LED bulbs, far more energy efficient than incandescent light bulbs, was 
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reduced by 85% within four years. India now aims to replicate this success with 
electric buses (Anadon et al., 2022). The government is working on replacing 
800,000 diesel buses with electric buses by 2030 using a bulk procurement 
model to secure lower prices in exchange for large quantities, to then lease to 
local transport operators on a pay-as-you-go basis (IEA, 2024a). These examples 
illustrate both the power of economies of scale and the role of organisation and 
procurement in realising the economies of scale. Scaling up green activities will 
enable economies to capitalise on these returns to scale. 

There are, of course, economies of scale in dirty technologies too. But the 
ideas and examples above show that they are of particular importance in clean 
technologies, because substantial set-up costs and growth from small to big 
appear most strongly in sectors which are currently innovating and starting up. 

Greater resource efficiency

Improving resource efficiency means getting more out of the same quantity 
of resources. Efficiency is productivity is growth. Across most countries and 
activities, there is great potential for enhanced energy efficiency. So much is 
wasted through poor design, inadequate insulation, faulty operation, and so 
on. The shift to renewable sources of energy presents a powerful opportunity 
for a more efficient energy system. From the basic physics, because zero-car-
bon energy sources generate electricity directly rather than through combus-
tion or heat engines,6 there are substantial efficiency gains available across the 
economy (Eyre, 2021). 

The work of the Rocky Mountain Institute, for example, has shown the high 
returns that can be generated from ‘integrative design’ (Lovins, 2018). This 
approach involves designing entire systems – such as homes, industrial pro-
cesses, or transportation networks – for enhanced efficiency, encompassing 
everything from heating and water flows to lighting and construction mate-
rials. For example, UK houses are notoriously less well insulated and energy 
efficient than European counterparts further north (Baker et al., 2022). In 
Denmark, a community district heating revolution started a decade ago; the 
country considerably reduced its heating emissions for a district by switching 
two-thirds of households to communal systems powered mainly with renew-
able energy, instead of having many individual boilers within one neighbour-
hood. Large and very efficient shared boilers spread hot water through pipe 
networks to many homes (State of Green, 2024; Whitehead, 2014).

The waste from food is colossal, with food loss and waste (FLW) accounting 
for around one-third of all food produced. In 2022, 13% of food production 
was lost through supply chains, from post-harvest up to, but excluding, retail. 
An additional 19% was wasted at the retail, food service, and household level. 
One of the first countries in the world to ban supermarkets from throwing 
away or destroying unsold food was France. It required the supermarkets to 
instead donate it to charities and food banks (Chrisafis, 2016). Since this law 
was adopted, other provisions have been enacted, extending action beyond 
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the retail sector to also cover food distribution and setting targets for reduced 
food waste (Zero Waste Europe [ZWE], 2020). Though storage and transport 
challenges are particularly important in developing countries (Nature Food, 
2024; UNEP, 2024a), recent data suggest that household food waste ‘is not 
just a ‘rich-country problem’: the average household food waste levels among 
high-income, upper-middle income, and lower-middle income countries 
differ annually by only 7 kg/capita’ (UNEP, 2024b, p. 1). Reducing food 
loss is a triple win: it benefits food security, the climate, and the economy. 
For example, farmers can reduce food loss and increase incomes through 
improved harvesting techniques and timing and better storage.

The circular economy presents another major opportunity for resource effi-
ciency.7 In this approach, what might previously have been considered waste 
is repurposed as an input for new production processes (Pauliuk et al., 2021). 
For example, materials like plastics, steel, aluminium, and cement can be 
recycled and reused, reducing the need for new raw materials, lowering CO2 
emissions, and reducing environmental damage. Such reuse does, however, 
require attention to design of systems, technologies, and incentive structures 
from the beginning, so that, for example, dismantling is not problematic and 
components and materials can be reused straightforwardly.

A natural question for economists – indeed, it is common sense – is to ask: 
Why is this waste happening? If it can be prevented at minimal cost, why is it 
not already prevented? With loss of energy through poor household insulation, 
the waste occurs due to lack of information, the high cost of finance, or the basic 
hassle of getting things done in relation to the necessary investment to make the 
home more energy efficient. In some cases, such as poor transport facilities in 
poor countries, waste arises from a weakness in infrastructure, which requires 
public action to improve. For the circular economy, what is necessary is the coor-
dination, design, and networks that take place at a system level for requiring and 
organising reuse. Thus, these pervasive inefficiencies are largely associated with 
market failures, infrastructure, and network issues which require public action. 
But with such action there are potentially high returns on the related investment.

AI applications can help increase asset use and efficiency, including through 
industrial automation and robotics, helping to decarbonise manufacturing 
and processing industries as well as warehousing operations. Higher degrees 
of industrial robotisation can lead to increased productivity and reduced car-
bon intensity (Li et al., 2022). AI-powered optimisation systems are similarly 
able to reduce emissions in supply chain operations. For example, the pack-
aging decision engine developed by Amazon can determine the most efficient 
type of packaging for each item, helping reduce the number of cardboard 
boxes, air pillows, tape, and mailers used to send purchases to customers 
(Amazon, 2024). 

Countries and the private sector are moving on resource efficiency, 
particularly energy efficiency. Within a year of the global energy crisis 
triggered by the war in Ukraine in 2022, governments representing over 
70% of the global economy worldwide had introduced new energy efficiency 
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policies or strengthened existing ones (IEA, 2023c). At COP28 in November 
2023, countries committed to doubling the annual rate of improvement in 
energy efficiency from 2% per year to 4% per year until 2030 (COP28 UAE, 
2023). If achieved, this increase in energy efficiency could avoid approximately 
80 exajoules (EJ) of fossil fuel demand by 2030, resulting in a reduction of 
around 5 GtCO2e to global emissions (ETC, 2023a) – representing about 
9% of 2022 global emissions (UNEP, 2023a). Furthermore, between 2011 
and 2020, the average annual rate of improvement of global energy intensity 
(energy per unit of output) was 1.7%, double the rate of the previous decade 
(0.8%)  (IEA, 2023a). Energy intensity has decreased across all regions in 
different magnitudes since 2010 (see Figure 5.3) (IEA et al., 2023). 

According to work by the Energy Transitions Commission (ETC, 2018), 
exploiting potential resource efficiencies beyond energy could reduce global 
CO2 emissions from the following four ‘hard-to-abate’ sectors by 40%: plastics, 
steel, aluminium, and cement. Additionally, improved resource productivity 
can weaken the link between economic growth and material consumption. 
Among the G20 countries, resource productivity grew by about 40% between 
2000 and 2017 (Organisation for Economic Co-operation and Development 
[OECD], 2021). A shift in production and consumption patterns towards ser-
vices also supports a weakening of the relations between aggregate output 
and emissions. Resource efficiency will be at centre stage in the transition, 
has much further to go, and will be a powerful driver of productivity increase 
and of growth. 

Figure 5.3: Growth rate of total energy supply, GDP, and primary energy 
intensity at a regional level, 2010–2021

Note: GDP = gross domestic product; SDG = Sustainable Development Goal.
Source: Figure 4.4 in IEA et al. (2024, p. 91). Copyright 2024 World Bank, CC BY-NC 3.0 IGO. 

https://creativecommons.org/licenses/by-nc/3.0/igo/deed.en
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Stronger system productivity

Energy, cities, land, transport, and water systems can all become more pro-
ductive by improving how each operates individually and how they interact 
with one another as systems. Major contributions to emissions reductions and 
sustainable growth will come from cities that are designed to facilitate cycling 
and walking, integrate public and private transport facilities more effectively, 
and provide cleaner air by shutting out vehicles with internal combustion 
engines. Cities can also benefit from integrated heat and power systems, as 
well as cleaner homes and industries. 

The work of the New Climate Economy (NCE) indicates that more compact, 
connected, and coordinated cities could generate up to US$17 trillion in 
economic savings by 2050, while reducing infrastructure capital requirements 
by over US$3 trillion between 2015 and 2030 (NCE, 2018). Further, more 
compact cities will not only be more carbon efficient; they will also be 
more resilient to climate change and disasters (NCE, 2018). Creating clean, 
liveable, and climate-resilient cities will be an important action area given 
the urbanisation projected in EMDCs in the coming decades. It is in these 
countries that the majority of the urban population increase in the world will 
take place. Around half of the increase in urban population between now and 
2050 is projected to take place in eight countries, seven of which are emerging 
economies (Lwasa et al., 2022). Pakistan, for example, is projected to see 59% 
of its population reside in urban areas by 2050, compared to 37% in 2020 
(World Bank, 2022).

City designs and standards, including for zoning for pedestrians and 
cyclists, managing waste, and a circular economy, could be major elements 
in both the drive for net zero and increasing productivity (see Figure 5.4). An 
example of innovative urban design is the Barcelona Superblock model, where 
major roads surround superblocks but interior streets are reclaimed entirely 
for pedestrians and cyclists, reducing pollution and improving public spaces 
(Mueller et al., 2020). Another example is the Vauban district in Germany, 
a neighbourhood planned around green transportation, with around 5000 
inhabitants, 70% of whom choose to live carless (Thorpe, 2021). 

A further example is Bogotá’s Bus Rapid Transit (BRT) system, 
TransMilenio, which introduced dedicated bus lanes, pre-paid boarding, 
and high-capacity buses, cutting travel times and emissions. It inspired 
similar systems in Mexico City, Jakarta, and Cape Town (Hidalgo and 
Gutierrez, 2013). In Lagos, the BRT system has improved urban mobility, 
and the recent introduction of electric buses aims to further cut fuel costs 
and reduce air pollution. It set an example for sustainable transport in 
West Africa (Lagos Metropolitan Transport Authority [LAMATA], 2022). 
These examples highlight the importance of integrating multiple system-
level objectives – urban design, transport efficiency, and sustainability. They 
illustrate how reducing emissions and improving mobility can also enhance 
economic opportunities and quality of life.
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Similarly, sustainable approaches to and systemic management of land use can 
prevent the degradation of land, the destruction of forests, and the poisoning 
of rivers. This, in turn, prevents damage to further systems, such as for water 
(Intergovernmental Oceanographic Commission [IOC-UNESCO], 2022; 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services [IPBES], 2019).

The potential of information technology (IT) and AI to enhance efficiency, 
integration, and system management is enormous. Advanced forecasting and 
control systems in electricity markets, together with good grids and effective 
market structures, can better accommodate variable electricity sources 
and flexible demand, while improved transport modelling can enhance 
infrastructure planning and performance. AI’s role extends well beyond 
optimising existing systems; it will be crucial in designing new systems and 
managing the processes of systemic change.

The role of entrepreneurship in system development will become increas-
ingly important. We have already seen creative entrepreneurship in systems 
design and delivery in telecoms, digital banking, broadband linkage, satellite 
observation and GPS. Given the rapid changes in technologies, systems, and 
AI, we need not only entrepreneurship within existing systems but also entre-
preneurship that drives the development of new systems. 

There are important systemic opportunities via international cooperation. 
For example, intermittency in power supply is more easily handled with a 
grid structure which can move electricity across geographies. Connecting 
regions and geographies through energy grids can improve the security of 
energy supply and reduce costs. In the UK, the electrical connection between 

Note: A Pearson’s correlation on a dataset of 127 cities found that r = −0.3383, with p<0.05.
Source: Figure 9 in New Climate Economy (2018, p. 69). Copyright 2018 New Climate 
Economy. Reproduced with permission.

Figure 5.4: Denser cities produce much lower emissions
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Scotland and England is set to be strengthened, with recently approved plans 
for a subsea coastal low-carbon electric ‘superhighway’. The UK also collabo-
rates with neighbouring countries like Norway (mostly wind), France (mostly 
nuclear), and soon Morocco (mostly solar). The potential of this type of ini-
tiative is illustrated by the fact that the Democratic Republic of the Congo is 
endowed with sufficient hydropower potential to supply all of sub-Saharan 
Africa’s energy consumption (excluding South Africa) (World Bank, 2023a).

Improved health

Burning fossil fuels is the major contributer to air pollution. Air pollution 
constitutes a severe global health crisis, contributing to 10–15% of annual global 
deaths – between 6 and 10 million deaths each year worldwide (Institute for 
Health Metrics and Evaluation [IHME], 2021; Vohra et al., 2021). In Pakistan, 
for example, air pollution shortens the average person’s life expectancy by 
around four years (Air Quality Life Index [AQLI], 2023). In the UK air pollution 
kills around 35,000 a year, 20 times the deaths from road accidents (Kelly, 2018). 
Air pollution damages health through multiple routes including cardiovascular 
disease, respiratory illness, and cancer. Children are particularly vulnerable, 
as they breathe more rapidly, leading to long-term health consequences that 
carry major costs for the future (Royal College of Paediatrics and Child Health 
[RCPCH], 2023).  The financial burden of pollution-related health issues is 
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Figure 5.5: Cost of health damage from PM2.5 exposure in 2019 by 
region, per cent equivalent of GDP (purchasing power parity)

Note: EAP = East Asia and Pacific; ECA = Europe and Central Asia; LAC = Latin America and 
Caribbean; MNA = Middle East and North Africa; NA = North America; SA = South Asia; 
SSA = sub-Saharan Africa. Numbers may not add up due to rounding. AAP = ambient air 
pollution; HAP = household air pollution. 
Source: Figure ES.1, top panel in Awe et al. (2022, p. xiv). Copyright 2022 World Bank, CC 
BY 3.0 IGO. 
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immense: in 2019, the global annual health cost of mortality and morbidity 
caused by exposure to PM2.5 particles was estimated at 2.5–6% of global GDP 
(Awe et al., 2022) – see Figure 5.5. Improving health is a major development 
outcome in its own right as well as making a strong contribution to productivity. 
The move towards a new form of growth and away from fossil fuels improves 
health, and improved health improves productivity and drives growth.

Moreover, many actions aimed at reducing emissions, such as promot-
ing cycling and walking, offer additional health and productivity benefits. 
Increasing active transport modes like cycling and walking not only reduces 
emissions but also improves health by reducing the prevalence of obesity, dia-
betes, and heart disease (Woodcock et al., 2009). 

Improvement in health is a core objective of development. It also enhances 
productivity. Again we see that climate action, growth, and development are 
closely intertwined.

Increase in share of investments

Climate action requires substantial investment across all countries and sectors. 
Investment is central to the new growth story. The scale of these investment needs 
will be discussed in greater detail in Section 5.4, and particularly Chapter 9. In 
developed countries, investment rates (the fraction of investment in national out-
put) will have to increase by 1–2 percentage points (ppt). In EMDCs, this increase 
should be around 3–5 ppt, except in China, where investment rates are high; 
however, a reallocation of investment will be necessary. These figures are based 
on extensive research aimed at understanding the investment requirements for 
transitioning to a net zero path and building resilience (see, e.g., Stern et al., 2021; 
Songwe et al., 2022; Bhattacharya et al., 2022, 2024, 2025; IEA, 2024b). These 
analyses consistently show that a big investment push is essential for achieving 
the Paris targets, in the context of the Sustainable Development Goals (SDGs); 
especially in EMDCs, where investment needs are considerably larger, and must 
be sustained over time. As we saw in Chapter 1, investment is central to many 
theories of growth – in the Harrod model, the Solow model, endogenous growth 
theories, Schumpeterian theories, and Keynesian perspectives. Investment is at 
the core of most stories of growth. And within our story it is needed in abundance 
and at speed. 

Realising these strong increases in investment will be difficult, but such 
increases are necessary and feasible. Investment rates, as a percentage of GDP, 
have been low or declining in both advanced economies and EMDCs since 
the global financial crisis of 2008–2009 and, for the most part, they have not 
returned to the levels seen in 2000. Tackling this shortfall in investment would 
boost aggregate demand and would, in turn, strengthen supply, together a 
powerful potential spur to productivity and growth. Moreover, new capital 
goods would generally embody more productive technologies. 

Taking these together, we can see that the investments required for the 
green transition can have a powerful positive impact on growth. The simple 
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Harrod–Domar condition8 set out in Chapter 1 would point to a possible 
increase in world growth rates of one-third to a half percentage point from 
a two-percentage-point increase in investment.9 And the innovations, 
efficiencies, and returns to scale described in the previous drivers could lower 
the incremental capital output ratio (ICOR), in that sense increasing the 
productivity of investment and delivering a further increase in growth rate. 

AI can also help, in addition to the system and discovery effects described 
above, by making financial markets more efficient. Such techniques can shape 
the allocation of funds to superior investment opportunities. Investment deci-
sions could be supported by applying AI to better predict the risks and returns 
of investments. Leading investors have already trained AI models based on an 
extensive range of financial data to support their investment processes (Black-
Rock, 2024). The potential could be especially significant for EMDCs, where the 
needs for investment are particularly acute, where there are often great difficul-
ties with the affordability, availability, and accessibility of finance, and where the 
difficulties are often associated with perceived risk (Bhattacharya et al., 2023).

For many countries, beyond direct productivity, efficiency, system effects, 
and demand–supply improvements, there are important positive medi-
um-term macro effects from these new investments through the easing of 
balance of payments pressure by switching to solar and wind rather than 
imported fossil fuels. For example, in 2021, India spent over 4% of GDP on 
fossil-fuel imports (The Economist, 2022). 

Further climate actions fostering growth

These six drivers of growth are largely associated with actions and invest-
ments focused on mitigation, the creation of new, clean infrastructure, tech-
nical change, and efficiency. Adaptation, by building resilience to climate 
impacts, avoids damaging decreases in income and thus raises growth relative 
to output and income in its absence. See, for example, the work of the Global 
Commission on Adaptation (2019), which shows returns from US$1 invested 
in adaptation resulting in up to US$10 in net economic benefits. Investments 
in natural capital can have powerful returns in terms of losses and disasters 
avoided, such as those associated with deforestation causing flooding and 
landslides, as hillsides are weakened and hold less water. Many such invest-
ments are vital to water systems as a whole, and thus to agriculture and health. 
Such investments improve development and productivity, avert disasters, and 
foster growth. 

There is no doubt that delivering this new form of growth and the necessary 
investments will be challenging and will require strong, purposeful, and effec-
tive leadership on policy and action (see Chapter 6) as well as international 
collaboration (see Chapter 9). In summary, the following actions will be at the 
core of realising this new form of growth. They are critical to the investment 
and innovation which lie at the heart of the growth story:
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•	 Fostering sectoral change and driving innovation: Supporting new 
ideas, offering some protection against risk, providing public infrastruc-
ture, and lowering the cost of capital will all be relevant here. As with past 
industrial revolutions, there will be both risks of failure and speculation.

•	 Implementing macro policies: Good macroeconomic policies are 
essential to manage the increase in investment demand. History, par-
ticularly the growth of East Asia, has shown that ‘macro with high 
investment’ can be successfully managed, provided there is a strong 
supply response.

•	 Managing public finances: Public finances will need careful manage-
ment, partly because revenues from fossil fuel taxation will decline. 
Policy options include reducing harmful subsidies, taxing vehicle use, 
and implementing a carbon tax during the transition. Advances in dig-
ital information and AI can also enhance public revenue collection. 

•	 Tackling economic dislocations: The transition will inevitably cause 
dislocations for consumers and workers, which must be managed, in 
large measure via investment in people and places. The cost of capital, 
particularly for poorer populations, will be a key issue not only in fos-
tering investment but also in managing these dislocations.

•	 Managing the political economy: Vested interests will push back. 
Leadership will be necessary but also an understanding that changes 
will require some cooperation with those interests.

•	 Working closely with the private sector: Close cooperation with 
the private sector is essential to manage implementation, identify 
obstacles, reduce adjustment costs, instil confidence in the long-term 
viability and profitability of sustainable investments, and realise the 
benefits of creativity and entrepreneurship.

•	 Recasting the role of the state: These tasks and the necessary policies 
will imply that major aspects of the state’s role will need to be redefined 
to support this transition effectively – a matter that will be discussed 
in detail in Chapter 7. 

At the end of Chapter 4 we set out the agenda. The six core drivers of growth 
and the actions just described form the core of the response to that agenda. 
That is the essence of the new story and how it can be delivered. Further 
details of policies and actions for delivery are examined in the next chapter. 

5.2 Economy-wide integrated action 
A change of economic trajectory at the scale and pace required to deliver 
the new growth story and necessary cuts in emissions must involve strong 
economy-wide action; as we have seen, many or most sectors and actors will 
be involved. In considering that action and how it can be shared strategically, 
there are three basic guiding perspectives. First, we must recognise that the 
necessary increase in overall investment is large and we must understand why 
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investment action has fallen far below what is required. Second, economy-
wide climate action can and should orient investments towards, and integrate 
them with, all three of development, mitigation, and adaptation. As with action 
on mitigation, we must pay close attention to the consequences of failure to 
act on adaptation for poverty and development. Third, the investments must 
embody innovation and be a part of, and drive forward, systemic, structural, 
and technological change. We have already set out the centrality of systemic, 
structural, and technological change in describing the six drivers. In this third 
element we will focus on the role of AI, in shorthand how to construct ‘green 
and intelligent growth’. 

The criticality of investment, innovation, and finance

Many EMDCs, particularly those at early stages of development, have, as a 
result of the advantages in clean technologies, the opportunity to leapfrog over 
outdated, polluting technologies by building new infrastructure and economic 
activities that are clean and sustainable. And we have seen the imperative of 
changing technology in response to the climate and biodiversity crises. This 
transition to a sustainable future will require a major push on investment 
across the world, but particularly in EMDCs. And that is where the potential 
for growth is also the greatest. If well executed, the increase in investment 
in EMDCs and elsewhere will yield high returns in terms of productivity, 
create new opportunities, and enhance and protect the environment. It will 
be through this investment that the new growth story will be realised. As we 
have consistently argued, failure to take bold, internationally coherent action 
on investment will leave us facing a deeply dangerous world. 

In the short run, immense investment opportunities already exist for new 
clean activities and technologies. Sound policy and credible strategies can 
instil confidence that the economy is transitioning in a purposeful and sus-
tainable way, thus encouraging investment in these activities (see Chapter 6). 
In the medium run, we will witness a Schumpeterian process of discovery, 
innovation, and investment. Indeed, the process is already underway in some 
sectors and beginning in others. The opportunities in low-carbon investment 
will spur creativity and discovery and unleash new waves of innovation and 
investment. In the longer run, low carbon is the only viable form of growth 
and development. Any attempt at a global scale to maintain high-carbon 
growth will lead inexorably to self-destruction, as it will create an environ-
ment hostile to economic activity and to lives and livelihoods. The transition 
is the growth story, but substantial investment is necessary to drive it forward.

The magnitude of the task requires a strong jump in growth rates of investment. 
In the last two decades overall investment growth has not risen; in many countries, 
it has fallen. During the 2010s, EMDCs (other than China) decreased their real 
investment growth rate from 9% per annum (2010) to 0.9% per annum (2019). 
Even including China, growth rates in EMDC investment dropped from nearly 
11% (2010) to 3.4% (2019) (Kose and Ohnsorge, 2024). In advanced economies, 
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investment growth was more stable but relatively low: during 2010–2019 it 
remained at only around 2% per annum, similar to its long-term average. Across 
the world, growth in investment is still low (Kose and Ohnsorge, 2024).

For much of the last 15 years, there has been a global deficiency, in 
Keynesian terms, of planned investment relative to planned saving, as 
evidenced by low real interest rates (up until 2021–2022), low investment 
levels, and sluggish productivity growth, all alongside low inflation. The 
Covid-19 pandemic and the Ukraine war brought inflation and a rise in 
interest rates. Investment growth has remained low, and inflation is falling 
back. This suggests that, looking ahead over the next 15 years, as the world 
economy goes past these two disruptors, the global aggregate demand and 
supply balances could accommodate the necessary investment,10 potentially 
driving the world out of stagnation or weak growth and fostering a new 
kind of growth that is strong, resilient, and sustainable. It is not yet clear, 
at the time of writing in April 2025, how the disruptions associated with 
the policies and actions of Donald Trump’s second presidency will play 
through. For some countries over the medium term, it could increase 
strategic investment in economic, energy, and physical security. In the short 
run, many investors may ‘hold off to wait and see’.

The urgency of tackling climate change while simultaneously advancing 
development has never been more apparent, yet we are far behind on global 
climate action. Current global investment in new, clean technologies falls 
short of what is needed to meet critical targets for mitigation, adaptation, and 
conserving and enhancing natural capital. Meanwhile, too much investment 
continues to be channelled towards the outdated and polluting fossil fuel 
economy. Transitioning away from the dirty requires building up the clean.

Investment in the new, clean, and resilient has been far too low for  
several reasons, including: 

•	 The perception of a trade-off between growth/development and 
climate action, which has resulted in weak policy (see Section 5.3).

•	 A failure to think through or bother with ethical considerations, leading to 
the undervaluation of the well-being of future generations (see Chapter 3).

•	 The high cost of capital, particularly in EMDCs, due to perceived risks 
and severe difficulties of debt and the public finance post-Covid-19 
(see Chapter 6).

•	 Political difficulties in managing dislocation and adjustment costs (see 
Chapter 6).

•	 Strong resistance from vested interests (see Chapters 7, 8, and 10).
•	 International tensions, partly rooted in mistrust between developed 

and developing countries over finance, exacerbated by the behaviour 
of developed countries during the Covid-19 pandemic as well as by 
ongoing conflicts and energy security issues, such as those related to 
the war in Ukraine (see Chapters 4 and 9). 
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As discussed in Chapter 4, EMDCs will account for the vast majority of new 
physical capital over the coming three decades, driving a global doubling of 
infrastructure over the next two decades. If this new infrastructure replicates 
the old, the impact on climate will be devastating. Fortunately, for much of 
this infrastructure, clean options are already cheaper and more efficient than 
dirty ones. And the strong expansion of clean power will be vital to transport, 
heating and cooling, and much of industry. 

The realisation of the necessary investment requires sound policy and the 
right kind of finance, on the right scale, at the right time. While the major-
ity of investment will come from the private sector, public investment must 
play a key role, particularly in the early stages and in relation to sustainable 
infrastructure, including in public transport, city design, power grids, and the 
management of land. We will return to the details of these investment needs 
in Chapters 8 and 9. 

Integrating development, mitigation, and adaptation and resilience: 
a unified approach

In thinking about the impacts of climate change and the importance of 
adaptation for development, we must first understand some of the complexities 
and dynamics in the interactions between climate change and poverty and 
development. In so doing, the integration of adaptation with development and 
mitigation will run through most of the argument and examples. Inaction on 
climate will stall or reverse development, increasing poverty. Indeed, climate 
change can be a key factor in generating poverty–environment traps that may 
increase chronic poverty. Climate change can create a hostile environment 
that both pushes people into poverty and increases the difficulty in escaping 
from poverty. For rural populations in particular, climate change undermines 
agriculture, threatens food and nutrition, disrupts access to ecosystem 
services, and depletes habitats (Birkmann et al., 2022). Poor people in urban 
areas are more likely to live in more vulnerable places such as flood plains 
or areas with weak drainage. They are disproportionately affected by natural 
hazards and disasters (Hallegatte et al., 2020). 

But climate change also increases the risk of individuals who are not 
currently poor falling into poverty and undermines the ability of people 
to escape poverty. Understanding these processes can guide good climate 
action on tackling poverty (Bangalore et al., 2014). Figure 5.6 is a simplified 
diagram that shows only some of the many ways in which climate change 
can impact work, reinforcing existing poverty traps. Further, policies 
such as resilient housing and energy efficiency improvement, adaptation, 
mitigation, and development, can have cascading positive impact on poor 
communities, for example by simultaneously improving their personal 
finances, health, and work performance.
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The poverty–environment traps operate through all of health, assets, and 
incomes, food, and personal security, in both rural and urban areas:

•	 Health: Income loss can result from work disruptions due to hostile 
weather, increased malnutrition from impaired crop yield and water 
scarcity, and exposure to air pollution from fossil fuel combustion, 
to which poorer people are more vulnerable as they are more likely 
to be close to the pollution sources, both outdoors and indoors, and 
increased vector-driven diseases. 

•	 Physical damage: Poorer households are more likely to live in vulner-
able areas and take longer to recover from disasters. It is estimated that 
between 32 and 132 million people could fall into extreme poverty 
by 2030 due to the impacts of climate change (Birkmann et al., 2022, 
p. 1201); with the passage of time and greater severity of impacts, the 
numbers could be much higher. 

•	 Food systems: Reduced agricultural incomes from crop and livestock 
losses harm poor farmers and workers. High and volatile food prices 
disproportionately impact people in poverty, who spend a larger share 
of their income on food. 

Figure 5.6: The poverty–environment trap can increase chronic poverty 
(illustrative example)

Source: Figure 8.4 in Birkmann et al. (2022, p. 1187). Copyright 2022 IPCC. Reproduced 
with permission. Use of IPCC figure(s) is at the User’s sole risk. Under no circumstances 
shall the IPCC, WMO or UNEP be liable for any loss, damage, liability or expense incurred 
or suffered that is claimed to have resulted from the use of any IPCC figure(s), without 
limitation, any fault, error, omission, interruption or delay with respect thereto. Nothing 
herein shall constitute or be considered to be a limitation upon or a waiver of the privi-
leges and immunities of WMO or UNEP, which are specifically reserved.
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•	 Migration and conflict: Climate change intensifies droughts, which 
have been linked to migration and increased armed conflict, including 
in West Asia and North Africa (Abel et al., 2019). In Syria, climate-in-
duced drought contributed to mass migration from rural to urban areas, 
which in turn contributed to the causes of civil war (Kelley et al., 2015).

Climate-related  investments are crucial for simultaneously tackling 
the above  – as well as further challenges related to health, education, 
unemployment, growth, inequality, social  cohesion, and biodiversity 
loss. All these issues are integral to the overall effort to achieve the SDGs. 
Thus, climate-related investments should be understood as a core part of 
development investments and strategies and not separately. They are nested 
within and part of strategies to achieve the SDGs. Climate action is central 
to sustainable, resilient, and inclusive development. 

Indeed, the central thesis of this book is that action on climate change can 
be a powerful driver of development, and not merely that development and 
climate action can be made consistent or ‘balanced’. Similarly, action and 
investments for development, mitigation, and adaptation/resilience should 
not be seen as necessarily competitive. On the contrary, in much of the econ-
omy, these three elements are strongly interwoven and mutually supportive; 
see Figure 5.7. 

Mangroves

Decentralised
renewable

energy

Public transport

Restoring degraded land

Figure 5.7: Places where development and climate action meet

Source: Author’s elaboration.
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For example, mangroves act as strong barriers to storm surges, sequester 
carbon more effectively than many other plants or trees, and support fish-
eries, biodiversity (including tigers), and tourism. Restoring degraded land 
enhances resilience, captures carbon in the soil, and increases income. Public 
transport protects livelihoods, expands work and education opportunities, 
and reduces emissions. Decentralised solar power makes people less depend-
ent on fragile grids, reduces use of fossil fuels and wood and thus air pollution, 
and increases energy access – for example, by being used to power remote 
homes, shops, and hospitals, or by decreasing energy bills. Such investments 
foster development, reduce emissions, and promote resilience.

Good adaptation is always good development (see Figure 5.8). It makes no 
sense to build infrastructure, construct houses, or pursue agriculture activi-
ties that are not resilient to the climate impacts already occurring and those 
that are on the way (see also Chapter 2, Box 2.1, and 2.2). 

Greater security, achieved by tackling climate risk, reduces the cost of cap-
ital and fosters investment, particularly for small and medium enterprises 
(SMEs) and poorer households (Global Commission on Adaptation [GCA], 
2019), and thus increases living standards. For example, in Uganda renewable 
energy generation increases have been associated with higher firm productiv-
ity by making the supply of energy more stable (Probst et al., 2021). 

Careful design and appraisal, including from an economy-wide perspective, 
is crucial to the quality and effectiveness of climate action. If poorly designed 
or badly thought through, some measures could increase vulnerability and 
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obstruct development (Noble et al., 2014). For example, Brazil’s main source 
of electricity is hydropower, with an 83% share of power generation in 2021 
(World Bank, 2023b). Yet its reliability is under threat as climate change, grow-
ing water demand, and land degradation (due to deforestation) are putting 
stress on water availability, leading to increasingly frequent and intense water 
crises already being experienced (World Bank, 2023b). This water scarcity has 
repercussions for climate goals and development alike. It has led the govern-
ment to consider expanding gas-fired power generation, which would undo 
progress in clean generation, use capital in assets that might get stranded, and 
contribute to undermining the water availability that their citizens, energy 
systems, and agricultural systems need, as climate change keeps worsening. 

On the other hand, given water stress, diversifying the energy mix by 
investing in solar and wind could be a sound adaptation strategy, aligned 
with both mitigation and national development objectives. The intersection 
of water, energy, and food systems is complex. In the case of Brazil, a bigger 
share of solar and wind at an earlier stage would have been a wiser strategy. 
When developing strategies for climate action, countries must carefully con-
sider the specific energy and related natural resources needs of their systems, 
their clean energy endowments, and future climate risks; the country context 
is crucial.

The poverty–environment traps discussed earlier in this section and the 
constraints and insecurities they embody, together with the difficulties of 
designing revenue streams to capture the benefits of adaptation, imply that it 
is often very difficult to raise substantial private capital for investments that 
are predominantly adaptation. Private capital requires returns that can be 
captured by the investor and that may not be easy in the absence of directly 
related development returns. That underscores the importance of sources of 
low-cost capital for adaptation – see Chapter 9. It also emphasises the impor-
tance of integrating the three strands of development, mitigation, and adapta-
tion, because a strong development element can facilitate finance. An example 
would be the replacing of mud houses (kaccha in Hindi) with brick (pukka), 
as occurred in the village of Palanpur in India, which I, with collaborators, 
have been studying for more than half a century (Himanshu et al., 2018). 
A second is decentralised solar, which again encompasses all three strands: 
development, mitigation, and adaptation (see Box 5.1). 

Fundamental systemic change: investment and innovation

Effective action on climate and development will require rapid structural 
transformation across all key systems – energy, transport, cities, land, and 
water – to achieve the necessary scale of emissions reductions and deliver all 
three of development, mitigation, and adaptation. These systems interact and 
form larger, increasingly complex systems, with newer, cleaner technologies 
at their core. For example, decarbonising supply chains requires rethinking 
sourcing locations for energy and inputs to reduce emissions, transforming 
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Box 5.1: Decentralised solar in Africa: development, 
mitigation, and adaptation

Renewable energy presents an opportunity to increase access to 
electricity and do so in a clean way. Worldwide, in 2023, there were 
around 750 million people without access to electricity, with 600 
million of these being in sub-Saharan Africa (IEA, 2024c). Access to 
electricity has wide-ranging development impacts, from allowing 
students to study when it is dark, to improving industry and 
agriculture, food preservation, and heating. And it enables access 
to the internet and mobile phones, both of great importance for 
development and climate action, including adaptation. For example, 
these technologies enable people to receive early warnings of 
extreme weather events and to access information on how to 
manage agriculture in the face of a changing climate. And it gives 
them the ability to seek help.

Around 60% of the world’s best solar resources are in Africa, but the 
continent has had only 2% of the world’s clean energy investment 
(IEA, 2022a, 2023e). One of the advantages of solar is its capacity to 
be run on a decentralised basis: villages which are off-grid can have 
their own source of power under their own control. Indeed, decentral-
ised solar energy is springing up in parts of rural Africa, particularly in 
East African countries like Kenya, Rwanda, and Tanzania. The exten-
sion of connectivity to grids can be a lengthy and expensive process. 
And grids can be fragile.

Several decentralised energy service companies (DESCOs) – for 
example, M-Kopa, Mobisol, and Lumos – provide households, com-
munities, and small businesses with off-grid solar home systems or 
localised microgrids of varying capacity from which they can power 
their homes, neighbourhoods, and operations (Wakeford, 2018). 
These companies have come up with an innovative form of end-user 
financing: offering these decentralised solar systems under a pay-as-
you-go (PAYG) model, breaking down the large upfront costs of solar 
panel instalment into smaller payments and leveraging the fact that 
mobile payment systems are increasingly widespread. In exchange 
for the solar PV systems, customers arrange regular payments 
through a mobile payment system, on a PAYG basis, meaning custom-
ers pay a small upfront fee and then regular payments based on the 
energy used. The companies often offer flexible payment terms and 
lease length can vary according to needs. The costs of such schemes 
are often in line with what households would otherwise spend on 
kerosene, candles, and other less efficient, less reliable, and more 
unhealthy energy sources.
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production methods and switching fuels, electrifying transport and heat-
ing/cooling, increasing overall resource efficiency through innovation and 
collaboration, and reforming degrading, polluting, and toxic structures in 
agriculture.

Redesigning systems and managing these systems can be, as we have empha-
sised, greatly facilitated by AI. Indeed, creating and managing the interactions 
within systems – whether in the circular economy, electricity grid systems 
with greater flexibility in demand and supply across space and time, transport 
interactions, or city design – will likely involve the strategic deployment of AI 
tools (see Chapter 4 and below on AI). These have great potential for design 
and management of new system structures, more efficient usage of resources, 
and rapid discovery of new technologies and methods.

At the heart of systemic change are investments and innovations. The nec-
essary investments, innovations, and systemic changes require dynamic and 
strategic choices from both governments and the private sector. Successfully 
managing the macroeconomic, public finance, and financial aspects of this 
investment expansion, along with the innovation that accompanies it, will 
be critical to success. Much of this involves reducing, managing, and shar-
ing risk to lower the cost of capital. Multilateral development banks (MDBs) 
can play a fundamental role in fostering investment, providing affordable 
finance and managing risk, thus enabling private investment to scale up (see 
Chapter 9). The choices made now on infrastructure and capital will either 
lock us into high emissions or set us on a low-carbon growth path that is 
sustainable, resilient, and inclusive. It is the collaboration between public 
and private sectors around the investments, policy instruments, institu-
tional structures, and their financing that will determine whether the nec-
essary investments are realised (see Chapter 6). All this involves much more 
than the technical or engineering aspects of systems, important though they 
are. The integration with policies and institutions is crucial.

To illustrate, while prices are critical to incentive structures in market econ-
omies, they alone will not deliver the major systemic and structural changes 
required. Some economists have argued that all we need to do is raise the 

Such initiatives both reduce energy poverty and move towards cleaner 
and cheaper renewable sources of energy. They help protect against 
uncertainties. They constitute an important example of technological 
leapfrogging that builds on existing technological advances – using 
mobile, solar PV, and mobile payment technologies. According to 
IRENA (2020), around eight million people gained access to energy 
under PAYG schemes between 2015 and 2020. But all this is still on 
a very small scale relative to the population and needs of Africa. For 
further discussion of the potential of major solar PV initiatives for 
Africa, see Chapter 9.
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price of carbon to levels necessary to yield the required emissions reductions 
and to overcome the market failure associated with the damage the emissions 
cause. But this view ignores numerous other market failures. Recognising and 
overcoming these other market failures can simultaneously reduce emissions 
and foster better and stronger growth. Market failures inhibit the effective 
functioning of price mechanisms in guiding decisions and resource allocation 
and can lead to major inefficiencies, both static and dynamic, and obstruct 
investment and growth. However, if these failures can be tackled, at least par-
tially, through price or tax/subsidy and institutional mechanisms, markets 
will play a powerful role in realising the new story of growth and tackling 
climate change. Chapter 6 examines how policies and institutions can help 
tackle these market failures. Chapter 7 will examine the implications of this 
analysis for the role of the state.

The scale and pace of the required investments will present substantial chal-
lenges, in terms of dislocation of work and livelihoods for some and difficult 
changes in relative prices for some others. Many would regard it as unjust to 
fail to assist those who are affected in finding a response to the dislocation and 
in realising the opportunities of the new. Delivering a ‘just transition’ across 
nations, communities, and individuals will be fundamental to preventing ‘push-
back’ from those who stand to lose from these changes. Such action is not only 
just but also essential for successful implementation. We return to the just transi-
tion in Chapter 6 on policies and strategies underpinning the new growth story. 

AI as agent of green and intelligent growth

The six drivers of growth set out in Section 5.1 above, taken together, embody 
fundamental structural systemic and technological change. And we have just 
emphasised the centrality of investment and innovation to these changes. 
Here our focus is on the powerful role AI and digitisation can and should 
play in guiding and fostering change. An element of good fortune has entered 
here, as AI has arrived just when it is critically needed to respond to the crises 
of climate and biodiversity. AI can and must be put to good use in creating 
green and intelligent growth. We draw here on Stern and Romani (2023) and 
Stern et al. (2025), who identified five key areas through which AI can drive 
the climate transition and growth. These are introduced in Table 5.1.

The first key area is the promotion of change in the systems of energy, cit-
ies, transport, land, and water, which are at the heart of the growth story. As 
the energy transition advances, as our energy generation points and sources 
diversify, and as the electrification of activities surges forward, energy systems 
are becoming more complex. The role of AI, as the brain of energy systems, 
becomes more and more important (IEA, 2023f). In the energy sector, AI can 
help design, optimise, and run grid structures, and how they work, together 
with power markets, so that demand and supply are anticipated, responded 
to, and co-ordinated over geography and time. For example, smart-grid 
technologies powered by AI could speedily interpret real-time information 
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to match the supply and demand of electricity, therefore reducing costs and 
building stability and reliability into energy access.11 That would allow for 
a high portion of renewables in the power mix and contribute to a positive 
environment for renewable investments, thus accelerating the transition. Fur-
ther, it would reduce the cost and improve the efficiency of energy use, key 
drivers of growth. Taking these effects together, it would foster and enable 
the major expansion of electricity in the energy mix, which will be crucial 
for the transition. Although some speculate that fully automated systems 
could be developed in the future, at present AI is being leveraged primarily to 
provide better insights for human decision-making (Massachusetts Institute 
of Technology [MIT], 2023). For example, in 2019, the National Grid Elec-
tricity System Operator (ESO) partnered with the Alan Turing Institute to 
enhance renewable energy forecasts, leveraging AI. Using data analysis and 
ML techniques, for example, they developed solar forecasts that are 33% more 
accurate (AI Innovation for Decarbonisation’s Virtual Centre of Excellence 
[ADViCE], 2023).

Similarly, AI can play a crucial role in designing, managing, and running 
urban transport systems with a shift to electrified public transport with strong 
intermodal connectivity – that is, between mainline trains, metros, buses, 
trams, cycling, and walking. This would contribute strongly to the quality of 
life and productivity in cities. Indeed, AI can also be used to help transport 
run smoothly, from optimising delivery routes to adjusting traffic light tim-
ing to reduce congestion (Abdulijabbar et al., 2019). AI could also strengthen 
commerce and trade systems by managing unexpected transport disruptions 
due to unexpected events. For example, Unilever uses an AI tool to identify 
suppliers when needed on short notice. The software creates a list of potential 
suppliers by scraping websites for data on a variety of the supplier’s charac-
teristics, from customer ratings to sustainability scorecards (Van Hoek and 
Lacity, 2023). 

Second, AI can also drive the discovery of new materials and technologies, 
as it did with AlphaFold (a protein structure database), and vaccine and 
drug development. For example, Google’s DeepMind has used an AI tool 
to discover 2.2 million new and viable inorganic crystal structures. These 
new materials have the potential to be used in fields from solar cells to 
superconductors (Peel, 2023). Not only does this cut years of trial-and-
error scientific work, but it can also directly feed into the improvement 
of green technologies, which are central in the new growth story. AI 
can accelerate the technological and scientific aspects of the transition. 
It can enable the much faster geographical discovery of the location of 
the minerals needed in new technologies, for example batteries. And, as 
we have seen, acceleration on all fronts of action is paramount to avoid 
acceleration in climate impacts. 

There is likely to be, or has already been, rapid progress associated with AI 
in nuclear fusion, quantum chemistry, alternative protein design, materials, 
and many areas of medicine. Indeed, in 2024 two of the Nobel Prizes in 



RISING TO THE CHALLENGES	 191

science were closely associated with AI. As Demis Hassabis, a leading figure 
in AI (founder of Google DeepMind) and a pioneer of the characterisation of 
proteins (Nobel Prize for Chemistry 2024), has put it, AI can give us scientific 
advance at digital speed (oral communication).

Third, AI can help provide timely information, overcome psychological 
barriers, promote changes in behaviour, and tailor intervention. An example 
of an initiative helping to generate change in behaviour through better 
communication and information is Farmer.Chat. This is a mobile phone 
app created in partnership with OpenAI by a non-profit organisation called 
Digital Green, a private initiative. It assists small-scale farmers, some in remote 
communities, in increasing their profits and their resilience to climate change. 
Farmer.Chat provides support to local farmers who are on the frontline dealing 
with the impacts of climate change, answering either written or verbal questions 
on their farming needs and problems, directly to them or through ‘agriculture 
extension workers’ (The Rockefeller Foundation, 2024). In India, for example, 
the Ministry of Agriculture validates all documents included in its knowledge 
base, to increase the reliability of Farmer.Chat (Open AI, n.d.). The initiative 
is linked to VISTAAR (Virtually Integrated Systems to Access Agricultural 
Resources), a public information repository and network of the Government of 
India for the agricultural community. As digitisation and information systems 
advance, the potential of examples like this will become ever stronger. Openness 
in data, both public and private, will facilitate initiatives such as Farmer.Chat.12

Fourth, climate and weather scenarios require understanding of the 
functioning of global climate systems. Much of that is associated with 
detailed climate modelling and other data-intensive approaches, for which 
AI can be a valuable instrument. It can help identify potential non-linearities, 
tipping points, and extremes. Indeed, AI applications can enhance weather 
forecasting and climate modelling, providing more accurate predictions 
of extreme weather events with strong local resolution and enabling better 
preparedness (Jain et al., 2023). Accurate and timely climate forecasting 
is crucial for designing and implementing effective climate policies and 
scenarios. For example, AI has been instrumental in enhancing weather 
forecasting and climate prediction models. The British Antarctic Survey and 
the Alan Turing Institute developed IceNet, an AI-powered tool that uses 
satellite data to forecast sea ice levels at a higher accuracy than state-of-the-art 
dynamical models (ECMWF SEAS5) (IceNet, 2024). This level of precision 
can improve climate projections, thereby contributing to better-informed 
policy decisions in relation to sound mitigation, resilient adaptation, and 
stronger development. The strengths of old and novel methodologies can also 
be combined, for example as in Google’s new NeuralGCM weather prediction 
model, which blends traditional physics modelling and forecasting techniques 
with AI – helping overcome the limitations of both. 

Fifth, AI can play a major role in identifying and understanding risks from 
climate change and thus helping design and manage adaptation and resil-
ience. Building resilience depends, in large measure, on the integration of 
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place-specific analysis of impacts and other details of the place itself. AI can 
be a powerful tool in learning about and fine-tuning that integration. Levels of 
data definition and modelling should be as local as possible and the fine-tun-
ing can be greatly enhanced by AI and strong computing power. For example, 
flooding results in US$50 billion of economic damages each year, with 1.5 
billion people globally exposed to these risks (Matias, 2024). Google’s Flood-
Hub uses ML models to forecast flooding events up to five days in advance; 
detailed alerts are issued in more than 80 countries, allowing such damages to 
be reduced or avoided (Matias, 2024). 

To cover extreme weather events more extensively, digital twins, such as 
NVIDIA’s Earth-2 and the European Space Agency’s (ESA’s) DestinE, are being 
developed. These simulations combine traditional physics-based models with 
AI to forecast weather in unprecedented detail, thereby improving disaster 
alert systems and allowing for dynamic adaptation measures (Hoffmann et 
al., 2023). Another example is that of Microsoft working with the Ministry of 
Irrigation and Lowlands in Ethiopia and the Ethiopian AI Institute to identify 
communities that are at high risk of natural disasters by combining satellite 
imagery, AI, predictive modelling, and local expertise (United Nations 
Framework Convention on Climate Change [UNFCCC], 2023). Precision and 
high local resolution are crucial in this context, often requiring substantial 
increases in computing capacity as well as data generation and availability. 
That links directly to the energy demand of AI, as discussed in Chapter 4. 

As summarised in Table 5.1 above, there is a deep and powerful connection 
between AI and digitisation, the net zero transition, and broader economic 
development and growth. While the challenges of climate change and the 
transition are complex and often daunting, one encouraging development is 
the timely emergence of AI as a transformative tool in this critical moment.

5.3 Errors in common counterarguments
The central thesis of this book is that strong, well-designed climate action can 
drive a new attractive form of growth that is sustainable, resilient, and inclu-
sive. There is no inevitable trade-off between growth and climate action. It is 
not a horse race between the two. Whilst our focus is on the direct and pos-
itive case, it is also important to examine the arguments of those who claim 
that an inevitable trade-off does exist and to demonstrate where their rea-
soning falls short. We begin with standard trade-off arguments, then discuss 
degrowth arguments, and finally examine issues around population growth. 

Trade-off arguments

Table 5.2 summarises four different concerns or perspectives that could form 
the basis for the argument of an inevitable trade-off, along with explanations 
of why each argument is flawed. 
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The first concern or argument suggests that if an economy is already oper-
ating efficiently, introducing a new criterion such as climate and sustainability 
would inevitably lead to a reduction in some other objective, such as output 
or growth. This idea is rooted in the basic definition of efficiency, which states 
that a situation is efficient if it is impossible to increase one good or goal with-
out decreasing another. 

The flaw in this argument lies in the assumption that the economy’s ‘start-
ing point’, before introducing the climate criterion, is efficient. In reality, it is 
thoroughly implausible to argue that our current economic state is efficient, 
particularly given the numerous market failures of strong relevance to climate 
change. Table 5.3 highlights six major market failures, each important. By 
working to overcome or reduce these failures, it is therefore entirely possible 
to improve climate outcomes without sacrificing growth. Here, the focus is on 
their implications for action, and the horse race between climate action and 
growth and development. In Chapter 6, the discussion will focus on policy 
options to tackle these market failures.

Realising potential improvements requires tackling these market failures. 
Table 5.3, third column, sketches how public policies and institutional responses 
can reduce the force of these failures. Most cannot be eliminated but their dis-
torting effects can be substantially reduced. For example, the market failure asso-
ciated with emissions can be reduced through a carbon price or tax combined 
with standards and regulation. The failure related to research, development, and 
deployment (R,D&D), given its nature as a public good (everyone can in princi-
ple use an idea), can be mitigated by public support for R,D&D. Failures in capital 
markets can be addressed by sharing risk through wise regulation for transpar-
ency and through the activities of development banks, among other measures. 

Tackling market failures through public action is not only theoretically pos-
sible but also practically achievable. We see this in policies being implemented 
in many countries, including measures to reduce emissions, increase research 
and development in clean technologies, and reorient development banking 
towards climate and sustainability. The recognition of the central importance 
of tackling climate change can provide a political and economic impetus to 
work to overcome these failures – a motivating drive which would not be there, 
or at least not with sufficient force, without that recognition. The issues in Table 
5.3 are of such importance to our argument and to policy that we shall return 
to them in Chapter 6, where we discuss policy issues in more detail.

The second concern in Table 5.2 revolves around the role of energy in 
development. Economic history shows that improvements in living standards 
have indeed often been linked to increased energy use, with, for example, 
coal and steam playing central roles in the Industrial Revolution (Smil, 2004). 
However, while the connection between energy use and development is indeed 
strong, the relationship is not rigid or fixed. Increased energy efficiency can 
reduce energy consumption, conserve resources, and still lead to higher living 
standards. Moreover, as incomes rise and consumption patterns shift towards 
services, the energy intensity per unit of output can decrease, potentially 
reducing overall energy consumption. 
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Nevertheless, the link between living standards and energy use is impor-
tant, particularly in developing countries. At low incomes, the promotion of 
growth and development is heavily reliant on the increased use of energy. In 
other words, in the jargon of economics, at these levels of income, the income 
and output demand elasticities for energy are high. However, energy con-
sumption does not require CO2 emissions. By this stage in our argument, that 
should be crystal clear. And it is important in this argument that zero-carbon 
alternatives to fossil fuels for energy are not only available, but are also, in 
many cases, cheaper. 

Thus, the argument that development necessitates emissions is flawed. As 
emphasised in Chapter 3, the argument that there is a right to development is 
strong. But the argument that this implies the right to emit could, I hope, be 
regarded as morally wrong. Emissions kill, maim, and damage livelihoods for 
others and are not required for the energy necessary for development. Thus, 
it is very hard to see any logical or ethical basis to insist on a right to emit. 

The third perspective in Table 5.2, closely related to the first, argues that cli-
mate action demands investment and resources that could otherwise be used 
for growth. The counterarguments presented in the first perspective apply 
here as well. Specifically, the six drivers of growth outlined in the previous 
section demonstrate how climate action, along with the associated investment 
and innovation, directly drives growth. It might be argued that investment 
focused solely on growth, without regard for climate, could yield even higher 
growth. However, this overlooks the fact that climate action is often centred 
on overcoming market failures and inefficiencies. Because it carries an addi-
tional, widely shared purpose, climate-oriented policies may have a greater 
chance of tackling these failures than a strategy focused purely on growth. 
In this sense, well-designed climate and growth policies could, in principle, 
achieve higher growth than a growth-only strategy. 

The fourth perspective concerns the argument that the impact of climate 
action and associated policies on poor people will make them worse off. Part 
of the response to this argument is that relating to the third: climate action 
can drive growth. But that is not a full answer, as some policies could, for 
example, increase prices of goods used by poor people. The full response to 
this concern can and should include a package of measures to protect poorer 
people. The revenues from well-designed climate policies – or the funds made 
available by reducing subsidies for dirty fuels – can provide more than enough 
revenue to fund such packages (see Lankes et al., 2023). Given the importance 
of policy to align climate action and poverty, we return to this issue in a little 
more detail in Section 5.5.

Throughout all these discussions, the quality and sustainability of growth 
should be at the forefront. A strategy that integrates growth with climate 
action can deliver higher-quality growth – growth that is sustainable, resil-
ient, and inclusive. This approach leads to better quality, more robust, and 
longer-lasting outcomes. There is no inevitable trade-off between climate 
action and economic growth.



RISING TO THE CHALLENGES	 197

Degrowth arguments

There is a viewpoint that achieving sustainability and net zero emissions 
necessitates an absolute reduction in consumption, particularly in wealthy 
countries and communities. This perspective is often summarised under the 
concept of degrowth.

At a basic level, the argument that degrowth is essential for achieving net 
zero is flawed, particularly if it claims that emissions cannot be reduced unless 
consumption is also reduced. Such an argument would imply that net zero 
emissions can only be achieved if consumption is reduced to zero, unless a 
massive CO2 removal programme is implemented. We know that there are 
many ways to alter our consumption and production patterns to reduce emis-
sions, so the idea that reducing consumption is a necessary condition for 
reducing emissions makes little sense. Similarly, no one suggests, I hope, that 
we should achieve net zero by reducing the population to zero. 

Beyond these logical and empirical issues, there is also the politics. Policies 
aimed at drastically reducing consumption in the name of emissions reduc-
tion and sustainability are unlikely to gain political traction. Such priorities 
could face significant pushback, potentially derailing broader climate action 
and sustainability plans. This resistance would be particularly intense, and 
understandably so, if it involved wealthier nations trying to impose limits on 
growth for poorer countries – invoking, implicitly or explicitly, the argument 
that the carbon budget has already been used up by the rich. 

There are hundreds of millions (or billions, depending on the metric) (World 
Bank, 2024) of very poor people in the world, and it will be impossible for them 
to achieve and sustain high levels of human development and escape from pov-
erty without substantial economic growth in the communities where they live 
and work. This is a crucial point that many commentators do not seem to rec-
ognise or accept when they advocate degrowth.13 

A ‘softer’ version of the degrowth argument does not insist that consumption 
reduction is a necessary condition for emission reduction. Instead, it suggests 
that reducing consumption could or should help reduce emissions as part of a 
broader strategy. While this argument is not entirely wrong, it is weak and it 
diverts attention from the big issues. We need to drastically reduce emissions 
– from nearly 60 billion tonnes of CO2 equivalent (CO2e) per year today to net 
zero by 2050. A modest reduction in consumption in some parts of the world 
would only make a limited contribution to the 100% reduction needed. The 
real challenge is to break the link between consumption and production on one 
hand, and emissions and environmental damage on the other. That is where the 
major changes must occur. The key lies in producing and consuming in ways 
fundamentally different from the past. Even if pursued, a modest reduction in 
consumption would be, at best, a small part of the solution. Worse, insisting on 
it could generate hostility to the entire climate action agenda; it could be pow-
erfully counterproductive. The ‘softer’ version of the degrowth argument bears 
similarities to the flawed argument about the inevitability of a trade-off between 
environment and development, which we have already shown to be mistaken. 
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Our first conclusion, therefore, is to be very cautious of simplistic versions 
of the degrowth argument. Some of those who advocate for degrowth have, 
on the way, offered some thoughtful ideas, which we briefly discuss below. But 
these ideas do not require the concept of degrowth as their foundation. They 
can be examined and discussed from the perspectives of sustainability, social 
cohesion, and the reduction of waste without invoking degrowth. 

Some of those arguing for degrowth have begun by challenging ‘growth-cen-
tric ideologies’ and ‘consumerism’. Some offer a vision of a society that values 
mutual care, autonomy, self-sufficiency, and the environment over perpet-
ual accumulation. They paint a different picture of how to enhance human 
well-being and social equity. Often policies like universal basic income, max-
imum income caps, and progressive taxation are seen as part of this vision 
(e.g., Hickel, 2017; Jackson, 2021). Such policies, or versions of them, may 
have merits, but those merits can be argued without reference to degrowth. 
The reduction of harmful activities or waste is indeed needed, but that does 
not require aiming for overall economic decline. Such decline could hamper 
the perceived demand side for investment for change (van den Bergh, 2011) 
and uniform support for the changes that really matter for the path to net 
zero. The more sensible route would be through supporting the growth of the 
clean that displaces the dirty and arguing in favour of policies that promote 
equity, reduce waste, and embody a broad view of development.

Those making degrowth arguments often call for a shift away from using GDP 
as the primary measure of success, and for focusing instead on broader notions 
of human well-being and happiness. That is indeed a well-founded argument – 
see, for example, Chapter 4. Those making the case for degrowth often support 
innovative technologies, efficient resource use, the circular economy, and the 
scaling down of harmful industries. Advocates for degrowth often call for 
investments in sustainable infrastructure, such as renewable energy and circular 
economy practices. Much of this agenda does indeed overlap with the new 
approach to growth we have described and advocated. However, these actions 
for sustainability do not require the concept of degrowth for their support. 

Population arguments

Population dynamics sometimes emerges as a contentious issue in discussions 
of sustainable development and climate change. Population growth in wealthier 
parts of the world is already low or negative. It is negative in China and much 
of East Asia. In India, and some other Asian developing countries, the fertil-
ity rate is already below replacement, although population will rise for a while. 
Narratives advocating population management or control tend to focus on the 
poorest parts of the world, particularly Africa. Such arguments, if they come 
from the rich world, can sometimes, understandably, be seen as condescending, 
hypocritical, or indeed neo-colonial. They could thus be met with resentment 
or pushback, especially given that the poorest countries and peoples have con-
tributed relatively little to overall emissions compared to wealthier countries. 
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The first and most important issue is not simply the number of people, but 
how resources are consumed and produced. Consumption patterns and the 
resulting emissions are closely tied to wealth and economic structures (Fig-
ure 5.9). Thus, in the shorter term the biggest potential emissions reduction, 
by changing how goods are produced and consumed, will be associated with 
richer countries and groups. 

However, as we have seen earlier in this chapter (see also Chapters 8 and 
9), the most rapid growth of emissions will be in middle-income countries, 
particularly in Asia. Thus, their course of development will be critical to the 
management of emissions over the next couple of decades. But looking ahead, 
the weight of population in Africa (likely two billion people by mid-century) 
– and, we hope, rising living standards – implies that the choices of devel-
opment paths for Africa, starting now, will also be crucial to the course of 
emissions. And their emissions would rise less fast, or fall more rapidly, if 
population growth were lower.

Of special importance here are arguments grounded in the rights and 
empowerment of women, which are compelling in their own right. Rights-
based approaches that prioritise empowerment, education, and choice for 
women and girls are not only matters of justice and equality, but also powerful 
drivers of sustainable development. Greater access to education, paid work, 
and leadership opportunities improves living standards for women, their 
families, and their communities (United Nations Women [UNW], 2018). 
Expanding access to voluntary family planning and comprehensive repro-
ductive health services increases the ability of women and couples to make 

Figure 5.9: Global carbon inequality (2019): group contribution to world 
emissions (%)

Note: Personal carbon footprints include emissions from domestic consumption, 
public and private investments, as well as imports and exports of carbon embedded 
in goods and services traded with the rest of the world. Modelled estimates are 
based on the systematic combination of tax data, household surveys, and input–
output tables. Emissions are split equally within households. Percentiles refer to 
global income and distribution.
Source: Figure 6.5b in Chancel et al. (2022, p. 122). Copyright 2022 The Authors, CC BY 4.0.

https://creativecommons.org/licenses/by/4.0/
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informed choices about their lives. These actions stand on their own as vital 
investments in dignity, rights, and well-being. If, as a result of such empow-
erment and expanded opportunities, fertility rates and population growth 
decline, this can be seen as a secondary benefit that may also reduce pressure 
on the environment.14

5.4 Investment across sectors and geographies 
It is the sum total of emissions over all countries and over time which will 
shape our climate future. China, as the biggest emitter (around 30% of total 
CO2e GHG emissions in 2021), will be crucial (UNEP, 2023a). So too the 
developed countries, currently with emissions of nearly 30% of the total in 
2022 (Beynon and Wickstead, 2024). However, policy should focus not only 
on where these emissions take place now, both geographically and in which 
sectors, but particularly on where in the world the strongest growth in emis-
sions will likely take place in the coming years. Thus, in this section we place 
a special focus on EMDCs (other than China). It is vitally important that 
emissions reductions accelerate in China and the developed world. But it is 
outside these countries that the most rapid growth in emissions is likely to 
take place in the absence of strong climate action. And it is these countries, 
EMDCs (other than China), that have the great opportunities to pursue and 
integrate climate action and development if the necessary investment can be 
fostered and financed.

Similarly, there are some sectors of special significance to the 
transformation. First and foremost, it is the energy sector, but agriculture 
and some other hard-to-abate sectors will also be central to the story of 
reducing emissions and combining those reductions with stronger and better 
development. The private and public sectors play distinct but intertwined 
roles, but we must recognise that the bulk of the necessary investment 
across the world will be from the private sector, although the public–private 
proportions will vary across countries. 

The centrality of EMDCs (other than China)

In terms of potential future growth of emissions, the EMDCs (other than 
China) are pivotal to global climate action. There is a special opportunity 
for EMDCs to leapfrog traditional carbon-intensive industrialisation. This 
involves the fundamental transformation of key systems, including energy, 
transport, cities, land, and water. Such a transition promises not only envi-
ronmental benefits but also, as I have argued, powerful development bene-
fits, including economic growth, quality job creation, reduced energy costs, 
improved public health outcomes, liveable and productive cities, and ecosys-
tems which are much more resilient and more fruitful. 

Investment is at the core of this new growth story and of reaching the goals 
of the Paris Agreement. Our work for the Independent High Level Expert 
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Group (IHLEG) on Climate Finance (Bhattacharya et al., 2024) indicates that 
to achieve the Paris goals, global climate investment must increase and be 
sustained at levels above US$6 trillion annually by 2030 and beyond.15 This is 
necessary to grow and transform physical, natural, and human capital in line 
with Paris Agreement targets, with a major portion directed towards energy 
transition. EMDCs (other than China) will require approximately $2.4 trillion 
of investment annually by 2030 to meet their climate action and sustainable 
development objectives in ways consistent with the Paris Agreement (Songwe 
et al., 2022). In this context we defined climate investment using five elements: 
energy transition, adaptation and resilience, loss and damage, natural capital 
and sustainable agriculture, and a just transition. That would involve multi-
plying investments in these areas by a factor of four or five from current levels 
of around $500 billion. Ways to achieve this will be the topic of Chapter 8. 

Despite a growing global commitment, climate action remains uneven 
across geographies and sectors. In 2023, combined investment in low-emis-
sions generation and batteries outperformed fossil fuel generation by 12:1 in 
advanced economies, 6:1 in China, and 2:1 in other EMDCs (Climate Pol-
icy Initiative [CPI], 2025). The majority of climate finance16 is concentrated 
in advanced economies and China: from 2018 to 2022, advanced economies 
accounted for 45%, China 36%, EMDCs (excluding least developed coun-
tries [LDCs] and China) 16%, and LDCs 3% (CPI, 2024). Further, mitigation 
efforts, particularly in the energy and transport sectors, received over 90% of 
climate finance between 2017 and 2020 globally, while adaptation investments 
were much lower (Kreibiehl et al., 2022).17 Thus, there is a critical need in the 
coming years not only to advance climate finance across the board but also to 
tackle geographical disparities and strongly increase adaptation finance. A lit-
tle caution in interpretation here is important, since projects can be, and often 
are, both mitigation and adaptation. Nevertheless, the point stands: adapta-
tion is under-invested.

Investment priorities for climate action

As we emphasised in our discussion of EMDCs (other than China), the next 
development phases of those countries will require strong investment in 
infrastructure. And they have a great opportunity to build that infrastructure 
in less carbon-intensive and more efficient ways than in the past. Low-car-
bon investments tend to involve capital upfront, which economises on fossil 
fuel inputs in operations down the track. The categories in this section reflect 
the key areas of climate investment that underpin our working definition 
of climate finance in the studies we carried out for the IHLEG on Climate 
Finance, commissioned by the presidencies of COP26, 27, 28, 29, and 30, 
and co-chaired by Amar Bhattacharya, Vera Songwe, and myself (Éléonore 
Soubeyran was a key co-author). As mentioned above, there are five elements 
of investment, which we consider in turn: the energy transition; adaptation 
and resilience to climate impacts; funding for loss and damage; preserving, 
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restoring, and investing in nature, including the transformation of agricul-
ture; and investing in a just transition. Climate finance, in this context, refers 
to the flows of funds directed toward these investment areas.18

First, amongst climate investments the energy transition is central, with a 
strong emphasis on decarbonising the power sector. It requires significant 
investment in both new infrastructure and the upgrading of existing sys-
tems. Clean electricity is the backbone of the net zero transition, projected 
to provide more than 60% of total energy consumption by 2050 – a dramatic 
increase from today’s 24% (IRENA, 2018). The global electricity system needs 
to expand by three to five times with both growing energy demand and a shift 
to electricity in transport, heating and cooling, and much of industry. The role 
of wind and solar power will need to grow dramatically, covering 75–90% of 
power generation, up from 15% in 2024 (ETC, 2023b; Ember, 2025). Achiev-
ing net zero emissions will require a surge in energy investment to around 
$4.5 trillion a year by the early 2030s (IEA, 2023e), primarily allocated to 
power generation, networks, and storage. Alongside this expansion, enhanced 
energy efficiency will be of great importance.

Second, adaptation and resilience to climate impacts remain a critical 
part of climate action. These needs will rise rapidly as temperatures keep 
increasing over the next two decades. Yet mitigation finance far outweighs 
adaptation. Adaptation finance reached a record US$76 billion in 2022 and 
thereafter decreased in 2023 – see Chapter 9 (CPI, 2025). EMDCs alone need 
on average US$212 billion annually between 2024 and 2030 (CPI, 2024).
This gap reflects the urgent need to increase funding to build resilience in 
vulnerable regions, particularly in Africa, which receives a disproportionately 
low share of adaptation funds relative to its vulnerability to climate change 
effects (GCA and CPI, 2023). In 2022, LDCs and small island and developing 
states (SIDS) – groups that include the economies that are the most vulnerable 
to climate impacts globally – received only 19% and 2% of adaptation finance 
respectively (CPI, 2024). And it must be noted that the needs of EMDCs 
might be much higher than indicated here, given the uncertain impacts of 
climate change and the increasing costs of inaction (CPI, 2024). 

As we argued (Section 5.3), it is important to recognise that good adapta-
tion is always positive for development – it makes no sense to ignore poten-
tially destructive change. And we should continue to remind ourselves that 
many actions from restoring degraded land to public transport embody all 
three of mitigation, adaptation, and development. 

Third, funding for loss and damage is already critical to the future of coun-
tries in the frontline of impacts such as sea-level rise, extreme weather events, 
and biodiversity loss (see Chapter 2). However, financing in this area remains 
inadequate and inconsistent. The potential scale of these losses is very large, 
damaging infrastructure, livelihoods, and ecosystems. Whilst efforts at COP27 
in 2022, including the agreement to establish a fund specifically for loss and 
damage, marked a significant shift towards recognising the need for dedicated 
financing in this area, the pledged funds remain far below the required levels. 
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The initial pledges made at COP28 in late 2023 total nearly US$700 million, 
falling way short of the needs of EMDCs (other than China) – projected to be 
at least US$250 billion per year by 2030 and above US$400 billion per year by 
2035 (Bhattacharya et al., 2024).

Fourth, preserving, restoring, and investing in nature is integral to climate 
action, particularly in EMDCs where such investment opportunities and 
needs exist on great scale. These investments are essential for preserving 
and restoring ecosystems that provide crucial services such as carbon 
sequestration, water purification, and biodiversity preservation. Investing 
in natural capital supports climate adaptation and mitigation efforts while 
enhancing local communities’ resilience and livelihoods; it is a prime example 
of adaptation, mitigation, and development coming together.  

The transformation of agriculture will play a central role in nurturing 
biodiversity, in reducing emissions, in enhancing resilience, and in driving 
development. Changing past damaging policies and strategies offers great 
potential in improving both quality and quantity of development and, cru-
cially, releasing resources associated with misdirected subsidies. That will 
involve major policy reform. Agriculture is responsible for 22% of global 
GHG emissions, directly and indirectly through land use change (Intergov-
ernmental Panel on Climate Change [IPCC], 2022b). Methane is of particu-
lar importance. 

Amongst past damaging policies, distorted and often toxic subsidy sys-
tems are of special importance. Agriculture subsidies are nearly US$700 
billion per year,19 but outcomes are all too often degraded land, deforesta-
tion, poisoned rivers, and polluted oceans (Damania et al., 2023). There is 
substantial scope for redesign of these subsidies with great benefits to the 
economy and the environment. Two recent World Bank publications, Detox 
Development (Damania et al., 2023) and Recipe for a Liveable Planet (Sut-
ton et al., 2024), have set out the issues clearly and there has been valuable 
work from the Food and Land Use Coalition (Food and Land Use Coali-
tion [FOLU], 2019). By repurposing subsidies for meat and dairy towards 
low-emission foods, such as fruits, vegetables, pulses, and poultry, signifi-
cant reductions in emission could be achieved (World Bank, 2024). Effects 
on diets would likely improve health.20

According to the Intergovernmental Panel on Climate Change (IPCC), 
most mitigation measures here are ‘available and ready to deploy’ (Nabuurs et 
al., 2022, p. 751). For example, efficiency can be increased through sustainable 
agricultural intensification, shifting diets, and reducing waste. In turn, these 
measures would reduce the quantity of agricultural land needed, enabling the 
greater deployment of reforestation and restoration. Other supply-side meas-
ures include ‘cropland and grassland soil carbon management, agroforestry, 
use of biochar, improved rice cultivation, and livestock and nutrient man-
agement’ (Nabuurs et al., 2022, p. 750). Though still emerging, there are also 
experimental technologies with emissions reduction potential, such as vac-
cines to reduce methane emissions from cows. Nevertheless, given the likely 
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continuation of cattle and sheep farming for meat, milk, wool, and leather at 
some level, it is unlikely that zero emissions from pastoral activities could be 
achieved. That is a key reason why CO2 removal will be necessary.

In agriculture, AI applications are revolutionising water use and crop man-
agement through precision-farming techniques that enhance productivity 
while conserving resources. They also provide small farmers with crucial 
information and guidance, particularly regarding weather conditions, soil 
health, and market trends. Similarly, in water management, AI algorithms 
and approaches can enhance treatment processes and predict water demand 
fluctuations and trends, enabling sustainable usage patterns crucial in water-
stressed regions. As with electricity, managing demand and supply across 
space and time is vital (De Baerdemaeker et al., 2023). 

We should emphasise again that transforming agriculture along these 
lines will bring mitigation, adaptation, and development. A key example is 
restoring degraded land, which then captures carbon, makes incomes more 
resilient, and increases productivity and growth. A second is the system of 
root intensification for rice, which avoids flooding paddy fields. This reduces 
methane emissions, increases productivity, reduces costs of energy and water, 
and is more resilient.

Finally, investing in a just transition means working to make the shift 
towards a green economy inclusive and equitable. A just transition aims to 
manage dislocation in an inclusive way that gives opportunities to partici-
pate in the new growth story and protects those whose livelihoods might be 
disrupted. This involves, for example, supporting workers and communities 
affected by the phase-out of carbon-intensive industries through retraining 
programmes, economic diversification strategies, local infrastructure, and 
social safety nets where re-employment is difficult. In other words, it means 
investing in people and places and, where necessary, offering social protec-
tion. A just transition tackles social inequalities and promotes broader social 
and economic resilience. Failure to ensure a just transition is not only unjust 
but also risks creating an opposition that could derail the transition. 

To tackle effectively the complex challenges of climate change, an integrated 
approach to development and investment that encompasses all these elements 
is essential. These elements are interconnected and collectively support the 
reduction of GHG emissions, the enhancement of economic and social resil-
ience, and the strengthening of the ecosystems upon which many depend. 

The scale of finance necessary arises from the scale of investment necessary, 
which is a result of both the scale of the task and past delay in action. If the 
world, both developed countries and EMDCs, had started this transformation 
two decades ago, the required annual increase in investment flows would have 
been much lower. Financing investment at this scale is itself an immense chal-
lenge, which we will return to in Chapter 8.
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Hard-to-abate sectors

Reducing and ultimately eliminating emissions from the sectors once 
labelled ‘hard to abate’, which in 2024 accounted for nearly 30% of total 
annual GHG emissions (agriculture not included) (WEF, 2024), is crucial 
for achieving climate goals.21 Agriculture, also a hard-to-abate sector, has 
been discussed above. We focus here on industry (cement, steel, and chem-
icals) and transport (heavy duty road transport, shipping, and aviation) 
(ETC, 2018). 

Decarbonising these sectors will require a range of strategies – from rapidly 
scaling green technologies to replacing legacy fuels and creating novel incen-
tive and business models that reward innovation and challenge incumbency 
(Lovins, 2021). These sectors will need significant structural transformations, 
including reconfiguring the constitutive elements of existing production pro-
cesses, such as replacing coal in steel manufacturing. Additionally, decarbon-
ising will require extensive changes across value chains, from upstream activ-
ities such as coal mining to downstream practices such as material efficiency 
in construction. 

While comprehensive structural transformations are essential, incremen-
tal measures such as energy efficiency also remain vital. For example, in the 
industrial sector, energy efficiency can reduce emissions from long-lived 
assets that have still not reached the end of their operational life. Carbon cap-
ture can, in some cases, enable the continuation of existing industrial pro-
cesses, such as cement, without structural transformations, but its scalability 
depends on further and significant investments.

For industry as a whole, the ETC (2018) highlights three types of action 
as particularly important in tackling emissions: deploying decarbonisa-
tion technologies, limiting demand growth, and improving energy effi-
ciency. There are three main decarbonisation technologies aside from 
carbon capture to incorporate in the industrial and transportation sec-
tors: zero- or near-zero-carbon hydrogen (to be used as a heat source or 
a reduction agent), electrification (to decarbonise high-heat tempera-
ture generation), and biomass (also as a reduction agent or as feedstock 
on plastics production). Which technologies among these will be most 
cost-effective depends on the specific locations, and particularly on the 
availability of resources. 

Although 95% of manufactured products rely in some way on chemicals, 
credible transition plans in this sector remain scarce. Emissions from chemi-
cal production stem, in approximately equal parts, from the use of fossil fuels 
as an input for chemical reactions (feedstock) and to generate heat, steam, 
and power for industrial processes such as compression or cooling. Therefore, 
the chemical industry should find ways to transition away from fossil fuel 
use in both feedstock and energy needs. Essential to achieving this is the use 
of green hydrogen and electrification. Therefore, particularly relevant to the 
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feasibility of decarbonising this industry is the increasing competitiveness of 
hydrogen and clean energy relative to their fossil-fuel-based counterparts.22 

Steel demand generally increases along the development trajectory, par-
ticularly in early industrialisation (IRENA, 2023a). It also features as an 
input into the energy transition, used in EVs, wind turbines, and solar PV 
structures (IRENA, 2023a). Demand management for steel can be achieved 
through increased material efficiency and circularity, particularly by decreas-
ing materials required in value chains and increasing recycling and reuse. It 
is estimated that 40% reductions of emissions from plastics, steel, alumin-
ium, and cement can be achieved globally by deploying these two measures 
(ETC, 2018). The role of governments will be key in decreasing the demand 
for materials, as this type of measure requires strong collaboration between 
the public sector and companies all along value chains. For example, this is 
often the case with strategies to decrease material demand, minimise waste, 
and prolong the lifetime of buildings, which could altogether reduce cement 
and concrete demand by between 30% and 35% by 2050 (ETC, 2025b). In 
addition to strategies around material and process efficiency, steel production 
will need to shift towards using renewable energy, in particular green hydro-
gen (IRENA, 2023b).

In the case of transport, possibilities to contain demand growth are more 
limited, but measures such as improving logistics efficiency and changing 
modalities (e.g., from trucks to rail transport) can reduce up to 20% of emis-
sions from the harder-to-abate sectors in transport by 2050 (ETC, 2018). 
EVs are now well advanced and cost competitive. Long-range EVs (more 
than 300 miles, or about 480 km) in the USA market are now cheaper than 
the average petrol-powered car (Randall, 2024). In the case of heavy trans-
port, electric drivetrains and electric trucks are examples of technologies 
expected to play an increasingly important role. Further, though electric 
engines with hydrogen-based batteries are expected to be of some rele-
vance for both shipping and aviation, new technological developments are 
required to deploy the latter technology for long distances; battery energy 
density needs to improve. Other possibilities for long-distance travel include 
bio-jet fuel for aviation and ammonia for shipping.

AI is playing an increasingly instrumental role in these sectors, 
improving resource use and boosting productivity. For example, under 
the initiative Carbon Re, founded jointly by University College London 
(UCL) and the University of Cambridge, AI is being used to conduct 
research on how to reduce emissions from energy-intensive industries, 
such as steel or cement. Specifically, their AI technology processes 
complex manufacturing data to enhance plant efficiency, reducing energy 
use while ensuring high material quality. 
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The role of private investment

Private investment will be at the core of the transition, particularly in the 
development and deployment of renewable energy technologies. Between 
2013 and 2020, private financiers were responsible for funding 75% of global 
investments in renewables. This is especially pronounced in technologies like 
solar PV, where 83% of total investment in 2020 came from the private sector. 
Similarly, in 2020 wind energy saw 65% of its investments funded privately 
(IRENA and CPI, 2023). This predominance of private financing is largely due 
to the low costs associated with these technologies, together with advances in 
the building of grids, the creation of markets, and the presence of purchasers 
of some reliability. Where these features are not present, the profitability of 
renewable energy supply comes under question and the cost of capital can 
then increase. The financial viability of power supply via renewables is par-
ticularly sensitive to the cost of capital, given that costs are focused on upfront 
investment and savings on future inputs. 

However, the role of private investment is not the same across all renewable 
technologies. For example, geothermal and hydropower projects often require 
substantial upfront investments and carry significant community and social 
risks, including via their potential effects on large geographical areas and pop-
ulations. These factors make them less attractive to private investors. In many 
cases, public sector investment will be necessary if they are to be pursued. 

Looking forward, the private sector is expected to remain the major driver 
of climate investment and finance, particularly in mature and commercially 
viable technologies. As the market for clean technologies expands and as 
policy and economic environments become more supportive, private invest-
ments are likely to increase strongly. 

Strategic focus of the public sector and the role of companies in 
supporting change

The public sector will contribute a smaller share than the private sector to 
overall climate finance. Its focus will be on areas of strategic importance 
that are less attractive to private investors. And it will be needed on a major 
scale. The relevant areas where public investment is likely to appear strongly 
include financing for power grids, adaptation and resilience, loss and dam-
age, natural capital, and measures aimed at fostering a just transition. These 
investments often require substantial capital, involve higher risks, or have 
economic returns which are difficult for the individual private investor to 
capture, because they are spread across a large area or community, such as 
flood defences. Adaptation finance remains predominantly the responsibility 
of public finance. Between 2019 and 2022, less than 3% of global adaptation 
funding came from the private sector, highlighting the critical role of public 
funds as not just complementary but a primary source of support for adapta-
tion initiatives (Global Centre on Adaptation and CPI, 2023).
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In nature conservation, public capital is often the main source of finance. 
Unlike energy systems, where private investment can play a substantial role, 
nature finance saw, in 2022, only 17% of its flows coming from private capital 
(UNEP, 2022). In the early stages of conservation projects, grant and conces-
sional financing are crucial, but as these projects mature, de-risking and the 
introduction of pure commercial capital become more relevant. Some pri-
vate finance can also be generated through regulation and standards applied 
to private sector investments, so that they are required to consider potential 
environmental impacts. 

A just transition will require concerted efforts from public and private sectors 
and from communities. Public funds are especially important in regions 
heavily impacted by the transition from fossil fuels, supporting initiatives such 
as re-skilling workers and promoting economic diversification. The EU’s Just 
Transition Mechanism is an example of how targeted public finance can help 
manage and reduce the socioeconomic impacts of transitioning economies, 
creating new and better opportunities in the process (European Commission 
[EC], 2024). Additionally, the private sector, including large institutional 
investors, is increasingly recognising its role and responsibilities in the net 
zero transition, including in supporting a just transition. 

Two cases where investors had a key role in the development and 
implementation of the companies’ just transition strategies and programmes 
are Scottish and Southern Energy  (SSE) and Ayana Renewable Power.23 
SSE, a UK-based energy company, was one of the first companies globally 
to release a just transition strategy. Published in 2020, this strategy outlines 
20 principles to promote a fair and just transition for workers, consumers, 
and communities. According to the company, by 2024, 29% of its employees 
had transitioned from high-carbon roles, facilitated by initiatives such as 
engineering conversion programmes, skills courses, and the integration of just 
transition principles into its core business strategies (Scottish and Southern 
Energy [SSE], 2024).

Ayana Renewable Power is a renewable energy development platform 
established in India. Although the national government created a Skills 
Council for Green Jobs in 2015, which has already trained around 500,000 
workers, many more are expected to be needed, creating a challenge for 
growing companies in India. Indeed, around one million clean energy work-
ers are projected to be needed in the country by 2030, a significant growth 
relative to the present workforce, composed now of more than 160,000 
workers. This challenge of building ‘clean skills’ is especially acute in rural 
areas. And these areas are economically convenient places to advance with 
clean energy projects due to the low cost of land (relative to urban) and the 
frequently pressing need for local economic opportunities. In this context, 
Ayana developed a just transition programme focused on creating the green 
skills that are needed to support its growth and contribute to the devel-
opment of local communities. After several skill programmes, which ini-
tially depended on grants, the company is now funding the programmes 
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itself, showing ‘a progression from grant funding through corporate social 
responsibility spending to core business investment in developing human 
resources’ (Just Transition Finance Lab, 2024a, p. 9). 

The distribution of public and private finance will continue to vary substan-
tially across different geographies and sectors. Developed economies, such as 
those in the USA and Western Europe, are expected to attract a higher con-
centration of private investments, particularly in mitigation technologies like 
renewable energy and energy efficiency improvements. These regions benefit 
from mature markets structures, established infrastructure, and some support 
from regulatory environments, all of which make them more appealing to 
private financiers.

In contrast, regions such as sub-Saharan Africa will rely more heavily on 
public and international finance to meet their climate goals. These areas often 
face greater challenges, including less developed infrastructure, higher risks, 
limited access to private capital, and severe pressures on the public finances, 
including in relation to debt. As a result, public funds and international 
support become crucial for supporting climate initiatives, from adaptation 
projects to renewable energy, enabling these regions to transition towards a 
sustainable future. In this context the role of MDBs is central – as we will see 
in Chapter 9. 

5.5 Development, poverty reduction, and climate action
The argument that there is an inevitable trade-off between climate action and 
growth was considered in Section 5.3, where we showed that it was misguided. 
Similar arguments have been used to claim that there is an inevitable trade-off 
between climate action and poverty reduction (see Table 5.2). The issue is of 
great importance and we therefore examine here the concerns set out in Table 
5.2 on climate action and growth directly in terms of links to poverty reduc-
tion in further detail. There is an inevitable overlap between this discussion 
and the one in Section 5.3, because growth itself is central to development and 
poverty reduction. However, poverty reduction is so important that, at the 
risk of repetition, we examine it directly here.

Concern 1: In an efficient world, introducing an additional criterion – the 
future state of the climate – must involve some reduction on another 
dimension.

This claim assumes that the existing equilibrium is efficient, implying that 
progress toward a new criterion must come at the expense of other objectives, 
including poverty reduction. As we saw in Table 5.3, however, the real world is 
characterised by multiple market failures and inefficiencies beyond the exter-
nalities of GHG emissions. Climate action policies provide an opportunity to 
address these inefficiencies while delivering economic and social benefits to 
vulnerable groups. For example, tackling urban congestion reduces house-
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hold costs and pollution, leading to improved health and productivity. Public 
transportation and air pollution are of particular relevance for poorer people. 
So too is decentralised solar (with batteries): it can create job opportunities 
for poorer people through, for example, small enterprises; it enables children 
to study in the evening; and it can reduce time (and danger) associated with 
women searching for firewood.

Concern 2: Development requires energy and energy requires fossil 
fuels, and therefore development must involve more GHG emissions.

This claim assumes fossil fuels will remain cheaper than low-carbon alter-
natives, overlooking the rapid pace of technological change and innovation 
in clean energy. As discussed throughout the book, clean energy is already 
cheaper in many contexts, undermining the argument’s premise. In most of 
the developing world, solar and wind offer vast potential for increasing energy 
access. Scaling up solar PV in Africa (see Chapter 9) would bring electricity to 
many poor people for the first time, unlocking opportunities for businesses, 
connectivity, and agriculture, and driving both development and poverty 
reduction.

Concern 3: Using resources for climate action will reduce capital for 
growth needed to reduce poverty and increase resilience.

There is no inherent trade-off between allocating resources for climate action 
and growth. On the contrary, as we have argued, climate action can drive 
growth through increased investment, enhanced resource efficiency, acceler-
ated innovation, stronger international collaboration, improved health, and 
more. All these crucial aspects of climate action are drivers of growth. Invest-
ing in key sectors such as mitigation, adaptation, biodiversity, and natural 
capital can generate substantial economic benefits while advancing climate 
objectives. That growth opens up new opportunities, many of which would be 
available to poorer people. 

Adaptation is of particular importance to poorer people, who in general 
are the most vulnerable to climate change. Every US$1 invested in adaptation 
can result in up to US$10 in net economic benefits (GCA, 2019). In the agri-
cultural sector, of special relevance to poorer people in developing countries, 
adaptation measures are strategic investments to improve crop production, 
reduce farmers’ vulnerability, and enable sustainable sectoral growth in the 
face of shifting climate conditions. 

Moreover, though the effect of transitions on employment varies among 
regions and timeframes, evidence shows that climate-friendly investments 
create more jobs per US$1 million compared to unsustainable investments – 
and many of those jobs can benefit poor populations. Wu et al. (2024) found 
that growth in sub-Saharan Africa has in the past translated into less poverty 
reduction than has growth in other regions. This is in part because this growth 



RISING TO THE CHALLENGES	 211

has been underpinned by commodities – for example, oil and gas – many 
of which create few jobs. A greener, sustainable approach to growth would 
enhance the poverty-reducing effects of growth. More generally, for climate 
action to foster a growth path which brings about poverty reduction, policy 
should incorporate poverty concerns and manage potential adverse impacts 
or displacements of job opportunities across regions and sectors; this is related 
to the fourth and last concern.

Concern 4: Beyond diverting investment, climate action can involve 
a series of policies (e.g., pricing and fossil fuel phase-out) that could 
increase costs and reduce opportunities for poor people.

The perception that climate action burdens poor populations originates 
largely from past failures to incorporate poverty concerns in policy design 
and implementation, and the lack of accompanying social measures. Overall, 
leveraging climate action for poverty reduction requires appropriate policy 
mixes tailored to local contexts. For example, revenues from carbon taxes 
can be used for social programmes that support low-income groups (revenue 
recycling), reducing inequality and poverty. However, designing and deploy-
ing carbon pricing and redistribution policies can be challenging for EMDCs 
due to low institutional capacities (Budolfson et al., 2021; Lankes et al., 2023). 

Revenue from reforms of fossil fuel subsidies can be reallocated for social 
protection and inequality reduction, as occurred in Jordan (2012), where the 
poverty impacts of their reforms were addressed through multiple social safety 
net measures, such as cash transfers and food subsidies. Another example is 
the case of Iran (2010), where fossil fuel subsidy reform included electronic 
cash transfers accounting for 50% of projected savings from the reforms. This 
had positive effects on inequality reduction, and the remaining savings were 
used to tackle the reforms’ impact on the private and public sector (World 
Bank, 2019). 

Opportunities for sustainable development with strong poverty reduction 
are available across the world.24 Some measures impact poverty directly, such 
as the case mentioned from Iran. Another example is Bolsa Verde, an initiative 
for payment-for-environmental-services in Brazil which aims to reduce extreme 
poverty while improving ecosystem conservation: beneficiaries receive a payment 
for using natural resources sustainably and for monitoring areas to facilitate their 
protection (Schwarzer et al., 2016). Other policies impact poverty indirectly, for 
example by generating changes in economic growth (Barbier, 2014).

Key actions that can enable the effective linking of climate action to poverty 
reduction are, first, including affected communities in designing interventions, 
and, second, unfolding transitions in a careful and planned manner. Abrupt 
shifts in employment can be difficult, particularly in low-income areas where 
weak state capacity and limited access to social and economic data make 
managing just transitions challenging. Planning will work much better if the 
people who will be affected are involved. 
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5.6 Concluding remarks: the new growth and development 
story 
This chapter serves as the heart of the book. Its aim has been to substantiate 
the idea that a well-structured transition to a cleaner, more sustainable, resil-
ient, and inclusive economy delivers on two crucial purposes together. First, 
it achieves the reductions in emissions and the protection of biodiversity and 
environment that are crucial to respond to the twin crises of climate and bio-
diversity and protect our future from catastrophe. Second, it sets the world on 
a much more attractive and prosperous path of growth and development. The 
positive case for the growth story, particularly through the six drivers of growth, 
is strong and sound both in terms of its theoretical foundations and in the prac-
ticalities of the new opportunities, technologies, innovations, and efficiencies.

Beyond the positive case, it is important also to dispose of the arguments 
that claim there is an inevitable trade-off between climate action and economic 
growth. These arguments are often built on shaky or mistaken assumptions that 
underestimate or overlook market failures and overestimate the costs of transition. 

The EMDCs will play a pivotal role in the global climate transition. With 
their significant growth potential and the vast infrastructure needs anticipated 
in the coming years, these regions must be at the forefront of the new growth 
story. However, it is clear that in EMDCs (other than China), clean investment 
is progressing much too slowly to meet the scale of the climate challenge and 
to foster development at a pace necessary for the SDGs.

At the centre of this new growth story are investment, innovation, and 
structural, systemic, and technological change. To transition successfully 
to this new economy, the share of investment in GDP must increase by at 
least 2 ppt globally, and by a substantially higher margin in EMDCs (other 
than China) (Stern, 2022). The specific policies and investments required 
to achieve this shift will be discussed in Chapter 6, while the international 
actions necessary to support this transition are the focus of Chapters 8 and 9. 
Following from the analyses of Chapters 5 and 6, it is clear that the transition 
will require a fundamental reorientation of the role of the state, which is the 
subject of Chapter 7. 

An examination of the investment, innovation, and change necessary makes 
it clear that the transition will not be easy. There are many obstacles and 
challenges along the way. But these can and must be overcome and we have 
shown – and will show – how that can be achieved. The consequences of failure 
and delay pose far more difficult problems, indeed existential for many. As the 
first fossil-fuel-free power systems emerge, other countries will learn from them. 
There will be many challenges, but what matters is that we address problems 
effectively and continue to develop the solutions we need, from technologies to 
business models and social policies. Learning is part of the strategy.

In summary, the new growth and development story is not just about avoid-
ing the catastrophic consequences of climate change and biodiversity loss but 
about seizing the opportunity to create a better, more equitable, and sustaina-
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ble world for all. This chapter has tried to lay the groundwork for understand-
ing how this can be achieved, setting the stage for the detailed discussions that 
follow in the subsequent chapters of how it can be carried through, nationally 
and internationally.

Notes
	 1	 See, e.g., the description of the Solow model in Chapter 1. And note 

Greta Thunberg speaking at the UN in 2019 ‘all you can talk about 
is money and fairy tales of eternal economic growth. How dare you!’ 
(Thunberg, 2019, paragraph 4).

	 2	 Estimates are made on a levelised cost of electricity (LCOE) basis. 
Estimates for the USA take into account IRA funding.

	 3	 Every time global capacity doubled, prices have fallen by approximately 
20% (Ritchie, 2024). China can now produce solar PV panels at 10 US 
cents a watt or less; in 2015, global solar costs were 80 cents per watt (IEA, 
2020; Swanson and Rappeport, 2024). The capital cost for a gas-powered 
power station is between 60 US cents and US$1.30 per watt, although this 
varies a great deal by technology, scale, and location (IEA, 2024d; Lazard, 
2024). And, in addition, running them requires the purchase of gas. That 
fall in the cost of solar power, in large measure from the remarkable fall 
in costs of panels, has transformed the economics of power away from 
gas. Renewables need accompanying storage, but that cost has fallen very 
rapidly too. The clean is becoming cheaper than the dirty across the world. 
In other words, the so-called green ‘premium’ is becoming negative.

	 4	 In this chapter we identify tipping points as when the clean becomes 
cheaper and more competitive than the dirty on the dimensions of 
affordability, attractiveness, and accessibility.

	 5	 Affordability refers to whether the cost of the new technology is lower 
than that of alternatives. Attractiveness refers to whether the technology 
outperforms alternatives (along a given dimension, e.g., efficiency, taste, 
or quality) and whether the technology is socially desirable to stakehold-
ers. And finally, accessibility captures both whether the technology can 
be easily accessed by stakeholders and whether the stakeholders hold 
adequate information in order to use the technology (Systemiq, 2025). 
As noted in the preface, I currently chair the board of Systemiq.

	 6	 There are just a few exceptions, including concentrated solar, which heats 
water for a steam process.

	 7	 According to the IPCC (2022a, p. 1797), the circular economy can be 
defined as a ‘system with minimal input and operational losses of mate-
rials and energy through extensive reduce, reuse, recycling, and recovery 
activities.’
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	 8	 The Harrod model described in Chapter 1 is often called the Harrod–
Domar model as it was developed independently by each of these two 
scholars (Harrod in 1939, Domar in 1946).

	 9	 The growth rate in the Harrod model is given by the equation g = s / v, 
where the growth rate (g) is the investment (or savings) rate, S, divided 
by the capital–output ratio, (or, as it is sometimes, and more accurately, 
called, the incremental capital output ratio, ICOR – a measure of how 
much additional capital is needed to produce one additional unit of out-
put). I assumed a capital output ratio of 4 to 6.

	 10	 Some countries, such as the UK, which have seen a slow recovery on 
the supply side from Covid-19, might have to manage the demand side, 
including by increasing saving, to accommodate the extra investment.

	 11	 AI here can help by interpreting data generated, for example, by the 
many smart meters and predicting what might happen next.

	 12	 Data protection issues are, of course, relevant here but it should be possi-
ble to handle these, for example, by anonymising.

	 13	 On the connections and relations between growth and poverty reduction 
across its various dimensions, see, e.g., Bourguignon (2004), Dollar and 
Kraay (2002), and Easterly (1999).

	 14	 See, e.g., Boserup (1970), Mehra (1997), Duflo (2012), and Balasubrama-
nian et al. (2024).

	 15	 See also Songwe et al. (2022).
	 16	 Though there is no universally agreed definition on climate finance, 

according to the UNFCCC (2018, p. 22) it refers to financial ‘flows whose 
expected effect is to reduce net GHG emissions and/or enhance resil-
ience to the impacts of climate variability and projected climate change’.

	 17	 In 2022 and 2023 climate finance continued to be directed predomi-
nantly to mitigation projects (90%), and so too particularly to the energy 
and transport sectors (CPI, 2024, 2025).

	 18	 Sometimes we combine adaptation, resilience, and loss and damage so 
that there are four elements overall. The detailed investment needs in 
monetary terms we leave for Chapter 9.

	 19	 This number accounts for countries with available data. The true global 
figure likely exceeds US$1 trillion (Damania et al., 2023).

	 20	 For further detail see Damania et al. (2023), World Bank (2024), and 
FOLU (2019).

	 21	 Distribution of GHG emissions by key hard-to-abate sectors: steel 
(7%), cement (6%), trucking (5%), aviation (3%), primary chemicals 
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(3%), shipping (2%), and aluminium (2%) (WEF, 2024). Also note that 
WEF (2024) includes the oil and gas sector as a hard-to-abate one; if we 
include that sector, it would account for 40% of GHG emissions.

	 22	 See ShareAction (2021) for further information.
	 23	 See Just Transition Finance Lab (2024a, 2024b).
	 24	 For examples, see UN (2020).





6. Perspectives, policies, institutions: 
actions for rapid structural transformation 
and sustainable growth

The investments and transformations necessary to tackle the climate and bio-
diversity crises can create new paths for development and growth that are 
sustainable, resilient, and inclusive. This is the central argument of this book. 
These new pathways will be far more attractive than the destructive, high-car-
bon paths of the past. However, the scale, urgency, and complexity of realising 
the necessary investments, innovations, and systemic transformations present 
formidable challenges. This chapter examines the key policies, actions, and 
institutions that can drive the necessary transformation at the required pace 
and scale.

A sound analysis and informed public discussion of strategies and action 
should be grounded in a clear understanding of the concepts and perspectives 
that are embodied in and which underpin this new path. Section 6.1 explores 
these foundational ideas, including sustainability, innovation, and systems. 
New forms of investment are the core of the story. The creation of conditions 
to foster the required investments is the focus of Section 6.2. Strategies and 
policies must be clear and credible if they are to provide the confidence neces-
sary for investment. Section 6.3 discusses strategies and incentive structures 
within the context of market failures, learning processes, increasing returns to 
scale, uncertainty, networks, and more. This discussion lays the foundations 
in two main ways, before we get into the details of policy. The first is to remind 
us of and emphasise the key outcomes that are sought and the importance of 
a systems approach as we chart the future transition; the second is to distil 
and assemble lessons from past transitions. Both of these generate and frame 
approaches to the challenge of creating a new path for development.

While the details of policy are crucial, so too is the need for flexibility – 
albeit flexibility that is predictable and grounded in a clear strategy. To shape 
and guide investment effectively, policies and institutional frameworks must 
be designed to manage and reduce risks, particularly government policy risks, 
which can undermine the willingness to invest. The need for diverse forms of 
finance, tailored to the specific needs of different investments, is the subject 
of Section 6.4. 

The following three sections discuss issues that, if mismanaged, could derail 
the transition. The scale and nature of the transformation will inevitably lead 
to dislocation and disruption. Policy and action must, as a matter of jus-
tice and practicality, involve those affected, foster their participation in new 
opportunities, and protect the poorest and most vulnerable. The concept of a 
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‘just’ transition was introduced in earlier chapters and some of its practical-
ities are explored in Section 6.5. Social action, public discussion, leadership, 
and the law all have crucial roles to play. The macroeconomic management 
of a significant increase in investment, alongside rapid structural change, will 
not be straightforward. Finance ministries and central banks often present 
arguments for caution and against ‘rushing’, yet in this case, the urgency is 
dictated by science, not impatience. The macroeconomic challenges must be 
addressed head-on, as discussed in Section 6.6.

Finally, Section 6.7 reflects on the challenges and decisions involved in fos-
tering change at the necessary scale and pace. Strategic choices and difficult 
decisions will be unavoidable. However, in the context of an inefficient start-
ing point, not all decisions will involve trade-offs, as we saw in Chapter 5, 
though some will. As we confront these tough decisions, we must remember 
that the riskiest and most unrealistic approach is to delay and dither.

6.1 Concepts and perspectives: technologies and systems
Effective strategies and policies should be grounded in objectives – here, 
achieving sustainable development. That in turn requires a clear understand-
ing of what sustainability means. This section examines sustainable develop-
ment and the central role of investing in the four capitals – physical, human, 
natural, and social/cultural – in strategies and actions. These conceptual 
frameworks are supplemented by lessons from history. Past structural and 
technological transformations offer valuable insights for navigating the chal-
lenges of today.

Sustainability: objectives and interconnected systems

The concept of sustainability, introduced in Chapter 1, embodies the idea that 
future generations should have, in terms of well-being, opportunities that are 
at least as good as those of the current generation, assuming they behave in 
a similar way to those who follow. Further, Chapter 2 explained that all four 
types of capital (physical, human, natural, and social/cultural) are vital to sus-
tainability; they represent the resources and endowments inherited by future 
generations. Effectively managing these capitals is essential for achieving sus-
tainable development, in the sense of progress across all development goals. 
A useful summary way of specifying those goals is through the dimensions of 
the Sustainable Development Goals (SDGs).

As we explore the concepts of sustainability and new forms of growth and 
development, it becomes evident that some traditional economic concepts 
and paradigms, with their relatively fixed structures and narrowly defined 
metrics, require major overhaul. Policies and strategies should be set in rela-
tion to objectives. How these objectives are expressed is determined in part by 
an understanding of the structures that shape them, alongside an understand-
ing of the notions of well-being, development, and welfare. 
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For example, conventional economic indicators like GDP, while useful for 
measuring certain aspects of economic activity,1 do not capture the full scope 
of welfare and well-being, particularly in the context of environmental sus-
tainability. This recognition, as we set out in Chapter 1, led to the adoption of 
the Millennium Development Goals (MDGs) in 2000 and the SDGs in 2015 
by the UN.2 

The use of metrics to measure progress helps to both foster progress towards 
the goals and deepen understanding of concepts and perspectives. Efforts such 
as the UNEP’s Inclusive Wealth Index and the World Bank’s Changing Wealth 
of Nations (and its System of Environmental-Economic Accounting) aim to 
create metrics that value wealth from the perspective of physical, human, 
natural, and social capitals (Bhattacharya et al., 2021; Managi et al., 2023; 
World Bank, 2021). Creating and using these metrics helps us understand 
wealth and the four capitals, as well as guide the processes to enhance them.

As argued in Chapter 5, a key part of the growth story depends on the 
recasting of key systems – energy, transport, cities, land, and water. All these 
systems rely on different forms of capital as inputs while also influencing the 
four capitals in varying ways (see Figure 6.1). For example, urban development 
needs physical infrastructure. How that infrastructure is constructed and 
managed can help to preserve, or can damage, natural capital. The challenge in 
a period of rapid urbanisation is to develop and design, or re-design, cities to 
accommodate growing populations while radically reducing environmental 
footprints. That requires purposeful and integrated urban planning. As 
noted in Chapter 5, compact and connected cities can bring about economic 
growth and job creation while decreasing urban sprawl, poverty, emissions, 
investment costs, and traffic congestion, therefore improving productivity, 
health, and the quality of life in general (New Climate Economy, 2015).

Figure 6.1: Key systems (outer circles) and the four capitals (inner circles) 

Source: Author’s elaboration.
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The need for energy crosses every system. Thus, its transformation opens 
possibilities to do things differently in many sectors. For example, decentral-
ised electricity grids enable internet connectivity and create opportunities for 
those in rural areas to work with smartphones. This creates opportunities to 
deploy precision agriculture methods in remote areas. The rise of digital jobs 
enables teleworking, reducing the costs of travel and commuting. 

Artificial intelligence (AI) accelerates innovation and the implementation 
of many sustainable activities and systems. In energy systems, AI can improve 
grid management and advance the use and efficiency of renewable energy. In 
transportation, it can aid in developing smart infrastructure that reduces con-
gestion and emissions. In urban planning, AI-driven tools can help design, 
model, and analyse urban development scenarios, thereby predicting poten-
tial future challenges and finding ways to reduce or manage negative impacts, 
so that both its residents and physical infrastructure are protected and sup-
ported. 

As we pursue the new growth story, we must constantly keep in mind the 
multidimensionality of the objectives being pursued and the interconnectivity 
of the systems that must be transformed. As the examples demonstrate 
clearly, the potential in positive feedback loops to boost innovation and 
accelerate progress is immense. The systemic nature of the changes involved 
is fundamental to the new story of growth.

Lessons from history for fundamental structural and technological 
transformation

The transformation to the new form of growth discussed in this book – with 
its rapid changes in energy, technology, sectoral and systemic structures, AI 
and digitalisation, and advances in biological and material sciences – can 
surely be described as an industrial revolution. Due to the scope and magni-
tude of the changes, it might be considered as multiple revolutions. However, 
for simplicity, we refer to it as the sixth industrial revolution. 

Economic historians categorise industrial revolutions in different ways, but 
I find the structure identified by Chris Freeman3 (Freeman and Louçã, 2001) 
and Carlota Perez (2002) particularly insightful. The preceding five industrial 
revolutions are, first, the mechanisation of production through factories and 
mills after the mid-18th century; second, rail and steam in the 19th century; 
third, electricity, the proliferation of low-cost steel, and heavy engineering 
from the late 19th century; fourth, automobiles and mass production from 
the beginning of the 20th century; and fifth, computers and the internet from 
the late 20th century (Perez, 2010). 

Each of these revolutions profoundly affected how people worked, con-
sumed, travelled, and lived. They also had intense effects on the distribution 
of income and power. The first of these transformed particularly how and 
where people worked and lived, and their relationship with capital. The sec-
ond transformed energy and its use in production and consumption, and also 
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geographical connectivity. The third was a ‘fast energy’ revolution which also 
transformed the organisation of new products and technologies. The fourth 
involves both a revolution in transport and a whole new approach to mass 
production. And the fifth transformed connectivity (again) and the whole 
service sector. Energy is pervasive throughout, and so too are radical trans-
formations in people’s lives.

Other authors count the industrial revolutions differently, for example by 
merging the first and second or third and fourth (e.g., Schwab, 2016).4 How-
ever, the precise counting is less important here; what matters are the lessons 
we can learn from these past technological and industrial transformations to 
guide the significant changes we now need to foster. 

Energy is everywhere in development, and changes in its sources have pro-
found effects. In the late 19th century, steam was the dominant force pow-
ering factories, transportation, and urban infrastructure. Its replacement of 
wind and water energy, from the mid-19th century onwards, provided new 
locations and more intense heat. The introduction of electricity set in motion 
a gradual yet profound transformation. Initially, its use was confined to niche 
applications, such as lighting in affluent homes and public spaces. However, 
advances in electrical engineering, declining generation costs, and the expan-
sion of standardised grids enabled factories to replace centralised steam 
engines with more efficient electric motors. 

These transitions do not happen instantaneously but through a sequence 
of cumulative changes that, together, redefine industry and economic 
structures. This dynamic is central to Schumpeter’s (1942) notion of creative 
destruction – where old technologies and business models give way to new, 
more productive systems, reshaping economies in the process. After the 
burst of creative destruction, the process of diffusion takes over and the new 
technologies become dominant across the economy.

A similar process of transformation is now underway as the world moves 
into the sixth industrial revolution, driven by the imperative for sustainable and 
resilient economic growth. Indeed, the new energy transition – marked by the rise 
of renewables, electrification, and resource efficiency – follows a familiar pattern. 
Initially, these technologies established themselves in high-value applications or 
growing new opportunities, such as electric vehicles (EVs) in premium markets 
and solar energy in remote areas. As costs fall and infrastructure improves, their 
deployment scales up, displacing fossil-fuel-based systems. These processes of 
diffusion are critical to going to scale. Given the urgency dictated by climate 
science, accelerating diffusion will be a central part of the challenge. 

Just as electrification in the 20th century unlocked new modes of production 
and economic organisation, today’s transition is enabling digitalisation, smart 
grids, and circular economies. However, the urgency of action on climate change 
demands that the transition in this industrial revolution moves much faster, even 
though in historical terms, those processes moved quickly in the 18th, 19th, and 
20th centuries. The costs of inaction are immense, while the opportunities for 
innovation, growth, and sustainable prosperity are unparalleled. 
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Figure 6.2 provides a pictorial summary of these industrial revolutions, 
with flags highlighting the nations in the vanguard. Country leadership in 
the sixth industrial revolution will be complex. We are now in a multi-polar 
world. There is no doubt, however, that China will be one of those in the van-
guard. It is already dominating in renewables.

Five broad areas, rich in historical lessons, stand out from past revolutions: 
innovation and entrepreneurship; government policies, institutional struc-
tures, and investment frameworks; management of dislocation; failures and 
recoveries; and finance. While this is not the place for an exhaustive treatise 
on past industrial revolutions, some lessons for guiding the new revolution 
are briefly highlighted below. The five areas and their lessons are interwoven.

The first lesson highlights the importance of public action to foster innova-
tion and entrepreneurship. Chris Freeman was a pioneering researcher in this 
field, emphasising the key tasks of building skills in science and technology 
and setting clear missions for technological advancement. However, in Free-
man’s view, creativity does not stem from science and technology alone. He 
identified five main streams in history that shape innovation: science, tech-
nology, economy, politics, and culture. He later added ecology. A useful sum-
mary of his analysis is provided by Louçã (2020). Despite listing science and 
technology as the first two streams, Freeman never embraced technological 
determinism; the other streams were also critical and interwoven in shaping 
the history of innovation and technological change.5 For example, European 
universities were probably in the lead in science up to the middle of the 20th 
century, while the US culture of entrepreneurship was likely a critical factor 
in its economic leadership. The rise of East Asia (South Korea, Taiwan, Japan) 
in the three or four decades after the Second World War was likely linked to 
politics, culture, and economic strategy.

Figure 6.2: The sixth industrial revolution in a historical perspective

Source: Exhibit 22 in RMI (2024, p. 21). Copyright 2024 RMI, CC BY-SA 4.0.

https://creativecommons.org/licenses/by/4.0/
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Most serious authors writing on innovation have been profoundly influ-
enced by Joseph Schumpeter. In 1942 (in Capitalism, Socialism and Democ-
racy), he developed several key ideas highlighting the importance of inno-
vation as a driver for economic growth, in particular creative destruction. 
In 1992, Aghion and Howitt formulated a growth model based primarily on 
three ideas from Schumpeter (see also Aghion and Howitt, 2023). The first 
emphasises the significance of innovating and diffusing knowledge, which 
accumulates progressively over time. This process enables innovators to build 
upon the ideas of their predecessors. The continuing process delivers long-
term growth. The second idea concerns the incentives required for innova-
tion. Entrepreneurs’ decisions to invest depend on potential ‘innovation rents’ 
associated with the distinctiveness of their technology and methods. It is thus 
important for innovation and associated investment that these be secured, 
including through property right protection. The third insight is that growth 
involves disruptive processes, where ‘the new’ makes ‘the old’ obsolete. It is 
the perspective and language of creative destruction for which Schumpeter 
is the most famous. The words do indeed encapsulate an idea of dynamic, 
episodic, and dislocating processes. 

Other authors, such as Segerstrom et al. (1990) or, more recently, Acemoglu 
et al. (2014), have also developed growth models based on the idea of creative 
destruction. In the last decade or so, this theory has evolved into a framework 
used to understand issues which go beyond overall growth, including 
microeconomic questions such as the distribution of gains and losses from 
innovation (Aghion et al., 2014). More recently, Aghion et al. (2021) argued 
that through governmental and civil society actions it is possible to foster 
green innovation, overcoming vested interests and obstructionism. This 
perspective integrates growth processes, political economy, and public policy. 
The Schumpeterian process of growth highlights the importance of property 
rights to capture the returns to innovation. Incumbents will work the political 
processes to protect these. But if they are protected too strongly, diffusion will 
be slowed, as future innovation will be stifled (the political economy). Public 
policy will be necessary so that the protection of property rights is neither too 
weak nor too strong.6 

While technological invention and innovation, alongside entrepreneurship, 
were at the heart of these changes, so too was government intervention, the 
second area carrying broad historical lessons. Strategic policy frameworks and 
substantial public investments nurtured nascent industries and technologies. 
For example, during the early phases of industrialisation, countries like 
the USA and England implemented policies supporting infrastructure 
development and subsidising key industries. They provided legal frameworks, 
such as limited liability for joint-stock companies (Acts of 1844 and 1856 in 
England). This historical perspective underscores the importance of proactive 
government involvement in today’s context, particularly in the role of policy 
and institutional arrangements catalysing and supporting innovation, the 
deployment of green technologies, and sustainable practices. On innovation 
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and discovery, other countries – such as the UK, with the creation in 2023 of 
the Advanced Research and Invention Agency (ARIA) – are following the US 
example of the Defense Advanced Research Projects Agency (DARPA), which 
has been instrumental in the creation of the internet, micro-electronics, 
robotics, GPS, and more.7 

These examples highlight the potential of the right kind of institutions in driv-
ing fundamental change. Japan’s Ministry of International Trade and Industry 
(MITI) was created in 1949 and was described as a ‘pilot agency’ that concen-
trated key powers to protect and support industrial development into one place 
in the government structures. Authors such as Johnson (1982) argue that MITI 
played a key role in the emergence of Japan as an economic power in the 1960s. 
MITI selected key industries that were then ‘nurtured’ (Ikusei) through tailored 
measures – including tax breaks, low-interest loans, and access to foreign tech-
nology – to achieve their rapid development. It ensured that Japan’s industrial 
interests were prioritised, for example by managing the approval of imported 
technology and exerting pressure so that patent rights were obtained with ben-
eficial conditions for the whole industry. MITI was part of what Johnson (1982) 
calls a ‘capitalist developmental state’, where controlled competition was main-
tained as ownership and management was left in private hands, but the state led 
economic growth through planned industrial policies, establishing a coopera-
tive relation among the state and private enterprises (Johnson, 1982, 1999). The 
role of MITI does not meet with universal acclaim,8 but at the time it was indeed 
seen by many, both inside and outside Japan, as a key strategic driver. 

Third, one of the most pertinent lessons from past industrial revolutions 
is the importance of managing economic dislocations. As new technologies 
emerged, some sectors and regions thrived while others declined, often 
leading to economic and social upheavals. In the first industrial revolution, 
handicraft suffered as spinning and weaving moved into factories. Those 
managing and supplying horses and horse-drawn travel were displaced as the 
automobile arrived. Today, as we transition away from fossil fuels towards 
renewable energy sources, similar patterns are emerging. The green transition 
is set to disrupt traditional industries and labour markets, necessitating 
policies – and, in some cases, social protection – to manage processes of 
change and offer new opportunities where lives are disrupted. These policies 
include investing in education and retraining programmes to equip workers 
with the skills needed for emerging green industries.

Fourth, past revolutions teach us about the inevitability of failures and 
the resilience required to overcome them. The paths to industrialisation were 
not simple linear progressions; they were marked by periods of boom and 
bust, experimentation, and adaptation. Railroads in the USA, for example, 
went bankrupt in the 19th and 20th centuries (Association of American 
Railroads [AAR], 2024). More recently, some renewable energy companies 
or battery makers have faced similar fates (British Broadcasting Corporation 
[BBC], 2016; Christie, 2017; Washington Post, 2011). Thus, the journey to a 
sustainable future will likely involve setbacks and challenges that must be met 
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with perseverance and adaptability, and sometimes with support. Learning 
from past failures and fostering an environment that encourages innovation 
and tolerates risk are essential for making sustainable progress. Institutional 
financial structures which share and reduce risk have an important role to 
play, for example with joint-stock companies, equity, development banks, 
guarantees, and so on (see also Chapter 9). And the provision of bankruptcy 
to limit liability and provide exit.

There will be an extended period where the old and the new co-exist, often 
in tension. Some have referred to that as ‘mid-transition’ (Espagne et al., 2023; 
Grubert and Hastings-Simon, 2022). Each energy system, both the old and 
the emerging one, imposes operational constraints on the other. This coexist-
ence means that the emerging clean energy system faces system constraints, 
for example grid structures tilted towards the old. There will be substantial 
uncertainty around how the tensions are resolved. That uncertainty can 
inhibit investment and slow innovation. Figure 6.3 illustrates this.
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Figure 6.3: Representation of the unstable mid-transition period
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The fifth lesson to be gleaned from history is that investment requires finance. 
Some economic historians have argued that during the first industrial revo-
lution, the sums involved in capital equipment were relatively small (Deane, 
1965). Much of the finance was for trade credit, working capital, and invento-
ries. However, subsequent industrial revolutions saw larger requirements for 
capital equipment, leading to a more prominent role for the banking sector, 
capital markets, and public finance. By the time of the fifth industrial revolu-
tion and the early stages of computing, venture capital became increasingly 
important. The lesson here is that as the sixth industrial revolution unfolds, 
different combinations and different types of capital will be needed. However, 
for this coming industrial revolution the overall sums involved are likely to 
be large, as argued in Chapters 5 and 9, to support the substantial increase in 
investment required. Risk, scale, and urgency, together with pervasive market 
failures in capital markets (see below), point to a central role for government 
in managing, reducing, and sharing risk. That in turn will bring down the cost 
of capital.

Whilst these five lessons warrant careful further study, and the tasks of fos-
tering and enabling the new growth story will greatly benefit from such an 
examination, they already give guidance for action. We must recognise that 
these lessons are interconnected. For example, there can be powerful inter-
action between technological innovation and institutional change. Effective 
transitions occurred where innovations were supported by institutions and 
policies that facilitated widespread adoption and integration into the econ-
omy. The joint-stock company, bankruptcy arrangements, and capital mar-
kets are examples. However, different technologies require different kinds of 
supporting institutions, as we can see when comparing automobiles, where 
road networks were crucial, with early computers, where the internet and 
intellectual property rights played key roles. As we advance with technologies 
like renewable energy and smart grids, enabling institutional frameworks to 
evolve to support these technologies will be central to success.

In summary, the lessons from economic history emphasise the need for 
strategic leadership, thoughtful policy intervention, supporting institutions, 
and an inclusive approach to managing the socioeconomic impacts of techno-
logical and systemic change. By studying and applying these lessons, we can 
understand better how to navigate the complexities of the green transition 
more effectively. The implications for the role of the state are explored in the 
next chapter.

In the first part of Section 6.1, we have offered a distillation of core concepts 
around goals and processes. This allowed us to present lessons, in the second 
part of the section, from the economic history of fast transformations in ways 
which provide insights into the challenges of the sixth industrial revolution. 
In the rest of the chapter, we put those insights to work drawing on economic 
theory and analysis, particularly theories of public policy, or public economics.
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6.2 Fostering investment: strategies, systems, and platforms
Commitment by investors is inextricably linked to confidence in the future 
growth and trajectory of the economy. John Maynard Keynes, Friedrich von 
Hayek, and many others have for long emphasised the importance of expecta-
tions in determining the level and nature of investment. Governments, there-
fore, will need to establish strategic and institutional frameworks that indi-
cate clear and credible directions for the economy if investment is to flourish. 
This is of particular importance in the context of the investment imperative 
and the urgency of the transition. In this section, we focus on strategies and 
frameworks. Some detail of policies is offered in Section 6.3.

For a government to be credible, it must demonstrate that it understands 
the challenges and opportunities involved, and it must provide plausible 
assurances that its strategic direction will remain stable over time. While 
no government can guarantee absolute certainty in policy and institutional 
frameworks over the coming decades, they can, and should, manage 
uncertainty. In particular, they must recognise that their own behaviour can 
foster or undermine the confidence necessary for investment. Confidence is 
undermined if they frequently or unexpectedly alter their stance or if a new 
government with vastly different priorities looms on the horizon. Domestic 
legal and institutional frameworks, as well as international agreements and law, 
can bolster this confidence. In this section, in examining confidence in and 
credibility of strategy and policy, we focus on strategic commitment, systemic 
and structural change, the investment climate, and country platforms.

Strategic commitment

A key element of strategic commitment can be setting a national target for 
net zero emissions. Such targets have gained prominence since the Paris 
Agreement in 2015, where target emissions paths are part of the nationally 
determined contributions (NDCs) which countries have pledged, under Paris, 
to establish. In 2019, the UK became the first G7 and G20 country to legislate 
a commitment to net zero emissions, under the leadership of Prime Minister 
Theresa May (Climate Change Committee [CCC], 2020). The EU followed 
suit in 2021. By the time of the United Nations Framework Convention on 
Climate Change (UNFCCC) COP26 in Glasgow at the end of 2021, around 
140 countries had committed to or were considering net zero targets, with 
the majority aiming for 2050. China set a target for 2060, and India for 2070 
(Climate Action Tracker, 2021). These commitments, particularly within 
the framework of UNFCCC international agreements, signal powerfully to 
investors which way the economy and technologies will move. 

For many investors and policy-makers, 2050 might seem distant; thus, a net 
zero target should be accompanied by a well-defined strategy for emissions 
reduction over time, starting immediately. That will be crucial for shaping 
the scale and pace of investment. In the UK, forward-looking targets and 
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commitments are set by the Climate Change Committee (CCC) under the 
climate legislation of 2008, supported by all parties. It provides clear targets 10 
years ahead, together with the identification of key measures and investments. 
It provides specifics on the sense of direction in the central industries and 
activities.9 Denmark is another strong example. In 2019 it created the 
legal mandate to reduce greenhouse gas (GHG) emissions by 70% by 2030 
(compared to 1990 levels). To assist in attaining this goal, it established 14 
public–private partnerships which cover the key sectors of the Danish 
economy (The Danish Government’s Climate Partnerships, 2022).10 

There are also powerful examples in Costa Rica and the Philippines. In its 
2019 National Decarbonisation Plan (the country’s long-term decarbonisa-
tion strategy), Costa Rica committed to achieving net zero emissions by 2050 
and outlined three distinct phases for transition, along with measures to be 
taken in each one: Foundations (2018–2022), Inflection (2023–2030), and 
Massive Deployment (2031–2050). The plan has successfully endured a major 
political shift in 2022, as the new administration recognised the great value 
of a robust decarbonisation plan – it has already attracted large investments 
from multilateral development banks (MDBs), and support from the Interna-
tional Monetary Fund (IMF) (Elliott et al., 2024). 

The Philippines has adopted a whole-of-government approach to climate 
change, developing climate change initiatives across sectors to achieve its NDC 
of reducing GHG emissions by 75% by 2030 (compared with a business-as-usual 
scenario). For example, to shift investments to clean energy sources and green 
technologies, the government has declared a moratorium on endorsements for 
greenfield coal power plants and liberalised foreign investments in geothermal 
energy. And so too, through an interagency collaboration called ‘Green Force’, 
led by the Department of Finance and the Central Bank of the Philippines, the 
country is establishing a sustainable finance ecosystem to foster public and pri-
vate investments in green projects (Department of Finance Philippines, 2023). 

Figure 6.4 shows several recommendations helpful for nations when updat-
ing their NDCs. The package was created by the Institutional Investors Group 
on Climate Change (IIGCC), which began in the UK but now has interna-
tional members.11 For NDCs to foster private investments, they need to con-
stitute credible and comprehensive plans with sufficient detail on technolog-
ical and sectoral investment opportunities, and contain information on the 
policy landscape that could help investors understand the country’s direction. 
An NDC with these characteristics is sometimes called an ‘investable NDC’. 
Long-term plans such as the National Decarbonisation Plan of Costa Rica 
also have the potential to evolve into investment plans by quantifying needs 
and presenting local and international investment opportunities aligned with 
decarbonisation aims (Elliott et al., 2024).

Creating NDCs in alignment with the IIGCC recommendations in 
Figure  6.4  is  a strategy of mutual opportunity. Countries can attract private 
climate finance necessary for climate and developmental ambitions, and 
private investors can act with more information and confidence (IIGCC, 2024). 
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However, creating conditions such as those set in Figure 6.4 will not be easy 
for countries with limited institutional capacity. The World Bank has carried 
out several valuable studies of the challenges, country by country, in combining 
development and climate action, called Country Climate and Development 
Reports (CCDRs). One of their primary purposes is to indicate ways in which 
the institutional capacity needs to be and can be strengthened to enable the 
implementation of climate action policies, such as those discussed in Table 5.3 
in Chapter 5. 

Confidence in national targets can be further bolstered when key actors 
within the country also make their own commitments. This is one advantage 
of the concept of net zero: if the collective emissions of all stakeholders are 
net zero and the amount of negative emissions is small, nearly everyone must 
be at or close to net zero. We have seen communities, cities, sectors, firms, 
and universities making net zero commitments. In this way, making NDCs as 
‘investable’ as possible can garner commitments from other actors, which in 
turn further bolsters the original NDCs.

Structured targets on the way to 2050 play a vital role in shaping investor 
confidence in planning. For example, setting a date after which sales of 
internal combustion engine vehicles will be banned is a significant marker. 
Similarly, establishing a deadline for decarbonising the electricity system 
can guide investment strategies. Typically, the target for decarbonising the 
electricity system should be around 15 years before the overall net zero target, 
since so many other sectors depend on zero-carbon electricity for their 
decarbonisation (Energy Transitions Commission [ETC], 2024). 

Provide more granular detail on the sectoral pathways and underlying
macroeconomic context in a country.

Quantify investment needs and prepare �nancing strategies alongside NDCs, to
help investors identify long investment opportunities.

Set out supporting policy and regulatory frameworks to achieve NDC targets, to
help give investors con�dence that a decarbonisation plan is credible.

Enhance global harmonisation and consistency across NDCs to facilitate the
collection and analysis of consistent information for investment decision-making.

Strengthen governance and the stakeholder engagement process around NDC
development and implementation, to ensure a regular and open dialogue with key
stakeholders involved. 

Investor views on how to develop ‘investable’ NDCs
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Figure 6.4: Recommendations for creating investable NDCs

Source: IIGCC (2024, p. 2). Copyright 2024 IIGCC. Text reproduced with permission. 
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A further source of clarity can come from legal systems. In December 2024 
the International Court of Justice (ICJ) began public hearings, at the request 
of the UN General Assembly (March 2023), on the obligations of countries 
under international law to ensure the protection of the climate system and 
environment from the emissions of GHGs. The clear and strong ruling on 
these obligations came in July 2025 and will have far-reaching consequences. 
Supreme Courts in countries like India, the UK, and the Netherlands have 
shown that the legal system can require consistency with the Paris targets or 
uphold rights to clean air. International examples are described in Chapter 9.

However, confidence in strategic direction can be shaken if commitments 
are questioned during crises. For example, the surge in fossil fuel prices fol-
lowing the start of the war in Ukraine led to some wavering, and the fossil fuel 
industry attempted to argue that medium-term energy security would be best 
served by further investment in fossil fuels. This argument is both unfounded 
and self-serving. For most countries, energy security is best achieved by mov-
ing away from fossil fuels. Whatever the source, any apparent wavering of 
commitment can undermine investor confidence. 

Similarly, if a major country such as the USA is seen to retreat from the Paris 
Agreement, as President Donald Trump did in 2021 and again in 2025, it can 
create uncertainty. Interestingly, in 2021 other countries continued to hold 
their commitments, and many US states, cities, and firms insisted that ‘we 
are still in’. Further, the momentum for investment in the new, generated by 
the decreasing cost of renewables, continued to build in the USA and globally 
even after Trump’s withdrawal in 2021. However, in the first half of 2025, there 
have been significant retreats on commitments, particularly in the financial 
sector and in oil/gas companies. We have yet (Spring 2025) to see how all this 
will play through. It would be financially unwise to invest in coal-fired power 
stations based on the short-term policies of a single administration, especially 
when there is strong global momentum towards sustainability and where the 
lifespan of such an investment could extend for several decades. Nevertheless, 
in a world that urgently needs rapid and large-scale clean investment, such 
political shifts can be damaging.

Policies, confidence, and systemic change

While overarching targets are critical, so too is the way in which govern-
ments embed these commitments in their approach to policy for achieving 
systemic and structural change. Investors need to see commitments trans-
lated into tangible actions. These actions will partly be reflected in specific 
policies (discussed in Section 6.3), partly in their own investments, partly in 
the promotion of skills, and partly in the facilitation or provision of finance. 
The overall approach of governments must also be clear and credible, with 
a minimum of internal contradictions. At the heart of this approach will be 
strategies, policies, and actions related to key systems and to the develop-
ment of technology and skills. Finance will be a critical factor, particularly 
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in managing the risks which will be part of the transition. Here, we briefly 
discuss examples of sectoral policies and actions that can help foster the 
necessary confidence as well as sound incentives (see Section 6.3).

Those investing in the production of EVs, or those who are thinking of 
purchasing one, will need confidence in the regulations and legislation 
that promote EVs and phase out internal combustion engines. They will 
be concerned about the availability and functionality of charging facilities. 
All of this will require close public–private partnerships. For example, 
adding electric charging points to existing petrol stations, which are largely 
privately owned, could be mandated or subsidised, but that is a different 
proposition from installing charging facilities on street lighting,12 which is 
usually managed by public authorities. In the same way, investors in urban 
areas will require as much clarity as possible on how city spatial planning and 
transport systems will function. This includes metro systems, inter-modal 
links, facilities for cyclists and pedestrians, zoning, industrial parks, and 
financial clusters. And, in rural areas, stakeholders in farming, construction, 
and industry will seek guidance on where different activities can take place 
and on sustainability requirements. They will need to understand how the 
supporting infrastructure will develop.

Electrification, with green electricity, is at the heart of the transition. The 
power system represents the largest investment need and is foundational 
to achieving the most significant emissions reductions elsewhere in the 
economy, including buildings, transport, and industry. Power systems, and 
energy systems more generally, should be flexible enough to accommodate 
change and innovation, and pay close attention to the flexibility of 
supply and demand across space and time. A strong and flexible power 
system should seek a sizeable expansion in national and international 
links (e.g., transmitting wind energy from Scotland to England or solar 
energy from Morocco). Grids that were originally designed to connect 
coal-fired power stations to consumers will need to be reconfigured to 
accommodate new sources of supply, including off-shore wind in the UK 
and large-scale solar in, for example, South Africa and India. The success 
of these initiatives depends on public–private partnerships, speedy spatial 
planning decisions, and active community participation, which must be 
purposeful and consultative. 

In particular, investment in and use of the grid will work much better if, 
over time, markets for electricity and capacity are established. For example, 
in the case of the UK grid system, many small decentralised renewable power 
generators are facing waiting times of 5 to 10 years, or more, to get connected 
to the grid infrastructure (Octopus Energy Generation, 2023). Many coun-
tries use regional pricing systems, where localised markets can respond to 
local demand and supply. This can improve system efficiency by encouraging 
capacity to be built where it is most needed, while decreasing electricity bills 
(Octopus Energy, 2024). One of the problems in China is that whilst renew-
able capacity has expanded enormously, the functioning of the grid system, 
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for political economy reasons of vested interests, is tilted in favour of the use 
of coal. Similar problems arise in Indonesia, where there is great renewable 
potential but the grid system is dominated by the interests of coal.

None of the above flexibility and openness to innovation can be achieved 
with a passive state or one that refuses to engage with investors and markets. 
All of this requires an active state. Tackling market failures and creating con-
fidence in future directions are crucial. There will be more on the role of the 
state in Chapter 7.

It is important to clarify that a more active state absolutely does not 
mean that the government should take complete control. The design of 
public–private interactions will remain critical, and most of the investment 
and innovation will come from the private sector. Therefore, it is essential 
for the private sector and communities to be central to the creation of 
decarbonisation policies. This involvement will help to create confidence 
in the commitment to policy. 

Encouraging and facilitating entrepreneurship should be a cornerstone of 
the new economy. The private sector will generally understand the obstacles 
and often understand better how to overcome them than civil servants. Fur-
ther, entrepreneurship in system creation and design will be a key feature. 
This is not simply about government regulation. For example, the creativity of 
private sector firms, particularly in new approaches to electricity supply and 
generation, is extraordinary. In many cases, these firms have a deeper under-
standing than the government of what is involved in building new structures. 
They must be integral to ‘system design teams’. ‘Co-creation’ can not only 
bring better policies, but also provide confidence in both their implementa-
tion and their stability.

Governments can also support the private innovation and entrepreneurship 
necessary to achieve systemic change through direct government procure-
ment – which accounted for around 13% of GDP in Organisation for Eco-
nomic Co-operation and Development (OECD) countries in 2021 (OECD, 
n.d.). Serving as ‘the first customer’ of maturing technologies, through pro-
curement, public actors can pull ‘the supply side of the innovation economy 
down the learning curve to low-cost, reliable production’ (Janeway, 2021, p. 9). 

Indeed, aligning procurement with broader innovation goals enables gov-
ernments to encourage research and development (R&D), investment, com-
petition, and technological adoption (Hlács et al., 2024). To support both 
firms that apply existing best practices and those that develop breakthrough 
innovation, procurement policies can adopt a two-tiered system which sets a 
feasible minimum environmental criterion for a portion of total procurement 
(eliminating negligent firms) and reserves another percentage for companies 
that comply with ambitious standards. Another alternative is rewarding com-
panies that comply with ambitious criteria through a discount applied to the 
project price, increasing their competitiveness (Hasanbeigi and Bhadbhade, 
2023). Again, the structure of policy can build confidence in policy.
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Transforming public procurement for innovative and entrepreneurial ends 
requires a change in orientation – from a narrowly interpreted least-cost to 
a potential-based perspective. To achieve this, governments can adopt two-
step procurement processes that include demonstration or an incubation pro-
gramme. They can create engagement spaces to understand the concerns of 
potential suppliers and communicate to them specific innovation needs, so 
suppliers can identify innovative solutions. Or even create a public procure-
ment agency to guide businesses in procurement processes and aid policy-mak-
ers in being effective innovation customers (C40 Knowledge Hub, 2024).

A key aspect of procurement which can provide both scale and confidence 
is a number of cities, regions, or countries acting together. Coalitions of cities 
have provided powerful leadership here. One example is the specification of 
new electric buses by a number of municipalities or cities, benefiting from 
economies of scale, improving technical capacities, and having a stronger 
voice when negotiating with suppliers (C40 Knowledge Hub, 2024).

To instil investor confidence in the clean transition, it is vital that government 
policy embodies both predictability and adaptability. Investors need policies that 
are clear, credible, and predictable over the long term. However, the transition 
is and will continue to be a dynamic process through which new technologies, 
lessons, and challenges emerge. For policy to be effective in driving momentum, 
and not hampering it, it must be predictably flexible. It should be designed with 
the expectation that it will evolve in response to learning, whilst maintaining a 
long-term direction that investors and the private sector can trust.

The investment climate and country platforms

Investors seek confidence in revenue streams, the ability to manage costs, 
practicalities of timely execution, well-functioning infrastructure, and the 
avoidance of undue ‘interference’. This is what constitutes a favourable invest-
ment climate.13 A stable and clear policy environment and reliable institu-
tions, as previously emphasised, are key components. Clear, credible policy 
signals reduce perceived risk. 

As Chief Economist of first the European Bank for Reconstruction and 
Development (EBRD) and then the World Bank, I worked to make improving 
the investment climate central to the strategy of those institutions. As part of 
that work, we established metrics for measuring improvements in the invest-
ment climate.14 Those metrics themselves improved focus and performance. 
For example, the metrics identified the extent of monopolisation particularly 
associated with privatisation of utilities. That helped EBRD bankers to insist 
on regulation for openness in subsequent privatisations.15

A country platform16 is a collection of institutional structures, practices, 
partnerships, and policies. It should provide a favourable investment climate, 
a clear sense of direction, and mechanisms through which various stake-
holders can work together. The key stakeholders are government, the private 
sector, financial institutions, and communities. Such platforms can help inte-
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grate the planning of necessary systemic changes and coordinate transition 
plans across government departments, cities, and regions. These platforms, in 
principle, act as collaborative spaces where stakeholders can align investment 
strategies, share resources, solve problems, and coordinate the implementa-
tion of large-scale projects. In doing so, they can facilitate the channelling of 
finance into clean investment opportunities and mitigate some of the risks 
associated with large, transformative projects. Increasingly, MDBs are recog-
nising the importance of prioritising these platforms in their work to support 
countries and foster private and public investment.

Just Energy Transition Partnerships (JETPs) constitute an example of a country 
platform approach where developed and developing economies collaborate to 
deliver climate finance for decarbonisation in an integrated manner. The idea 
of JETPs is to tackle several issues simultaneously in a ‘package’. A package is 
necessary for two reasons. First, investment requires complementary units 
and facilities such as transport links or finance. Second, economy-wide change 
involves many parties and the effects on the welfare and interest of each party or 
group will be part of social objectives and will influence political acceptability. 
This approach to mobilising investment and climate finance is led by the 
country. It is within the country that cooperative transition processes can be 
constructed. This is where public and private investments are coordinated and 
complemented to achieve coherent and investable decarbonisation pathways 
and growth strategies of transitioning nations which they themselves define. 
At the same time, though these strategies are led by the transitioning country, 
outside investors and MDBs can play a role in helping to identify issues and 
draw on experience and analyses from elsewhere.

Such structures can help create mixtures of no-cost grants and low-cost con-
cessional funds with commercially priced capital, resulting in ‘blended financ-
ing’ (grants, concessional loans, guarantees, commercial loans, etc., as discussed 
in Section 6.4) (Hauber, 2023). These JETP mechanisms have only recently 
started to be implemented; South Africa signed the first one in 2021. Other 
examples of JETPs include the cases of Indonesia and Vietnam. Each JETP 
confronts distinct planning and implementation challenges, with the funding 
packages agreed for each partnership varying. JETPs are just one route to coun-
try platforms. The key purpose here is the establishment of confidence in the 
investment climate, the sense of direction, and that problems can be solved.

6.3 Incentive structures for the new economy: tackling 
market failures
A successful journey towards a sustainable and inclusive economy requires 
a comprehensive understanding of the challenges and opportunities that lie 
ahead. Our discussion in this chapter began with an exploration of objectives, 
particularly sustainability, alongside perspectives on the nature of the problems 
being confronted and the systems that need to be transformed. As nations and 
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the world confront the climate crisis and seize the opportunity to create a 
new growth and development story, investment and structural change are at 
centre stage. The critical question is how to generate and foster the investment 
and transformation necessary, given the scale and urgency of the task. We 
started to answer this question by discussing the overarching strategies and 
structures that shape investor intention and confidence. In this section, we 
examine more closely the details of policies and incentive structures, focusing 
on the market failures that must be tackled and the systemic and structural 
changes required. As emphasised in the previous section, policy must be 
predictably flexible to combine the need for long-term credibility and investor 
confidence with the capacity to adapt to new circumstances, information, and 
technologies as the transition unfolds.

To design the right incentives, we must start by identifying the relevant mar-
ket failures. These were outlined in Table 5.3 in Chapter 5, where we argued 
that the inefficiencies resulting from these failures imply that we can advance 
climate action and promote growth simultaneously, in part through action to 
overcome the market failures. It is misleading to portray decision-making as 
inevitably involving a trade-off, or ‘horse race’, between the two. Understand-
ing the origins and implications of these failures directly informs the crea-
tion of policies and measures to overcome or significantly reduce them. Here 
we will focus on the policy options available to correct these market failures, 
bearing in mind that they are interwoven and that some measures or policies 
can address multiple failures simultaneously. 

For convenience, Table 6.1 repeats the information provided in Table 5.3 of 
Chapter 5. The information in this table is absolutely central to the substance 
and organisation of our discussion of policy. The table was introduced in 
Chapter 5 to demonstrate that there need not be a trade-off between climate 
and growth. In this chapter, the policies to tackle the market failures, in the 
third column, are examined more closely. 

In this context, three points are crucial. First, as noted, policies to tackle the 
six market failures are interwoven and should be mutually supportive. Sec-
ond, the ability to apply policies will be influenced by the political economy 
of vested interests and institutional capacity. Third, it may not be straight-
forward to proceed on all six fronts at the same time, for reasons of capacity 
or politics. Sequencing will be an important issue. In some cases, the choice 
of sequencing will be influenced by the necessary timing of investments or 
impacts, in others by the importance of building capacity. Sequencing could 
also be influenced by challenges in building coalitions.

Policies to tackle the GHG externality

The first and most significant failure listed in Table 6.1 is the GHG external-
ity. In the Stern Review, we described this externality as ‘the greatest market 
failure the world has ever seen’ (Stern, 2007, p. xviii). Almost everyone con-
tributes to emissions, almost everyone will suffer the consequences, and the 
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potential impacts are vast and catastrophic. Tackling this externality can be 
through the pricing of emissions (including market mechanisms and taxes) 
and through regulating or setting standards for emissions. Each policy has its 
strengths and weaknesses, and they can be effectively combined.

Economists, following Alfred Marshall,17 often start with the price mech-
anism when they begin to think about policy in relation to market failure. 
Intuitively, and in the language of Marshall or Arthur Pigou, if consumers 
or producers face a price for an activity that is below its social marginal cost, 
they will continue that activity up to a point where there is net social damage 
from the marginal units.18 This happens because they pursue the activity as 
long as the private benefit from the marginal unit exceeds the price they pay; 
that price reflects their private cost, which in turn reflects the cost of supply 
of the good. Thus, on the margin, there is zero net benefit to them from an 
extra unit, but there is damage to others. In simple terms, social welfare would 
increase if they, on the margin, decreased the activity.19

This line of reasoning has led some economists and policy-makers to 
argue that economics dictates that putting a price on the GHG externality 
is unambiguously the most efficient or optimum policy for tackling climate 
change. For example, a 2019 letter to the Wall Street Journal, signed by 
3,649 senior and distinguished economists, stated: ‘A carbon tax offers the 
most cost-effective lever to reduce carbon emissions at the scale and speed 
that is necessary’ (Wall Street Journal, 2019). However, such statements 
are misleading for two important reasons. First, they overlook the many 
other externalities, particularly the other five in Table 6.1. Relying on 
carbon pricing alone cannot be claimed as optimal if other failures remain 
unaddressed. Second, they ignore the effects of increasing returns to scale 
and of uncertainty. When these factors are present, relying solely on prices 
could risk leading to excessive pursuit of the activities, especially if there are 
sharply rising damages. Martin Weitzman (1974) explored these issues in his 
seminal study of ‘prices vs quantities’. Consider the example of a severe road 
accident with lives at risk. Would you hold an auction or set prices to see 
which supplier could respond most quickly and cheaply, or would you require 
emergency services, who are on standby, to respond immediately?

In such cases, where the consequences of error are high, standards and reg-
ulations can be more effective. They can also lower costs for those supplying 
new clean products, such as EVs, by providing clarity on when to build and 
how much to plan for in a context where substantial fixed costs and invest-
ments are involved. Thus, the simplistic statement that ‘economics says that 
prices are clearly the most efficient way to tackle climate change’ is simply 
wrong.20 

Nevertheless, the arguments in favour of using the price mechanism are 
of great importance and do offer valuable guidance. When individuals face 
the social cost of their actions (at the margin), they are incentivised to take 
account of the damage they inflict on others – this is the Marshall–Pigou 
argument. They are well placed to judge how costly it will be to them to adjust 
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their behaviour on the margin. The analytical and policy error lies in insisting 
that carbon prices are sufficient, in the sense that they can deliver efficiency 
by themselves, or that they can fulfil the entire policy mandate. Despite these 
criticisms of commonly offered arguments, it is important to emphasise that 
prices should indeed play a significant role. I want to be very clear on this. 
Carbon pricing should play an absolutely central role in policy. But we will 
need much more in the way of policy and actions in a risky world, where 
other important market failures are present, and so much of activity involves 
increasing returns to scale. The basic theorems of welfare economics (usually 
studied early on in undergraduate economics), which highlight the efficiency 
of outcomes in a market economy, assume the presence of a full set of markets 
for all goods and services, that all markets are perfectly competitive, and that 
there are no increasing returns to scale.21 That is not the world we live in and 
where we have to make policy.

One clear policy lesson, with very broad application, from emphasising the 
importance of prices in this context is that countries should stop subsidising 
harmful activities. The World Bank (Damania et al., 2023), IMF (Black et al., 
2023), and OECD (2024) have conducted valuable research on calculating the 
magnitude of existing subsidies for damaging activities, particularly around 
fossil fuels. Explicit global subsidies for fossil fuels exceed a trillion US dollars 
per year (around US$1.3 trillion) (Black et al., 2023). When implicit subsidies 
(such as not paying for damages or ‘bads’) are included, the figure increases 
more than five-fold. In total, according to the IMF, in 2022 fossil fuel subsidies 
(explicit and implicit) amounted to around US$7 trillion, or more than 7% of 
global GDP. Of the total, 18% is attributed to explicit subsidies and 82% to 
implicit subsidies (Black et al., 2023). The World Bank’s Detox Development 
(Damania et al., 2023) extends this approach to agricultural subsidies, which 
are often structured in ways that encourage damaging, wasteful, and pollut-
ing activities. Abolishing these harmful or toxic subsidies not only reduces 
environmental damages but also frees up valuable revenue for investment in 
new, clean activities and for supporting people and places that face challenges 
during the transition away from dirty activities.

The price mechanism can work through official compulsory carbon markets 
or via carbon taxes. Carbon taxes are generally easier to administer and can 
be implemented or approximated without the need for detailed emissions 
measurement on a firm-by-firm basis, for example by taxing coal, oil, or natural 
gas. Official carbon markets, on the other hand, focus directly on achieving fixed 
amounts of reduction, the intended goal. And they can be structured by initially 
allocating carbon allowances, so that net payments are small at the outset; this 
approach can reduce opposition when such markets are first introduced.

In an economy with all market failures tackled and perfect markets, the 
optimum carbon tax would be equal both to the marginal damage from 
carbon and to the marginal cost of reducing carbon. But those assumptions 
never apply. We live in an economy with all sorts of imperfections. Thus that 
equality of marginal damage and marginal cost at the optimal level of activities 
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does not apply when other market failures are not fully tackled.22 This is a 
fundamental insight of public economics – at least since Meade (1952) – and 
a defining characteristic of that subject.23 

Thus, Joseph Stiglitz and I argue that prices to guide choices of government 
projects and carbon-pricing policies should be based on the marginal costs of 
action to reduce carbon along the carbon reduction path chosen rather than 
marginal damages. This is because the world and nations have articulated 
their policy in terms of a carbon reduction path that manages risk. Prices 
based on marginal costs are designed to guide us towards that path. Prices 
based on marginal damages are not guaranteed to do that in an imperfect 
economy. Our suggestion does indeed lean on the price mechanism, but does 
so in a way that reflects modern public economy and its analysis of policy in 
an imperfect world (Stiglitz and Stern, 2017). 

Prices can also improve outcomes by operating through voluntary carbon 
markets (VCMs). For example, in regions or sectors without an official 
carbon market, firms aiming to achieve self-imposed targets can contribute 
to emissions reductions by paying entities elsewhere, such as in developing 
countries, to cut emissions more than they otherwise would have been ready 
to do. While there are challenges in defining the counterfactual ‘otherwise 
would have been ready to do’, such mechanisms can both reduce emissions 
in ways which take account of relative costs of action and, importantly, 
generate revenue for poorer countries or regions to finance the necessary 
investments for a new growth path, alongside actual emissions reductions. 
If these transfers contribute to a significant and specific investment 
programme, the difficulties in specifying counterfactuals are less severe. 
For instance, if a country has a comprehensive plan to transform its entire 
power sector, verifying whether that plan has delivered overall emissions 
reductions is more straightforward than doing so on a project-by-project 
basis. On a project-by-project basis we may not be able to feel confident that 
a carbon reduction in project A is not replaced by an increase in project B. 
For example, if deforestation is prevented in place A it might move to 
place B. We will revisit issues of climate finance briefly in Section 6.4 and in 
more detail in Chapter 9.

Tackling the other key market failures

The discussion of the five other market failures in Table 6.1 will be more 
concise, but all five are of real importance. The second market failure is that 
the market, left to its own devices, generates too little R&D. Much of the 
action in tackling climate change requires the discovery of new zero-carbon 
methods. This process could involve searching for new materials, methods for 
green hydrogen and steel, sustainable marine and air fuels, innovative fertiliser 
production, different farming techniques, new electricity storage methods, or 
innovative ways of managing urban systems. It encompasses both R&D and 
innovation. A discovery is, in large part, an idea. Unlike physical goods, ideas 



240	 THE GROWTH STORY OF THE 21ST CENTURY

can be used by multiple people without diminishing their value to others. 
This characteristic implies that ideas are public goods. Without public action, 
the creators of these ideas do not capture the full value to society from their 
creation. Therefore, there are compelling reasons for the state to subsidise and 
support R&D. Many such activities are indeed subsidised or supported by the 
state, including at universities and research institutes.

The argument for public support of ideas as public goods is not unique to 
climate change, but it is particularly relevant in this context for two reasons. 
First, the use of a public good which is an idea to enable the reduction of CO2 
emissions benefits everyone when it is actually used to reduce emissions – 
one might say it is a ‘public good squared’. Second, the urgency of the climate 
crisis creates a strong motivation to accelerate innovation; the faster the idea 
is developed and used, the stronger the benefit to all. Public policy should act 
on the pace of delivery, not just delivery per se.

It is important to recognise that those who generate ideas often respond 
powerfully to social priorities, and not simply to market incentives. During the 
Covid-19 crisis, for example, medical researchers moved very rapidly. While 
potential financial rewards played a role, many were motivated by a sense of 
social duty and a desire to contribute to global well-being in a shared crisis. 
Similarly, we are witnessing a growing sense of obligation among scientists, 
engineers, architects, and indeed some economists to develop cleaner and 
safer ways of consuming, producing, and living.

The third market failure in Table 6.1 relates to capital markets. As we have 
seen, effective climate action requires a major step up in investment, much 
of which will be risky and long term. Capital markets have well-known 
limitations in managing risk, particularly over the long term. In a perfect 
market, by definition, agents act as if they can buy or sell as much as they 
like at the given price they see in the market. However, this is not realistically 
possible for all, or indeed most, transactions in capital markets. Lenders 
cannot lend trillions on fixed terms without taking on considerable risk. They 
worry about the borrower’s ability to repay, about how repayments might be 
enforced or guaranteed, collateral, and more. In a risky world like ours, a key 
function of financial markets is to allocate and reduce risk. Their ability to do 
so is substantial and important but it is limited. Here, governments, public 
development banks, and MDBs can play a crucial role in overcoming some 
of the limitations and in managing and reducing risk. These capital market 
interventions are important elements of the public action needed to support 
the scale of investment required. Further discussion of capital markets is in 
Chapter 9.

The fourth area of market failure in Table 6.1 concerns networks. Much of 
the necessary action for climate mitigation and adaptation takes place through 
networks, including electricity grids, internet connections, transport systems, 
city infrastructure, reusing/recycling, and circular economies. In a network, 
the actions of one player affect how the system functions for others. For 
example, if I drive my vehicle on a road, I might increase congestion for others. 
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Conversely,   if  I acquire a telephone, the value of someone else’s telephone 
increases because they can now call me. 

Governments will have to provide frameworks, including legislation, for 
the effective functioning of networks, for example access rules for grids or 
telephone networks. In some cases, such as city metros, the government may 
own key elements of the network. As with R&D, these arguments apply to 
many areas beyond climate change, but they are particularly important in this 
context, given the centrality of networks to so much of necessary action in the 
transition.

Fifth, there is the issue of information. As a consumer wishing to reduce 
my carbon footprint, I need to know the carbon content of the products I buy. 
If I want to insulate my home, I need to discover what options are available. 
Similarly, producers and firms face numerous decisions that require access 
to information around what may be new activities for them. When there is 
asymmetric information between buyers and sellers, markets do not function 
efficiently.24 In many contexts, governments can and should take action to 
mandate the disclosure of information. Examples include the sugar and salt 
content of food, whether or not a carpet was made with child labour, ways 
in which machinery might be dangerous, carbon content, and so on. Again, 
while these issues extend beyond climate action, they are of special impor-
tance in the transition, when many agents will be taking actions which are 
different from the familiar past.

In this context of changing producer and consumer behaviour where there 
is limited information or lack of familiarity with new goods or services, ideas 
from behavioural psychology can become important. Examples directly ori-
ented towards changing behaviour include labelling in hotels or supermarkets 
or default options in pension plans (see Chapter 7).

Sixth, Table 6.1 identifies so-called ‘co-benefits’, a term that somewhat 
understates the great advantages of climate action beyond the fundamental 
purpose of reducing climate risk. As shown in Chapter 5, the death toll from 
air pollution is staggering, with most of it stemming from the burning of fossil 
fuels. Climate action that reduces fossil-fuel combustion can, therefore, have 
substantial and immediate health benefits. This perspective on co-benefits 
provides a powerful additional argument for robust climate action, including 
using both price mechanisms and standards/regulation to limit fossil fuel use.

The analysis of market failures in this section provides a strong founda-
tion for detailed policy development. In Section 6.2, we discussed how overall 
strategy and policy can help guide systemic and structural change. By com-
bining these strategic approaches with the policy issues just examined, we 
arrive at what might be termed the ‘gardener’s craft’ or the ‘head chef ’s task’ 
in strategic policy-making. The head gardener or head chef is charged with 
putting all the elements, ingredients, and actions together. For climate action, 
which must be economy wide, this coordination should occur at the highest 
levels of government, typically within the offices of finance ministers or prime 
ministers/presidents.
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6.4 Financial structures for the new economy
The first part of our discussion on the specifics of the challenges of delivering 
sustainable growth (Section 6.2) focused on creating the conditions necessary 
to catalyse the investment that will drive this new form of growth. Central to 
the delivery of investment is the financing of investment. Potential investors 
will not pursue investment opportunities if they do not perceive financing 
options that make the investment profitable relative to the risks involved. The 
cost of capital and effective risk management are therefore crucial to making 
investment both viable and attractive. In previous sections, we have high-
lighted the importance of managing risk in relation to the costs and returns of 
investment, particularly through the investment climate and the credibility of 
public policy. In this section, we turn our attention to the financing itself, with 
a particular focus on risk management. While the issues discussed are rele-
vant to all countries, the challenges are particularly acute in emerging markets 
and developing countries (EMDCs), where international support and action 
will be crucial. And these are the countries where the new instruments are of 
special importance, nationally and globally. These challenges are explored in 
more quantitative detail in Chapter 9. 

Risk and the cost of capital

Investment inherently involves risk. Financial structures are typically designed 
to manage, reduce, and share this risk. Finance is most effective when it allo-
cates risk to those who are best equipped to bear it, and to those who can 
actively manage and mitigate risk through their own actions.

Different financial instruments embody varying levels and types of risk, and 
they serve different functions. These instruments include, among others, loans 
of different durations and flexibilities, bonds with different conditions, equity, 
guarantees, and first-loss agreements. Moreover, these instruments can be 
blended to create financial packages that allocate and balance risk and return 
in ways that fit best with the different abilities and ‘risk appetites’ of different 
players. Investors who take on greater risk typically expect higher returns.

When considering the terms and conditions of financing, potential finan-
ciers will evaluate different sources of risk. At the project level, these risks 
might include the costs and challenges associated with land acquisition, con-
struction, the functioning of local infrastructure, revenue streams, and the 
reliability of counterparties and collaborators. Such risks are influenced by 
the stability and reliability of governments, input suppliers, customers, and 
other stakeholders, such as electricity purchasers. Sectoral issues, such as the 
operation of grid structures and anticipated future demands and supplies, 
may also play a role. Additionally, there are regional or city-specific risks as 
well as macroeconomic factors, including country risk, related to the liquid-
ity and solvency of governments. All of these will affect the availability and 
cost of finance. Regulatory issues, which could influence the types of instru-
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ments and risks that financial institutions can undertake, are also relevant. 
The examples in this paragraph make it clear that government-induced policy 
risk will be a critical element in shaping investor confidence, or the lack of it. 

The cost of capital and the associated risks are crucial for all investments, 
but they are especially significant for green or sustainable investments, for 
three reasons. First, investments that avoid using fossil fuels require substan-
tial upfront capital, which reduces future operating costs by eliminating the 
need for fuel purchases. Second, these investments are often innovative or 
novel, meaning there may be less experience with similar projects and less 
data, leading to a perception of higher risk. Third, such investments are fre-
quently long term, particularly in the case of infrastructure, which means 
there is a longer period during which potential problems could arise around 
revenues, costs, and the ability to function effectively.

For an example of how important the cost of capital is, consider how it 
affects the cost of solar power compared to that of fossil-fuel-based electric-
ity generation. In much of Africa, for example, solar power can be cheaper 
than fossil fuels (even without subsidies or carbon pricing) if the cost of cap-
ital is around 7% or so (real rates of interest). However, if the cost of capital 
exceeds 20% – as is often the case, particularly due to perceived country risk – 
solar power becomes less competitive. According to the International Energy 
Agency (IEA) (2024), utility-scale solar photovoltaic (PV) projects in EMDCs 
face more than twice the cost of capital compared to advanced economies. 
The Energy Transitions Commission (ETC) (2023) suggests that the higher 
capital costs in middle- and low-income nations make additional finance and 
innovative strategies by MDBs necessary, as well as national financial policies 
and actions. That is also the conclusion of the reports of the Independent 
High Level Expert Group on Climate Finance (IHLEG) (Bhattacharya et al, 
2023, 2024; Songwe et al, 2022) and the G20 Independent Expert Group on 
MDBs (IEG) (Singh and Summers, 2023a, 2023b), both of which I have been 
actively involved in. Overall actions to reduce the cost of capital through risk 
management are critical.

Some of the risk is perceived rather than actual, particularly in EMDCs, dis-
couraging investments relative to developed nations (Blended Finance Task-
force, 2023; International Finance Corporation [IFC], 2024). Factors such 
as local market familiarity and information asymmetries contribute to this 
gap (Climate Policy Initiative [CPI], 2022). The presence of partners such as 
MDBs can reduce that perception. And, indeed, they can also reduce govern-
ment-induced policy risk, since a government may be less likely to ‘interfere’ 
if an MDB is involved. Better data, or greater familiarity with existing data, 
can reduce risk. But many risks are real, including foreign exchange risk and 
other aspects of country risk. There is work to do in reducing those risks (see 
Chapter 9).
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Blended finance

The first and logically prior task in private–public collaboration around fos-
tering the necessary investment is on the investment climate – that is, cre-
ating conditions where investments can be carried through and the risks 
around execution, cost control, tax liabilities, possible predation, and revenue 
flow can be managed. That was the subject of Section 6.2. But managing risk 
through financing structures is also of great importance.

Different financial actors can manage and take on risk in various ways, and 
different parts of climate-related investment and associated finance involve dis-
tinct risk patterns. The blending of different sources of finance will therefore 
be central to creating the necessary scale and nature of investment. Broadly 
speaking, there are four main sources of finance: government, private, devel-
opment banks and finance institutions, and highly concessional or grant fund-
ing. Each of the four sources includes various strands. Government finance can 
come from different levels and departments, and it may be offered on a range 
of terms. Private finance might come from retained earnings, banks, capital 
markets (including venture capitalists, private equity, pension funds, and asset 
managers), and other sources. It can be national or international. Development 
banks and finance institutions can be national (such as BNDES in Brazil or the 
UK Infrastructure Bank, now the National Wealth Fund), regional (such as 
the European Investment Bank), or global (such as the World Bank). The final 
category, which is particularly important for EMDCs, includes overseas aid, 
voluntary carbon markets, earmarked revenues from official carbon markets, 
initiatives such as Special Drawing Rights at the IMF, dedicated international 
taxes (e.g., as under discussion on maritime or air transport), and philanthropy. 

In terms of Figure 6.5, it must be noted, first, that public and philanthropic 
sources often think of themselves as mobilising private resources, but the causa-
tion can go both ways. Second, funding from development banks is usually clas-
sified as concessional, but the term can be misleading. Many MDBs borrow from 
markets at close to interbank interest rates and lend at rates a little higher. But 
generally they do not make losses. In that sense, whilst the rate of interest to the 
borrower is lower than elsewhere on the market, it is not really ‘subsidised’ or 
‘concessional’. The two types of lenders (MDB and private) face different risks.

These different sources can offer finance on very different terms, and the 
necessary components in any financial blend will depend on the specific 
projects or programmes involved. For example, a renewable electricity 
generation project in a well-developed power market might rely almost 
entirely on private sector financing. In contrast, major investments in 
reconfiguring electricity grids in many countries might require substantial 
public sector finance (from government or development banks), given 
the involvement of multiple independent players and the risks associated 
with public and community decisions or the credibility or reliability of 
the electricity companies in the system. Financing for adaptation finance 
or natural capital projects, which may struggle to generate sufficient 
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revenue streams to service debt, might require significant amounts of 
low- or zero-cost capital or government grants. Many projects will require 
blending these financial sources in varying proportions, depending on 
their characteristics. An important example is the Tropical Forests Forever 
Facility, where various financial actors, public and private, are collaborating 
to invest in forests (see Section 10.4). There are also initiatives that seek 
to attract private finance flows for biodiversity conservation directly, 
such as biodiversity credits, a growing area (NatureFinance and World 
Bioeconomy Forum, 2023).

The Blended Finance Taskforce (launched in 2017) notes that MDBs ‘mobi-
lise’ on average less than 30 cents of private capital for every public dollar 
invested in climate change in the sense of the amount of private finance that 
accompanies their dollar. The taskforce argues that it is possible to do much 
better. Using blended finance as a structuring approach, public funds can 
unlock private investment by mitigating investment risks through currency 
hedging, first-loss structures, guarantees, and technical assistance for prepar-
ing projects (Blended Finance Taskforce, 2023). Through blended finance, 
different organisations can invest together so that each one forwards its differ-
entiated aims, such as financial return, environmental impact, or both (Con-

Figure 6.5: Blended finance

Source: Convergence Blended Finance (n.d.). Copyright Convergence. Reproduced with 
permission.
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vergence Blended Finance, 2024). The reports of the IHLEG for COPs 27, 
28, and 29 (Songwe et al., 2022; Bhattacharya et al., 2023; Bhattacharya et al., 
2024) and those of the IEG for India’s 2023 G20 presidency (Singh and Sum-
mers, 2023a, 2023b) come to similar conclusions, and provide further ideas 
and evidence on how these expansions can take place (see also Chapter 9).

Finance ministries, central banks, and macroeconomic management

The macroeconomic implications of a substantial increase in investment must be 
carefully managed, and finance ministries and central banks will need to address 
these challenges directly. Finance ministries will be responsible for budget allo-
cations across departments and should pay close attention in these allocations to 
structural change, particularly in terms of strategies for clean growth, coordina-
tion across sectors or ministries, and the management of potential instabilities, 
given the central role of structural change in the transition. Often finance minis-
tries focus on the macro or on the micro, such as project approval. The macro and 
the micro are indeed important in the transition, but so too is the structural. As 
already explored, the functioning and interacting of systems is vital to the tran-
sition and the new growth story. Those interactions are part of the work of line 
ministries (e.g., transport, energy, housing, or agriculture) but it will be at the 
aggregate level that special responsibility for integration remains.

Central banks will inevitably play a role as financial supervisors with 
a responsibility for financial stability. They must carefully consider the 
implications of their actions on the allocation of finance during periods of 
rapid change, in the face of macroeconomic pressures, and around potential 
instability. Mark Carney, then the Governor of the Bank of England, 
highlighted these issues in his pioneering speech on ‘the tragedy of the 
horizon’ in September 2015, just three months before COP21 in Paris.25 He 
outlined compelling reasons why central banks should pay close attention 
to how financial markets operate concerning climate finance. These reasons 
include financial and price stability. The involvement of central banks in these 
issues is discussed further in the next chapter on the role of the state.

In my view, any major public entity, including central banks, with a special 
responsibility for price stability and some responsibility for economic growth 
and financial and economic stability should play its part, often proactive, in 
managing a major transition which has such profound implications for both 
economic stability and future well-being. Current actions, particularly on 
investment, will have significant short-term and long-term consequences. 
Notwithstanding some resistance from ‘institutional fundamentalists’ – a 
term also used in Chapter 7 – who advocate a narrow focus on price stability, 
the Network on Greening the Financial System (NGFS), a network of central 
banks, was established in 2017. As of Spring 2025 it had 145 members and 
23 observers. This indicates that many central banks are indeed prepared to 
address responsibilities concerning climate and sustainability, even though 
some critics continue to grumble in the background. 
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Finance ministries will need to tackle the fiscal and macroeconomic 
management challenges associated with the substantial increase in investment 
required. The ‘fiscal rules’ established by these ministries should carefully 
consider these investment needs. It is likely that (as a global average) about 
two-thirds of the necessary investment will come from the private sector, with 
a higher proportion in wealthier countries and a lower proportion in poorer 
ones. This investment will impact aggregate demand. Many countries have been 
‘demand-constrained’ – in Keynesian terms – over the last one or two decades, 
particularly in the period from the global financial crisis of 2008–2009 up to 
the Covid-19 pandemic in 2020. These countries may be able to accommodate 
such an increase in demand through supply response and economic expansion. 
However, this will not be true for all countries; in some cases, fiscal management 
will be needed to accommodate the additional investment to avoid excessive 
pressure on domestic demand. Domestic and foreign savings will both 
contribute to the financing of this investment. Central banks will also play a 
role in managing demand.

Government investment will be critical in many aspects of this investment 
expansion. This public investment will generally yield substantial economic 
returns, as argued in Chapter 5, and will help to enable and leverage private 
investment. In my view, fiscal rules should be designed to facilitate and 
accommodate this investment expansion, particularly during this critical 
period in world history. Borrowing for the medium or long term, with 
long-term finance at moderate costs – available to many governments – for 
investment with strong returns, is fiscally responsible. Over time, the returns 
on these investments will reduce debt-to-GDP ratios, even if there is a short-
term increase (see Zenghelis et al., 2024). Not to do so would be fiscally 
irresponsible as well as, in this case, profoundly irresponsible in relation to the 
well-being of future generations. In some cases, the domestic savings rate will 
have to rise. Foreign borrowing can have its role to play, depending on cost 
and availability. And in some cases, output expansion can be a key element 
in generating savings. In 2024 the incoming Labour government in the UK 
reoriented its fiscal rules in this direction (see budget of October 2024). 

Some government borrowing can be undertaken via green bonds, which signal 
to markets the direction of investments. The issuance of green bonds has grown 
rapidly worldwide, from a total stock of US$2.6 billion in 2012 to nearly US$600 
billion in annual issuance by 2023 (Bloomberg, 2024; European Commission, 
2016). Whether or not green bonds are used, the key principle here is that facili-
tating and accommodating the required investment – both public and private – 
demands the attention and action of finance ministries and central banks.

Regulation and asset classes

For financial systems to function effectively and contribute to the efficient 
and productive allocation of resources, particularly for investment and for 
economic and financial stability, regulation is essential. Without regulation, 
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the transparency which is necessary for sound economic and financial 
decision-making would be lacking, there could be a higher risk of fraud, and 
investments would be discouraged. Moreover, without regulation, financial 
instability becomes a real danger. Many would argue that the global crisis of 
2008–2009 was exacerbated by excessive enthusiasm for financial deregulation 
in the 1990s, particularly in the USA and the UK (Crotty, 2009; Krugman, 
2009; Shiller, 2008; Stiglitz, 2010).

However, financial regulation should not focus solely on learning from past 
mistakes. Instead, it should also anticipate future risks and economic struc-
tures, particularly in a period where rapid change is critical for a sustainable 
future. If regulation is overly backward-looking, focusing only on past cri-
ses, it could inadvertently increase the risks and instability of the future. It 
is, therefore, time to review financial regulation from the perspective of its 
potential impact on the expansion of green investment. Regulation should, 
of course, seek to discourage recklessness or destabilising investment, but 
it should not arbitrarily impede investments that are essential for creating a 
more stable and sustainable future.

This is not the place for an exhaustive analysis of these issues, which can be 
technically quite complex – detailed discussion is generally confined to ‘policy 
wonks’. But the idea is important to understand. Two examples suffice to 
illustrate the point that details of regulation and supervision really do matter. 

First, financial institutions holding debt from very large companies are 
often viewed by regulators as carrying less risk than those holding debt from 
smaller companies. Due to past history, fossil-fuel-based energy companies 
are disproportionately represented among these large companies. As a result, 
there is a regulatory bias in favour of fossil fuel companies. Over the next two 
decades, these companies must shift decisively away from fossil fuels. If they 
do not, they will not only cause significant harm but also become increasingly 
risky investments, as they will be betting on the declining technologies of the 
past rather than embracing those of the future. Some of these companies may 
attempt to delay international climate action, but, in doing so, they will make 
the world a more dangerous and unstable place for everyone.

The second example concerns the treatment of finance for long-term 
infrastructure relative to shorter-term financial assets. Many of the new green 
investments that are urgently needed involve long-term infrastructure in 
energy, transport, cities, and so on. Regulators often view such assets as illiquid 
and, therefore, risky. However, if a financial investor, such as a pension fund, 
needs to provide pension payments several decades into the future, investing 
in long-term assets that are central to the future growth story may be a wise 
decision, both in terms of long-term returns and matching assets to liabilities.

The Basel rules, as currently structured, could hinder the shifts in invest-
ment structures that are necessary for future growth and stability.26 Currently, 
climate and environmental (C&E) financial risks have been unevenly inte-
grated into the pillars of the Basel Framework; policy-makers left the task of 
making sure that these risks are correctly priced to market participants and 
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private banks (Dikau et al., 2024). There has been limited regulatory action to 
incorporate C&E risks into Pillar I (regulatory capital requirements). Super-
visors and regulators are taking the first steps to incorporate C&E risks in 
their supervisory procedures (Basel Pillar II) and the Basel Committee is still 
working on climate financial risk disclosure requirements (Basel Pillar III) 
(Dikau et al., 2024; Kammourieh and Songwe, 2024). Continued efforts to 
address and incorporate climate risks are needed. Moreover, the 2023 Basel 
III finalisation proposal, put forward by US banking regulators and currently 
under discussion, might slow down the energy transition by requiring banks 
in the USA to hold significantly more capital against projects critical to the 
transition. This regulation would make tax equity27 (an important financial 
mechanism in the funding of some renewable energy projects) less profita-
ble, leading to fewer renewable energy investments by major banks that have 
historically funded renewable energy projects this way (Smith et al., 2024).28 

On the contrary, in the pursuit of financial stability, central banks should 
take climate change explicitly into account. The climate crisis will generate 
new risk events, such as ‘green swans’ – unprecedented or unanticipated 
events associated with climate change (Bolton et al., 2020). Both physical 
and transitional climate-associated risks can, individually or in combination, 
have a dramatic impact on the financial and economic activities of businesses, 
households, and governments. As physical risks worsen, losses that are not 
insured can undermine solvency, while the scale and frequency of insured 
losses might put insurers in a financially difficult situation. Transition risks 
also arise as economies decarbonise, for example, due to shifts in market 
demand, reputational impacts, and the emergence of stranded assets (Bolton 
et al., 2020). 

Bolton et al. (2020) suggest that there is a need to integrate climate risks 
into central banks’ financial stability mandates and offer two risk manage-
ment ‘epistemological breaks’ to be incorporated. First, since climate-asso-
ciated risks are highly uncertain and non-linear, they do not tend to follow a 
normal distribution and, second, the probability of their occurrence cannot 
be extrapolated from historical data. Therefore, central banks should incorpo-
rate forward-looking risk assessment methodologies grounded in climate sce-
nario analysis while also embracing new tools such as non-equilibrium mod-
els. The incorporation of these ideas is already underway: central banks are 
now beginning to redefine risk in the context of climate change. For example, 
the Network for Greening the Financial System (NGFS) consists of central 
banks and supervisors that are voluntarily contributing to the development 
of environment and climate risk management practices in the financial sec-
tor. Incorporating climate risks is critical not only to ensure that the financial 
system is resilient to them, but also to increase financial investments in green 
assets. Climate risks could help frame a carbon shadow price, increasing the 
cost of polluting assets and contributing to tackling the ‘tragedy of the hori-
zon’ (Bolton et al., 2020; Carney, 2015).29
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Given the limits of risk-based approaches and deep climate uncertainties, 
central banks ‘may inevitably be led into uncharted waters’ (Bolton et al., 2020, 
p. 1). Therefore, it is central that they do not restrict their action solely to cre-
ating scenarios and managing risk. To fulfil their mandates of price and finan-
cial stability over the long term, central banks should pursue proactive actions 
to address climate risks. If central banks just wait for other government agen-
cies to act, they would not be delivering their mandate for financial stability. 
Proactive policies could include better coordination of fiscal, monetary, and 
prudential policies; more international cooperation on environmental issues 
among monetary and financial authorities; and integrating sustainability cri-
teria more systematically within the financial sector (Bolton et al., 2020). 

Further, and importantly, many central banks have output and growth as 
part of their mandate (Dikau and Volz, 2021). For this reason, given that 
climate action is the new growth story, they should pay close attention in 
their analyses, scenarios, and modelling to the growth effects of policies on 
the financial regulation and monetary issues which foster that growth. 

6.5 Distribution and a just transition
Economies undergo continuous change and transformation. Sometimes 
transformations are driven by long-term trends such as demographic changes 
or shifts in economic structure towards services. Medium-term changes, like 
the rapid expansion of China’s exports between 1990 and 2010, can also sub-
stantially shift the international division of labour. Additionally, technology 
can transform jobs, such as in the case of automated supermarket checkouts. 
And major events like the global financial crisis of 2008–2009, Covid-19, and 
the war in Ukraine can suddenly disrupt lives and livelihoods.

The transition to a zero-carbon economy will also bring dislocations that 
are part of these broader economic and social changes and that interact 
with them. But what is distinctive about the climate-driven shifts is the 
combination of all of, scale and urgency, medium and long-term processes, 
and economy-wide impacts. The rapid and deliberate nature of the green 
transition necessitates special focus. It is a set of changes consciously driven 
by societal decisions about how to address collective dangers and achieve 
collective goals. Therefore, there is a collective responsibility to manage this 
transition in an equitable and just manner.

While the mechanisms and policies required to manage the dislocation 
arising from the green transition can also apply to disruptions from other 
sources, there are distinctive features of climate action. It is economy-
wide, both in mitigation and adaptation. And it is crucial to recognise that 
the poorest people are often the most vulnerable to such dislocations. This 
is particularly relevant when considering adaptation and resilience to the 
growing impacts of climate change, as well as the job market disruptions, 
price changes, and costs associated with the green transition.
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In this section, we highlight two main aspects: first, the key concepts 
and insights that should underpin policy and, second, the range of 
policies needed to manage dislocations while enabling access to new 
opportunities and jobs. Since the decision to change is a collective one, 
and the effects of the changes impinge on so many, it is important that 
individuals and communities participate actively in the decision-making 
processes. Moreover, it is crucial to try to anticipate potential problems 
and develop actions for an equitable and just transition from the outset. 
Whilst the green transition is new, there is much that can be learned about 
potential problems by looking at past economic dislocations or industrial 
revolutions (see Section 6.1 for examples).

Before we embark on some of the details of policies for a just transition, we 
should emphasise, as noted, that dislocation and distribution issues should be 
central aspects of policy. They are always with us. If climate action brings them 
to the centre stage in a more effective way than before, then that is indeed a 
benefit of climate action. That is similar to climate action having the benefit 
of making us more attentive to existing market failures around R&D, capital 
markets, networks, and so on.

Justice, equity, and social capital

Effective policy-making relies on an understanding of objectives and of asso-
ciated concepts together with an understanding of the processes at work, 
as emphasised in Section 6.1. In discussing the distributional aspects of the 
transition, we focus here on justice, equity, and social capital. These concepts 
should be seen as both ends and means in the policy-making process. For 
example, justice is an objective, but a perceived lack of justice in the transition 
could lead to opposition, potentially derailing the entire process; thus, justice 
is also a means.

Social and cultural capital (social capital for short) includes trust, respect, 
cohesion, and cooperation within communities. It is crucial for sustainability. 
If social capital erodes, opportunities can be undermined, as communities 
with lower levels of trust tend to function less effectively. Social cohesion is 
therefore both an instrumental means to achieve a just transition and an end 
in itself.

Amartya Sen’s approach to the concept of justice, as outlined in his book 
The Idea of Justice (2009), is particularly relevant here. Sen argues that it is 
often easier to define injustice than justice, framing injustice as the denial of a 
right or entitlement. That shifts the analytical focus to rights and entitlements. 
In the context of the green transition, the core right would be ‘the right to 
development’, as discussed in Chapter 1. Internationally the COP processes 
have incorporated the notion of justice (see, for example, the preamble to 
the Paris Agreement). The Sharm el-Sheikh Guidebook for Just Financing was 
developed for COP27 under the Egyptian presidency.30 It defines just financ-
ing as ‘financing that accounts for historical responsibility for climate change 
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while ensuring equitable access to quality and quantity climate financing that 
supports resilient development pathways, leaving no one behind’ (Ministry of 
International Cooperation, Arab Republic of Egypt, 2022, p. 64).

Inequities, in this context, refer to disparities between people and 
their opportunities that lack ethical foundation. Given our emphasis on 
sustainability – defined as offering future generations opportunities that are 
at least as good as those available to the current generation – our analytical 
focus would be on actions and processes that generate opportunities for all, 
and on identifying and avoiding those that generate arbitrary deprivation of 
opportunity. Social capital plays a vital role in fostering a sense of community 
and mutual responsibility in ways that can promote opportunity and offer 
some social protection. 

Injustices and inequities in the transition process

With these understandings, it becomes clear that poorly managed dislocations 
or disruptions to livelihoods during the transition could be seen as unjust or 
inequitable. Such perceptions could erode social capital and undermine the 
sense of community. Coal miners who lose their jobs may see this loss as a 
violation of their right to development, as their primary means of earning a 
living is taken away. A transition could also be seen as inequitable if it results 
in losses of opportunity stemming from earlier career choices made before 
the relevant environmental issues were well understood. A just and equitable 
transition therefore involves supporting or protecting those who lose oppor-
tunities or livelihoods. This often requires targeted investment in both people 
and places, as the impact of dislocation is frequently concentrated in specific 
communities.

This issue extends beyond mining to sectors like manufacturing and agri-
culture. For example, while a major car company might be able to redeploy 
workers from vehicles with internal combustion engines to the manufac-
turing of EVs, the knock-on effects on the supply chain could be severe. A 
company producing pistons to supply a car manufacturer, for example, would 
not necessarily transition easily to making batteries. Similarly, in agriculture, 
practices dependent on heavy use of fertilisers or scarce water may need to 
change rapidly, potentially causing losses during the transition period.

Consumers, too, will feel the effects, as prices for transportation fuels, cer-
tain foods, and air travel could rise. Households required to switch from gas 
boilers to heat pumps might struggle with the upfront costs, particularly as 
poorer individuals often face higher borrowing costs than wealthier ones.

These examples highlight the many ways in which injustices and inequities 
can arise during the transition. Ignoring these issues is not only unethical but 
also risks jeopardising the transition itself. This leads us to the importance 
of implementing actions and policies aimed at ensuring a just and equita-
ble transition.
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Building a just and equitable transition

A broad range of actions can be taken to overcome dislocations, create new 
opportunities, and foster a just and equitable transition. However, it is impor-
tant to recognise that not everyone will benefit equally, and some may inevi-
tably lose out. For example, while some coal miners may be able to retrain and 
find new opportunities, others may not be so fortunate, particularly if they are 
older or have health issues or lack an educational background. The actions we 
discuss in this subsection relate to local skills and investment, lifelong learn-
ing, relocation of public services, cost and availability of capital, tackling the 
effects of price changes, and social protection.

The first aspect to consider is local skills and investment – investing in people 
and places. Job losses can have a geographically focused and cumulative impact, 
especially in specific locations where industries like coal mining or steel pro-
duction are concentrated. Policies in these areas should focus on concentrated 
investments in infrastructure and skills, along with incentives for industries to 
relocate. While these processes take time, they can be accelerated. For example, 
some older industrial cities in richer countries have built civic universities of 
real excellence, which are valuable existing assets which could help in moving 
quickly to drive the expansion of service sectors and create new opportunities. 

It is important that structural changes to the economy, with their associated 
dislocation, be supported by policy. For example, Spain’s plan to phase out 
coal by 2025 has been devised with region-specific just transition policies. It 
included, in 2018, a deal for €250 million to be invested in mining regions. 
The government agreed to support early retirement schemes, local re-employ-
ment in environmental restoration work, and reskilling programmes in green 
industries (World Resources Institute [WRI], 2021). 

In poorer countries, external aid at low or zero cost may be necessary for 
such investments. However, with mass local unemployment, the opportunity 
cost of labour could be very low, making economic returns on investment 
potentially higher than financial returns. Thus, investing in those places and 
in the skills and opportunities for the local population makes economic sense, 
and outside help with finance could be very valuable. Nevertheless, some 
individuals may choose to relocate in search of better opportunities. 

A society that integrates lifelong learning into its education system will have 
a more flexible workforce, capable of switching occupations as needed. While 
building such systems can be challenging, particularly in poorer countries, 
local institutions that provide skills training are feasible in a wide range of con-
texts. The benefits of lifelong learning extend beyond the climate transition, 
offering resilience in the face of rapid technological and structural change. 
Again, if climate action encourages a stronger focus on issues like this, which 
should have been developed more strongly earlier, it carries a direct benefit.

There are numerous examples of poorly managed industrial declines. In 
the UK during the 1980s, under the government of Margaret Thatcher, the 
closure of the coal mines, in this case due to rising costs and competition 
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from gas, was handled in a socially divisive and brutal manner, resulting in 
long-lasting depression and unemployment. The seeds of mistrust sown dur-
ing that period have persisted for generations. The green transition must learn 
from these mistakes. 

As far as the relocation of public services is concerned, it must be emphasised 
that certain public services, particularly administrative functions, are not nec-
essarily tied to specific locations. Social security administration began moving 
from southern England to Newcastle in the late 1960s (Hansard, 1968), and the 
move was boosted in the 1980s. It continues. This was a period of decline of ship-
building and the coal industry in the region. In today’s digitally interconnected 
world, there is increasing scope for such relocations in all countries.

The cost and availability of capital is another important factor. The transi-
tion will require significant investment from both public and private sectors, 
not only in major industries and infrastructure but also in households and 
small businesses. However, poorer individuals and smaller firms often face 
higher costs of capital, which can be a barrier to investment. For example, 
the installation of heat pumps or solar panels might be difficult to finance for 
lower-income households. 

A just transition would involve providing direct assistance to manage the 
cost of capital. Governments, which can often borrow at low costs, could offer 
on-lending programmes with modest interest rate mark-ups to cover their costs 
without requiring subsidies. Costs can be lowered by delivering change on scale 
throughout a locality (e.g., insulation or heat pumps) and integrating it with 
support that lowers the cost of capital. Action to encourage local skills for instal-
lation could be another element in a package which facilitates and reduces cost.

In terms of tackling the effects of price changes, removing subsidies on diesel 
for farmers or imposing a carbon tax on fuels could leave some people worse 
off unless other policies are in place. These measures can provoke strong 
reactions, as seen in the farmers’ demonstrations in Germany in 2023–2024 
against the removal of diesel subsidies and the gilets jaunes protests in France 
in 2018–2019 against tax increases on petrol and diesel. In such cases, it is 
important to implement comprehensive packages of measures within which 
the negative impacts are mitigated. If subsidies on polluting fuels are reduced 
or removed, as in the German example, other support for more socially pro-
ductive benefits of farming could be included. In the case of the gilets jaunes, 
one possibility could have been support for the purchase of more efficient 
vehicles. These changes should be discussed well in advance, allowing time 
to design and phase in the necessary support. As the policies were presented, 
in each of these two examples they were seen as the last straw in a series of 
actions and processes which the protesters saw as having undermined their 
living standards. A package could have done so much better in each case.

Some of those affected by the transition may not be able to participate in 
new opportunities, notwithstanding best efforts to foster their participation. 
In these cases, social protection and transfers would be necessary. The first 
priority should, however, be the development of new opportunities. It is com-
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mon to argue, and with some justification, that the best social protection is a 
secure job. The better the creation of job opportunities, the smaller the num-
ber of those receiving social protection transfers – and thus the greater the 
possibility of stronger social benefits. 

There is much that can be done to foster a just transition. However, the nec-
essary policies must be integrated into the overall transition strategy from the 
beginning. Ensuring that the transition is just is not only an ethical priority; 
it can also accelerate the transition and enhance its benefits. And, as we have 
noted, it can encourage the tackling of broader issues in society which have 
received insufficient attention.

In conclusion, while the challenges of achieving a just transition are sub-
stantial, they should not be used as an excuse for inaction. As emphasised 
throughout this book, delay is the most damaging and difficult path of all.

6.6 Macroeconomic challenges
Climate is macrocritical, both in its impacts and in the task of creating an effec-
tive response. In both cases, growth, living standards, and stability are at stake. 
Consequently, climate must be treated as a central macroeconomic issue by 
finance ministries and be firmly on the agenda for central banks, both in rela-
tion to incentive structures and in relation to the economic implication of cli-
mate risks and to income distribution. Some macro issues around finance and 
fiscal rules were examined briefly in Section 6.4 but, given their importance, a 
more explicit examination of the macroeconomic challenges is provided here.

The impacts of climate change are already having major macroeconomic 
effects in many countries. Hurricanes in the Caribbean and typhoons in the 
Pacific island states can devastate major infrastructure. Desertification can lead 
to population movements and conflicts between pastoralists and agriculturalists 
with real macroeconomic consequences, as seen in Sudan and Syria. In Nigeria, 
desertification has led herders and their livestock to move south, increasing 
competition over land and contributing to conflict among herders and farmers 
(Lenshie et al., 2021). Wildfires in Southern Europe have had very large impacts, 
including on tourism. Disruption of major staple foods can trigger inflation, as 
observed in India, where the Reserve Bank recognised the weather shocks due 
to climate change as a key risk to the nation’s inflation prospects (Reserve Bank 
of India [RBI], 2024). The areas around the Himalaya, sometimes referred to 
as the Third Pole, are especially vulnerable. Many of the major rivers of the 
world rise in these mountains: including the Yangtze, Yellow, Mekong, Ganges, 
Brahmaputra, and Indus. Millions depend on the flows of water from the snows 
and glaciers. Floods are increasing in intensity. For example, the 2022 floods 
in Pakistan submerged one-third of the country and displaced more than 30 
million people. We know that much more climate change is inevitable in the 
coming decades, even if we act decisively to reduce emissions. These examples 
from the past, powerful as they are at the macro level, are likely to seem modest 
compared to the impacts we will face in the next two or three decades.
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As we have already discussed in Chapter 5, action on climate change will 
necessitate substantial increases in investment; as 1–2 percentage points (ppt) 
of GDP in developed countries and 3–5 ppt in EMDCs (other than China) 
(Bhattacharya et al, 2024; Stern et al, 2021). Increases of investment on this 
scale will require careful macroeconomic management. Macro issues related 
to these increases in investment were raised in Chapter 5 on growth and Sec-
tion 6.4 on finance, and we will revisit some aspects of the macro picture 
when we examine international finance in Chapter 9. Our discussion here will 
therefore be brief. 

If investment is to increase by a few ppt of GDP, this will result in a signif-
icant increase in aggregate demand. If there is Keynesian slack – unemploy-
ment or underemployment – in the economy, output will expand through the 
multiplier effect, thereby generating the necessary extra savings to finance the 
additional investment. Consumption will also increase along with the extra 
output and income. 

However, many economies will not have Keynesian slack. While there were 
many that did in the decade following the global financial crisis, this was 
less evident following Covid-19, the energy crisis linked to the Ukraine war, 
and the eventual inflationary impact of prolonged expansionary monetary 
policies in several G7 and other countries. In such cases, extra investment 
must be accompanied by a reduction in consumption or by resource inflows 
from abroad. Consumption can be reduced through a combination of higher 
taxation, incentives to save, or increased domestic government borrowing, 
though this will undoubtedly carry political challenges. It should be recog-
nised, however, that reducing consumption to increase savings, in order to 
finance investment with strong returns, is a set of actions that increases wel-
fare, just as a farmer might save to invest in irrigation facilities that make her 
or him better off despite entailing smaller consumption in the short term. 

Some countries may be able to borrow more from abroad at reasonable cost 
of capital, but others, particularly heavily indebted poorer countries, will not. 
For these latter cases the international financial institutions and systems will 
play a crucial role, as will be discussed in Chapter 9. When additional bor-
rowing from abroad occurs to finance the increases in investment, the current 
account deficit will rise as a counterpart to capital account inflows. This will 
lead to relative price effects, with the price of non-tradable goods increasing 
relative to tradables.

All these effects will require careful macroeconomic attention. While they 
can be managed, they must be addressed specifically and directly. For highly 
indebted poorer countries, some form of mechanism for debt relief may be 
necessary, along with access to low-cost or concessionary capital.31 

The finance ministry and the cabinet office of the prime minister or 
president should bear central responsibility for economy-wide coordination, 
as emphasised above. Each line ministry – whether it be transport, energy, 
health, housing, or agriculture – will have its role to play, but the transition 
will require these different sectors and activities to move in a coherent manner. 
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For example, the electrification of transport and heating will necessitate a 
prior expansion of electricity supply. It is important to build the new and 
clean infrastructure before phasing down the old and dirty systems; solar and 
wind installations and grids must be coordinated with land-use planning. The 
finance ministry and office of the prime minister or president will both have a 
major role in overall coordination and strategic direction.

The existence of serious macro management issues does not mean that 
‘realism’ or ‘macro risk’ should be used as an excuse to postpone action. As 
emphasised many times in this book, delaying action would be the most risky 
and unrealistic path to follow.32 

6.7 Concluding remarks: opportunities, choices, trade-offs, 
and commitment
In concluding our chapter on policies and measures delivering climate action 
and creating the new growth story, we must recognise and emphasise the 
opportunities and rewards that can arise from achieving the major changes 
in our economies which are now an urgent necessity to tackle climate change. 
These rewards are way beyond those associated with climate action narrowly 
conceived. Most economies suffer from serious inefficiencies and market fail-
ures, particularly around those six identified in Chapter 5 and this chapter 
(see Tables 5.3 and 6.1). In a highly inefficient world, it is possible to make 
progress both on climate action, including mitigation and adaptation, and on 
advancing growth and development. Indeed, our argument is precisely that 
climate action can drive the new growth and development story. 

The realisation that we must make radical changes to respond effectively 
to the climate and biodiversity crises can help us overcome inertia, thorny 
market failures, distributional challenges, and vested interests that have been 
difficult to tackle in the past. For example, the new Labour government (2024–) 
in the UK is seeking to reduce the inherent delays of the spatial planning 
system to help accelerate the recasting and building of grids and renewables. 
This change in spatial planning can also accelerate house building, whereas 
arguments based solely on the importance of housing might not have been 
sufficient to overcome the inertia in reforming the planning system. 

The organisational changes necessary to drastically reduce waste, including 
ideas around the circular economy, might gain sufficient momentum if the 
climate and biodiversity arguments are added. Providing affordable capital 
to poorer households to insulate their houses, of great value to them, could 
be facilitated by linking the effort to energy efficiency and climate action. In 
these ways, the climate crisis can help us overcome inefficiencies, market fail-
ures, distributional challenges, vested interests, and other obstacles that have 
previously proved ‘too difficult’ to address. 

All of these points to understanding our responses to the climate and bio-
diversity crises as strategic choices rather than inevitable trade-offs. No doubt 
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there will be difficult decisions. Choices will need to be made, and signifi-
cant investment will be required. No one should pretend that this will be easy. 
There will be dislocations, reservations, and opposition, all of which must be 
taken seriously, examined, and discussed. There will be many problems asso-
ciated with change of this pace and magnitude, but they can be overcome, as 
I have tried to demonstrate. 

We conclude this chapter by emphasising the building of commitment. 
Throughout this book, an argument of opportunity has been presented, but 
where investment must be undertaken and dislocation must be managed. 
That requires commitment. 

Building commitment and carrying through its content requires making 
the positive case clearly and strongly, understanding reasons for resistance, 
and combating misinformation. Overcoming inertia, short time horizons, 
and entrenched vested interests is crucial. Industries that protect their profits, 
such as those in fossil fuels, can exert significant influence over political 
figures, attempting to maintain the status quo as much as possible or slow 
down change. This resistance is compounded by fears in the workforce of 
job loss and economic dislocation, or among consumers of higher prices or 
the inconvenience of change, which lobbying groups can exploit to hinder 
transitions (Denton et al., 2022). As a result, some politicians may shy away 
from strong actions on sustainability or use possible hesitation in the electorate 
as an argument against such action. This was effectively the approach of the 
Conservative government of Rishi Sunak in the run-up to the UK elections of 
July 2024. It did not succeed. But it may be continued by the Conservatives in 
opposition, partially because they have lost support to Reform UK, which has 
been hostile to action on climate. Similar phenomena have occurred across 
Europe, for example in the resistance of the German car industry or reactions 
to the requirement to replace gas boilers with heat pumps.

To respond to these challenges, marshalling arguments for change may not 
be sufficient. Strategies will need packages to directly respond to concerns. 
Policy sequencing will matter, as will care in governance processes. Effective 
climate governance involves adapting institutional architectures, creating 
inclusive frameworks, and involving various stakeholders so that the govern-
ance process reconciles different perspectives, recognises potential winners 
and losers, and works to reduce losses and dislocations. Examples include 
local community climate action groups (there are a number where I live in 
West Sussex, UK) and finding ways for those who object to solar farms or new 
electricity pylons to share in the overall gains. Young people can be especially 
motivated and effective.

A crucial starting point and constant thread is the development of a 
compelling national vision and narrative. This narrative should integrate 
domestic advantages and global responsibilities, framing climate action 
not only as a necessity but also as an opportunity for economic and social 
development. This involves communicating the effectiveness, fairness, and 
benefits of climate policies in ways that can resonate with the public’s values 
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and expectations. As emphasised, the narrative must offer hope as well as 
concern. That is why understanding that climate action delivers the growth 
story of the 21st century is so important.

Notes
	 1	 For Kuznets, Stone, Meade, and Keynes in the 1930s and 1940s, the idea 
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reductions in a just manner, supporting Danish competitiveness, exports, 
jobs, welfare, and prosperity. These proposals include measures that the 
sector itself can take and recommendations for government to remove 
barriers and improve framework conditions to support emissions 
reductions and green competitiveness (The Danish Government’s 
Climate Partnerships, 2022).
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G20 International Financial Architecture Working Group for a num-
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Experts Group on MDBs (Singh and Summers, 2023a, 2023b).
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	 18	 See Section 3.2.
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liquidity, and regulations to control risks taken by banks, and thus the 
risk of bank runs or failures. Capital requirements are defined in terms of 
ratios between different types of capital held (such as equity or reserves) 
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	 27	 Tax equity financing is a way for investors to fund renewable energy pro-
jects in exchange for tax benefits, like tax credits or tax reductions. This 
mechanism helps project developers raise money, while investors reduce 
their tax bills.

	 28	 The Expanded Simple Risk-Weight Approach (ESRWA) proposal would 
increase risk weights for tax equity investments, potentially making them 
too expensive for banks to participate in and reducing the availability of 
tax equity financing for clean energy projects.

	 29	 Though the impacts of climate change are increasingly being felt, and 
potentially will generate huge impacts in the longer term, economic and 
financial actors usually plan and act with a short timeframe. For example, 
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five years (Bolton et al., 2020).
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7. The role of the state in a changing world

This chapter draws out the implications for the role of the state in creating 
the new growth story. The argument follows from the more detailed analysis 
of Chapter 5 on the process of growth and of Chapter 6 on policies to foster 
the investment and structural change which will drive the new growth. It is 
deliberately a ‘big picture story’; it is important to lift the line of vision above 
the detail and be clear and strong on what all this means for the role of the 
state. The challenge requires an active state but not a dominant state. Thus, 
this chapter is in part a synthesis and a summary of Chapters 5 and 6. 

The transition to a net zero economy is a complex and difficult economic, 
political, and social process. This transformation, driven by necessary struc-
tural, systemic, and technological changes, along with major increases in 
investment and innovation, will in its essence require active state involve-
ment within the context of a global response to an intensely global crisis. 
Institutions and behaviours will need to be built and modified, rights must 
be understood and upheld, and powerful pushback is to be expected from 
groups whose perceived interests might be threatened by these fundamental 
changes, or from those who are simply resentful of change or perceived inter-
ference. These changes are crucial for future generations and, indeed, for this 
one. But they cannot happen on the scale and urgency necessary without an 
active state that fosters and enables them. 

This new understanding of the role of the state contrasts sharply with the 
simplistic market fundamentalism prevalent in much of the developed world 
during the 1980s and 1990s. We must now recognise that transitioning to a 
sustainable economy, which can create the growth and development story of 
the 21st century, requires a redefined role of the state, making it fit for the 
immense challenges of the modern world.

Whilst this redefinition of the role of the state is logically necessary for tack-
ling the immense crisis of climate change effectively, formulating and carrying 
through the redefinition will not be simple or straightforward. It will require 
careful thought and analysis, public discussion, community participation, 
sound and creative economic policies, private sector and civil society recog-
nition and encouragement, and political leadership. The necessary actions of 
this more purposive state will be difficult, particularly given the urgency, but 
they are necessary. Inaction is the most unrealistic and dangerous path of all. 
However, in understanding and thinking about the detail, it will be crucial to 
carry throughout an overall picture of the magnitude, nature, and necessity of 
the transformation. 
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This chapter offers an initial analysis of the key elements of a recasting of 
the role of the state. While much more thought and analysis are needed, the 
urgency of the crisis and the necessary response requires simultaneous reflec-
tion and action. We will learn along the way and must integrate this learning 
into our strategies. 

The structure of this chapter is as follows. In Section 7.1, I show how the 
misguided market fundamentalism of the 1980s and 1990s, clearly damaging 
at the time and with scars and consequences that continue, is particularly 
misleading and destructive in the face of the climate and biodiversity crises. 
Section 7.2 examines and emphasises the role and importance of an active 
state in driving the transition and the responses to the global crises and in 
fostering rapid systemic, structural, and technological change. This is not 
a story of just one country; the climate and biodiversity crises are rooted 
in the loss of or damage to global public goods and require global action. 
A re-emphasis on, and a recasting of, internationalism must be part of the 
story of action. In Section 7.3, I set the context for and examine issues around 
internationalism and global state action. 

The great changes involved in this transition will require supportive 
institutions and changes in behaviour. Section 7.4 offers some ideas on 
institutions at different levels of governance, and their ability to protect 
rights and shape our behaviours. I also examine how these changes affect, 
and are influenced by, individual and community rights and how relevant 
rights and freedoms can be upheld. The current generation will make choices 
in markets, in their own lives, and in politics. And in so doing they affect 
freedoms and choices of those that follow, and, indeed, the prospects of others 
across communities and nations. Section 7.5 addresses the political economy, 
recognising the likelihood of active resistance from those who perceive their 
interests as being at risk. Overall, this chapter is a gathering together of some 
of the policy and strategy discussions of preceding chapters to show how, 
taken together, they require and constitute a recasting of the role of the state. 
Section 7.6 offers concluding remarks.

7.1 The confusions, failures, and dangers of market 
fundamentalism
The shortcomings of integrated assessment models (IAMs), which attempt to 
combine economic and scientific perspectives in a particular and narrow way, 
were examined in Section 3.2. Integrating economics and science into our 
decisions is of the essence, but these models are unsuited for the analysis of the 
big questions on climate action, because they usually assume both exogenous 
underlying growth and economic equilibrium. They incorporate only limited 
technical progress and do not take into account increasing returns to scale. 
Further, they have minimal scope for the analysis of structural and systemic 
changes. They have been highly misleading, not only in terms of these defects 
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but also by portraying potential damages as both modest and far off in the 
future. These modelling failures have led, as we saw in Section 3.2, to absurd 
propositions such as ‘the optimal long-run temperature rise is 3.5 oC.’ 

Above all, however, the models fail to address the central strategic and policy 
issues of fostering and managing structural, systemic, and technological changes, 
because essentially the models are constructed in a way that leaves out these 
changes. Thus, the models are largely silent on these issues; they are simply absent. 

Our canvas here on the underlying economics is much broader than IAMs 
and their defects. At issue here are the big questions of strategies for the tran-
sition and the role of the state in fostering and guiding it. I argue that the 
market fundamentalism of the 1980s and 1990s, which posited that growth 
and development would flourish only if the government played a minimal 
role – that is, if ‘government gets out of the way’ – is untenable in the face of 
the current environmental crisis. 

First, even when environmental issues were set aside, the dogma of market 
fundamentalism was badly flawed and deeply damaging. The pursuit of this  
approach increased inequality in the UK sharply in the 1980s, and unemploy-
ment in the UK was above 10% for much of that decade. The income share of 
the richest 1% in the USA (before tax) has doubled since 1980, from around 
10% in 1980 to nearly 21% in 2023, while in the UK it increased from nearly 
7% in 1980 to a peak of 15% in 2007 (Our World in Data, 2024). 

Market fundamentalism undermined the sense of community. In its sup-
port for minimal government, that overall approach essentially abrogated 
national responsibility to help those whose employment prospects were rap-
idly changing as a result of structural or technological change. For example, in 
the UK, Norman Tebbit (Secretary of State for Employment in the Conserva-
tive government) suggested in 1981 that the unemployed should ‘get on their 
bike’ (Tebbit, 1981). Margaret Thatcher famously declared, ‘There is no such 
thing as society’ (Thatcher, 1987), deriding the idea of mutual responsibility 
and community belonging. Public service was denigrated, with many in the 
public sector regarded as having their nose in the public trough and contrib-
uting little. Further, civic pride was sneered at, with consequential damage to 
our architectural heritage and the quality of our towns and cities. The notion 
of community and mutual responsibility was devalued.

A doctrinal approach to privatisation saw UK public assets sold off, in many 
cases at ridiculously low prices and with limited social or service responsibil-
ities. Jonathan Portes, who was a civil servant at the time, has described the 
incompetence around the privatisation of the UK water industry as a clear 
example: undervaluation of the assets and absence of necessary environmen-
tal responsibilities (Portes, 2022). Deregulation of financial markets on both 
sides of the Atlantic sowed the seeds of the global financial crisis of 2008–2009, 
with devastating national and international consequences. Social housing 
policies, including the selling of public housing to tenants at huge discounts, 
largely benefited wealthier tenants. And those policies directly restricted local 
councils from using sales revenues for the building of new social housing. 
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That consequential running down of the stock of social housing has been an 
important element in the current housing crisis in the UK.1 Oil and gas assets 
in the North Sea were frittered away in overvalued exchange rates, which, 
along with excessively restrictive fiscal policies, led to the heavy unemploy-
ment indicated. Norway, in contrast, used the resources far better in creating 
lasting national wealth funds, which have both responsibilities and the ability 
to act in the national interest. 

There was some increase in labour market flexibility and entrepreneurship 
in the Thatcher era in the UK – positive outcomes of genuine significance. 
However, the immense negative effects have all too often been omitted from 
mainstream historical narratives. The 1980s were profoundly socially divisive, 
with deep damage to communities, to mutual respect, to standards of indi-
vidual behaviour, and, in various ways, to all four of physical, human, natural, 
and social/cultural capital.

Market fundamentalism has weak theoretical foundations in its understand-
ing of how markets work and of their pervasive failures (unless corrected by 
good policy). It is a profoundly dangerous and misguided ideology. Markets, 
which are assumed to function well without government interventions, actually 
suffer from problems associated with risk, asymmetric information, and market 
power. The problems are especially severe in capital markets; these markets are 
also tilted towards the short term because it is difficult to cover for long-term 
risk. These issues disproportionately affect poorer individuals who face higher 
capital costs because they have limited collaterals. And these market failures are 
of central importance in relation to the transition we must now pursue.

Market failures result in high economic rents in many areas, including in 
relation to property. The renowned economist (and an important mentor 
to me) Robert Solow, who passed away in December 2023 at the age of 99, 
highlighted the importance of understanding economic rents, how they are 
created, to whom they accrue, and their dynamics. He argued (personal 
communication), a few years before he died, that if he was starting his career 
again, that would be central to his research. Larry Summers, an outstanding 
academic macroeconomist and former Secretary to the Treasury, said at 
a public lecture in Delhi in 2023 that if he was starting his career now, he 
would work less on macroeconomics and more on how to foster structural 
and technological change (Confederation of Indian Industry, 2023).

At the same time, as we explore the role of the state in driving change in the 
next section, we must recognise the risks of government failures. These risks 
should be examined and addressed in the design of strategies and policies, as 
well as in institutional contexts (see Section 7.5). 

All these issues and difficulties with market fundamentalism that we have 
raised arise before considering environmental and sustainability-related 
externalities and market failures. Environmental damage, unregulated or 
untaxed, is a classic and crucial example of externality and market failure. 
Environmental destruction affects future generations, who are weakly repre-
sented in markets, and hits the poorest in any generation earliest and hardest. 
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Nevertheless, we should recognise that, perhaps from her background as a 
student of chemistry, Thatcher was one of the first world political leaders to 
recognise the potential severity of problems from climate change. 

Over the past 30 years, there has been an increasing understanding of the 
scale of the damage caused by unfettered markets or uncorrected market 
failures. Markets do have an immensely important role to play in driving 
forward sustainable and resilient economic development, entrepreneurship, 
and rising living standards. They are powerful forces for opportunity, creativity, 
and growth. But they cannot drive growth and development, and particularly 
sustainability, effectively without government policy and supporting 
institutions. The necessary pace, scale, and nature of change now demands a 
strong role for government in leading and fostering this transformation. This 
role is the issue to which we now turn. 

7.2 The role of the state in driving change: crisis, urgency, 
and systemic transformation
Some approaches to market failure, particularly around environmental 
externalities, suggest, as we saw in Chapters 5 and 6, that problems can be 
‘solved’ simply by pricing the damage associated with these externalities so 
that decision-makers ‘price in’ the associated costs. In this language, such 
policies ‘internalise’ the externalities. Many individuals may themselves 
internalise externalities if they understand the consequences of their 
actions and do not wish to harm others. The key economic insight on 
pricing externalities dates back to Marshall and Pigou. It remains crucial 
for policy-making. We argued, however, that this approach, if it is the sole 
policy instrument, ignores many other market failures of crucial relevance 
to the environment. The challenges we face, and our understanding of them, 
have now gone beyond issues of local damage and the use of static models. 
We face climate and biodiversity crises which are global, have potentially 
dangerous dynamics, and require urgent, large-scale action. These are crises 
where time is of the essence, requiring major structural, systemic, and 
technological change at a rapid pace. We need an economics of public policy 
which both takes careful account of market failures and recognises that time 
matters. At the same time, it must recognise potential government failures. 
Dogmatism and simplistic ‘solutions’ will not do.

Historical analogies, such as wars and pandemics, can show how large-scale 
and rapid responses to crises are both necessary and can be pursued effectively. 
During the Second World War, in the UK, the government took over factories, 
allocated key resources, and managed labour directly. Women took on roles 
traditionally held by men, for example working on the land in agriculture and 
as drivers in transport. Consumption was managed via rationing to prioritise 
resources for the war effort. In such times, it was clear that the state had to play 
a leading role in driving change. And it did. Speed was of the essence and the 
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consequences of failure potentially catastrophic. This role of the state, given the 
crisis, was accepted by the general population. Indeed, with the external threat 
and collective purpose, there was a strong sense of community and solidarity.

Similarly, the recent Covid-19 pandemic demonstrated the need for state 
intervention to drive rapid change and crisis response. Industries like hospi-
tality were shut down, while others, including education and transport, were 
transformed. Although the scale of transformation was much less than in war 
time, the pandemic did require large-scale state action. There are important 
arguments as to what action should have taken place, and how, but the neces-
sity of strong action is not in serious dispute. 

The transformations necessary for decarbonisation will to a large extent rely 
on markets and private decision-making. This is a market and entrepreneur-
ial story, but the role of the state will be crucial in shaping incentives, setting 
expectations, and fostering entrepreneurship. These transformations will occur 
over two to three decades, longer time horizons than most wars and pandemics. 
However, delay is dangerous and the urgency requires strong action now. Tack-
ling market failures, combined with risk and urgency, necessitates, as argued 
in Section 6.3, not only price mechanisms such as carbon taxation but also 
standards and regulation. For example, setting a date beyond which internal 
combustion vehicles will no longer be allowed to be sold provides clarity and 
confidence for private investors and producers to act quickly and on scale. 

Systemic elements of the transition will require economy-wide 
coordination beyond that which the price mechanism alone can provide. 
Important examples are the integration of changes in electricity, transport, 
and city systems. The creation of low-carbon transport has, as a prerequisite, 
a rapid shift to low-carbon electricity and the expansion of its availability. 
Similarly, transforming homes for efficiency and heat pumps requires creating 
and deploying building skills rapidly and on a systemic scale. Much of that 
will come through markets, whereas other elements such as the ramping 
up of skill creation are likely to require collaboration, including between 
government and educational establishments. Providing low-cost finance is 
likely necessary, particularly for poorer households. All of these demonstrate 
the importance of managing systemic change in ways that the market alone 
cannot achieve, but also in ways which promote and harness the flexibility 
and power of markets and entrepreneurship. 

Just as war time saw rapid development of aeroplanes and munitions (and 
the retraining of people), and pandemics spurred vaccine development, decar-
bonisation requires swift research, development, and innovation, fostered by 
public action and investment and driven by entrepreneurship. In the fine tra-
dition of Chris Freeman,2 Mazzucato (2021) emphasises the importance of 
‘missions’ in advancing new technologies. Examples of relevant missions in 
the UK would be the systemic transformation of the energy system at the pace 
and scale required, including its decarbonisation within the next five years. 
Another would be research to accelerate the creation of affordable sustainable 
maritime and aviation fuels; that is a mission for the world as a whole.
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Whilst a framework of government strategy and policy is essential, pri-
vate sector initiatives, creativity, innovation, and investment are core drivers. 
The rapidly falling costs of renewables and battery storage demonstrate how 
quickly the private sector can move when public policy reflects the impor-
tance of pace and entrepreneurship, signals are clear, and social priorities are 
recognised and broadly shared. 

A strong emphasis on an activist state must consider potential government 
failures. Governments can make mistakes, misread situations and challenges, 
lack expertise, or be captured by vested interests; they can also be ponderous, 
bureaucratic, inefficient, and slow. They may have limited understanding of 
the workings and needs of the private sector. Officials and ministers may act 
in self-interest or be corrupt. Democratic governments balance longer-term 
policy with shorter-term electoral considerations. These risks are of real sub-
stance and should be examined and addressed in the design of strategies and 
policies, as well as in institutional contexts.

Recognising these challenges and difficulties of public action – and they are 
real and important – does not detract from the necessity of a rapid transition 
or the government’s active role. It means that political and economic dynam-
ics must be carefully considered and that improving the efficiency, creativity, 
and pace of public action must be constantly on the agenda. Fast, large-scale 
action in a situation of imperfect knowledge can accentuate the likelihood of 
mistakes. Thus, working with communities, conducting thorough analyses, 
seeking a broad range of perspectives and advice, and incorporating learning 
into action plans are all core elements in the programme of change. Some of 
these issues are revisited in Sections 7.4 and 7.5. 

7.3 Global public goods and internationalism
Global warming and climate change are driven by the total concentration of 
greenhouse gases (GHGs) in the atmosphere, regardless of their origin. This global 
nature of the issue means that public policy and the role of the state in one country 
must take account of, and be complementary to, those of other countries. If decar-
bonisation efforts are costly and yield no direct local benefits, countries may be 
tempted to ‘free-ride’ on the actions of others. This underscores the importance of 
international cooperation and action. Through collaboration, countries can share 
and shape the benefits of action and, where necessary, share the costs. However, 
as this book argues, we should recognise that much of action should be seen as 
investment with strong returns over a range of outcomes, rather than as a narrow 
cost. Nevertheless, the investments are large and must be carried through rapidly, 
and there will sometimes be a temptation to wait for others.

International analysis on the science of climate change has been facilitated by 
the Intergovernmental Panel on Climate Change (IPCC), while global action is 
coordinated through the United Nations Framework Convention on Climate 
Change (UNFCCC). Despite numerous forces that could divide nations, both 
institutions have continued their work and, as described in Part I of the book, 



270	 THE GROWTH STORY OF THE 21ST CENTURY

there has been significant progress, including in the landmark Paris Agreement. 
Notwithstanding the progress it has fostered, however, the UNFCCC is an 
unwieldy process, with its nearly 200 negotiating countries. And it is mostly 
led by the environment ministries of member countries when the big decisions 
now lie largely with finance ministries and presidents or prime ministers. 

The G20 is beginning to take more responsibility here, with presidents and 
prime ministers and finance ministries more closely involved. Leadership in 
the G20 is likely to continue to be fundamental to international advance. In 
terms of the future of international policies in an increasingly fractious world, 
the role of the G20 will be critical. As the USA steps away from international 
action (as of early 2025), it will be for other countries to step forward. In rela-
tion to the G20, the countries of special importance, in terms of economic and 
political clout, in this multi-polar world in the next few years will be China, 
India, and those of the EU. An alliance here could keep internationalism alive.

The economics of climate action have also evolved. As highlighted through-
out the book, clean technologies are now cheaper than their dirty counter-
parts for about a third of emissions without carbon taxes or subsidies, a figure 
expected to rise sharply over the decade up to 2035. Systemiq (2020) provides 
a figure of 25% for 2020 and costs of clean technologies have fallen sharply 
since then. This is one factor behind the argument of previous chapters that 
have illustrated the dynamic drivers of growth associated with the green tran-
sition, including investment, innovation, scale, and systems productivity. 

The fact that the clean technologies are already cheaper than the dirty across 
many sectors – coupled with the strong growth effects associated with inno-
vation, structural, and systemic change – and that they are less polluting and 
more efficient mitigates the ‘free-rider’ problem of countries waiting for others to 
move. Making these new investments is increasingly seen as very different from 
incurring a private or national cost for a global benefit. These are investments 
with strong private and national returns beyond the simple reduction of emis-
sions. This fundamentally changes the politics and economics of interactions 
between states. The focus now shifts to accelerating the investment, innovation, 
and change – systemic, structural, and technological – that will drive the new 
growth story. The ‘free-rider’ problem diminishes when the transition promises 
substantial productivity and growth effects and high returns in terms of overall 
well-being. Moreover, it is important to understand that many nations, cities, 
firms, farms, and individuals recognise their environmental responsibilities and 
are taking action. Many do not wish to pollute or harm others. 

It should now be clear that the model of the action of nations motivated 
solely by a very narrow interpretation of self-interest is not the whole pic-
ture. International collaboration is essential and depends on an understand-
ing of self-interest and of shared interest in new ways – and on a discussion 
of mutual responsibilities. The politics of international action and climate 
will increasingly be shaped by this understanding of self-interest, the growth 
story, and mutual interest. Active leadership and diplomacy will be critical 
here, but these understandings provide real foundations.
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Many challenges in international action persist, however. The recognition that 
the green transition is the growth story of the 21st century is not yet univer-
sally secure, even though the argument is gaining acceptance. This book aims 
to reinforce this understanding. Additionally, other crises – such as the global 
financial crisis of 2008–2009, Covid-19 in 2020/2021, and the continuing Rus-
sia–Ukraine war from 2022 – can slow climate action by diverting political atten-
tion and resources. Although these crises are of great seriousness, they are, over 
time, smaller in scale than the twin climate and biodiversity crises. The sense of 
urgency these other crises create can overshadow the immediacy required for 
climate action, which must accelerate on a large scale and be sustained over the 
coming decades. Shared threats can bring people together. We should also rec-
ognise that constructive international collaboration on climate can enhance the 
probability of collaboration on other critical international issues.

For all of the above reasons, it is clear that climate action requires a funda-
mental recasting of the role of the state not only within the nation but also in its 
interactions with other nations. There are difficulties but there are foundations.

7.4 Institutions, rights, and behaviours
The role of the state in climate action is already becoming embedded in the 
institutions of our economy, society, and politics. That will deepen. Legal 
institutions in many countries actively mandate that climate considerations 
be integrated into the behaviour of national governments, cities, and firms 
(Setzer and Higham, 2023). As we saw in Chapter 4, such rulings are often 
based on the rights of future generations and the national commitment to the 
Paris Agreement. Mitigation measures that can be the direct subject of inter-
nal legal structures and legal decisions include measures such as national car-
bon limits (as seen in France), cap-and-trade systems (as in South Korea), or 
investing in low-carbon technology (such as in Australia’s Technology Invest-
ment Roadmap). As we saw in Chapter 5, the high-level July 2025 opinion 
by the International Court of Justice has underlined obligations to cut future 
emissions and obligations for current and past emissions. It is likely to have 
a significant impact on national legal systems across the world. On average, 
in nations with a strong rule of law, new climate mitigation laws have been 
shown to reduce annual CO2 (Eskander and Fankhauser, 2020). The effects 
are more powerful when combined with sound policies and incentives.

Local community action has seen some cities and towns move more rap-
idly than others. This progress sometimes stems from leadership at the top, 
as seen with Anne Hidalgo, the Mayor of Paris. Such leadership is not always 
rewarded with popularity; many who might favour clean air are still hostile 
if they are prevented from moving wherever they wish in polluting vehicles. 
At other times local pressure groups successfully advocate for action through 
their local councils. And sometimes, as in my own area in West Sussex, UK, 
green-oriented councillors or Members of Parliament with mandates for 
action are elected. 
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The education system plays a crucial role in shaping the understanding 
of and commitment to climate action among young people. Experiences in 
schools, colleges, and universities influence their perception of what needs 
to be, or should be, done, their understanding of rights, and their personal 
behaviour. Assertion of rights, particularly here the right to sustainable devel-
opment and a liveable future for young people, will put pressure on political 
institutions, local and national, and the behaviour of firms and farms.

The understanding of rights to try to build a better life, together with a view 
of what is ethical, can change both local politics and the understanding of the 
role of the state at a local level. And there can be national effects too. At the 
same time there will, as noted, be pushback from those unwilling to accept 
shorter-term disruption or dislocation. How these tensions and dynamics 
play through will determine the pace of change. The direction is, I think, now 
clear, but the pace is critical. Discussion of the respective responsibilities of 
the individual and state is long-standing, but now it has a new and vital envi-
ronmental perspective. 

This is about rights, freedoms, and choices. Slow action now curtails the 
rights and freedoms of future generations. The exercise of choice and free-
doms of this generation in sustainable directions determines the nature and 
pace of action. Public discussion, education, and transparency are all part of 
the choices and freedoms of this generation, including – and this is of special 
importance – through political processes. 

Religious institutions also wield significant influence over behaviour. The 
late Pope Francis, as emphasised in Chapter 4, among other religious lead-
ers, has been instrumental in highlighting the importance of considering 
climate and environment in personal, national, and international behaviour. 
Pope  Leo  XIV’s track record and early statements as Pope suggest that his 
thoughts on these subjects align with those of Pope Francis. These leaders 
help shape values and behaviours across different communities. 

Norms and values can enhance responsible behaviour, help recognise good 
citizenship, motivate people to work in roles that generate public benefits, and 
encourage participation in political activities. Norms fostered at formative 
ages can turn into internalised values that can shape the behaviour of indi-
viduals beyond narrow calculating behaviour (Besley et al., 2023). Besley and 
Persson (2023) emphasise the importance of considering both extrinsic (e.g., 
changes in prices) and intrinsic (e.g., consumers caring about the environ-
mental impact of their choices) motivations or incentives. The intrinsic has 
its own dynamics of change and can, over time, change the realities of politics 
and thus strategies and decision-making.

One crucial point in discussing institutional roles in relation to the state and 
society is to avoid ‘institutional fundamentalism’. This notion suggests that 
institutions and their decisions should be entirely driven by a narrow set of 
criteria, or indeed a single overriding criterion. For example, some argue that 
a central bank should focus exclusively on inflation, disregarding other factors 
like climate. A single focus is often, or usually, a serious and dangerous mistake. 
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An institution can have a primary objective, which can provide clarity and focus, 
but that does not imply that it should ignore other critical issues. As argued in 
Chapter 6, climate change can disrupt the economy, leading to instability and 
inflation. In an imperfectly organised economy where prices are often distorted 
by market failures, the decisions of institutions like central banks can impact the 
broader economy beyond inflation and aggregate demand. 

The great economist James Meade emphasised that uncorrected or partially 
corrected market failures in one part of the economy should be considered in 
decisions and cost–benefit analyses across the whole economy (Meade, 1973). A 
major failure in one market can imply that market prices may be distorted across 
the whole economy.3 In the context of climate change, these ‘knock-on’ effects 
are substantial. Meade’s insight, which is, or should be, embodied in the whole 
theory of public economics in imperfect economies, underlines the importance of 
integrating climate, biodiversity, and environmental issues with choices across the 
entire economy, and the strong role of government in so doing. That insight guides 
policies in relation to responsibilities and incentive structures. Further, changing 
values and behaviours, if expressed in public discussion, can also influence the 
understanding of the appropriate responsibilities of national institutions. 

It is also important, however, in thinking about institutional responsibil-
ities, to remember that governments can make mistakes, sometimes on a 
grand scale. Excessive control can stifle the entrepreneurship and creativity 
essential for advancing climate action. Advocating a stronger role for the state 
in steering the transition does not imply an embrace of central planning or 
Gosplan,4 but it does require the creation of policies and institutions that can 
guide investment, innovation, and change towards the zero-carbon economy. 

The private sector and its functioning are core parts of the institutional structure. 
And they can influence the way in which other institutions are designed, shaped, 
and function. The creativity and innovation of the private sector are indispensable 
across the economy, including in designing and implementing new energy and 
transport systems, and not only in the energy and transport investments and 
innovation themselves. The private sector has driven down the costs of clean 
energy and transport, along with significant advancements in battery technology 
and associated cost reductions. However, governments set the framework, 
country by country, and the international Paris Agreement of 2015 provided a 
global sense of direction. Public–private participation in system design is likely to 
play an increasing role in the future of the transition. It is the private sector that 
has special insight into obstacles to entrepreneurship, creativity, and investment, 
and into how they can be overcome. And it is the private sector that can identify 
opportunities and expand options for action.

The private sector is also instrumental in driving the transformation brought 
by artificial intelligence (AI). As discussed in Chapters 4 and 5, the potential 
for AI to accelerate the process of investment and transformation of our econ-
omies is immense. Nevertheless, government intervention will be critical to 
encourage the application of this potential towards accelerating the low-car-
bon transition. At present the application of AI is dominated by areas where 



274	 THE GROWTH STORY OF THE 21ST CENTURY

there is a business model that captures revenues. That tends to be dominated 
by services supplied to consumers rather than application of AI to system 
design. Many of these services, such as search, have real value. But some of 
those services – such as interrupting communications or searches, or targeting 
vulnerabilities or anxieties – may have negative social value. In contrast, we 
have shown that the potential for AI in system design and management and in 
discovery will be of immense significance for the transition. And AI together 
with digitisation will have profound implications for the role and functioning 
of the state, including in relation to its interactions with households and with 
firms and their ability to drive the transition forward. Examples range from 
smart smallholder agriculture to the discovery of new materials.

Thus, an ‘active state’ can play a crucial role in fostering the development 
of AI itself. For example, the active state can provide institutional structures 
(including research centres), financial incentives, and support for research 
and development in AI technologies in public and private institutions. It can 
set regulations and standards for the development and use of AI technologies 
which reduce risks. And it can promote applications in social and econom-
ically productive areas, including, for example, in the green transition and 
in health.

It is possible that AI could exacerbate North–South divides; as of 2025 AI 
research and application has been largely led by research institutions and 
corporates in the Global North, although here China and India are playing 
ever-increasing roles. That is a risk which should be anticipated and managed. 
Finally, the computational needs of AI are highly energy-intensive, resulting 
in a high-carbon footprint where that energy is not low carbon. An active 
state can support the development of approaches to reduce the environmen-
tal impact of AI, for example through using more efficient AI processes and 
energy-efficient specialised hardware, requiring renewable or nuclear energy 
for data centres, and adopting circular strategies to decrease e-waste and asso-
ciated resource consumption. Nevertheless, it should be recognised that the 
power supply necessary for activities such as system design and management, 
or the discovery of new materials, is much smaller than that involved, for 
example, in searches across the whole of existing literature. It is surely now 
clear not only that AI has tremendous potential in driving the transition for-
ward, but also that AI has a major role to play in enabling the state itself to 
operate more effectively in fostering the transition. AI will shape both the 
transition and the role of the state.

7.5 Political economy 
The final aspect discussed here on the role of the state in shaping the tran-
sition is in relation to political opposition. Such opposition often arises for 
understandable reasons, including possible rises in prices of goods or services 
important to workers and consumers, for example fuel prices, the require-
ment to make a costly investment such as a heat pump or electric vehicle 
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(EV), or the loss of jobs in industries such as coal mining. Tackling these 
problems requires a positive approach by the state to dealing with the issues 
in a practical way. This approach is central, as we saw in Chapter 6, to what is 
meant by creating and financing ‘a just transition’. 

There are indeed ways forward, most of which involve packages. For exam-
ple, when considering raising the costs of fossil fuels for automobiles – a key 
element of pricing the GHG externalities – packages could include direct 
transfers to the poorest people affected, helping lower-income individu-
als acquire EVs, and improving public transport. Successful action requires 
thinking through political economy as a key element in designing action and 
taking a broad view of influences on well-being. 

There has been and will be vigorous pushback from the fossil fuel industry, 
where large profits and rents are at stake. Naomi Oreskes and Erik Conway, 
in their book Merchants of Doubt, convincingly document how the fossil fuel 
industry conspired to undermine confidence in climate science. The industry 
has been highly effective in lobbying political parties and governments, often 
providing substantial political funding (Oreskes and Conway, 2010).

While some political opposition will stem from the self-interest of the fossil 
fuel industries, other elements will come, as we have consistently explained, 
from poorer families facing dislocation. These groups cannot and should not 
be treated in the same way as major oil and gas companies. The former are 
rich and powerful, and active in protecting their rents and their ability to sup-
ply toxic materials. Their assertion of some ‘right’ to make money from toxic 
activities, and of a claim to protection from change, are very different from a 
poorer family facing dislocation, for example through the loss of a job. 

At the same time, the energy system cannot be transformed without the 
participation of energy companies. A key part of the role of the state is not 
only in standing up to vested interests, but also in encouraging them to play 
a strong role in the process of change. Constructive engagement with energy 
companies is a core element in the transition. So too is distinguishing, in pub-
lic discussion, the kind of dislocation they face as major firms from that faced 
by poor households.

7.6 Concluding remarks: recasting the role of the state
This chapter has assembled a view of the ‘big picture’ of the role of the state 
arising from the more detailed and disaggregated analysis of Chapters 5 and 6. 
In this sense it draws together some key elements of those chapters and closes 
Part II of this book.

In summary, the current crisis necessitates re-evaluating the state’s role 
in driving change. Coordinated systemic action is essential. Climate action 
and creating a new path of growth constitute an immense task that requires 
a deep understanding of the severity of the current crisis and a strong sense 
of urgency, whilst at the same time respecting present and future individual 
rights. It requires an approach where state intervention promotes inclusive 
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development, tackles market failures, and supports private innovation, entre-
preneurship, and creativity – in other words, fostering the private sector and 
harnessing the power of markets. This requires avoiding oversimplification 
of public policy via narrow, crude – and erroneous – assertions of what ‘eco-
nomics says’; taking community and society seriously, nationally and inter-
nationally; avoiding the traps and dangers of market and institutional funda-
mentalisms; thinking carefully about the dynamics of systemic and structural 
change; and being watchful and thoughtful on potential government failure. 

At the national level there are six reasons for this reappraisal that cover 
objectives, urgency and scale, market failures, and community action:

1.	The climate, biodiversity, and environmental goals have moved to the 
top of the agenda because of the immense crises we now face. 

2.	The crises require urgent action. Time is of the essence; delay is dan-
gerous. Resources have to be moved quickly, and technologies have to 
be created and diffused at pace. 

3.	The action must be economy-wide and on major scale; this is a moment 
for a big increase in investment.

4.	Market failures which have not been faced adequately now have to be 
tackled with renewed energy if investment is to take place on the scale 
and urgency required. 

5.	Institutional change, from revising spatial planning to remits of regu-
lators, will have to be embraced. 

6.	Communities in cities, towns, and rural areas will have to collaborate 
in different and stronger ways. Many basic actions, from public trans-
port to recycling, are at the community level. This is social action. 

At the international level, the magnitude and geography of the extra invest-
ment necessary will require a re-orientation and expansion of international 
financial institutions (IFIs) if they are to play their necessary role in fostering 
and supporting investment action across the developing world. Beyond the 
IFIs, other key vehicles for international action will have to play a different 
and stronger role if they are to be able to play their part in tackling the new 
agenda. Examples include the UN (and its agencies), the World Trade Organ-
ization (WTO), the World Investment and Trade Organization (WITO), the 
International Maritime Organization (IMO), the International Civil Aviation 
Organization (ICAO), and many others. However, action cannot wait for long 
processes of institutional reform. Embarking on action at the pace and scale 
required will have to carry with it the institutional changes that are necessary. 
There will be learning and reform along the way. 

In contemplating the changes to the role of the state, nationally and interna-
tionally, which are necessary to respond to the climate and biodiversity crises, 
we should also recognise the potential permanent benefits of these changes 
in the role and workings of the state. In the UK after the Second World War, 
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the spirit of collaboration and solidarity generated during war time led to the 
creation of the National Health Service (NHS) and stronger social security. 
The Great Depression and the Second World War led to the UN, the Bretton 
Woods Institutions, and the EU. Responding to national and world crises can 
bring communities and nations together. The ability to change and to col-
laborate in response to extreme threat can enable working together for the 
challenges ahead.

These are lessons both from examining the past and from thinking through 
the nature of the future transition now required. There will be many more les-
sons as transitions unfold, and change itself must be designed in flexible ways 
so that learning feeds quickly and effectively into strategies and actions. All of 
this requires a fundamental reappraisal of the role of the state. 

Notes
	 1	 See Shelter (2024) and Oliver (2024).

	 2	 And Carlota Pérez (2002, 2010); see, for example, Freeman (1995).

	 3	 See also Drèze and Stern (1987).

	 4	 The old rigid, indeed asphyxiating, Soviet planning system.





Part III. 
International action





8. Transformation of the international 
economy: interdependencies, new 
structures and geographies, and differences 
across nations

The new story of growth and development set out in Part II is centred on 
investment, innovation, and fundamental structural change at the national 
level. Throughout this book, however, we have consistently emphasised the 
global nature of the climate and biodiversity crises, the importance of mutual 
support, and the varying circumstances of different countries. In Part III, our 
attention shifts to international action. 

This chapter explores the transformation of the international economy 
resulting from climate action and climate change. Chapter 9 examines 
international policies and actions necessary to foster transitions within 
individual countries and the global economy, recognising the differential 
challenges, responsibilities, and opportunities faced by various nations. In the 
language of welfare economics, Chapter 8 leans towards ‘positive economics’, 
or consequences of action and where the world economy may move. Chapter 
9 focuses more on ‘normative economics’, or on values and policies and what 
countries can and should do, working together internationally, to deliver 
change on the scale and pace necessary. 

In Section 8.1, we explore the interdependencies and linkages that lie at 
the core of the climate challenge and the necessary response. This response, 
alongside the impacts of climate change itself, will reshape economic geogra-
phy. Section 8.2 presents the changing roles of different natural endowments 
and their geographical distribution. Wind and solar are available across the 
world and these resources are distributed very differently from fossil fuels. 
Industry and artificial intelligence (AI) may migrate to geographical locations 
where clean energy sources are cheap and abundant. The green transition will 
reshape the demand for a range of critical minerals. All this will change the 
world’s economic geography. Section 8.3 focuses on building the capabilities 
needed to harness the opportunities that lie in new power sources, different 
types of resources, changing technologies, and restructured supply chains. As 
the new growth story unfolds, a new dynamic of collaboration and competi-
tion will emerge. Changing comparative advantages and new technological 
demands for various resources will alter the location of economic activities, 
generate new industries, and shift trade and investment flows. Section 8.4 
recognises that we must examine not only where new green economic activi-
ties will take place, but also where the impacts of climate change will be par-
ticularly strong. This is of special importance in relation to natural capital, in 
which strong investment will be necessary.
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Different nations have their own circumstances, endowments, and histo-
ries and will face their own challenges. Perspectives from developed countries 
and from emerging markets and developing countries (EMDCs) will differ 
strongly. Within EMDCs, there are significant variations between and amongst 
poor economies and emerging markets. The giants of China and India are very 
different from each other. As explored in Section 8.5, all these differences will 
carry implications for differentiated strategies nationally and internationally, 
some of which will be elaborated in Chapter 9. While many elements of action 
will be common across countries, not all will be. Finally, Section 8.6 concludes 
by emphasising the potential scale of change in the new economic geographies, 
and both the opportunities and dislocations it could bring.

8.1 An interdependent world
Climate change affects all countries and arises from the greenhouse gas (GHG) 
emissions of all. Thus, effective action on climate, perhaps more than on any 
other issue, depends on understanding the global relationships and interde-
pendencies of countries and requires robust involvement from all countries 
in both mitigation and adaptation. And all countries will seek the integration 
of these efforts with sustainable growth and development. 

Climate action will be tailored to the geographical and historical contexts 
of different regions, but given the centrality of moving away from fossil fuels 
and the shared challenges of building resilience, many nations will choose to 
implement similar measures. On the mitigation front, all countries will need 
to increase electrification and transition to zero-carbon power sources. On 
adaptation, many will need to implement flood control measures in vulner-
able areas; the expansion of irrigation may be needed elsewhere. Most will 
need to tackle issues related to forests, land degradation, and the deterioration 
of rivers, watersheds, and oceans. 

However, the global response requires more than simply nations under-
taking their own actions, whether similar or not. The reason for this lies in 
the powerful interdependencies that exist across a range of dimensions. We 
examine these linking factors briefly in turn: global public goods, investment, 
technology, migration, finance, and trade. Recognising these and acting 
together as nations can produce a response that is far greater than the sum 
of its parts. We then examine how emissions vary according to income levels 
and the implications for action involving all nations and groups. 

Key linking factors

At a fundamental level, reducing emissions in any one country benefits every-
one. This creates a strong incentive for joint decision-making and collective 
action. The United Nations Framework Convention on Climate Change 
(UNFCCC), the COPs, and particularly the Paris Agreement of COP21 in 
2015 have fostered that collective action.
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Investing in the protection of our public goods, such as natural capital and bio-
diversity, offers mutual benefits beyond the direct impact on emissions. Oceans 
provide oxygen, are a critical protein source for billions, and regulate the cli-
mate by absorbing carbon.1 Forests provide water management, protection 
from landslides, carbon sequestration, and medicinal resources. They, along 
with their flora and fauna, form part of the biome or ecosystems upon which 
lives and livelihoods depend. Climate and biodiversity are indeed global public 
goods, as well as being of profound direct importance locally and regionally.

The interdependencies surrounding climate action extend far beyond global 
public goods, vital as they are. They also arise in relation to investment, technol-
ogy, trade, the movement of people, and the functioning of international finan-
cial systems. When potential investors in one country observe strong investments 
in a new sustainable economy elsewhere, their confidence in this global strategic 
direction increases, they see potential markets, and they learn from the investing 
experience of others. Such investor confidence is further bolstered by interna-
tional agreements. If potential investors and producers witness progress in clean 
investment in another country, they may gain confidence in their potential and 
come to believe their own products will need to be clean to compete in those 
markets. The remarkable development of low-cost, high-quality, fast-charging, 
long-range electric vehicles (EVs) in China has signalled to the world that this 
is the future of automobiles. The development of high-efficiency LED lightbulbs 
in Japan and the USA gave India the opportunity to go to scale and bring down 
costs. The early encouragement of solar electricity in Germany demonstrated the 
possibilities to the world and encouraged production elsewhere, particularly in 
China. The introduction of the Carbon Border Adjustment Mechanism (CBAM) 
in Europe has signalled that high-carbon imports will be penalised.2

Technological advancements and cost reductions from innovation and 
investment in one country can benefit potential innovators and investors 
elsewhere through cheaper inputs and ‘learning-by-watching’. In the 1960s, 
1970s, and 1980s, the world benefited from technological advances and low-
cost production in countries like South Korea and Japan, particularly in man-
ufacturing, and in the 1990s and 2000s from rapid advances in China. Green 
products and inputs will feature prominently in the next wave of technologi-
cal advances and cost reductions, a process already underway, as discussed in 
Chapter 5. These processes are facilitated by trade, though protectionism can 
limit such gains – a topic we revisit in Section 8.3 and in Chapter 9.

Migration can play a role in the development of new skills and entrepre-
neurship. Consider the many tech leaders, entrepreneurs, and innovators 
in the USA, particularly in California, who were born in India (Ahmed, 
2024). Much of the work in making homes and buildings more efficient 
and cleaner will be undertaken by construction workers, many of whom in 
Europe and the USA are immigrants. Services essential for or complemen-
tary to the green transition, such as AI and virtual interactions, can often 
be provided by emerging market economies, facilitating so-called ‘trade 
in services’. Thus, the transition can be enhanced by trade and migration. 
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Immigration policy, a feature of all countries, requires careful study and 
discussion both nationally and internationally. No doubt there are political 
sensitivities and perceived costs, but in assessing policy it is important to 
recognise benefits when they occur, particularly in relation to both highly 
skilled and less skilled labour in the transition, and in the context of ageing 
populations in rich countries.

Conversely, migration can be a major consequence of climate inaction, as 
climate change affects vulnerable nations and communities. We are already 
witnessing climate-induced migration at a global temperature increase 
in 2024, close to 1.4 °C compared with 1850–1900, and much more could 
occur at 1.5 °C, a scenario that is increasingly likely (World Meteorological 
Organisation [WMO], 2025). Indeed, at present emission levels, this threshold 
would probably be reached within the next decade (Climate Change Tracker, 
2024). There would be even greater migration at 2–3 °C (Pörtner et al., 2022; 
Xu et al., 2020), with large, densely populated areas potentially becoming 
uninhabitable in vulnerable and populous countries such as Bangladesh, 
India, China, others in East Asia, Nigeria and others in West Africa, and 
Ethiopia and others in East Africa. The potential scale of forced migration 
could be such as to cause major political instability and conflict. Indeed, as we 
saw in Chapter 2, those effects are already emerging both within and between 
countries. At higher temperatures they could be much worse.

Interdependencies arise also in the operation of the international financial 
system. While most countries finance most of their investment through 
domestic savings, others will face new investment opportunities – and 
indeed requirements – associated with the green transition and with building 
resilience, that exceed what domestic savings can support. Increasing 
domestic savings should be a key element of national policy in most cases, 
but international finance can and should play a crucial role, including from 
international financial institutions (IFIs), as examined in Chapter 9. Financing 
such investments will yield benefits for all, through emissions reductions, 
global growth, improved efficiency, resource availability, and greater 
resilience. The decisions of IFIs are heavily influenced by their shareholders, 
usually countries, underscoring the importance of international cooperation 
in shaping these institutions’ direction and functioning. 

Trade has grown powerfully over the last century, as the world economic 
system has integrated. Exports have grown by around 40 times between 1913 
and 2014, whereas the overall economy has grown by a factor of around 
20. That has been a central element in globalisation (Ortiz-Ospina et al., 
2024). Since nations are interconnected through trade, even when a country 
manages to reduce emissions associated with its own production, it could be 
contributing to the increasing of emissions associated with its consumption 
through imports of goods and services. The distinction between production-
based emissions (PBEs) and consumption-based emissions (CBEs) is indeed 
important in thinking about structures of trade and responsibility for 
emissions. It has become an issue in international climate policy discussions, 
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Figure 8.1: Top six emitters of consumption-based (dotted line) and 
territorial-based (solid line) CO2 emissions, 1990–2018 

Note: Shading shows the net trade difference for absolute emissions (above) and per 
capita emissions (below). 
Source: Adapted from Figure 2.3 in UNEP (2020, p. 7). Copyright 2020 UNEP. Reproduced 
with permission. 
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particularly since the establishment of protocols and agreements such as the 
Kyoto Protocol and the Paris Agreement and in the context of the shift of low-
cost manufacturing out of developed countries.

PBEs account for GHGs generated from domestic activities, whereas CBEs 
encompass all emissions embodied in goods and services consumed within a 
country, regardless of where they were produced. Measuring CBEs can high-
light the issue of ‘carbon leakage’, where some countries, particularly devel-
oped countries, may have declining territorial emissions but are effectively 
outsourcing carbon-intensive production to other countries via imports. 
Developed countries often show lower PBEs than CBEs due to their consump-
tion of imported goods from developing regions, with developing countries 
often being net emission exporters and developed nations being net emission 
importers (Dhakal et al., 2022). Figure 8.1 shows that wealthier nations tend 
to have higher CBEs than territorial-based CO2 emissions (i.e., PBEs).

Though our world is still highly interconnected, many trade policies and 
actions in the last decade have tilted the playing field towards fragmentation. 
The trade environment has become more uncertain and less cooperative. Since 
the 2008–2009 global financial crisis, geopolitical tensions and other crises, 
including the Covid-19 pandemic and the war in Ukraine, have led to sceptical 
narratives on trade and economic interdependence. This is expressed in the 
increased use of terms such as ‘re-shoring’, ‘friend-shoring’, and ‘decoupling’ 
(World Trade Organization [WTO], 2023). For example, the introduction 
of new global trade restrictions has been increasing, from around 650 new 
restrictions in 2017 to over 3000 in 2023 (Seong et al., 2024). The diverse 
geopolitical drivers impacting trade include a growing tendency to implement 
protectionist-oriented industrial policies, trade tensions between China, the 
USA, and the West, and trade shifts by countries and regions, such as the EU 
stopping certain types of trade with Russia due to the war in Ukraine (Gilbert et 
al., 2024). Trade policy has increasingly been used as an instrument of political 
as well as economic pressure in the USA, Europe, China, and elsewhere. 

The wave of tariffs imposed in early April 2025 by Donald Trump’s second 
administration has triggered a series of retaliatory measures, with Canada and 
China implementing their own tariffs on goods from the USA and the EU 
proposing to impose counter-tariffs, subject to negotiations with the USA. 
Positions and policies are in flux and change quickly (an outline deal with 
reciprocal tariffs was reached between the USA and the EU in July 2025). This 
escalation has raised concerns about a potential global trade war, inflationary 
pressures, and the risk of a recession in the USA or, indeed, globally. Such 
tariffs and retaliatory actions threaten to disrupt global supply chains, while 
the resulting uncertainty undermines investor confidence. These developments 
could hinder the energy transition by stifling investment, increasing costs, and 
reinforcing the status quo. The evolving trade patterns and tariffs are coming to 
represent a third, more structural, disruptor in the global economy, joining the 
continuing impacts of Covid-19 and the conflict in Ukraine. It is unclear how 
all this will play through, but the risks of major trade disruption are substantial.
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Emissions reductions: global cooperation across the spectrum

In highlighting these interdependencies and their critical role in shaping 
international action, it is important to remember that whilst all countries can 
and should embrace the new growth story, the shape that it takes in different 
countries will be influenced by endowments, incomes, economic structures, 
and past history. Effective global action requires cooperation across the full 
range of the spectrum of incomes and backgrounds. 

Historically, high-income nations have been the largest emitters of GHGs, and 
their economies have often been rooted in carbon-intensive industries. These 
nations possess the financial resources and technological expertise to transition 
to cleaner energy sources and sustainable practices. And many clean activities 
and energy sources are now cheaper than their polluting counterparts, as we saw 
in Chapter 5. In many of the richer countries, emissions have begun to decline, 
though not yet at a pace consistent with meeting the Paris Agreement goals. 

As emphasised throughout this book, EMDCs, both middle- and lower-
income, have a particularly important role in determining future emission 
trends. The current scale of emissions, together with the future potential 
economic growth in middle-income countries, places them at the forefront 
of global climate action. Though rich countries still have high emissions per 
capita, emissions per capita are now higher in China than in Europe. And other 
middle-income countries will be critical to future emissions over the next 
two decades, given their expected economic growth. Many middle-income 
nations, undergoing rapid industrialisation and urbanisation, understandably 
are focusing their strategy and policy on economic growth and poverty 
reduction. However, as we have consistently argued, the green transition 
can drive growth and development forward, particularly in association with 
infrastructure, the expansion of which is central to development in EMDCs. 
But realising this new path requires strong investment and structural change. 
It offers great rewards but it will not be easy.

Lower-income countries, despite having contributed the least to global 
emissions, both historically and today, must chart a different path from the 
carbon-intensive development models pursued by high-income and, more 
recently, many middle-income countries, if there is to be a sustainable future for 
all. The sheer number of people in poorer countries makes this imperative if the 
goals of the Paris Agreement are to be achieved. Poorer countries, particularly in 
Africa, could account for a significant share of potential emissions by mid-century 
given projected population and income growth – perhaps more than two billion 
people in Africa by 2050 (Mostefaoui et al., 2024; Rooper, 2024; Stanley, 2023).

Interdependencies are evident in both the effects of emissions and the 
capacity for change. The poorest countries require support from the inter-
national community to build resilience and adapt to increasingly volatile cli-
matic conditions. They also need support in finance and technology to leap-
frog traditional, carbon-intensive development paths. 
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As we have consistently emphasised, the coming decade will bring an 
unprecedented wave of infrastructure investment, particularly in EMDCs 
(other than China) and particularly associated with urbanisation and 
industrialisation. China is now advanced in infrastructure investment and 
investments are likely to stay strong, particularly around high-tech sectors, 
AI, and the green transition. However, China will not need much external 
finance, in contrast to other EMDCs. The choices made today in these regions 
will shape the future for all, especially for the world’s poorest populations. In 
simple terms, Africa’s future will be shaped in large measure by the choices 
made in Asia’s infrastructure development over the next two decades. If Asia’s 
coming infrastructure, so much of which will be built in the two decades or 
so to mid-century, looks anything like the current, then the world as a whole 
will be headed towards 3 °C and beyond. All our futures would be bleak, but 
the situation would be particularly dire for Africa. Mutual vulnerability is at 
the core of interdependency. The potential and needs of EMDCs (other than 
China) are discussed in greater detail in Section 8.5.

Tackling climate change is not a simple zero-sum game where some save 
resources by letting others do the work. Climate action is an opportunity for 
cooperative progress. By recognising the interconnectedness and interde-
pendences of our economies and ecosystems, we can devise responses and 
ways forward that offer benefits for all. 

8.2 A new global economic geography 
As we enter the sixth industrial revolution, as discussed in Chapter 6, we 
must draw on what we have learned about economic geography from eco-
nomic history. Industrial revolutions have been shaped by geography and, in 
turn, have reshaped it. Economic geography is determined by the interplay of 
technology, natural endowments, physical geography, skills, finance, culture, 
social structure, and history.

The fossil fuel era: dirty and concentrated

For over a century, fossil fuels – particularly oil and gas – have shaped global 
economies and politics. Their influence extends beyond energy supply to 
geopolitical power, economic dependencies, and the distortion of climate sci-
ence. In many countries, entrenched interests in the production and use of 
coal in power generation, heating, and heavy industry resist change, further 
complicating the shift to renewables.

Resource-rich countries, particularly in oil and gas, influence global mar-
kets through control over supply chains, pricing, and political alliances and 
the wealth that these endowments bring. The Organization of the Petroleum 
Exporting Countries (OPEC), for example, has sought to control oil prices for 
decades, since its foundation in 1960. Fossil fuel giants wield enormous finan-
cial resources and have deep political ties, shaping energy policies. They have 
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become more and more in evidence at COP meetings, with a clear agenda of 
slowing down change, as I have observed directly. Their influence has been 
particularly damaging in spreading misinformation about climate science, 
delaying public understanding of the crisis (Oreskes and Conway, 2010).

It took until COP28 in Dubai (2023) for an international climate agreement 
to recognise the need to phase out oil and gas. Even then, momentum stalled 
at COP29 in Baku (2024), where the commitment was not explicitly reaf-
firmed. Fossil fuel interests continue to work to undermine global agreements 
and slow the shift to sustainable energy, just as they did via their attempts to 
throw doubt on climate science. 

The war in Ukraine exposed yet again the instability that comes with fossil 
fuel dependence. It was demonstrated all too strongly with the two oil price 
crises of the 1970s, which plunged the world into recession and sparked major 
inflation. The conflict in Ukraine disrupted global energy supplies, driving 
nations to seek an immediate replacement for Russian gas, triggering a short-
lived resurgence in fossil fuel investments. Oil and gas companies seized 
the moment, pushing a misleading narrative that fossil fuels ensure energy 
security. In reality, reliance on fossil fuels deepens energy insecurity, tying 
economies to volatile markets and geopolitical conflicts. 

Renewable energy, especially wind and solar, offers a more stable, cost-effective, 
and secure alternative. Unlike oil and gas, which fluctuate with political tensions 
and which face rising costs over the longer period associated with exhaustible 
resources,3 renewables can enhance domestic energy independence and, as seen 
in Chapter 5, their cost is increasingly lower. Among their benefits, renewables 
are available throughout the world, instead of being concentrated in specific 
sites, and are in this sense a more inclusive source of energy. They do not rely on 
energy choke points associated with particular places, such as the Persian Gulf; 
it is harder to disrupt their delivery and they cannot be embargoed; they can be 
deployed in a decentralised manner, and on most scales have very low operating 
and maintenance costs. The costs of storage have been falling strongly, with the 
costs of batteries having declined by 99% between 1990 and 2023 (Walter et 
al., 2024). The list of benefits goes on and on (International Renewable Energy 
Agency [IRENA], 2019; Roser, 2020). Yet, despite the growing advantages of 
renewables, vested interests within the fossil fuel industry sought to exploit the 
crisis caused by the Ukraine war to justify new exploration and drilling, pushing 
for expansion under the guise of national security.4

As renewable energy grows and fossil fuel demand begins to decline, many 
oil and gas companies are betting on outlasting their competitors. Their 
strategy assumes that as the market shrinks and prices fall in the 2030s, they 
will nevertheless survive. But it will be the lowest-cost producers, mostly in 
the Middle East and Gulf Region, who will remain profitable the longest. This 
assumption or belief drives continued exploration, even in high-cost, high-risk 
areas like the Arctic, deepwater reserves, and fracking sites. Credible plans to 
limit global warming to well below 2 °C require deep cuts to fossil fuel demand 
(Energy Transitions Commission [ETC], 2024). Thus, if the world meets its 
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climate goals, most new oil and gas projects will become stranded – expensive 
ventures with little return. The alternative is the very destructive one of not 
meeting the climate goals. The oil and gas industry is betting strongly on the 
failure of the Paris Agreement and working hard to realise that failure.

We should recognise that the transition to clean energy poses significant 
challenges for developing nations that rely on fossil fuel revenues, especially 
those that struggle to diversify their export base or develop alternative sources 
of economic growth speedily.5 For this reason, as explained in Chapter 6, this 
shift towards the clean must be as planned, smooth, and just as possible, not 
shocking, abrupt, and damaging. Unanticipated or abrupt changes in fossil fuel 
demand and related industries can hit growth and employment strongly, as we 
saw in the 1970s and, more recently, in 2022–2023 with the war in Ukraine. 
There are multiplying economic effects and, potentially, political and social dis-
ruptions. Financial benefits from fossil fuel price rises generally go to the rich, 
whereas damages are felt by the whole population, particularly through price 
rises for energy but also as government and other expenditures are cut.

Global coordination can help mitigate these risks by reducing uncertainty 
on the path for the global fossil fuel phase-out the world will undertake. 
For example, increased predictability in fossil fuel demand and in the path 
of price reductions for producers can help avoid stranded assets by enabling 
investors to make more measured decisions (Puyo et al., 2024). And, given the 
many dangerous climate risks described in this book, the timelines for fossil 
fuel phase-out should be aligned with the Paris Agreement. If some oil and 
gas development (as opposed to new exploration) takes place in the transition 
process, it would be better for income distribution and economic justice if 
this took place in poorer countries. Examples of international initiatives con-
tributing to this purpose are the Fossil Fuel Non-Proliferation Treaty and the 
Beyond Oil and Gas Alliance (see Pastukhova and Walker, 2024). 

The decline of fossil fuels is inevitable. The benefits from alternative energy 
sources will be immense for all the reasons we have discussed. Economic devel-
opment needs energy but energy does not require fossil fuels. The challenge 
is managing the transition equitably and effectively. Some communities are 
dependent on the production and use of coal, oil, and gas, and they will need 
support in the transition. That involves economic diversification, worker retrain-
ing, and social protections. Governments must engage stakeholders, adjust reg-
ulations, and redesign fiscal policies to ease the shift. Done right, the transition 
can strengthen local economies, create jobs, and build a more resilient, sustaina-
ble energy system, as argued in the discussion in Chapter 6 on the just transition. 
The fossil fuel era is ending. And the Schumpeterian creative destruction process 
is on its way. Clean and new firms are overturning the dirty and old. The faster 
the world recognises this reality, and manages it with careful planning and good 
public policy, the faster, smoother, and fairer the transition will be.
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Solar and wind potential as a multiple of fossil production

Solar and wind potential as a multiple of fossil production

Figure 8.2: The Global South’s enormous renewable energy potential

Note: Solar and wind potential, energy demand, and fossil fuel production are measured 
in terms of energy per annum.
Source: Singh and Bond (2024, p. 8). Copyright 2024 The Rocky Mountain Institute.  
CC BY-SA 4.0.

https://creativecommons.org/licenses/by/4.0/
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A new global energy landscape: clean, renewable, accessible

We are entering the sixth industrial revolution. The importance of the drive to 
net zero and advent of new clean technologies is already reshaping the world’s 
economic geography and patterns of trade. Future industrial choices across 
all countries will place great emphasis on the availability of reliable and low-
cost renewable power. Although modern high-voltage DC lines have reduced 
transmission costs and losses, building and converting the necessary grids 
will require major investments. Converting electricity to hydrogen and trans-
porting hydrogen are expensive. These factors favour the local industrial use 
of clean, cheap electricity, leading to a changing global map of energy and 
industrial production. 

The shift of industrial production to regions with abundant and afforda-
ble renewable energy is already underway. Many activities will move to 
where there is plentiful low-cost, clean, low-carbon energy, particularly in 
emissions-intensive, trade-exposed industries such as steel, aluminium, and 
base chemicals. This trend is likely to benefit EMDCs, given their renewa-
ble energy potential and faster economic growth compared to richer nations, 
particularly in terms of energy demand and infrastructure development. 

Power BI Desktop
Renewables Market AttractivenessFigure 8.3: Renewable market attractiveness

Note: The renewable market attractiveness score is from Climatescope (2022). 
Climatescope scores markets on a 0–5 scale based on their relative attractiveness for 
clean power investment and deployment. Scores take into account 163 indicators, 
or data inputs, which fall under three parameters: fundamentals, opportunities, and 
experience. The ‘fundamentals’ parameter encompasses a market’s key policies and 
market structures that help or hamper renewable energy investment or deployment.  
The ‘opportunities’ parameter examines a market’s potential to grow its supply of 
renewable power, clean transport, and clean technologies for heating. The ‘experience’ 
parameter takes into account markets’ experience in deploying renewable power.
Source: Adapted from Figure 2 in Stern and Romani (2023, p. 7) with Systemiq analysis, 
using BloombergNEF’s (2022) ClimateScope data. Copyright 2023 The authors. 
Reproduced with permission. 
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With the high electricity demands of many applications of AI, there is a simi-
lar attraction for data centres to move close to low-cost, clean electricity. They 
may in turn attract ‘digital nomads’ who can work anywhere, need excellent 
and reliable internet and electricity connections, and would be attracted to 
beautiful locations where living costs are low.

While these shifts in economic geography have great potential for many 
EMDCs, the investments necessary to accelerate them are constrained for 
many EMDCs (other than China) by the high cost of capital and their often 
challenging investment climates. Overall, as can be observed in Figure 8.2, 
the Global South has enormous renewable energy potential, including 70% of 
global solar and wind resources. Further, 50% of critical minerals are located 
within the Global South (Singh and Bond, 2024). Africa and South America 
are two developing regions particularly abundant in wind and solar power. 
Realising these renewable potentials across the world will require substantial 
investments in infrastructure, including strong and effective power grids and 
storage facilities. Effective power markets, in the context of well-functioning 
grids, allow flexibility across geography and time to match changing supplies 
and demands. These markets will play an important role in the design and 
efficient use of grid and storage systems. Countries like Kyrgyzstan and Can-
ada have extensive hydroelectric power-generation potential, while volcanic 
regions such as Iceland and Indonesia offer significant geothermal energy 
opportunities. Mongolia has very strong potential in both solar and wind 
(and mineral endowments). There are many more examples. We will be seeing 
real change in the world’s economic geography.

Overcoming the constraints of a weak investment climate and high capital 
costs, and realising the great power and mineral potential across the develop-
ing world, will be a central focus of the examination of international policy in 
Chapter 9. However, despite these difficulties, the pull of the new opportunities 
is already strong and signs of movement are emerging. Recent outcomes from 
renewables auctions suggest that many EMDCs other than China are well posi-
tioned to become low-cost, zero-emissions power producers; the Middle East 
and North Africa, for example, are highly competitive (International Energy 
Agency [IEA], 2019). Figure 8.3 shows the attractiveness of renewable mar-
kets across countries. The map shows that some regions, in particular Africa, 
continue to face significant barriers to attracting renewable energy investment, 
largely due to high perceived risks and elevated capital costs. This threatens to 
undermine their natural advantages in solar and wind resources. Chile, Bra-
zil, Saudi Arabia, the United Arab Emirates (UAE), Mauritania, Namibia, and 
Kazakhstan are all developing landmark projects that could see them become 
strong players in net-zero industries (Stern and Romani, 2023).

The interaction between AI and the green transition

It has been a constant theme in this book that the intersections between AI and 
the green transition will constitute powerful drivers of future growth across 
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the world. The geography of these intersections will be shaped by endow-
ments of minerals and resources, together with entrepreneurship, finance, 
and governance. The Energy and AI report from the IEA distils the issues well: 

Countries with a record of reliable and affordable power will be best 
placed to unlock data centre growth, localise the computing power 
that is critical to homegrown AI development, and spur the IT 
industry more generally. Data centres can also be anchors for new 
low-emissions power projects. However, in regions with frequent 
power outages or power quality issues, maintaining a data centre 
can be risky or costly, making overseas hosting more appealing for 
businesses. […] AI-driven applications may enable some of these 
economies to sidestep legacy systems and adopt cutting-edge energy 
management solutions directly. […] For some, attracting data centres 
through reliable green power could be a catalyst for modernisation; 
for others, the priority might be smaller-scale digital tools that 
bolster rural electrification or reduce transmission losses. In all 
cases, addressing both energy and digital connectivity gaps together 
is crucial. By fostering local data collection, developing talent and 
creating robust policy frameworks, emerging market and developing 
economies can harness AI to drive more inclusive, future-proof 
growth – growth that integrates renewable energy expansion, meets 
rapidly rising demand and supports new industries in the process.  
(IEA, 2025a, pp. 18, 238) 

The location of and the pace of change in new geography described in Figures 
8.2 and 8.3 can be strongly influenced by the application of AI. It will play a 
crucial role in the discovery of new minerals. And it will be critical in designing 
the systems, particularly energy and transport, necessary for the development 
of both new power and the processing of minerals so that host countries can 
add value effectively and develop new production and service capacity. 

Different countries are likely to follow different strategies here, depending on 
their skills and endowments. For example, countries such as Chile, Mexico, and 
Egypt, which are rich in clean energy, will likely seek to attract AI investments. 
Countries such as India, Brazil, and Thailand, which already have strengths in 
AI, will seek a rapid build-up of clean energy (Budaragina et al., 2024).

8.3 New opportunities: new resources, new players, 
competition 
The transition to clean energy technologies will depend on the availability 
and cost of metals and minerals like copper, cobalt, lithium, and rare earth 
elements, some of which are geographically concentrated, at least in terms 
of currently known resources. Whilst resource discoveries are occurring rap-
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idly and technology will change demand (ETC, 2023), there is a risk of major 
demand–supply imbalances for some metals and minerals as the transition 
accelerates. Diversifying supply chains, developing mining capabilities in 
multiple resource-rich countries, and investing in recycling technologies are 
important strategies to reduce and manage these risks. Promoting technolog-
ical innovations that reduce metal and minerals requirements and encourag-
ing material substitutions can also increase the security and resilience of clean 
energy technology supply chains and enhance strategic independence. 

Both international competition and collaboration are needed to drive the 
necessary innovation and growth. In past technological changes we have seen 
that the price mechanism (prices rising with scarcity), entrepreneurship, and 
creativity in engineering have found new supply sources and possibilities for 
substitution (Freeman and Perez, 1988; Otojanov et al., 2022). But for those 
processes to work well and at the pace now necessary, anticipation and plan-
ning are crucial. The IEA (2024a) has warned of potential supply shortfalls, 
particularly around copper and lithium.

Rising use of critical minerals

Many of the needed resources for the clean transformation are concentrated 
in specific geographical regions. For instance, cobalt, essential for current EV 
batteries, is predominantly mined in the Democratic Republic of Congo, with 
70% of global supply, and refined in China. Similarly, lithium, another key 
material for EV batteries, is primarily mined in Australia (47%), Chile (30%), 
and China (15%) (ETC, 2023), with most processing occurring in China (58%) 
(Bian et al., 2024). So-called rare earths (many of which are not so rare), such 
as neodymium, dysprosium, and terbium, are essential elements for powerful 
magnets, hard drives, screens, LED bulbs, and so on. Thus they are crucial 
for many aspects of high-end manufacturing, digital systems, smartphones, 
motor vehicles, and so on. At present, processing facilities for these rare earths 
are also concentrated in China (see below).

Further, as the IEA emphasises:

Besides the additional electricity demand, a major consideration 
related to the rapid growth of AI and data centres is the demand 
for critical minerals. Apart from bulk materials like steel and con-
crete, the construction of data centres requires sizeable amounts 
of several minerals and metals, such as copper, aluminium, sil-
icon, gallium, rare earth elements, and battery minerals. There is 
a significant overlap between the minerals needed for building 
new data centres and those that are critical to energy technologies.  
(2025a, p. 213) 

Part of the challenge of fostering the contribution of mineral extraction to 
local development is working to avoid harm to the environment. These activ-
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ities can be highly damaging, particularly in areas rich in biodiversity, and 
there are potential social risks related to the treatment of workers in new min-
ing regions. International coordination and standards have important roles 
to play. For example, the UN’s International Seabed Authority is developing 
norms for deep-sea mining in international waters that are expected to be 
finalised by 2025 (Ashford et al., 2025). 

Here again, we can learn from the past: a rise in mineral requirements 
occurred in previous industrial revolutions. In the 19th century, the location 
of industry and populations in the UK was heavily influenced by the availa-
bility of key minerals such as iron ore, limestone, and coal, essential for steel 
production, as well as coal for energy. The technology of the time required 
these materials in large quantities, and due to their weight and the cost of 
transport, industries were often located close to these resources. This led to 
the rise of cities like Manchester in England, Glasgow in Scotland, and Cardiff 
in Wales. Similar industrial clusters emerged across Europe (e.g., the Ruhr 
area in Germany) and the USA (e.g., Pennsylvania) during the 19th and early 
20th centuries, driven by resource availability and industrial demand.

Historically, force has also played a powerful role. Colonial countries often 
extracted raw materials from colonised markets through the use of labour 
with minimal rights and pay and bought these materials at low prices. Pro-
cessed products were sold to colonies at high prices. That colonial economic 
geography has echoes to this day (Acemoglu et al., 2001). The history carries 
lessons. For the new growth story to be sustainable, resilient, and inclusive, 
nations that have the minerals needed for the transition should be able to 
benefit from their use.

Processing of critical minerals and manufacturing of clean energy 
technologies

The new geography of manufacturing operations in clean technologies will, 
in some cases, be marked by significant concentration, not only because of 
resource locations but also because of the integrated nature of modern supply 
chains. For example, in 2022, China accounted for 80% of the global installed 
manufacturing capacity of solar photovoltaic (PV) modules, dominating 
every stage of the supply chain. China also held 75% of global battery manu-
facturing capacity, with the EU and the USA accounting for only 8% and 7%, 
respectively (Bian et al., 2024). 

Manufacturing these goods requires input supplies with reliable quality and 
timely delivery. Given economies of scale, there will be large demand for local 
supply of inputs, particularly where transport costs may be high, such as for 
heavy ores or for energy. Thus, there are forces pointing to local processing or 
clustering. There may be energy-efficiency possibilities in clustering around 
heat or energy sources. We see industrial parks arising where clean energy, 
inputs, and skills are all available in close proximity (Hoicka et al., 2025). 
And there is real potential for local processing of minerals where cheap clean 
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energy is available. At the moment, however, those with processing capacity, 
particularly China, have been investing heavily in securing access to supplies 
in resource-rich countries (see Leruth et al., 2022).

As shown in Table 8.1, critical mineral and metal processing capacity is 
highly concentrated in China: the country owns 58% of both lithium and 
aluminium processing capacity. And whilst only 1% of global cobalt extraction 
takes place there, 65% of the global processing capacity of this mineral 
occurs in China (Bian et al., 2024). Figure 8.4 shows the concentration of 
manufacturing capacities of key inputs and components of clean technologies, 
particularly for solar and battery. China exhibits a strong advantage across 
the different segments of the supply chains as a result of the creation of 
strong local ecosystems and industrial parks for the production of solar PV 
and batteries, characterised by high quality, strong reliability, and low costs. 
Similar developments are occurring in EVs and other key technologies.

China’s momentum through research leadership is remarkable, and 
manufacturing concentrations might intensify still further as a result of this 
leadership. ASPI (an Australian research unit and think tank) tracks research 
leadership over 64 critical technologies covering a wide range of activities, 
including defence, space, environment, energy, computing, and others. From 
2003 to 2007, the USA led in 60 of the 64 and China led in 3. More recently, 
between 2019 and 2023, China led in 57 and the USA led in 7 (Leung et al., 
2024). China is no longer ‘catching up’ in technologies but is in many ways 
leading the way. This raises issues of how countries of the developed world 

Figure 8.4: Installed manufacturing capacity by country/region, 2023 (%)

Note: RoW = Rest of World. ‘Electric cars’ values are calculated based on 2023 production 
numbers, adjusted according to the utilisation rates of car assembly plants in the region. 
Source: Figure 1.11 in IEA (2024b, p. 46). Copyright 2024 IEA, CC BY-SA 4.0.

https://creativecommons.org/licenses/by/4.0/
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can now catch up. Competition will play its role and many of the developed 
countries do have strengths in their universities, research institutes, and 
high-end tech companies. But there is also potential in collaboration. 
Just  as  China  gained  from  joint  ventures in the 1980s and 1990s (and see 
discussion on batteries in the next subsection) when it invited foreign investors, 
there are now real opportunities for developed countries to host Chinese 
investment. There will, no doubt, be areas such as some aspects of telecoms, or 
critical infrastructure, where security issues are of relevance, but there will be 
many others where these issues are minor.

These geographical shifts and the associated opportunities raise important 
questions regarding the security and resilience of global supply chains for 
clean technologies and the implications of market concentration. Ensuring a 
robust, dynamic, and sustainable world economy will require reliable sources 
of supply, technical progress, and continuing cost reductions. Diversification 
and competition for key goods and resources, both nationally and regionally, 
are necessary if the world is to build secure and resilient global supply chains 
for clean technologies and foster the competition that can promote continu-
ing creativity and rises in productivity.

Collaboration and competition in the transition

There are and will be difficult questions around the role of collaboration and 
competition in driving the transition forward. Rapid technological advance, 
innovation, and diffusion will be of great importance. So too the security of 
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Source: Adapted from BCG (2023, p. 5). Copyright 2023 BCG. Reproduced with permission.
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supply chains. The fall of output and employment in the increasingly obsolete 
industries, and the rise in the new clean industries, will both cause tensions. 

Countries around the world are now competing to establish dynamic com-
parative advantages in green technologies and activities. The US$1 trillion US 
Inflation Reduction Act (IRA) of 2022 was a prime example. It played a major 
role in changing relative costs, as shown in Figure 8.5. For example, it made 
offshore wind and geothermal profitable, with the IRA credits, and brought 
nuclear close. 
Other major economies, including China, the EU, and India, are also imple-
menting policies to attempt to secure their positions in the changing geographi-
cal and industrial structures of growth. China’s 14th Five-Year Plan (2021–2025) 
on Modern Energy System Planning; the EU’s Green Deal; and India’s Union 
Budget, energy access, and green hydrogen policies (Garg, 2022) all combine 
incentives and finance for green technology and investments with legal, regula-
tory, and policy support (see Section 9.4). The 15th Five-Year Plan (2026–2030) 
in China will likely see further strong movements in these directions. 

There is also backlash and resistance to change. In his second presidency, 
Donald Trump seems to want to go back to an era where the car industry in 
the USA, using the internal combustion engine, was dominant. Some in the 
steel industry appear to want to retain the use of blast furnaces as long as 
possible. Trump has been attempting to use very high tariffs as a weapon. The 
Trump administration is likely to roll back some of the Biden era’s IRA sup-
port for clean energy. At the same time there is resistance to this attempt both 
in the courts and in areas (many of them with Republican governors, senators, 
and congress members) that benefit from IRA measures. We have yet to see 
how this will play through.

For a discussion of the falling costs of green energy, see Section 5.1. Having 
four or five major producers of crucial materials, products, and inputs could 
be sufficient to both provide supply chain resilience and foster the competition 
that can drive rapid technical progress. Strategic protection designed to foster 
new globally competitive supplies makes sense. But key sectors which have a 
chance of ‘making it’ in global competition need assessment and identification. 
And across the board protectionism, as economic history has taught us, can 
lead to prolonged weakness and inability to compete and change. Examples of 
successful strategic protection were in South Korea and Taiwan in the 1960s 
and 1970s. There are also many unsuccessful examples, such as in the history 
of Indian motor cars and in UK motorcycles in the 1960s and 1970s.

As countries attempt to build new production capabilities, there is growing 
concern about the increasing use of blanket protectionist trade barriers. For 
example, under the Biden administration (2021–2024), the USA raised tariffs 
against China’s solar PVs, aiming to protect the domestic solar industry and 
address concerns about unfair trade practices. The EU has previously imposed 
tariffs on Chinese solar panels, but these tariffs were later lifted. Over the course 
of 2024, the USA, the EU, and Canada each imposed tariffs on Chinese EVs, 
citing concerns about unfair competition and subsidies and accusing China of 
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dumping low-carbon technology in their markets at impossibly low prices, due 
to overcapacity. The protectionist measures of the second Trump presidency are 
unfolding in 2025 and there have been strong reactions from other countries, 
particularly China. We have yet to understand how all of this will develop, but 
it does seem that a serious bout of protectionism may be with us for some time.

Developing alternative supply sources for key inputs will be very important 
for future competition and reliable supply chains. But in the meantime, with 
China’s low-cost and massive production capacity for solar panels,7 as shown 
in Figure 8.6, it makes global economic sense to encourage the export of these 
panels to poorer countries, particularly given the urgency of climate action. 
As Figure 8.6 illustrates, China is in a position to export hundreds of gigawatts 
(GW) of solar panels per annum. Energy is crucial for development. And so 
much of development now requires digitisation and connectivity, which are 
very difficult without electricity. The use of this large and low-cost capacity 
represents a huge development opportunity.

The net zero transition could be an opportunity for EDMCs other than 
China to realise their development potential by moving up the value chain 
of new technologies and products. Developed countries and China could and 

Figure 8.6: Solar module manufacturing capacity in China versus sales, 
2020–2028

Source: Singh and Bond (2024, p. 25). Copyright 2024 The Rocky Mountain Institute, 
CC BY-SA 4.0.

https://creativecommons.org/licenses/by/4.0/


302	 THE GROWTH STORY OF THE 21ST CENTURY

should help build processing and manufacturing capacity, by facilitating the 
local use of energy, raw materials, and labour in EDMCs to develop and build 
on the new comparative advantages that are emerging.

Collaborative efforts between China and other countries, including the develop-
ment of necessary skills and affordable financing, could dramatically advance the 
global transition to clean energy. The role of IFIs in facilitating such collaborations 
is critical. It would be damaging and a missed opportunity for political tensions 
and protectionist desires in the USA and Europe to obstruct these vital advances. 
The potential scale of opportunity is demonstrated by the fact that Africa has, as 
mentioned, around 60% of the best global solar power resources (IEA, 2022a) but 
less than 3% of the energy investment (IEA, 2024c). And that the total current 
capacity from all power sources in Africa is around 250–300 GW (Ember, 2024a). 
For further elaboration of this immensely important opportunity, see Chapter 9.

Many EMDCs are understandably concerned about the emerging protec-
tionism in developed countries, which could hinder their efforts to build 
capacity for producing necessary inputs and products. Many of these coun-
tries see the future in green production and are often geographically well 
positioned to develop this new capacity, but they need affordable finance and 
confidence that they will not be excluded from rich-country markets.

The low costs of new products and technologies in China suggest that the 
richer countries, as well as major emerging markets like India, Indonesia, 
Brazil, and South Africa, should explore collaboration with China and other 
low-cost producers. For example, the future of the UK’s car industry, and that 
of Europe more broadly, lies in the production of EVs. Batteries make up a 
high proportion of an EV’s cost, generally around 30–40% (IEA, 2022b). EV 
production cannot be competitive without access to low-cost batteries. Thus, 
collaboration with China in battery production could be crucial for the car 
industries of, for example, the UK and the EU. That is of particular impor-
tance in the case of the UK, given the need to meet local content requirements 
for export to the EU under trade agreements with the EU.

Car manufacturers in the UK and the UK government are beginning to 
recognise these realities. Tata, the Indian owner of Jaguar Land Rover, is 
collaborating with Chinese firms to produce batteries for its new EV plants 
in Somerset in southwest England, and plans to use electricity supplied by 
Électricité de France SA (EDF) from nearby nuclear Hinkley Point. Nissan, 
and other Japanese car firms, are collaborating with Chinese firms to produce 
batteries for their EVs being made in Sunderland in northeast England.8 
These examples of international collaboration highlight how transitions 
can be accelerated, costs reduced, competition and innovation fostered, and 
robust supply chains built. However, protectionism and isolationism driven 
by narrow interests could undermine these opportunities, raising costs, 
stifling innovation, and slowing the transition. 

Protectionism is often justified on the grounds that, if given a chance, costs 
will fall domestically. That is sometimes referred to as the ‘infant industry’ 
argument. When protectionism favours established industries, it may 
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aim to delay what could be an inevitable decline, or to provide a window 
of opportunity for transitioning to newer, more productive methods of 
production. History suggests that such propositions require rigorous scrutiny. 
Infant industries may fail to grow up and postponing change can be costly in 
the case of declining industries.

An interesting development in international competition is the potential 
importance of integrated industrial parks and local supply ecosystems. 
Martin Brudermüller, former CEO of BASF, the world’s largest chemical 
firm, has argued that the future of high-temperature processes in the 
chemical and other industries would rely more on electricity than hydrogen, 
underscoring the importance of electrification, even in ‘hard-to-abate’ 
sectors.9 He has also emphasised the importance of integrated industrial 
parks and local ecosystems which allow for the efficient combination of 
clean electricity, complementary inputs, infrastructure links for distribution 
and export, and local skills. The Transitioning Industrial Clusters towards 
Net Zero initiative of the World Economic Forum (WEF), for example, 
was created at COP26, which now aggregates 35 industrial clusters across 
16 nations and 5 continents – representing a combined CO2 equivalent 
emission reduction potential comparable to the annual emissions of Saudi 
Arabia (World Economic Forum [WEF], 2024, 2025a, 2025b).

These ecosystems have been successfully developed in parts of China, 
providing a real source of competitive advantage. A notable example is the 
Tianjin Economic-Technological Development Area (TEDA), a mixed 
industrial park established in 1984 that developed into a complex industrial 
symbiotic network (Shi et al., 2010). At present, TEDA concentrates a total 
investment that exceeds US$15 billion, and more than 3,300 foreign-invested 
firms (United Nations Industrial Development Organisation [UNIDO], 2022). 
The industrial symbiosis being implemented involves sharing infrastructure 
and integrated management of solid waste, water, land, and information 
(UNIDO, 2016). Environmental initiatives at TEDA include the creation of 
a green development fund, several circular-economy industrial chains, and a 
real-time air pollution monitoring system (UNIDO, 2020). There are several 
others of importance in China, including in Guiyang, Shenzhen, Suzhou, and 
Yunnan. Industrial parks are not, of course, confined to China, with important 
examples in areas such as Nova Scotia in Canada and Jubail in Saudi Arabia. 
Brudermüller warned that slow decision-making and local opposition could 
make it difficult to create such parks in the EU, potentially giving an advantage 
to countries that can move quickly and effectively.10 

The example of industrial parks and ecosystems also reminds us that com-
petition within nations can be intense. A key reason why China can supply 
solar panels, EVs, and other modern clean products so cheaply is the fierce 
competition among Chinese firms, as mentioned in Chapter 4. Many incor-
rectly attribute these low costs entirely to subsidies, when in fact they also 
arise from intense competition, skills ecosystems, and infrastructure (Hove, 
2024). Although in some cases Chinese subsidies are indeed large, policy sup-
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port for clean industries goes beyond traditional forms of subsidies to include 
strategic signalling on investment priorities, research and development 
(R&D) spending, and support for developing integrated industrial clusters, 
resulting in ‘an ecosystem of policy support and entrepreneurial drive’ (Hove, 
2024, p. 1). When we visited the extraordinarily productive Xiaomi EV car 
factory near Beijing in March 2025, the founder, Lei Jun, told us, in response 
to a question on state support, that the most important element of support for 
them was the supply of high-quality engineers as a result of China’s invest-
ment in its universities. Around half of the employees involved in the car fac-
tory were in R&D. Of course, the ability to go to scale is an important element 
in achieving low cost. China combines fierce competition and scale. 

It is, however, important to recognise that China does seem to have greater 
industrial subsidies (Bickenbach et al., 2024; DiPippo et al., 2022) relative to 
output than the EU and the USA. But comparisons are difficult because the 
biggest part is in terms of low-cost credit and it can be argued that this is in 
part tackling capital market imperfections. Also, many of the subsidies go to 
state-owned enterprises, whereas the car industry is largely private. Further, 
China generally works with producer subsidies rather than the consumer sub-
sidies on EVs of the EU. These subsidy comparisons are not straightforward. 
In my view, whilst China’s subsidies are large and important, much EU and 
US discussion over-emphasises subsidies and under-emphasises competition 
in explaining low prices of batteries and EVs in China. 

The very rapid price falls achieved in China for solar PV, batteries, EVs, 
and other clean technologies can be of great benefit to the world in achiev-
ing sustainable development. Clean technologies have enormous potential in 
helping low-income countries, particularly in Africa, leapfrog to a new form 
of development. And their utilisation will reduce emissions to the benefit of 
us all, particularly the poorest and most vulnerable nations. The challenge is 
to make best use of the low-cost production capacity in the shorter term and 
encourage competition so that there will be other low-cost producers across 
the world in the future.

In some countries, various barriers – including limited fiscal space, high 
costs of capital, and a shortage of skilled labour – can hinder efforts to build 
domestic manufacturing capacity. In such cases, an open global trading sys-
tem can offer lower-cost inputs and machinery produced elsewhere, enabling 
a more efficient transition. In other instances, some developing countries may 
find it advantageous to position themselves within the global cleantech supply 
chain by investing in and supporting local manufacturing capacity. For exam-
ple, in Latin America, Brazil manufactures wind turbine components and is a 
leader in biofuel production. Argentina has a mature nuclear energy industry 
and is working to produce small modular reactors. India is making efforts to 
position itself as an exporter of solar panels, although it has some way to go to 
match the low cost of China. 

The transition to a cleaner, more sustainable form of economic growth pre-
sents an opportunity for developing economies to move up the value chain, 
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rather than remaining at its lower end as simply suppliers of raw materials for 
technologies manufactured elsewhere. There are real opportunities for devel-
oping countries to be integrated into the emerging global cleantech value 
chains, particularly given their potential in clean energy and the location of 
raw materials. In all scenarios, international competition can spur innovation 
and drive down costs, helping to make clean technologies more accessible and 
affordable worldwide. Sound policies, strong investment, sensible industrial 
strategies, and openness at the national and regional levels can increase the 
number of players and foster that international competition.

8.4 Natural capital: investment and impact
Economic geography should change as a result of increased emphasis on 
biodiversity. As the world comes to better appreciate the value and potential 
of biodiversity, regions rich in biodiversity could see significant investment in 
natural capital, including in restoration and conservation. This is an area of 
research, innovation, action, and investment that has received too little attention. 

Much of the world’s greatest biodiversity is concentrated in EMDCs. The 
mountains of the eastern Himalaya region, from southwest China to Nepal 
and northeast India, form an extraordinary and interdependent ecosystem 
(Barthakur, 2023), sometimes described as the Third Pole. The hugely rich forest 
systems of the Amazon Basin, of Indonesia, and of the Congo Basin are examples 
of immense importance. And there are many more, particularly in the developing 
world. Yet all of these are now fragile as a result of our failure to understand and 
act on their fundamental, indeed existential, role in the lives and livelihoods of so 
many across the world, and as a result of our past patterns of growth.

Our economies are deeply intertwined with biodiversity, ecosystems, and 
the broader biome. As we learn to invest in these critical structures, we are 
likely to see investments in new geographical areas across the world (Brom-
ley, 2024); that will be a crucial element of the ‘new economic geography’. We 
should understand these investments also as building and preserving critical 
infrastructure; this natural capital is indeed infrastructure in the basic sense 
of supplying services upon which other activities depend for their effective 
functioning, including in this case clean water and air.

When considering new economic geographies, we must not only examine 
the future locations of green technologies and activities, but also consider 
the potential impacts of climate change in relation to natural capital. Some 
regions could become uninhabitable due to desertification, submergence, or 
constant threats of flooding. The Sahara is expanding southwards. The melt-
ing of glaciers and ice in the Himalayas could destabilise lives and livelihoods 
across many surrounding countries, causing devastating floods in the rainy 
season and droughts in the dry season. These changes could drive massive 
population movements, as discussed in Chapter 2. Many of the world’s great 
cities are built in coastal or flood-plain areas which would be threatened by 
sea-level rises and storm surges.
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The location of economic activities related to natural capital could also be 
profoundly affected for other climate reasons. For example, if much of southern 
Europe becomes intolerably hot in the summer, tourism could move to other 
regions (Rannard, 2023). In agriculturally dependent regions, enhancing 
climate resilience involves developing drought-resistant crop varieties, water 
management (including drainage), improving soil health, and implementing 
sustainable agricultural practices. These measures are of huge importance for 
promoting and protecting livelihoods and food security. Thus the geography 
and technology of agricultural production will change. Southern fish 
populations may also migrate, potentially transforming the geography of the 
fishing industry (Ojea et al., 2020). As we have seen in Part I of this book, 
we are on our way past 1.5  oC; even with much stronger mitigation, major 
adaptation will be required across the world, with its accompanying changes 
in the location and nature of activities. 

8.5 Differences between nations: EMDCs’ energy potential 
and infrastructure needs
In this chapter, we have explored so far the interdependencies of nations and 
how varying endowments of resources and differing climate impacts could 
recast global economic geography. A key message from this chapter is that 
each country’s historical development and endowment of natural resources 
will shape its approach to the climate transition. While scaling up electrifica-
tion and renewables is a central feature for all countries, the specific paths to 
climate action and development depend heavily on each country’s resources, 
its history and culture, its infrastructural capabilities and potential, and its 
socioeconomic context. This is important not only when thinking about 
pursuing strategic mitigation actions, but also in relation to adaptation and 
investment and conservation of natural capital. Adaptation strategies must 
be aligned with the specific vulnerabilities of different regions to manage the 
impacts of climate change effectively. And ways of conserving and sustainably 
using natural capital will be specific to geographies. 

The following are some examples of how approaches to climate action, 
including mitigation, adaptation, and development, are likely to vary across 
countries and regions.

•	 In nations with abundant critical minerals, such as the Democratic 
Republic of Congo, which produces around 70% of the world’s cobalt 
(Ritchie and Rosado, 2024), investing in mining capacities is crucial.

•	 In regions with high solar resources, such as in Africa, which has 
60% of the world’s best solar resources but less than 3% of the energy 
investment (IEA, 2024c), increasing clean investments is key to 
development. There is potential for combination with processing 
of materials.
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•	 In forest-rich areas, such as the Amazon, afforestation, combating 
deforestation, and improving biodiversity protection and management 
are critical to the world’s future.

•	 In coastal regions, such as the Philippines and small island states, invest-
ing in marine conservation and sustainable fisheries is vital to lives and 
livelihoods, as is protection against rising sea levels and storm surges.

•	 In regions with high exposure to intense rainfalls, such as Nepal, 
investing in water management systems is central to managing risk 
and fostering development.

•	 In agriculturally dependent regions, such as many nations in 
Latin America, investing in drought-resistant crop varieties is critical.

In this section, we focus on the differences between nations as they pursue their 
transitions, particularly focusing on the infrastructure and energy needs of 
developing countries, which lie at the heart of the new growth story. Indeed, 
much of the necessary infrastructure in the developing world has yet to be built. 
That constitutes a huge difference from most developed nations, where the chal-
lenge is more in terms of refurbishing and recasting existing infrastructure. But 
even in developed countries there will be much building of the new.

Across the world, but mostly in developing nations, one billion people live 
more than 2 kilometres from an all-season road and nearly four billion people 
lack access to the internet (World Bank, 2024). A substantial proportion of the 
infrastructure in these countries will be built in the decades to come. For exam-
ple, nearly 70% of the urban infrastructure likely to exist in India in 2047 will be 

Figure 8.7: Share of global population with access to electricity in 2021

Source: Figure ES.2 in IEA et al. (2023, p. 13). Copyright 2023 International Bank for 
Reconstruction and Development/The World Bank, CC BY-NC 3.0.

https://creativecommons.org/licenses/by-nc/3.0/deed.en
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built between now and then (Kouamé, 2024). And sub-Saharan Africa accounts 
for about 80% of the people living without electricity (IEA et al., 2023), as shown 
in Figure 8.7. 
By acting now, developing countries can avoid locking in outdated, polluting 
infrastructure. Doing so requires investment on urgency and scale, and that, in 
turn, will involve substantial external assistance. The annual investment required 
for the energy transition in EMDCs (other than China) is estimated at US$1.6 
trillion by 2030 (Bhattacharya et al., 2024). That represents a major increase of 
annual investment in the energy transition in these countries compared with 
now: by a factor of five by 2030, and six by 2035 (compared to 2022) (Bhattacha-
rya et al., 2024, p. 15; see Figure 4.14 in this volume).11 These are investments that 
will be core to the development needs of developing nations with high economic 
returns beyond reducing emissions, and which will drive growth.

India, a key example, will need to increase its annual wind and solar addi-
tions by around five-fold (Ember, 2023) by mid-century to support population 
and economic growth, higher living standards, and the electrification neces-
sary to power the new growth and reduce emissions. By then, all electricity 
should be zero carbon. The sources of clean electricity (wind, solar, thermal, 

Figure 8.8: Global progress toward SDG7 (affordable and clean energy) 
targets 

Source: Figure ES.1 in IEA et al. (2024, p. 10). Copyright 2024 International Bank for Re-
construction and Development/The World Bank. CC BY-NC 3.0. 

https://creativecommons.org/licenses/by-nc/3.0/deed.en
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hydro, and so on) will vary across countries, but that rapid expansion of clean 
electricity will be common to all.

As mentioned throughout the book, developing countries have the 
opportunity to ‘leapfrog’ to advanced green technologies without the 
burden of existing outdated systems. However, the cost and availability 
of capital will be essential in the ability to take these opportunities. At 
the same time, developed countries, with their established – sometimes 
ageing – infrastructure and industries, face the challenge of retrofitting 
or replacing these facilities to accommodate cleaner technologies. 
For  example,  Germany, with its long industrial history, is focusing on 
transitioning its existing industrial bases to integrate renewable energy, 
increase energy efficiency, change its transport, and so on (Agora 
Energiewende, 2024). Meanwhile, nations like Kenya are implementing 
new geothermal and solar projects and leveraging their natural resources, 
without large legacy power systems. They are building a sustainable energy 
infrastructure from the ground up (Muiruri, 2024). Financing these 
changes is the focus of Chapter 9. 

The largest share of the necessary infrastructure investment is in the 
energy systems. Energy, and electricity in particular, is key to unlocking 
sustainable growth. Ensuring access, affordability, and security in energy 
supply is crucial for delivering an energy transition that meets develop-
ment and sustainability goals, and for a just transition. The importance 
of these advances in energy and electricity is demonstrated by the severe 
shortcomings and deprivations that many communities and countries 
faced at the starting point (see 2015 data in Figure 8.8). Even in 2022, 685 
million people were still without electricity, and billions had only meagre 
and unreliable supplies.

Figure 8.9: Estimated energy investment by type in selected regions, 
2024

Note: EU = European Union; Other AE = other advanced economies; ME = Middle East; SE 
Asia = Southeast Asia. 
Source: Figure 1.25 in IEA (2024d, p. 62). Copyright 2024 IEA, CC BY 4.0. 

https://creativecommons.org/licenses/by/4.0/
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Figure 8.11: Share of solar in electricity generation, 2010–2020

Source: Bond and Butler-Sloss (2023, p. 20). Copyright 2023 The Rocky Mountain Insti-
tute, CC BY SA 4.0. 

Figure 8.10: Solar photovoltaic power potential map

Source: Obtained from the Global Solar Atlas 2.0 (2024), a free, web-based application 
developed and operated by the company Solargis s.r.o. on behalf of the World Bank 
Group, utilising Solargis data, with funding provided by the Energy Sector Management 
Assistance Program (ESMAP). For additional information: https://globalsolaratlas.info.

https://creativecommons.org/licenses/by/4.0/
https://globalsolaratlas.info/
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In 2020, the share of renewable energy in total final energy consumption glob-
ally was 19.1%. To align with the 1.5 °C target, this share needs to reach 33–38% 
by 2030, with a share of renewables in electricity generation of 60–65% (IEA et 
al., 2023). Energy demand is growing fastest in EMDCs, yet, excluding China, 
these countries accounted for only 15% of global clean energy investment in 
2023 (IEA, 2024d). In developing nations, investments in fossil fuels tend to be 
higher than in clean energy, whereas in advanced countries and China, it is the 
other way around (see Figure 8.9). However, the Global South has vast renew-
able resources (see Figures 8.2 and 8.10) that can be unlocked through invest-
ment and taking advantage of the falling costs of clean technologies. However, 
the realisation of that investment requires the cost of capital to be manageable. 
The differentials across nations in opportunities are immense but the cost of 
capital is highest where the opportunities are greatest. That is a key policy ques-
tion examined in the next chapter. The risks of delay would be catastrophic; the 
opportunities for a new and better form of growth are immense. 

Many countries in the Global South are already taking advantage of the new 
technologies and opportunities. For example, Chile, Vietnam, Barbados, and 
Morocco have already surpassed the USA in terms of share of solar energy in 
electricity generation. Some EMDCs are also catching up in wind energy. Uru-
guay, for example, produces over 30% of its electricity from wind, compared to 
only 10% in the USA (Ember, 2024b; IEA, 2025b) (see Figure 8.11). Bhutan, 
Nepal, and Ethiopia are examples of countries exporting clean electricity, particu-
larly hydro, with significant economic benefits for them and for the purchasers. 
Indeed, hydropower largely drives Bhutan’s economy: their construction and 
operation contributed to nearly 18% of its GDP in 2020 (Department of Envi-
ronment and Climate Change Bhutan, 2023). Hydropower contributes to 88% 
of Ethiopia’s electricity generation, although 90% of its hydropotential remains 
untapped and in 2023 only 48% of people had access to electricity (Traide, 2023).

However, as we have stressed throughout, while progress towards green 
energy is beginning in EMDCs (other than China), it is far too slow to meet 
the Paris Agreement goals and provide the much-needed boost to growth and 
development on the scale required. Accelerating this progress requires that 
poorer countries have access to global capital markets at affordable cost, to 
technology, and to skills. The difficulties in attracting low-cost capital in some 
EMDCs (other than China) risk undermining their natural advantages, limiting 
their ability to leapfrog the dirty stages of development, and slowing their tran-
sition to a new, sustainable development path at the pace needed by their popu-
lations, the planet, and all its inhabitants. This is the main subject of Chapter 9.

8.6 Concluding remarks: opportunity, international 
cooperation, and a new economic geography
The narrative around climate and development has evolved from one of bur-
den-sharing to one of seizing opportunities. But there are major differences 



312	 THE GROWTH STORY OF THE 21ST CENTURY

across countries in opportunities and responsibilities. High-income coun-
tries, given their historical emissions and wealth, have an obligation to lead 
by reducing their emissions and providing the financial and technological 
support necessary for lower-income countries to find new paths of devel-
opment and build resilience. Middle-income countries can continue to 
demonstrate that economic growth need not come at the expense of envi-
ronmental stewardship; with appropriate financing, they can achieve envi-
ronmental benefits, realise cost savings, and drive a new stage of develop-
ment. With the right support, lower-income countries can leapfrog in their 
development, grow sustainably, and build resilience against the impacts of 
climate change. We can now see, through the potential of the new growth 
story, that the transition is in the self-interest of each nation and in the 
shared interests of all. 

It is also vitally important to remember that many developing countries 
are more vulnerable to climate change impacts and that, even with strong 
adaptation, there will still be substantial loss and damage that cannot be 
prevented (Intergovernmental Panel on Climate Change [IPCC], 2022). 
Tackling this will require rapid and substantial international support, both 
for humanitarian reasons and to mitigate longer-term impacts. In this 
context, there is a moral responsibility – rooted in historical emissions and 
the resulting damages – to assist in addressing these dangers. This is in 
addition to the fundamental imperative of our shared humanity. For many 
EMDCs, the costs of loss and damage from climate change are already 
very large. For example, it is estimated that the Vulnerable Twenty (V20) 
economies suffered losses of more than 20% of their 2019 GDP due to 
climate impacts over the period 2000–2019 (V20, 2022). The severity of the 
impacts is rising rapidly.

This basic inequity – that although rich countries are responsible for the 
bulk of past emissions, poorer countries are hit earliest and hardest by cli-
mate change – constitutes a central feature in the differences across coun-
tries and a fundamental reason for strong support from rich countries. The 
very different stages of development across the world, particularly around 
infrastructure, require different patterns and scales of investment and sup-
port. 

The transformation of the international economy towards a sustainable 
future demands a collective effort. It is a shared journey, one that acknowl-
edges the diverse starting points and capabilities of different nations while 
recognising interdependencies and aiming for a shared future: a world 
where economic development and environmental sustainability are not only 
compatible but mutually reinforcing, offering a better future for all. As we 
work as a world to build that new future, an understanding of both differ-
ences and a shared fate will matter. And we must all recognise that the new 
economic geography that will emerge will bring its own strains as well as 
new opportunities in new places. We return to these issues of international 
collaboration in Chapter 9.
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Finally, in thinking about differences and new opportunities, we must rec-
ognise and understand the new economic geography that has been the main 
focus of this chapter. The new technologies and the location of potential 
for renewable energy will be key elements in re-casting global economic 
geography. New minerals, materials, and metals will move to the core of 
economic activity and they have their own economic geography. 

Taking geography and endowments together will recast international 
economic relationships. These could bring further tensions on top of those 
resulting from the change to a multi-polar world which we are already expe-
riencing. And economic power from dominant positions in new technolo-
gies and in access to processing and mining the new resources could cause 
real difficulties in supply chains, security, and relationships. All these issues 
can be anticipated and managed if there is a shared view of the necessity of 
change and the opportunities it can bring. International economic policy 
must embody and build on an understanding of the future transformation 
of the world’s economic geography.

The new economic geography of climate change presents both 
opportunities and threats. The history of industrial revolutions and 
changing global economic activity shows that the economic and social 
effects can be difficult and divisive if not carefully and collaboratively 
managed. While such management has traditionally been a national issue, 
the global nature of climate change and its response will require a broader 
perspective. The decline of industries such as shipbuilding and steel in the 
UK and USA as economies in East Asia rose from the 1960s onwards, and 
the impact of China’s rise since the mid-1980s, led to deep economic and 
social consequences with severe economic and social tensions within and 
across nations. Whilst some major industrial changes come from technology 
(including the internet and digitalisation) and others come from changing 
relative prices, such as renewables relative to gas and coal, the rise of new 
producers and competitors is a major part of the story. 

These stresses and divisive effects have political as well as social conse-
quences and played a role in the Brexit vote in the UK and the election of 
populist governments in Europe and the USA. While the new economic 
geography will bring many benefits and opportunities, the global trans-
formation will also present severe challenges in terms of rising interna-
tional tensions. The policies of the second Trump administration consti-
tute a further example of the changes and stresses which can follow as we 
move, in large measure, to a multi-polar world, a move driven by changing 
economic strengths. Policy-makers, economists, and communities must 
look ahead. The new economic geography will bring new international 
challenges. Building it in collaboration could transform our ability to live 
together in the future.
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Notes
	 1	 Although if carbon absorption becomes excessive, there are serious risks 

of acidification.

	 2	 The CBAM levies a duty corresponding, in principle, to the carbon con-
tent of an import if a corresponding explicit or implicit tax is not paid at 
the origin (for certain goods).

	 3	 Extractive industries will eventually run into rising marginal costs, not-
withstanding technical progress.

	 4	 For example, Influence Map (2022) reported that the oil and gas industry 
in the USA used the Ukraine war to promote long-term expansion policies 
in the sector. The Guardian reported on this lobbying effort, noting that the 
American Petroleum Institute (API) posted a string of tweets calling for the 
White House to ‘ensure energy security at home and abroad’ by allowing 
more oil and gas drilling on public lands, extending drilling in US waters and 
slashing regulations faced by fossil fuel firms (Milman, 2022, paragraph 2). 

	 5	 Economic diversification has long been a sound development strategy in 
countries rich in fossil fuels. 

	 6	 The IRA was, in large measure, rolled back with the passing of the 
so-called ‘Big, Beautiful Bill’ in Congress, signed by the President on 4 
July 2025; the tax credits for renewables and other clean technologies were 
mostly removed. When discussing levelised cost of energy (LCOE) com-
parisons between intermittent renewables and natural gas, it is important 
to note that the comparison does not account for storage or possible grid 
modifications to accommodate renewables in the power system.

	 7	 Currently over 1,000 GW per year (Wood Mackenzie, 2023). And China 
is, per annum, installing around 300 GW of renewable capacity domesti-
cally (S&P Global, 2024). To understand magnitudes here, note that total 
electricity capacity (all sources) in the UK is around 100 GW (Ember, 
2024a) (see also Chapter 9).

	 8	 The Chinese firm Envision, founded by Lei Zhang, an LSE alumnus and 
a donor to the LSE for its Global School of Sustainability, is involved in 
both the Somerset and Sunderland ventures (Campbell and Parker, 2023; 
Owen, 2023). 

	 9	 I was present when he made this observation in January 2025 at the 
World Economic Forum in Davos.

	 10	 See endnote 9.

	 11	 These analyses are broadly consistent with studies by the OECD (2024), 
IRENA (2024), and the ETC (2024). 



9. International action for sustainable 
development: investment, finance, and 
collaboration 

Building sustainable, resilient, and inclusive development for all countries, 
and thereby realising the new growth story across the world, requires 
international collaboration. It must be founded on the Paris Agreement if it 
is to deliver the global action necessary to provide a manageable climate for 
future generations. It has at its core investment and innovation. 

The major increase in global investment necessary will require cooperation in 
creating the conditions for investment and its finance. It is in the self-interest of 
all countries that emissions are reduced across the world, that natural capital is 
protected, and that resilience is created. Investments in clean technologies, infra-
structure, and biodiversity and the environment in one region bring benefits 
across the world both in reducing climate risk and in driving sustainable growth. 

The goal is sustainable development; investment is at the heart of the nec-
essary action; investment requires favourable conditions; and it requires 
finance. That is the logical structure of action and of our argument. Thus our 
calculations of finance are in terms of finance for investment; it is finance with 
a purpose. And the purpose of the investment is sustainable development. 

Finance is of overwhelming importance in realising the investment at the 
urgency and scale which are now necessary, and finance is centre stage in this 
chapter. But other areas of collaboration are necessary too, including in creat-
ing the conditions for investment, in technology and trade, in linking action 
on climate and biodiversity, and in managing the overshooting of 1.5  oC, 
which is now inevitable. 

Global cooperation can be undermined by lack of trust. Restoring the trust 
between developed and developing countries that has been eroded is the sub-
ject of Section 9.1; the section also explores opportunities for leadership from 
emerging markets and developing countries (EMDCs). The investment imper-
ative that underpins the new growth story is set out quantitatively, by geogra-
phy and sector, in Section 9.2. The analysis of necessary investment and finance 
is based on the work of the Independent High-Level Expert Group on Cli-
mate Finance (IHLEG), led by Amar Bhattacharya, Vera Songwe, and me for 
the last four COP presidencies (COPs 26–29), working closely with Éléonore 
Soubeyran. This research is central to the argument of this book. Scaling up 
investment and finance is an imperative to respond effectively to the climate 
and biodiversity crises. And it is also feasible. In so doing, it will deliver a new 
story of growth and development that is a much more attractive path than the 
dirty, destructive models that dominated the past. It is an opportunity.
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Climate now sits at the core of many international agendas – from the UN 
to multilateral development banks (MDBs) to the Organisation for Economic 
Co-operation and Development (OECD). This shared climate threat offers a 
unique opportunity for both constructive action and collaboration; and tack-
ling it together will build trust across divides. A trust that could bring greater 
hope in taking on other crucial challenges and divisions, including in conflict, 
biodiversity, health, and poverty in all its dimensions. International coopera-
tion is required in four key areas:

1.	Mobilising finance: Aligning investment with climate, growth and 
development goals, and financing that investment, discussed in 
Section 9.3.

2.	Technology and innovation: Accelerating clean technology creation 
and diffusion, discussed in Section 9.4.

3.	Natural capital, biodiversity, land, and oceans: Protecting ecosys-
tems and carbon sinks, discussed in Section 9.5.

4.	Managing overshoot: Preparing for climate impacts and potential 
geoengineering, discussed in Section 9.6.

These areas require cooperation to deliver resources at the necessary speed 
and magnitude. Climate policy can no longer be the domain of environment 
ministers alone – it must be embedded in the highest levels of economic and 
political decision-making. Achieving systemic change requires leadership from 
presidents, prime ministers, finance ministers, and economic policy-makers. 
The necessary transformation involves the whole of economy and society. 
And the central issues in this chapter must involve all countries. These ideas 
are drawn together in the final section, Section 9.7, which also offers a crucial 
example for international collaboration. 

9.1 Future foundations: restoring trust and building new 
leadership
Building a global approach to climate action has involved many divisions 
and tensions, particularly between richer and poorer nations. At the heart 
of the divide is fractured trust – rooted in historical injustices, unfulfilled 
promises, and perceived conflicting economic interests. Without addressing 
these tensions, international cooperation will remain fragile. Restoring trust 
requires clear commitments, reliable action, and greater equity in global 
collaboration. 

As the risks of climate change have become reality, particularly for 
EMDCs, and as the opportunities of climate action have begun to reveal 
themselves, we have seen EMDCs step up to take leadership in international 
climate discourse and action. We look at trust and leadership in turn.
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Rebuilding trust

As we saw in Chapters 3 and 4, in recent years, a series of crises have deepened 
distrust in the developing world in relation to the developed. The Covid-19 
pandemic, the continuing effects of the Ukraine war, and the persistent failure 
to deliver on climate finance commitments have reinforced scepticism about 
global solidarity. Developing countries, many already burdened by debt and 
worsening climate impacts, now question whether global commitments are of 
any substance. Without a willingness from wealthier nations to help resolve 
debt crises and foster and deliver promised financing, rebuilding trust will 
remain an uphill battle. Financing, as we have seen, is required for building 
new clean infrastructure and industries, fostering more sustainable agricul-
ture, and protecting and investing in forests. It is necessary for building resil-
ience into capital and activities as the climate changes.

For many developing nations, climate change is not an abstract future 
threat – it is a lived reality. Notwithstanding their small contribution to the 
origins of the problem of climate change, they are hit earliest and hardest 
by rising seas, storm surges, devastating droughts, overwhelming heat, and 
extreme weather events. Yet when disasters happen, financial and technical 
support all too often remain slow, insufficient, and overly complex. Despite 
growing international recognition of responsibility to help with ‘loss and 
damage’, many poorer nations struggle to access funding without navigating 
layers of bureaucracy and conditions that delay assistance. Rebuilding trust 
requires more than financial pledges – it demands fast, flexible, and reliable 
support when disasters strike. 

Geopolitical tensions further complicate international climate action. 
The rivalry between major powers, particularly the USA and China, casts a 
shadow over global cooperation. Both nations have made strides in domestic 
climate policy – China through its rapid expansion of clean technology, the 
USA, until recently, through the Inflation Reduction Act (IRA)1 – but they 
often remain at odds on trade, technology, security, and influence. Such ten-
sions can spill over into climate negotiations. While rivalry and competition 
can drive progress – reducing costs, achieving high quality, and making rapid 
deployment – political hostility also fosters uncertainty and can obstruct 
coordinated action.

Beyond the USA–China dynamic, other global tensions shape climate 
diplomacy. Europe, despite past leadership on climate action, faces internal 
divisions and external trade disputes, particularly with China. India remains 
cautious, with some raising concerns that ambitious climate action could slow 
its economic growth, even as it increasingly recognises the potential of the 
green economy. Prime Minister Narendra Modi’s leadership of the G20 placed 
cooperation and sustainable growth at the centre of discussions, yet India’s 
difficult relationship with China and frequent opposition to trade measures in 
the World Trade Organization (WTO) highlight the underlying tensions that 
complicate international cooperation. At the same time, developing nations 
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are growing more vocal in their criticisms of Western protectionism in green 
industries, as well as China’s dominance in key products such as solar photo-
voltaics (PV) and batteries. 

As we saw in Chapter 8, the transition to clean energy has triggered a race 
for rare earth elements and other critical resources. Such resource competi-
tion raises new geopolitical and economic concerns. China has established 
a dominant position in the processing and trade of many of these materials, 
prompting fears that it could control access to crucial supply chains. Western 
nations are now scrambling to diversify their sources, intensifying economic 
rivalries that threaten to complicate climate cooperation. Some see this jos-
tling for control as ‘quasi-colonial’ positioning for dominance over future key 
international levers by more powerful nations, further straining trust.

These tensions regularly surface in climate negotiations, where perceived 
short-term national interests and strategic geopolitical agendas often over-
shadow long-term environmental goals. Disagreements over the responsibil-
ities of emerging economies versus historically high-emitting nations remain 
contentious, often reflecting deeper geopolitical rifts. Nevertheless, the Paris 
Agreement showed that cooperation is possible when nations recognise their 
shared interests. It was a remarkable achievement in reaching a shared under-
standing that all must act, and demonstrating that trust, though fragile, can be 
built through diplomacy. Multilateralism can succeed where there is a com-
mon understanding of an immense shared threat and the possibility of shared 
prosperity. 

At the top of the list in building trust and supporting the transition in the 
developing world is low-cost and readily accessible finance at the necessary 
scale. Showing how this can be realised is the central purpose of this chapter. 
Restoring trust in international climate cooperation requires more than just 
financial pledges – it demands timely and reliable action. Too often, commit-
ments have been made without effective follow-through, thus fuelling frustra-
tion and disengagement. A new approach to growth and development must 
emphasise partnership and offer and facilitate funding that is structured to 
support and empower, rather than burden, developing nations. 

Fractured trust and perceived conflicting interests are barriers to effective 
global climate action, but they are not insurmountable. Delivery on past com-
mitments and creating mechanisms for accountability and transparency in 
a collaborative spirit are key, and so too is steadiness and longevity of com-
mitment. The transition is not a zero-sum game – it holds the potential for 
shared prosperity if approached with genuine cooperation. Strengthening 
international trust requires a recognition that climate action is not just an 
obligation but an opportunity to reshape the global economy for a sustainable 
future. Governments will change and there will be setbacks. But commitment 
from the public, the private sector, and international institutions can bring 
some stability. Ultimately, the power of the shared threat and the prospects for 
shared prosperity are the main forces that will help the world stay the course 
in a collaborative way. 
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The future of climate leadership

Before the Paris Agreement (2015), many developing countries saw climate 
action as a rich-country responsibility. They feared it would hinder growth, 
development, and poverty reduction. As discussed, especially in Chapters 1 and 
4, that perception is changing. The rising scale and costs of climate impacts, the 
recognition that most of the growth of future emissions will be in EMDCs, and 
the realisation that climate action can drive economic development and growth 
have transformed perceptions and attitudes. EMDCs are exercising real influ-
ence in international governance. For the first time, four consecutive G20 pres-
idencies (2022–2025) have been led by emerging economies: Indonesia, India, 
Brazil, and South Africa. These presidencies have, in large measure, focused on 
sustainable development, with an emphasis on the development opportunities. 
The next G20 presidency in 2026 is scheduled to be the USA.

India’s 2023 G20 presidency focused on sustainable development, climate 
mitigation and resilience, and biodiversity. All this was encouraged by a grow-
ing understanding that tackling climate and biodiversity challenges can be 
central to promoting economic growth. As part of an emphasis on inclusive-
ness, India stressed the importance of enhancing access to financial services 
for underserved populations (G20 India, 2023).2 Brazil’s 2024 G20 presidency 
continued this momentum, prioritising hunger, poverty reduction, and global 
governance reform. Brazil launched the Global Alliance Against Hunger and 
Poverty and called for more ambitious nationally determined contributions 
(NDCs) ahead of COP30, which it will host in 2025. The Global Bioecon-
omy Initiative, a Brazilian-led effort to integrate biodiversity into sustainable 
development, is likely to gain traction at COP30. South Africa’s 2025 G20 
presidency will further advance the priorities of the Global South. 

With a second Trump presidency starting in 2025 in the USA, progress in 
international negotiations involving the USA may be slow. That makes 2025 
a critical window for EMDCs to accelerate their leadership. If any country 
steps back in the international arena, it is likely that others will step forward 
into vacated space, making the most of new opportunities. The path forward 
on climate collaboration depends, in large measure, on whether EMDCs can 
translate their growing influence into tangible financial and policy shifts. Their 
leadership in investment, policy, and global institutions signals an important 
transformation in international climate politics. As the world moves beyond 
fossil fuels, the agenda is increasingly being shaped not in Washington or 
Brussels, but in Beijing, Jakarta, New Delhi, Brasilia, Pretoria, and beyond.

9.2 The investment imperative: what is needed where
Achieving the goals of the Paris Agreement and unlocking the opportunities 
of a new growth story require a strong increase in investment, with urgency 
and scale. Chapter 5 outlined five investment priorities for climate action: 
(a) clean energy transition, (b) adaptation and resilience, (c) funding for 
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loss and damage, (d) preserving, restoring, and investing in natural capital, 
including sustainable agriculture, and (e) a just transition. These investments 
are not just about meeting climate targets – they are fundamental to economic 
growth and progress on the Sustainable Development Goals (SDGs), within 
which the Paris Agreement objectives are embedded. The figures for necessary 
investment are large, in part a consequence of years of delayed action. Had we 
started two decades earlier, the required increase in the rate of investment 
would have been lower. But crucially we must recognise that these are 
investments with high development returns, beyond their fundamental role 
in reducing climate risk. Hesitation now is not an option. This transition is not 
just possible – it is essential. There is both an investment opportunity and an 
investment imperative.

It is important to keep in mind throughout this chapter the basic logic of 
our argument in this book:

1.	The goal is sustainable development as embodied in the Paris 
Agreement and the SDGs. 

2.	The driving force in achieving that goal is investment. 
3.	The conditions for that investment must be created. 
4.	Investment and its components require the right kind of finance on the 

right scale at the right time. 

Let us now look at the extent of the investment and finance that will be 
required and in what categories.

Investment needs by 2030 and 2035

The IHLEG on Climate Finance report for COP29 (Bhattacharya et al., 2024) 
found that these climate-related investments must reach, globally, US$6.3–6.7 
trillion annually by 2030, rising to US$7–8.1 trillion by 2035.3 The calculations 
were based on the investments necessary in the five key areas to achieve the 
goals of the Paris Agreement (including staying well below 2  oC, enhancing 
resilience, and protecting natural capital) aligned with progress towards related 
SDGs, and in the context of a growth path consistent with International Mon-
etary Fund (IMF) projections to 2035. This logic defines our notion of ‘invest-
ment needs’. ‘Climate finance’ is finance associated with the five key areas. Thus 
the numbers on investment and finance in this chapter are deduced from what 
is necessary. They are not some kind of opening bid in a negotiation.

These investments deliver much more than the Paris Agreement narrowly 
interpreted in terms of temperature, resilience, and natural capital. Given 
that the relevant investments will directly influence progress towards the 
SDGs, along with delivery on Paris, it is important to take careful account 
of those effects in analysing necessary investments. The eight directly 
related SDGs are clean water/sanitisation (SDG 6), affordable clean energy 
(SDG 7), decent work and economic growth (SDG 8), industry, innovation, 
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and infrastructure (SDG 9), sustainable cities and communities (SDG11), 
responsible consumption and production (SDG 12), climate action (SDG 13), 
and life on land (SDG 15). It is clear that all eight are directly influenced by 
investments in the areas described. However, indirectly through the processes 
of development and growth, these investments will affect all 17 of the SDGs. 

We should emphasise that for the Paris targets, we should describe a whole 
path of investment and emissions rather than one or two years. Concentra-
tions influence warming and concentrations are shaped by cumulative flows 
of emissions. But by focusing on particular years, here 2030 and 2035, it is 
easier to understand magnitudes and breakdowns. 

Let us now look at these investments in more detail. By 2030, investment 
must flow roughly as follows (Bhattacharya et al., 2024):

•	 US$2.7–2.8 trillion into advanced economies.
•	 US$1.3–1.4 trillion into China.
•	 US$2.3–2.5 trillion into EMDCs (other than China). 

Figure 9.1: Total climate investment needs by economic regions for 2030 
and 2035

Source: Figure 1.1 in Bhattacharya et al. (2024, p. 14). Copyright 2024 The authors. Repro-
duced with permission.
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Figure 9.1 illustrates how investment needs will shift across regions over 
time. By 2035, EMDCs (other than China) will require more investment 
than developed countries – more than double China’s needs.4 With such large 
investment needs, urgent frontloaded action before 2030 is critical to achiev-
ing global climate and development goals. Investment needs are particularly 
strong for EMDCs, which already face disproportionate climate impacts, 
reduced capacity, and barriers to investment in general. Yet, EMDCs (other 
than China) accounted for just 15% of global clean energy investment in 2023 
(International Energy Agency [IEA], 2024a).5 And, though total power sector 
investment in EMDCs (other than China) grew by 12% in 2023, its growth 
rate still lagged behind the 16% average experienced in advanced economies 
and China (IEA, 2024b).

From 2018 to 2021/2, global climate finance more than doubled (Climate 
Policy Initiative [CPI], 2024), reaching a record high of US$1.9 trillion in 
2023, and likely exceeding US$2 trillion in 2024 – equivalent to 1% of global 
GDP (CPI, 2025). However, only 19% of global climate finance from 2018 to 
2022 was in EMDCs (other than China), with developed economies (45%) 
and China (36%) absorbing the majority (CPI, 2024). 

Private investors remain wary of EMDC markets due, in large measure, to 
perceived risks. This drives up borrowing costs and limits investment flows. 
EMDCs face mounting financial pressures as they try to scale up climate 
investment, as many already struggle with high debt, inflation, and unstable 
currencies. Climate change is worsening their economic vulnerability, with 
extreme weather events pushing them deeper into financial distress. Rising 
interest rates further limit their access to capital markets, forcing them 
to delay much-needed projects. Without purposive action, the financial 
imbalance in climate investment between developed and developing nations 
will remain severe.

Categories of investment needs: mitigation, adaptation, and more

Mitigation attracted over 90% of global climate finance in 2023, predom-
inantly in energy and transport, as measured by Climate Policy Initiative 
(CPI) (2025). The United Nations Environment Programme (UNEP) (2023a) 
estimates that adaptation investment requirements in developing countries 
are 10 to 18 times higher than the flow of international public adaptation 
finance in 2021. Funding for loss and damage remains even more inadequate, 
covering less than 0.2% of projected needs by 2030 (Lowy Institute, 2024). 
Table 9.1 breaks down global annual investment needs and those of EMDCs 
(other than China) by 2030 in the five key areas identified – see also Chap-
ter 5. The importance of integrating mitigation, adaptation, and development 
was stressed in Chapters 2 and 5, and it is not always easy or sensible to try to 
distinguish mitigation investments from adaptation. Nevertheless, the gross 
inadequacy of adaptation and loss and damage should be clear from these 
numbers. 
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Table 9.1: Key climate investment needs by 2030

Note: Figures from Bhattacharya et al. (2024), unless otherwise cited. 
Source: Author’s elaboration.

Investment 
area

Key insights Annual invest-
ment needs by 
2030

Clean energy 
transition

Clean energy investment6 is concentrated 
in advanced economies and China: 70% 
of global solar and wind resources lie in the 
Global South (excluding China) (Singh and 
Bond, 2024), yet they accounted for only 
10% of the growth in clean energy invest-
ment from 2015 to 2024 (IEA, 2025). Africa 
received only 2% of global clean energy 
investment in 2023 (IEA, 2023b).

Global: US$4.8 
trillion

EMDCs (other 
than China): 
US$1.6 trillion

Adaptation 
and resilience

Many EMDCs face large adaptation invest-
ment needs. Lack of investment in this area 
threatens decades of development progress.

Global: US$0.59 
trillion

EMDCs (other 
than China): 
US$0.25 trillion

Loss and 
damage

Rising climate-related disasters are causing 
escalating economic and non-economic 
losses, particularly in EMDCs.

Global: US$0.63 
trillion

EMDCs (other 
than China): 
US$0.25 trillion

Natural 
capital and 
sustainable 
agriculture

Nature-based solutions (NbS),7 such as 
reforestation and sustainable farming, 
reduce emissions and strengthen bio-
diversity, food security, and economic 
resilience.

Global: US$0.4 
trillion

EMDCs (other 
than China): 
US$0.3 trillion

Just transition The shift to low-carbon economies must 
embody support for communities and work-
ers impacted by the transition.

Global: US$0.07 
trillion

EMDCs (other 
than China): 
US$0.04 trillion
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The clean energy transition constitutes the largest category of investment needs. 
By 2035, EMDCs (other than China) will account for nearly half of the increase 
in clean energy investment needed to meet global climate goals. Currently, much 
of the clean energy investment of EMDCs (other than China) is concentrated 
in larger economies like India and Brazil. Sub-Saharan Africa receives the least 
investment, despite its large potential for renewable energy. It attracted only US$13 
per capita in energy transition investments during 2020–2023; this is 40 times less 
than the global average (International Renewable Energy Agency [IRENA], 2024). 
These nations, experiencing rapid population and economic growth, face rising 
energy demand and must build sustainable energy systems from the ground up.

Adaptation remains critically underfunded, reaching US$76 billion in 2022 
globally, which is still grossly insufficient and represents only 5% of total 
climate finance (CPI, 2024).8 This figure then decreased to US$65 billion in 
2023 – the most recent year for which data are available (CPI, 2025). Some 
estimates suggest that adaptation finance flows to developing countries must 
increase by a factor of four (Global Centre on Adaptation and CPI, 2024). Yet 
the Country Climate and Development Reports (CCDRs) show that many 
high-return investments focused on resilience struggle to secure funding 
(World Bank, 2023). A recent report estimated that, on average, the benefits 
of ‘the right adaptation measures’ can outweigh costs by a ratio of 10:1 (Swiss 
Re, 2023). Previously, the Global Commission on Adaptation (2019) found 
that the benefit–cost ratio on investments in improved resilience ranges from 
2:1 to 10:1; in other words, the Global Commission on Adaptation argued that 
US$1 spent on adaptation can yield net economic benefits of US$2–10. These 
benefits accrue from decreased risks and losses and from the greater innova-
tion and productivity resulting from strengthened resilience and reduced risk. 

Sound adaptation is always good development (CPI, 2023b). However, whilst 
some adaptation investments can be profitable and attract private investment, 
there are also many adaptation investments that are not financially attractive to 
private sector investors due to difficulties in capturing returns. For example, flood 
control across a city or region can deliver great benefits to the public as a whole 
in that city or region while not necessarily directing financial returns to a private 
investor. Many adaptation projects imply large upfront costs with long payback 
timeframes, hindering private flows. In the period between 2019 and 2022, less 
than 3% of global adaptation efforts have been financed by the private sector 
(Global Centre on Adaptation and CPI, 2023). Thus, many adaptation invest-
ments will have to be made by governments and public organisations, although 
pressure on public resources is usually intense, especially in developing countries. 
These challenges of finance emphasise the importance of identifying and pursu-
ing projects which integrate development, mitigation, and adaptation.

Loss and damage costs are also escalating rapidly and will rise sharply as climate 
risks escalate. In 2022, EMDC economies lost over US$109 billion from major 
climate events alone, excluding non-economic impacts (Richards et al., 2023). 
The Vulnerable Twenty (V20) – a group of 74 countries particularly exposed to 
climate change – reported that 55 of its members lost US$525 billion between 
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2000 and 2019 due to climate change’s effects on temperature and precipitation 
patterns (V20, 2022). The establishment of the Loss and Damage Fund at COP27 
was a step forward, but funding remains far below the growing needs of vulnera-
ble nations. A combined total of US$792 million has been pledged by 19 nations 
to the Fund, but this represents less than 0.3% of the expected loss and damage 
costs by 2030 (Bhattacharya et al., 2024).

Investments in natural capital and sustainable agriculture offer great oppor-
tunities for growth, emissions reductions, and biodiversity. Although 90% of 
the global investment opportunity in nature conservation lies in developing 
countries, 80% of nature finance flows to developed economies (Bhattacharya 
et al., 2023). This is another example of broad inefficiencies and inadequacies 
in climate finance – imbalances in volume, sectoral allocation, and financial 
instruments. The challenge is not just about increasing funding but also about 
restructuring where and how it flows. 

Fostering a just transition as countries shift to low-carbon economies will 
involve addressing the social and economic impacts of the transition, particu-
larly dislocations of activities in regions dependent on fossil fuel industries. 
Relative prices will change and households will need to make new invest-
ments, for example in heating/cooling and in transport. Policies to protect 
poorer groups in the transition will be crucial to both tackling injustice and 
sustaining political support, as we have discussed in Chapter 6. 

Figure 9.2 describes the requirements across the five priority areas for EMDCs 
(other than China). We must be clear on two points regarding these numbers. 
First, funding for mitigation and the energy transition must increase strongly. 
Second, the very weak adaptation funding is not an argument for reducing mit-
igation funding. If that happened, development opportunities would be lost and 
the challenges of adaptation would be far bigger in the future. The expansion of 
funding for mitigation and the energy transition should occur alongside even 

Figure 9.2: Investment/spending requirements for climate and 
sustainable development in EMDCs other than China (US$ billion per 
year by 2030, increment from current in parentheses)

Source: Figure 1.3 in Bhattacharya et al. (2024, p. 17). Copyright 2024 The authors. 
Reproduced with permission. 
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greater proportional growth in funding for adaptation and resilience, loss and 
damage, and nature. We must avoid falling into the trap of setting mitigation 
and adaptation investment against each other. So many investments advance 
both mitigation and adaptation. Thus it is much better to say, for example, that 
at least 50% of investments should have a strong adaptation element than to say 
adaptation and mitigation investment should be 50:50. Second, in the design 
and delivery of climate action, mitigation, adaptation, and development should 
be integrated. To separate out the three activities is an analytical mistake. And 
it is a practical mistake because separating radically different budgetary and 
administrative measures could disrupt that integration.

Accelerating investment: the urgent need for transformation

The investment push is not just about climate action – it is about economic 
transformation. Many EMDCs have a chance to leapfrog outdated energy 
models and move directly to clean power. But seizing these opportunities 
requires immediate, large-scale investment and the creation of enabling envi-
ronments for these investments. Accelerating that investment must start now. 
Delaying action will drive up future costs. The longer we wait, the steeper and 
more expensive the transition will become. Investments made before 2030 
will be powerful determinants of whether we can achieve a smooth, manage-
able shift to a low-carbon global economy. We are already compressing into 
20 years action which could have been taken over 40 years if we had started 
20 years ago, when it was already obvious we had to act (see, e.g., Stern, 2006). 
Further delay or hesitation will make the transition still more difficult. 

9.3 Mobilising finance: international collaboration
Climate finance9 must expand dramatically to meet the urgent need for 
investment, particularly in EMDCs (other than China). The requirements for 
climate investment were discussed in Chapter 5 and set out in Table 9.1 and 
Figures 9.1 and 9.2. The EMDCs will drive future economic growth and emis-
sions reductions, and they have growing adaptation needs as the threats from 
climate change grow ever more severe. Yet, their needs for climate finance 
remain severely underfunded. Without decisive international action, the gap 
between their financial needs and available resources will continue to widen.

We must emphasise again that the purpose of the finance is for investment 
and that the purpose of the investment is for sustainable growth. That is the 
logic of our analyses. The finance we calculate is not some kind of compensation 
or bill that is due  from the rich countries. It is finance necessary for delivery on 
Paris and achieving sustainable growth in the EMDCs (other than China) from 
which the whole world will benefit. At the same time, given the polluting past 
of the rich countries, their wealth, and their self-interest, there is, in the view of 
many – including me – a moral obligation to generate this support. 
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Macroeconomic and fiscal policies shape how nations allocate resources, foster 
investment, and drive economic growth. In today’s interconnected world, no 
economy operates in isolation. A global response to climate change demands 
strong international cooperation, particularly in aligning financial systems with 
sustainability goals. The United Nations Framework Convention on Climate 
Change (UNFCCC) remains the primary platform for global climate agreements. 
However, the UN lacks financial resources and acts more as a political vehicle for 
the creation of agreements than as a direct investor in climate action. Nevertheless, 
it plays a key strategic role in setting direction and fostering collaboration. But, 
the real core and drivers of international public action for climate finance are the 
G20, MDBs, and central banks. They can generate and shape investment flows 
and reduce the financial risks of climate action. In so doing their relationships 
with the private sector are key. Indeed, it is the partnership of the private sector 
with the official public flows which provides the overall total and structure of the 
international flows. Private sector investment and its finance are at the heart of 
the story of transformation, both domestic and international. 

The G20, MDBs, and central banks, working with development finance 
institutions (DFIs), form the backbone of the public part of the global finan-
cial system. They influence the flow of private capital, public capital, debt 
relief mechanisms, and the policy frameworks that determine whether coun-
tries can successfully finance the transition to a low-carbon economy. They 
also play a crucial role in shaping the conditions for investment.

Identifying and quantifying the financing pathways

Mobilising the trillions needed for climate action requires a fundamental shift in 
global finance. Finance must be available at scale, accessible to developing econ-
omies, and structured to be predictable and affordable. What is needed is the 
right kind of finance, on the right scale, in the right place, at the right time. The 
EMDCs (other than China) embody both the greatest challenges in financing and 
the most significant opportunities for transforming emissions, development, and 
poverty reduction – as we have consistently argued in this book. 

Creating a new framework for climate finance for EMDCs (other than China) 
should be top of the agenda for climate action. The financing requirements are 
set out in Figure 9.3. The flows of the different kinds of capital combine to form 
the overall total. The disaggregation into different types of finance is based on 
the different kinds of investment. For example, much of the finance for elec-
tricity generation would be private but most of adaptation would be public. 
The numbers in Figure 9.3 indicate that, to achieve the trillions needed, exter-
nal sources of finance for private sector investment must grow 15-fold, MDB 
financing must triple, and concessional finance must increase 14-fold. These 
numbers are daunting, but they are feasible. Failure on any major scale would be 
catastrophic. Without intervention to foster investment and bring the necessary 
finance, developing economies will remain trapped in a cycle of underinvest-
ment, worsening climate impacts, and mounting financial instability.
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Scaling up finance requires a coherent strategy that blends four key sources: 
domestic resource mobilisation (DRM) (public and private), international 
private, MDB and development finance institutions (DFIs), and concessional 
finance. These are in rank order of magnitude. Each plays a distinct but com-
plementary role in managing and reducing risk and enabling the right capital 
to reach where it is needed. It is a mistake to look only at the aggregate num-
bers. How the components combine and complement each other is critical 
to generating the different types and scale of finance needed for the different 
types and scale of investment.

The breakdowns in Figure 9.3 should not be interpreted with excessive pre-
cision. It is the order of magnitude of total investments to be financed and 
the rough breakdowns of the components which matter. Thus, we can think 
of something around US$2.4 trillion for the total and 60% domestic. Of the 
external of around US$1 trillion, we should have around a half private, a quar-
ter MDB and DFI, and a quarter concessional. What matters is the overall scale 
and how the different elements fit together and mutually support each other.

DRM remains the bedrock of climate finance, accounting in 2022 for about 
70% of current flows of finance in the areas under examination here. In Figure 
9.3 we have domestic financing at US$1.4 trillion annually by 2030. As a 
proportion of the total of US$2.4 trillion, that would be around 60%, a little 
lower than the current 70%. We made the assumption of 60% given the scale 
of the expansion and the public nature of some of the relevant investments. 
Achieving the expansion of DRM will require strong and purposive action. 
Such action will reduce perceived risk and boost investor confidence. 

Figure 9.3: Mobilising the necessary financing for EMDCs other 
than China (US$ billion per year by 2030, increment from current in 
parentheses) 

Note: *Includes household savings. **A significant proportion of this private finance 
would be directly and indirectly catalysed by MDBs, other DFIs, and bilateral finance. 
***Includes multilateral climate funds. 
Source: Bhattacharya et al. (2024, p. 5). Copyright 2024 The authors. Reproduced with 
permission. 
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Key measures for public revenues include raising tax revenues, implement-
ing carbon pricing, and phasing out fossil fuel and other toxic subsidies. On 
the private side the challenge is to increase the scale and availability of private 
saving, including by expanding domestical capital markets.10 Strong interna-
tional cooperation is essential to support capacity building in tax design and 
administration. The arrival of digitisation and more sophisticated IT systems 
(such as Aadhaar or the system of Unique Identification Numbers in India) 
in many countries will be an important aid to the process of increasing both 
public and private DRM. These new systems can expand the tax base, reduce 
evasion, and improve compliance. And they can provide a reliable informa-
tion basis which can help underpin private markets. Strengthening tax sys-
tems, expanding digital finance, and developing local capital markets can 
reduce reliance on volatile foreign capital. And strong DRM can reduce per-
ceived risk and attract more stable foreign flows, private and public.

In terms of external private finance, EMDCs (other than China) will require 
US$1 trillion in external finance annually by 2030 to meet their US$2.4 tril-
lion total investment needs, about half of which will have to be contributed 
by private finance.11 Mobilising this level of private finance requires a 15- to 
18-fold increase in external private finance flows from 2022 levels, which 
hinges on enhancing project bankability and reducing the cost of capital. 
These will, in turn, be powerfully influenced by expanding the role, including 
financial flows, of MDBs, through MDBs forging closer relationships with the 
private sector, taking more risk, and becoming easier to work with – in other 
words, Better, Bolder, and Bigger.12 

Private sector (both domestic and external) involvement will be crucial 
in a number of activities, particularly in energy, transport, and industrial 
decarbonisation. However, investors hesitate due to concerns over project risk, 
including around development, execution, and revenue; perceived country risk; 
currency volatility and overall political instability; and policy uncertainty. To 
overcome these barriers and concerns, governments will need clear investment 
roadmaps and regulatory stability in the context of a generally possible investment 
climate. Public–private partnerships, credit guarantees, and structured contracts – 
such as power purchase agreements (PPAs) and feed-in tariffs (FiTs) – can create 
confidence in stable revenue streams for renewable energy projects, making them 
more attractive to investors. Insurance mechanisms, currency hedging facilities, 
and blended finance structures can further reduce financial risks. 

MDBs play an absolutely central role. They can support the host govern-
ment in creating the conditions for investment including the strategic direc-
tion and consistent programmes which are crucial for investor confidence. 
Some of this will be through the development of country platforms which 
provide guidance on and structures for direction of travel, coordination, and 
the ability to deal with problems as they arise. 

They also, and critically, through their financial instruments help reduce, 
manage, and share risk, bringing down the cost of capital and facilitating both 
private and public investment. And their presence itself in strategies, pro-
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grammes, and projects gives confidence to potential investors on consistency 
and clarity of policy. We emphasised the importance of policy clarity in Chapter 
6. Governments are a key source of policy risk and the presence of an MDB 
reduces that risk. The role of the MDBs is discussed further later in this section.

Bilateral climate finance provided through Official Development Assistance 
(ODA) from advanced economies has played an important role in the broader 
climate finance system. Though a relatively small component of overall flows, it is 
critical for supporting important investments, particularly in areas where private 
sector investment is likely to be limited. Investments that may be of real value but 
do not easily generate direct revenue returns will require finance with little or no 
debt service. ODA can also help by providing guarantees to other lenders; this 
can greatly reduce the price of capital that those other lenders require for their 
participation. As part of a combination of sources with low- or zero-debt service, 
ODA contributions should at least double from their 2022 level of US$43 billion 
annually. Amongst priorities for use should be investment in adaptation and resil-
ience, and tackling loss and damage. Nevertheless, for the first time in six years, 
in 2024, ODA from official donors (Development Assistance Committee [DAC] 
member countries) decreased (by around 7%) in real terms compared to 2023 
(Organisation for Economic Co-operation and Development [OECD], 2025a). 
Further reductions are expected in 2025 relative to 2024 (OECD, 2025b).

Further sources of low- or zero-cost finance will be necessary to meet the scale of 
action required, particularly in relation to projects or programmes which struggle 
to create revenue flows or where guarantees or other risk sharing is needed. Given 
the limited prospects from ODA, innovative financing mechanisms will likely be 
needed. Voluntary carbon markets (VCMs) offer one potential source. VCMs 
could be more effective if they shifted from projects to programmatic funding. A 
major company, for example, could fund a fraction of a large initiative, aligning 
with national development strategies. Such an approach would allow these flows 
to be integrated into development planning and financing. And the counterfactu-
als which are necessary for VCMs would be more easily established. For example, 
on a project VCM, say for stopping deforestation, it is possible that the project 
simply shifts deforestation to another location. In a programmatic initiative it is 
easier to compare directly with a business-as-usual counterfactual. 

Levies on high-emitting activities such as aviation and shipping could gen-
erate substantial revenue. The Global Solidarity Levies Task Force, launched at 
COP28, is exploring international taxation options, with proposals expected 
by COP30 in late 2025. They are examining, inter alia, possibilities for taxa-
tion of maritime and aviation activities. These are emitting activities, largely 
international, which are for the most part not subject to international taxa-
tion. They therefore fit well as tax bases for this global public good.

Concessional finance remains indispensable for adaptation and resilience, 
loss and damage, natural capital, and just transitions – areas where private 
capital is scarce. The Amazon Fund demonstrates how grant-based financing 
can support forest conservation and sustainable livelihoods. It is financed 
mainly through donations from countries, with Norway and Germany being 
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the largest contributors. These funds are given based on Brazil’s efforts to 
reduce deforestation. Similarly, blue bonds – such as the Seychelles’ Blue 
Bond, issued with World Bank support – finance sustainable fisheries. 
Expanding these instruments can mobilise private and institutional investors 
while maintaining a focus on long-term sustainability.

Finance within the EMDCs, sometimes called South–South cooperation, 
could generate substantial low- or zero-cost flows. China and some fossil-
fuel-rich countries are already moving in that direction. China launched the 
Belt and Road Initiative in 2013. In recent years it has increasingly shifted its 
activities toward low-carbon development. The United Arab Emirates (UAE) 
initiated funding for green energy in 2013, including via the Abu Dhabi Fund 
for Development. Following COP28 in Dubai it initiated Alterra, the world’s 
largest private climate investment fund. 

Progress is emerging in international climate finance, with initiatives such as 
the COP28 Global Climate Finance Framework working to coordinate efforts. 
However, major obstacles remain. There is only slow progress in tackling high 
capital costs in EMDCs and weak private capital flows. Overcoming these chal-
lenges requires coordinated global action, including reforms to MDBs, stronger 
bilateral commitments, and new low-cost finance sources in order to unlock the 
required scale of financing​. For the necessary scale and transformation, interna-
tional financial institutions (IFIs), MDBs’ shareholders, and private sector actors 
must work together. Deepened collaboration and coordinated leadership within 
the group of MDBs will be necessary to expand their role on the scale necessary in 
de-risking investments, lowering borrowing costs, and attracting private capital. 
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The pace, scale, and composition of climate finance necessary for EMDCs 
is fairly clear. The challenge now is building international action from a low 
starting point and at the speed required. 

Building international action and climate finance: the COPs and 
the goals 

COP29 in Baku (November 2024) was designated as the ‘finance COP’. A key 
objective was the agreement of a New Collective Quantified Goal (NCQG) to 
replace the US$100 billion per annum commitment. This commitment origi-
nated in COP15 in Copenhagen (2009), became a commitment by developed 
countries at COP16 in Cancún (2010), and was reaffirmed at COP21 in Paris 
(2015). However, it was achieved only in 2022, two years later than promised 
(2020). See Figure 9.4 for a timeline on finance commitments at the COPs. 

It is important to recognise that the US$100 billion per annum initiated at 
COP15 was a negotiated figure in contrast to the deduced figures in this chap-
ter. Meles Zenawi (Prime Minister of Ethiopia and speaking for the African 
Union) and I (as an independent friend of Meles) negotiated this with Mike 
Froman and Hilary Clinton, representing the USA. The need that Meles and I 
calculated was much higher and was focused on public flows. The final nego-
tiated language described the flows as ‘public and private’. 

The framework for COP29 negotiations was based on the report titled Rais-
ing Ambition and Accelerating Delivery of Climate Finance (Bhattacharya et al., 
2024), produced by the IHLEG on Climate Finance. The outcome from Baku 
was mixed. The fact that agreement was reached was of real importance, since 
failure could have undermined the whole Paris framework. However, the 
agreement which was reached fell short of requirements in two major ways: 

1.	It focused on 2035 instead of 2030, despite the need for immediate 
acceleration.

2.	The agreed NCQG falls short of the financing necessary to meet 
climate and development targets as described in this chapter.

Raising Ambition and Accelerating Delivery of Climate Finance (Bhattacha-
rya et al., 2024) estimates that EMDCs (other than China) need around 
US$1.3 trillion annually in external financing by 2035.13 However, the 
NCQG – intended to define the portion of finance attributable to developed 
countries – was set at just US$300 billion per year by 2035, as shown in 
Figure 9.4. Based on the COP29 calculation framework (which was not the 
same as that adopted for the US$100 billion calculations), this figure would 
have been at least US$500 billion per annum.14 For a deeper analysis of these 
financing gaps, see Bhattacharya et al. (2024). Although there have been 
steps forward, leaps are needed. 
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The roles of the key actors

Amongst the international ‘G’ groupings, it was the G7 who first addressed climate 
policy in 2005 under UK Prime Minister Tony Blair. The weak interest and progress 
at that meeting led to the launch of The Economics of Climate Change: The Stern 
Review by PM Blair and Chancellor of the Exchequer (Finance Minister) Gordon 
Brown. The Chancellor, the PM, and I took the view that the slow progress and 
the lack of interest on the part of prime ministers and presidents at that meeting 
were in large part the result of the absence of a clear economic analysis of the 
necessity for action and what action would entail. This was in contrast with strong 
progress on Africa at that meeting, with its agreement to double aid for Africa 
between 2005 and 2010 (which was largely achieved). That progress was built on 
the report for the G7 titled Our Common Interest, which I led, and a very effective 
campaign, ‘Make Poverty History’, led by Bono and Bob Geldof. 

It took much longer for the G20 to engage. However, recent G20 presidencies 
– including India in 2023, Brazil in 2024, and South Africa in 2025 – have placed 
sustainable development, biodiversity, and green finance at the forefront, as noted 
in Section 9.1. The G20 plays an important role in climate discussions, representing 
economies responsible for around 80% of global GDP and of greenhouse gas 
(GHG) emissions. Unlike the UNFCCC, however, the G20 excludes many of the 
world’s poorest and most climate-vulnerable nations. India made an important 
step in 2023 by securing permanent African Union membership within the G20. 
The UNFCCC, which includes nearly all countries, is a place where the poorest 
countries can be heard. And, as we saw in Chapter 1, they did indeed play a strong 
role in the Paris Agreement. But the UNFCCC, for most countries, involves 
environment ministers rather than finance ministers. The UNFCCC can point to 
the need for resources, but it is not an effective place to mobilise resources.

At the national level, finance ministries and central banks are increasingly 
embedding climate considerations into their core functions and collaborating 
internationally in these tasks. The Coalition of Finance Ministers for Climate 
Action, whose work was introduced in Chapter 4, exemplifies this shift. Both 
the Grantham Research Institute on Climate Change and the Environment 
at the LSE and the World Bank have supported its creation, providing a global 
platform for finance ministries to exchange experiences, share best practices, and 
integrate climate action into fiscal policies.15 Finance ministries are now central 
players in climate policy. It is these ministries that determine and influence tax 
structures, investment incentives, and national spending priorities. Their growing 
commitment reflects the recognition that climate action can drive sustainable 
economic growth, boosting resilience, productivity, and long-term prosperity. 
And it is a major source of potential instability and risk. As more countries embed 
climate considerations into financial strategies, momentum for systemic change 
is advancing. There will be setbacks for this type of collaboration, such as Donald 
Trump’s second presidency, but the direction of travel is clear.

Central banks and financial regulators are beginning to recognise climate 
change as a systemic financial risk. Mark Carney as Governor of the Bank of 
England was an early leader with his speech in September 2015 on ‘the tragedy 
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of the horizon’, in which he pointed out and analysed the links between climate 
change and financial stability. This helped establish the Network for Greening the 
Financial System (NGFS).16 The IMF has been, under the leadership of Manag-
ing Directors Christine Lagarde and Kristalina Georgieva, incorporating climate 
considerations into macroeconomic assessments and lending programmes. 

Climate-related financial risks – including extreme weather disruptions, 
stranded assets, and volatility in fossil fuel markets – pose major threats to eco-
nomic stability. Many EMDCs already face crippling debt burdens, high inflation, 
and capital flight. Rising interest rates have further constrained their ability to 
invest in clean energy and adaptation, and nature projects. The IMF has a key 
role in helping stabilise debt-stricken economies and facilitating sustainable fiscal 
policies. Whilst many central banks at the national level are moving in that direc-
tion, there remains pushback from ‘institutional fundamentalists’ who insist that 
central banks and the IMF should both have narrow mandates and interpret them 
in narrow ways – thus to exclude, in this case, climate issues. That is very strange, 
in my view, when part of the rubric is financial stability and climate change can 
have powerful effects on financial stability (see also Chapters 7 and 10).

International accounting conventions on the treatment of risk and capital 
dominations and requirement can cause real problems. As we saw in Section 
6.4, the Basel rules – a set of banking standards designed to underpin interna-
tional banking system stability – can inadvertently discourage lending to sec-
tors that are crucial for the energy transition. Climate-aligned investments, par-
ticularly in EMDCs, are often classified as high risk under existing regulatory 
frameworks, which means banks must hold more capital to support such loans. 
This makes these investments less attractive. Conversely, climate-related risks 
of carbon-intensive assets tend to be underpriced under Basel Pillar 1, creating 
incentives for financial institutions to continue financing existing activities that 
are misaligned with climate goals, or to support new investments that contribute 
to carbon lock-in (Kammourieh and Songwe, 2024). The result is a structural 
mismatch between financial regulation and climate investment needs, creating 
another barrier to scaling climate finance where it is most urgently needed. 

Centrality of MDBs

Most importantly, it is the MDBs that are at the core of turning climate oppor-
tunities and commitments into real investments. They can provide finance at 
rates close to market benchmark rates; help manage, share, and reduce financial 
risks; and help attract private sector investment, particularly in clean energy, infra-
structure, nature, and climate adaptation. Some have already taken steps toward 
greener portfolios. In 2020, the European Bank for Reconstruction and Develop-
ment (EBRD) pledged to allocate over 50% of its total annual investment to green 
projects by 2025 – a goal it achieved in 2021, four years ahead of schedule, and 
matched in subsequent years (EBRD, 2023). The Asian Development Bank (ADB) 
committed US$100 billion in climate finance from 2019 to 2030 (ADB, 2021). The 
World Bank’s Climate Change Action Plan (2021–2025) set a target of 45% climate 
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finance across its total lending portfolio (World Bank, 2021). Notwithstanding 
Trump’s second presidency and the fact that the USA is the largest shareholder, I 
hope the World Bank will continue to make efforts to demonstrate that pursuing 
resilient and low-emission growth is in the interest of all clients. That is indeed what 
this book and the work of the World Bank itself have shown. Other MDBs with 
zero or small US shareholding can expand with fewer concerns about the position 
on climate of the current US administration. For example, the Asian Infrastructure 
Investment Bank (AIIB), the European Investment Bank (EIB), the New Devel-
opment Bank (NDB), the Islamic Development Bank (IsDB), and Development 
Bank of Latin America and the Caribbean (CAF) have zero US shareholding. 

The financing capacity of the MDBs as a whole should at least triple by 2030,17 
and quadruple by 2035 (Bhattacharya et al., 2024) for delivery on Paris (as 
explained above). These are the implications of the finance numbers presented in 
Table 9.1 and Figure 9.2. As emphasised above, private finance can be scaled up 
through innovative risk-sharing mechanisms, credit enhancements, and regula-
tory reforms. Domestic financial systems in EMDCs will need to be strengthened 
to attract long-term domestic institutional capital​, a crucial element of DRM. In 
so doing, external capital will also be attracted. There is a great deal the MDBs can 
do here in helping build the local investment climate and reduce country risks, 
thus expanding both DRM and external flows, both private and public. A range 
of financial instruments – including equity, guarantees, long-term flexible loans, 
and so on –should be part of the package the MDBs bring. 

The MDBs’ leverage makes them extraordinarily cost-effective – every US$1 
of paid-in capital is multiplied several times through their balance sheets, gen-
erating far greater financing than direct government spending. Their financial 
structure relies not only on paid-in capital from member countries, but also 
on callable capital, which member countries commit to provide in the case 
that regular capital is insufficient. Historically, this capital is not called upon 
and serves instead as a critical guarantee against which MDBs can borrow 
in international markets. Combined with the MDBs’ strong credit ratings, it 
allows the MDBs to borrow at very low rates, meaning every dollar of paid-in 
capital is leveraged to generate many more dollars in lending capacity. 

In 2021, the G20 (under the Italian presidency) commissioned an independent 
review on capital adequacy frameworks for the MDBs (the G20 CAF review). In 
its report published in 2022, it recommended that they expand their lending – 
meaning greater leveraging of their capital – to sustainably increase funding for 
global development (see G20 Italy and G20 Indonesia, 2022) and showed how 
MDBs could work their balance sheet harder. Combining these insights with its 
own work, the G20 MDB report of 2023 (commissioned under the G20 presi-
dency of India) recommended a tripling of MDB financing flows (also see below). 

Further, in the two Triple Agenda reports (see Singh and Summers, 2023a, 
2023b), it was argued that a tripling of MDB financing from pre-Covid levels, 
from around US$100 billion to US$300 billion per annum, could be achieved by 
more efficient use of their balance sheets (as recommended by the CAF Review, 
see G20 Italy and G20 Indonesia, 2022), combined with greater use of guarantees 
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and other instruments, plus an extra US$60 billion of paid-in capital. Progress by 
the MDBs in the past couple of years has been strong in relation to these projec-
tions, but nevertheless the extra US$60 billion in paid-in capital is still needed to 
achieve the sustained tripling of annual lending (personal communication from 
those working on the calculations for the Triple Agenda reports). To illustrate the 
power of the leverage, if countries paid in US$10 billion a year over 5–10 years, 
that would be around US$500 million a year for a country with a 5% share, such 
as the UK. That would allow, with the CAF measures, a tripling of their financing, 
from around US$100 billion per annum to around US$300 billion per annum.

The MDBs can help improve investment conditions by providing policy-
based financing that strengthens macroeconomic stability and institutional 
reforms. The value of the MDBs is particularly evident in their ability to 
de-risk private investment. A clear example is the World Bank’s Scaling Solar 
programme in Zambia, which combined concessional loans, government-
backed guarantees, and private sector participation to deliver record-low solar 
tariffs. Private long-term investment projects in the African energy sector face 
interest rates that are far higher than for comparable investments in richer 
economies and in China; using project surveys the IEA estimates differences 
in the debt cost of capital of some 5–6% for South Africa (IEA, 2023a), and 
credit margins reported by the World Bank would suggest that the gap can be 
upwards of 20% in some other African countries. Finance and support from 
MDBs can radically reduce the interest gap, based not least on the fact that 
the credit history of African infrastructure projects has been, across many 
countries, broadly comparable to that in richer economies (GEMs, 2025).

It is important to recognise that the MDBs will have to work in all EMDCs 
(other than China). Major infrastructure investments will take place in mid-
dle-income countries in the coming two decades. If they are high-carbon, the 
implication for poorer countries, particularly in Africa, would be devastating. 
At the same time the poorest countries have great need for building resilience 
and capital to leapfrog onto a clean development path. Thus an emphasis on 
overcoming world poverty implies investment in all these countries and not 
just in those that are currently the poorest.

In 2023, the G20 Independent Expert Group (IEG),18 chaired by N.K. Singh 
and Larry Summers, called for MDBs to adopt a ‘triple mandate’: end extreme 
poverty, drive shared prosperity, and support global public goods (Singh and 
Summers, 2023a). As noted, it recommended a tripling of MDB financing by 
2030 and continuing to expand beyond that. Meeting global development and 
climate goals will require an additional US$3 trillion per year in EMDCs (other 
than China) by 2030 – an additional US$1.8 trillion for climate investments and 
US$1.2 trillion for broader SDG targets like health and education. The second 
report of the Singh–Summers IEG (October 2023) was Better, Bolder, and Bigger 
(Singh and Summers, 2023b). The ‘bigger’ means expansion; the ‘bolder’ means 
the MDBs taking more risk and working more closely with the private sector; and 
the ‘better’ means better functioning of the MDBs as a group and making them-
selves much easier to work with. 
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Beyond strictly financial support, the MDBs and other international institu-
tions can step up to provide technical assistance and capacity-building in support 
of climate policy in EMDCs. By leveraging the global networks within which 
they operate and experiences from other countries, they can assist in developing 
national climate action plans, improving regulatory frameworks, and integrating 
climate considerations into economic policies. Often, attractive projects are there 
in abundance but are stymied by obstacles and impediments to getting things 
done, for example via red tape, corruption, or difficulty with the acquisition of 
land and with connections to and availability of infrastructure. The MDBs can 
play a key role in facilitating knowledge sharing, providing data-driven insights, 
and supporting the adoption of innovative technologies and sustainable prac-
tices. Non-finance support can be highly complementary to ramping up financ-
ing in the most effective and targeted ways. For all these reasons the multilat-
eral financial institutions are critical to the scale and composition of the finance 
which is necessary. While some international financial mechanisms show move-
ment and promise, a far greater sense of urgency is needed. 

The MDBs, as emphasised, have a particular role in relation to risk. In 
understanding how to help in dealing with risk, it is useful to distinguish three 
elements: risk reductions, risk management, and risk sharing. We can explain 
through the example of wildfire. Risk of fire is reduced by care with barbecues 
and cigarette ends. Fires are managed through fire services and infrastructure 
of water availability. Risks are shared via insurance. Action on all three together 
can unlock investment at scale by substantially reducing the costs of finance. 
For example, government-backed PPAs in renewable energy provide long-
term revenue confidence and reduce  risk, thus attracting capital and reducing 
its cost. Risk management can come from liquidity buffers or green credit 
lines, which can safeguard investments from regulatory shifts and currency 
fluctuations. The African Risk Capacity (ARC), a group which is a specialised 
agency of the African Union, shares or pools sovereign insurance premiums 
across countries, providing rapid disaster response financing and preventing 
financial distress. The MDBs can provide first-loss guarantees, where they agree 
to absorb the first layer of potential losses, so other investors feel safer investing. 
Blended finance structures can play a major role in risk-sharing. An example is 
the Global Energy Alliance for People and Planet (GEAPP), bringing together 
philanthropic capital, MDB resources, and private investment to fund clean 
energy projects that would otherwise struggle to secure financing. 

Expanding these models and approaches in dealing with risk is critical to 
making climate investments both scalable and affordable. There is overlap 
and complementarity between instruments in relation to risk reduction, 
management, and sharing. The labelling is not crucial. There is a rich set of 
instruments available, both separately and in combination. The MDBs are 
central here but, as the examples show, there is much that other agents can do.

Climate finance comes predominantly in the form of debt, making up 
around 55% of global flows in 2023 (CPI, 2025). Many EMDCs are already 
burdened with unsustainable debt, leaving little fiscal space for climate action. 
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With rising interest rates, many face prohibitive borrowing costs, pushing 
them further from the capital they need for climate action. Alternatives to 
debt for new resources are needed; so too is action to reduce the burden of 
existing debt.

Multilateral initiatives like the G20’s Debt Service Suspension Initiative 
(DSSI) and the Common Framework for Debt Treatments offer debt relief 
to low-income countries, helping them redirect resources towards climate 
action. These efforts need to be more ambitious, longer term, and better inte-
grated into national economic policies. 

Alternative financial instruments should be tailored in relation to the finan-
cial difficulties or barriers present in each context. Grants can support early-stage 
projects that struggle to attract commercial investment. Revenues from carbon 
pricing and taxation – such as levies on international shipping emissions – could 
provide stable funding streams while discouraging carbon-intensive activities. It 
is important also to reduce the many toxic subsidies which incentivise damage to 
the environment and encourage emissions; and in so doing there is the possibility 
of generating large revenues. These include many of the subsidies associated with 
chemical fertilisers and fossil fuels (see Damania et al., 2023; Sutton et al., 2024). 

Carbon finance, which monetises avoided emissions, can unlock capital for 
potentially high-impact projects with limited revenue potential.19 These are 
some examples of other innovative instruments being developed: 

•	 Debt-for-nature swaps help nations reduce debt by committing to 
conservation efforts, linking financial stability with environmental 
goals. By refinancing costly debt with lower-interest loans tied to envi-
ronmental action, countries free up funds for sustainable development.

•	 Green bonds provide a channel for governments and corporations 
to fund climate programmes by attracting investments from environ-
mentally conscious investors. 

•	 Blended finance combines public, private, and philanthropic funds to 
manage and share risks, bring in private sector capital, and lower the 
cost of capital.

The expansion of the MDBs should draw heavily on blended finance, combin-
ing public and private capital to de-risk investments. Guarantees – one of the 
most effective tools for mobilising private investment – should be expanded 
strongly. They represented just 4% of MDB commitments between 2016 and 
2020, even though they attract five times more private capital than loans 
(Blended Finance Taskforce, 2023). The Sub-National Climate Finance Initi-
ative (SCF) offers a promising model, aiming to leverage US$750 million in 
blended equity funding with a 20:1 private-to-public finance ratio. By blend-
ing concessional finance with commercial capital, the SCF mobilises private 
investment for climate-resilient infrastructure projects at the sub-national 
level and provides technical assistance to local governments. 
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Special drawing rights (SDRs) – an IMF-created reserve asset – could 
become a powerful tool for climate finance. SDRs are not a currency but serve 
as a claim on freely usable foreign exchange reserves (International Monetary 
Fund [IMF], 2021). Developed countries receive most SDRs, since they are 
allocated in proportion to the IMF quota or share of each country, but they 
can channel them to climate-vulnerable countries through mechanisms like 
the Resilience and Sustainability Trust (RST) or the Poverty Reduction and 
Growth Trust (PRGT) and, potentially, through MDBs (Zattler, 2024). Dur-
ing the pandemic, the IMF allocated US$650 billion in SDRs, of which, under 
the quota-based systems, US$500 billion went to developed economies. G7 
and G20 members later pledged to re-channel US$100 billion to assist poorer 
nations. Expanding and restructuring allocations of SDRs could provide 
much-needed low-cost liquidity for climate action in developing countries.

Mobilising capital for resilience 

Climate-vulnerable nations face devastating economic losses from extreme 
weather events – Dominica’s losses due to Hurricane Maria in 2017 were more 
than 200% of its GDP and Grenada experienced losses of around 200% of 
its GDP due to Hurricane Ivan in 2004 (Hurley et al., 2024). Without sup-
port, they borrow at higher rates, sink deeper into debt, and become even less 
able to invest in resilience. Proposals such as the 2024 Bridgetown Initiative, 
led by Prime Minister Mia Mottley of Barbados, offer promising solutions. 
By embedding disaster clauses in debt contracts, governments could pause 
repayments when extreme weather strikes, freeing up resources for recovery. 
More broadly, finance should be restructured to reflect the reality that cli-
mate shocks are not one-time crises but ongoing economic threats. Contracts 
which are disaster-contingent, reliable, and fast disbursing are crucial to break 
these vicious cycles.

Private capital mobilisation can play a key role in improving financial resilience 
through innovative financial instruments, such as parametric insurance. 
While traditional insurance pays out based on the evaluation of losses after an 
event, parametric insurance pays a fixed amount when predefined, objective, 
and measurable intensity parameters are met, such as storm wind speed. The 
intensity threshold is designed to reflect the potential loss from the event that 
was insured. This enables quick payouts to be made as soon as the event intensity 
threshold is met, offering an alternative or complementary coverage for losses 
that are many times excluded from traditional insurance due to excluded risks, 
limited insurance capacity, or widespread damage events (Garcia Ocampo and 
Lopez Moreira, 2024). An example is the 2017/2018 Catastrophic Risk Insurance 
Programme in the Philippines, which provided rapid liquidity to 25 provinces 
after climate shocks, transferring typhoon and earthquake risks from the country 
to the international reinsurance market in local currency through a parametric 
insurance product with a multi-layered risk financing structure.
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Parametric insurance engages the private sector in two main ways: first, 
as a capital provider, where private investors, frequently alongside public 
institutions such as the MDBs or governmental institutions, provide capital 
for the insurance mechanism itself; second, as a consumer, purchasing 
coverage to manage the risks of their own operations. In doing so, businesses 
operating in economic sectors and geographical regions particularly exposed 
to climate change can enhance their own economic viability. In the case of 
the Philippines, three main actors were involved in the provision of insurance 
under the Catastrophic Risk Insurance Programme: a state-owned insurance 
company, which acted as the primary insurer; the World Bank Treasury, which 
acted as a re-insurer; and a panel of international insurance companies, from 
where the World Bank drew capital through catastrophe bonds (high-yield 
and high-risk bonds). Through its involvement, the World Bank facilitated 
the programme’s placement in the international insurance market, attracting 
global reinsurers and attaining a competitive price (McNally et al., 2024).

While climate finance struggles to go to scale, vast sums continue to flow 
to support fossil fuels and environmentally-damaging practices. In 2022, 
explicit fossil fuel subsidies totalled US$1.3 trillion (Black et al., 2023), with a 
further US$5.7 trillion in implicit subsidies, arising from not fully accounting 
for environmental costs and foregone consumption tax revenues. Thus, there 
was a total of US$7 trillion of subsidies for fossil fuels in 2022 (Black et al., 
2023).20 The estimated scale of environmentally-harmful (explicit and implicit) 
subsidies from agriculture, fisheries, and forestry was US$840 billion in 2023 
(Koplow and Steenblik, 2024). These subsidies not only strain public budgets 
but actively undermine climate and environmental goals. Redirecting even a 
fraction of these funds toward clean energy, adaptation and resilience, loss and 
damage, nature, and a just transition could transform global climate finance.21

The challenge is not just mobilising capital but structuring and combining 
capital from different sources so that they reinforce each other. Large-scale 
renewable energy projects will mainly rely on private capital but in many cases 
will require guarantees and concessional loans backed by the MDBs to lower 
capital costs. Most adaptation and natural capital projects and programmes 
will need concessional finance, but can still attract private investment through 
instruments like carbon credits and sovereign climate bonds.

Although the architecture for international climate finance is taking shape, 
at the same time emissions continue to rise, and investment in the transition 
and the new growth story remains far too low. Financial institutions are mov-
ing too slowly to support the scale of investment needed for climate action. As 
we have seen, it is developing countries that are seeing particularly low capital 
flows, even though their opportunities and needs are the greatest. Thus, they 
are unable to invest in clean energy, adaptation, nature, and more broadly 
sustainable growth on anything like the scale necessary. Expanding MDB 
financing, restructuring debt, and unlocking private investment should be at 
the top of global priorities. The urgency should be clear. The longer the delay, 
the greater the climate risk. The longer the delay, the more likely that we cross 
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tipping points (see Chapter 2). And the longer the delay, the greater the lost 
opportunities in fostering growth and reducing poverty. 

9.4 Technology, industrial policy, trade, and innovation 
Technological advance has been impressive. Yet, there remain important chal-
lenges in achieving low or zero carbon in a number of key activities. National 
and international actions around industrial policy can accelerate diffusion, 
bring sectoral transformation, and drive new technologies forward. And trade 
and openness will be critical in driving demand for new products forward and 
the process of diffusion.  

Technology 

The race to lead in key clean technologies is well underway. As highlighted 
in Chapters 4, 5, and 8, competition is already fierce in areas such as solar 
and wind power, batteries and storage, and electric vehicles and it is rapidly 
intensifying in emerging sectors like green hydrogen and green steel. Digital 
technologies and artificial intelligence (AI) have come at an opportune time 
in this race and will help accelerate the pace and effectiveness with which the 
clean energy transition occurs.

Low- or zero-carbon technologies provide lower costs of production than 
emitting and polluting technologies across around a third of emissions. That 
proportion will grow rapidly over the next decade (see Chapters 4, 5, and 
8). But in some important areas, such as cement, aviation, and parts of agri-
culture (particularly pastoral), whilst progress is being made, technologies 
where the clean or low-emitting is cheaper than the dirty are still a long way 
off. Technology has achieved a great deal, and much more is coming through 
quickly, but there are substantial areas where strong research and develop-
ment (R&D) and innovation are needed. These difficult sectors and activities 
are areas of priority for both public and private research. The stronger the 
policy and action across the world, the stronger will be the perceived potential 
demand, the more intense the R&D, and the earlier the results.

Technological progress, under the impetus of strong competition, is moving 
very rapidly in power – both generation and storage – and in surface transport. 
It is moving quickly in heating, cooling, and buildings. Together, these cover 
around 40% of emissions (UNEP, 2024). There is much that good public policy 
can do to keep that progress strong and to continue the very rapid fall in costs 
in these areas. Stimulating demand for the clean products can come through 
taxing or pricing carbon, regulating emissions and pollution, providing afforda-
ble and available capital for low-carbon investments in homes, product policies, 
enabling complementary infrastructure such as EV-charging stations, and so on. 
That is a task for all countries. Coordinating internationally on such policies, so 
that global demand for the relevant products and processes emerges still more 
strongly, could have powerful influence on the supply side of new technologies 
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and the associated R&D. Of course, the fact that these areas are moving quickly 
does not imply that we should slacken support for R&D. There is real momen-
tum on which we can build, yet many major technological challenges remain.

Given that for some areas – such as cement, aviation, and pastoral agri-
culture – it will prove difficult or costly to find zero-carbon options, carbon 
dioxide removal (CDR) will unavoidably be an important element in climate 
action, as will, possibly, solar radiation management (SRM). These are also 
priority areas for R&D – see Section 9.6.

The pressure and possibilities for change will be strongly influenced by 
both domestic and international market structures. Thus, industrial and trade 
policy are key elements in shaping future costs and supply chains. These are 
issues to which we now turn.

Industrial policy

In this context of rapid technological change, there is a growing recognition both 
of a strategic imperative to cut emissions swiftly, and of the new opportunities 
for growth. This is reflected in a wave of country-level green industrial policies. 
These include China’s 14th Five-Year Plan (2021–2025) on Modern Energy 
System Planning and 15th Five-Year Plan, to be published in 2026 (covering 
2026–2030). Other examples are the EU’s Green Deal and Net Zero Industry 
Act (NZIA) and Clean Industrial Deal; India’s Union Budget, energy access, and 
green hydrogen policies (Garg, 2022); and, until recently, the US IRA.22 These 
all combine incentives and finance for green technology and investments with 
legal, regulatory, and policy support. The structure and future of these strategies, 
and the competitive race they embody, will likely have profound implications 
for geopolitics, technical change, economic and industrial geography, trade 
flows, and supply chains, as we saw in Chapter 8. But change will also involve 
structural dislocations, and how these play through and are managed will have 
strong implications for the ability to tackle the climate and biodiversity crises 
and to create the new path of growth.

The new wave of green industrial policies has the potential to accelerate 
the energy transition globally, unlocking many of the drivers of growth core 
to our new growth story. Well-designed policies can support innovation and 
learning-by-doing and boost investments in manufacturing and deployment 
of clean technology at scale, thus driving down costs and enabling global 
diffusion of low-emissions technologies. National industrial strategies and 
policies will have international impacts in terms of the scale and consistency 
of demand. Elements of difference and of coherence have their role to play. 
Differences in approaches facilitate the emergence of new possibilities. 
Coherence, for example in the specifications for municipal buses, can allow 
scale and cost reductions. The combinations of differences and coherence will 
drive the dynamics. Thus, national and international interactions between 
groups of entrepreneurs, architects, engineers, mayors, and finance ministries 
will all be part of a process of acceleration. 
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The overall impact of green industrial policies on innovation, 
competitiveness, and trade depends on the way policies are designed. For 
example, some of the subsidies included in the IRA (most now discarded 
in the major bill signed on 4 July 2025 by President Trump) and the EU’s 
NZIA are conditional on content produced within the country or region. 
These local-content requirements (LCRs), or other instruments that include 
geographically discriminatory provisions, might, over time, produce 
domestic scale and cost reductions. That is the ‘infant industry’ argument. 
But history and theory have taught us that they could also lead to an inefficient 
restructuring of supply chains, arising from the diversion of resources to 
where the subsidy is implemented. In this way it can decrease international 
competition, distort trade, and increase the prices of technologies both in 
the short and medium term, making the energy transition temporarily more 
expensive – and potentially slowing down decarbonisation. 

Once protection is introduced, those who benefit will likely press for it to 
continue. There are many examples in economic history – from agricultural 
subsidies in the EU under their Common Agricultural Policy since the 1960s 
to the US steel industry being protected by tariffs under President George W. 
Bush in the early 2000s. ‘Temporary’ protection can become long-lasting in 
practice. For a protectionist policy to be effective and worth pursuing, it should 
make the domestic production it encourages competitive on world markets. If 
it eventually does, there could be a global benefit of more vibrant competition.

We have seen that policies to stimulate green demand, such as Germany’s pio-
neering renewable energy policies – particularly its feed-in tariffs in the early 
2000s, which fostered domestic demand for solar PV – led to technological 
advancements and cost reductions across the world. In particular, it enabled Chi-
nese manufacturers to scale up production, driving down costs at rates which 
were not predicted at the time (Quitzow, 2013). The judicious combination of 
domestic industrial policies and openness to trade will be at the heart of the cost 
reductions and technological progress – see the next subsection on openness.

The LCR type of incentive structure could be interpreted as trade-distortive 
subsidies, which are prohibited under WTO rules (see WTO, 1994, Article 
4 ASCM; WTO, 1986, GATT Article III:4). They may also trigger trade ten-
sions and protectionist responses in other countries, making international 
trade in green technology more fragmented and less efficient, slowing down 
technological diffusion and effective climate action. In May 2024, the Biden 
administration in the USA raised tariffs on Chinese-made EVs to 100%, more 
or less banning them from the US market. In June 2024, the EU also imposed 
tariffs on Chinese EVs, but at lower rates than the USA. Under the second 
Trump administration, in 2025, the USA imposed new tariffs applying to all 
nations, directed with particular intensity at China but also strongly at the 
EU. China and the EU have retaliated with tariffs of their own against goods 
from the USA, sparking fears of a global trade war, increase in inflation, and 
a potential economic recession. No doubt future negotiations on these tar-
iffs and trade will play through during Trump’s second presidency, but there 
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is real danger in all this resulting in a collection of national policies which 
will, taken together across nations, reduce competition, increase costs, and 
dampen innovation relative to a more open world.

It is the combination of fostering the growth of demand, promoting new 
sources of supply, and domestic and international competition that will drive 
costs down. Thus, LCRs should be time limited. There are valid arguments for 
providing public support to domestic manufacturing of green technologies at 
early stages – prior to going to scale and learning-by-doing, when perceived 
risk may be strongest – eventually the domestic support should be phased out. 
In this respect it is crucial for countries to have a well-defined programme 
over time for subsidy or exclusion schemes, if the lock-in of inefficiencies is 
to be avoided. Such a programme should include criteria guiding the phase-
down of subsides and exclusions. An example would be criteria guiding the 
reduction of the subsidy when the cost of the subsidised activity or technol-
ogy reaches a certain level, after a given degree of diffusion of products into 
the market, or after a given date. Such a transparent and structural approach 
will give the guidance and clarity on future policy that can allow for future 
planning and risk management for investors. This is an example of what we 
meant in Chapter 6 by saying that, for investor confidence, policies should be 
‘predictably flexible’.

In the past, subsidies in some countries have been removed with little 
notice. An example of an abrupt subsidy removal was the Spanish govern-
ment’s sudden decision to eliminate solar PV subsidies in 2010, just a few 
years after introducing them in 2007 and after having created the expectation 
that they would last for decades (other renewable energy subsidies were also 
cut at a similar time). This decision, made after the 2008–2009 financial cri-
sis, shook investor confidence and led to the country being internationally 
sued more than 50 times (International Institute for Sustainable Development 
[IISD], 2010; UNEP, 2023a). Such policy behaviour makes future policies less 
effective, as investor confidence in public policy is undermined.

This new wave of industrial policies – including China’s five-year plans, the 
EU’s green deals, India’s green initiatives, and the US IRA – can also lead to 
subsidy races across countries, as demonstrated by the reactions of the EU to 
the IRA and Chinese subsidies. The risk here is that by engaging in subsidy 
races with other industrial nations, countries will end up needlessly driving 
the number of subsidies up, leading to inefficient and wasteful allocation of 
public finance and making the policy more expensive for the world as a whole. 
There is a risk that only high-income countries with stronger fiscal systems 
and greater access to financial markets will be able to engage in the ‘green 
subsidies race’. This could result in reduced green investment and some coun-
tries being left behind (particularly EMDCs other than China), which could 
make their transition more costly and politically contentious. Slowing their 
transition would be damaging to all.

The strongest potential structure for producing rapid technological change lies 
in a world where, in key industries, there are multiple high-scale competitive pro-
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ducers. Of particular importance in the green transition are solar and wind, batter-
ies, EVs, green hydrogen and steel, certain minerals, microchips in relation to AI, 
and AI itself. The number of high-scale producers will be limited by market size. 
However, maintaining a strong level of competition in these industries may require 
at least four or five producing countries, possibly more in some sectors. And strong 
within-country competition is crucial too. We have seen how powerful that was in 
bringing down the cost of solar panels and EVs in China. 

Building these structures will require competition and collaboration across 
nations. It will involve the WTO, the MDBs, and international sectoral bod-
ies. These are times for creativity and the avoidance of formulaic views, with a 
spirit of innovation and openness and the common good of tackling climate 
change and building a new growth story. 

Trade and openness

As just argued, a constructive and dynamic trade structure for the world in 
the coming years around green technologies and investment for the transition 
would be one that embodies the competition that can encourage innovation 
and low costs; fosters the exploitation of economies of scale; allows countries, 
particularly poor countries, access to lowest-cost products; and offers supply 
chains that are robust and resilient. Enhanced international collaboration on 
trade should seek advances on all four of these dimensions. 

Given the imperative of investment in the transition, the opportunities 
for growth, and the rise of tariffs and protectionism as of 2025, there is an 
urgent need for clear principles on trade for preserving and encouraging com-
petition whilst allowing countries to build the capacity that can deliver that 
competition (WTO, 2022). This is a time to revisit, clarify, and strengthen 
arrangements for openness in the face of tension and disruption. This process 
requires a shared understanding of strategies and a recognition that whilst 
support mechanisms will be necessary, they should be time limited, with lim-
itations operating in relation to transparent principles.

It means being open to inward investment from countries with specialised 
expertise, such as in batteries or microchips. A country seeking to build EVs 
cheaply and quickly should recognise that China is currently in the lead in 
building batteries and should consider collaboration with and openness to 
investment from China. There was a time, when I was in China in the late 
1980s, when China’s strategy was openness to inward investment and joint 
ventures so that they could catch up technologically. China is now ahead in 
many technologies.23 Other countries can now gain knowledge from inward 
investment from China. And inward investments in China will now also likely 
involve great learning by the inward investor.

The G20, the WTO, the OECD, and the IFIs should work to establish these 
procompetitive principles, which could underpin openness, whilst building 
clean and resilient new activities and supply chains. Shared recognition of the 
structures that are broadly beneficial to the world on the criteria described 
is a crucial first step along the way. There are surely lessons from the pro-
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foundly damaging effects of tariff wars and ‘beggar-thy-neighbour’ policies of 
the 1930s. International collaboration on these issues should not be delayed 
until the damage from new tariff wars of 2025 appears.

Various other country networks and mechanisms can support this com-
petitive, low-cost, high-scale, and resilient future. Sectoral clubs and climate 
clubs, such as the Global Arrangement on Sustainable Steel and Aluminium 
and the G7 Climate Club, can enable greater ambition, provide vehicles for 
sharing technology, and mobilise private finance channels. Such networks 
can also help address concerns around competitiveness and trade-related 
action, directly or through the WTO forums. The Coalition of Trade Min-
isters on Climate can play a role in boosting international cooperation on 
climate, trade, and sustainable development. And, similarly, the Coalition of 

Finance Ministers for Climate Action and the NGFS, as we discussed earlier. 
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Together they can provide valuable structures to create coherent strategies, 
and work to incentivise and support the greening of activities in EMDCs.

Policies can be designed to directly cover trade-related carbon emissions. 
The EU’s Carbon Border Adjustment Mechanism (CBAM) imposes a border 
carbon price on some carbon-intensive goods covered by the EU Emissions 
Trading System (ETS) that are imported into the region (see Figure 9.5). The 
goal of CBAM is to align the carbon pricing of imported goods with that of 
products manufactured within the EU, thereby levelling the playing field with 
domestic industries while supporting the EU’s climate objectives and encour-
aging cleaner production practices in non-EU countries. CBAM is a different 
mechanism from an LCR and is not necessarily protectionist. It is a policy 
that seeks to limit market failure. But to prevent it from developing into a 
protectionist vehicle, clarity and simplicity are critical. Thus, it is important to 
keep it focused on just a few key sectors and products and base it on clear and 
explicit criteria. At present CBAM covers cement, electricity, fertilisers, iron 
and steel, and aluminium and hydrogen. The plan is for it to cover all EU ETS 
sectors by 2030 (European Parliament, 2023). Care will be necessary to avoid 
the smuggling in of protectionism as its base expands.

The WTO, together with these coalitions and clubs, could help generate 
progress along all four dimensions of innovation, scale, access to lowest cost, 
and resilient supply chains. But progress will require strong support for the 
WTO from its members and constructive collaboration amongst the coa-
litions, networks, and clubs. This could be an example where a recognition 
of the importance of collaborating around climate could have the benefit of 
boosting some much-needed collaboration around trade and the WTO. As 
emphasised at a number of points in this book, the need to collaborate on 
climate can boost collaboration elsewhere. 

The year 2025 is a fractious and difficult moment for trade in the whirlwind 
of tariffs and Trump’s second presidency. But these processes of innovation and 
change are crucial to tackling the climate and biodiversity crises and creating a 
new story of growth; they will have to cover the next few decades. Analytical and 
strategic work is crucial now. And if the USA steps back on trade and climate, 
others can step forward and build lasting action for the future. 

Let us now examine some specifics of strategies and policy, together with 
examples that could put these principles into action to accelerate technologi-
cal change, innovation, and investment.

Unlocking global innovation

Enhanced international collaboration on technology can foster innovation, 
bring down costs, accelerate adoption and diffusion, and promote the 
availability and affordability of green technologies for all countries. Many of 
the opportunities of the new growth story are tied to international cooperation. 
For example, intermittency is much more easily handled with an extensive grid 
which can move electricity across geographies. Sharing surplus or low-cost 
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clean electricity among regions is mutually beneficial. The UK collaborates 
with neighbouring countries like Norway (mostly wind) (North Sea Link, n.d.), 
France (mostly nuclear) (Department of Energy Security and Net Zero [DESNZ], 
2023), and soon Morocco (solar and wind) (Xlinks, n.d.). Cooperation of this 
kind across green development opportunities to unlock the new growth story 
requires a strategy embodying many or most of the aspects discussed in the 
following paragraphs.

Aligning technology goals. Recent research shows that the chances of realis-
ing a positive tipping cascade in clean technology that can drive costs down 
are stronger when actions are aligned internationally so that there are pros-
pects of large and dynamic markets with shared standards (Systemiq, 2023). 
For example, if the three largest car markets (European, North American, and 
Chinese) were aligned to require all new car sales to be zero emissions by 
2035, then it would bring forward the cost-parity date of EVs and internal 
combustion engines by up to five years (Lam and Mercure, 2022). Whilst the 
immediate prospect of US collaboration under Trump’s second presidency is 
weak, others can move forward.

Green trade liberalisation, reforms, and diffusion. Green trade liberalisation 
and reforms of trade-related measures are important to enable the diffusion 
of clean technologies to developing countries. Other options to enhance 
technology adoption include the use of de-risking mechanisms such as 
loan guarantees in developing economies (IMF, 2021). However, this is no 
longer solely an issue of technology transfer from developed to developing. 
Technological advance is taking place geographically across the world, and 
across sectors from AI to agriculture. As we have seen, China is playing a 
particularly important role. Openness to these advantages in technology and 
products is crucial to the pace and efficiency of the transition. An example 
of international collaboration to create, reduce the cost of, and diffuse 
technologies is the work of the CGIAR (formerly the Consultative Group for 
International Agricultural Research) on agriculture. It has, for more than half 
a century, developed and shared new technologies and crops in agriculture. It 
was a key driver of the ‘green revolution’ in wheat in the 1960s and 1970s. And 
in recent years, it has focused on climate resilience and lowering emissions 
(see, e.g., Amahnui et al., 2025; CGIAR, 2021).

Reducing the cost of capital, especially for green technologies. Much techno-
logical advance – although not all (skilled labour matters too) – is embodied 
in capital. Many of the required technologies are capital intensive and many 
developing countries have to pay a high cost of capital. Hence bringing down 
the cost of capital will be important, via investment demand, in taking tech-
nology forward globally and particularly in developing countries. The role of 
MDBs, as we have already seen, will be critical. See Section 9.7 for an example 
of great potential importance.

Innovation and diffusion frameworks. Innovation and diffusion frameworks 
linking up firms, governments, and civil society (Aghion et al., 2021) can help 
foster private sector investments in clean and innovative assets to move quickly. 
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‘Mission-oriented’ programmes for innovation along the lines analysed and pro-
posed by Chris Freeman – as we saw in Chapter 7 – as well as broader policies 
aimed at creating investment and innovation-led growth can be strong drivers 
of technology that could help deliver advances in environmental sustainability. 
In so doing, they could follow the successful examples of mission programmes 
that have driven innovation and diffusion forward in other contexts, including 
in medicine and defence (Freeman, 1995; Mazzucato, 2018; Stern and Valero, 
2021) and in agriculture, as noted in relation to the CGIAR.

R&D coordination. International coordination in R&D will likely be neces-
sary in some key relevant areas. Examples could be where AI could be applied 
to accelerate research into synthetic biology; fusion; carbon capture, utilisa-
tion, and storage (CCUS); and direct air capture (DAC). A further important 
example for AI and data concerns resilience and adaptation, where infor-
mation at the local level, and tailored to local detail, is crucial to timely and 
effective action. That requires high-resolution capacity in combination with 
strong local data. These will need international collaboration both in com-
puting power and in collecting and integrating data. Some, such as Professor 
Tim Palmer and others, have been pressing for a CERN for climate (Palmer, 
2024).24 Breakthroughs on fundamental particle physics at the European 
Organization for Nuclear Research (CERN) were made possible by building 
hardware and a collection of talent and scientists and technologies on a scale 
that would not have been possible in a single country. 

Collaboration networks. One example of a collaboration network is the Break-
through Agenda, which brings together 45 countries and businesses to accelerate 
the development and deployment of clean technologies and drive down costs 
by 2030, so that ‘clean is cheaper’ (IEA et al., 2022). Collaboration can take the 
form of joint innovation (e.g., Mission Innovation, 2021), by converging around 
standards (e.g., Global Cement and Concrete Association [GCCA], 2024; Inter-
national Partnership for Hydrogen and Fuel Cells [IPHE], 2023), and by creat-
ing buyers’ clubs or coordinated green procurement programmes for pioneering 
products and processes (e.g., First Movers Coalition [FMC], 2024; Industrial 
Deep Decarbonisation Initiative [UNIDO], 2024). Other examples are the coor-
dination of procurement across cities, such as in the C40 (C40, 2024). If many 
cities decide they want certain kinds of electric buses or traffic management sys-
tems, R&D and innovation will take place in response, economies of scale will be 
realised, and costs will fall (C40, 2015; Jena and Trivedi, 2023).

9.5: Aligning global climate and biodiversity action
Unlocking innovation on a global scale will help speed up the clean energy 

transition that is so vital both to achieving net zero and to bringing forward 
an era of sustainable growth. What we must not forget is the entanglement 
of the climate crisis with the biodiversity crisis. This interconnectedness 
demands that we align global action on climate with global action on biodi-
versity. Although there is momentum in global agreements for biodiversity, 
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financial flows still fall far short of what is necessary and international coop-
eration remains weak.
Most of the world’s vital ecosystems – tropical rainforests, oceans, and the 
atmosphere – function as global commons. Their degradation in one place 
affects the entire planet and a protected forest in one country means little if 
deforestation shifts to another. International coordination is essential.

Among the agreements that address these topics are the UNFCCC, the 
Convention on Biological Diversity (CBD), and the UN Convention to 
Combat Desertification (UNCCD) – the three Conventions that emerged 
from the Rio Earth Summit of 1992. Whilst the UNFCCC has had the highest 
profile, all three are important. And their common origins in Rio in 1992 
reflect their interwoven relationship. Trade measures like the Convention 
on International Trade in Endangered Species (CITES) regulate markets for 
endangered wildlife. The Antarctic Treaty (UN, 1959) has helped preserve one 
of the world’s last untouched wildernesses.

Despite these efforts, results have also often fallen short on biodiversity as 
they have on climate. Just a year after the 2021 Glasgow Declaration, where 
145 world leaders pledged to halt deforestation by 2030, deforestation rates had 
already exceeded the target by over one million hectares (Goldman et al., 2023). 
Similarly, the Global Biodiversity Framework (GBF) aims to conserve 30% of 
the world’s land and seas by 2030. It seeks to mobilise finance to fill an annual 
estimated gap of US$700 billion by 2030 (The Nature Conservancy [TNC], 2020). 
The two strategies in the Framework are to (a) reduce or repurpose harmful 
subsidies and incentives by US$500 billion, and (b)  increase  biodiversity-
related funding from public and private sources by at least US$200 billion per 
year – with at least US$20 billion per year by 2025 and US$30 billion per year by 
2030 of these international flows being directed to developing countries (UNEP, 
2025). So far (writing in Spring 2025) progress on the GBF is not promising. 
Some global initiatives are summarised in Table 9.2.

That progress is inadequate in relation to the biodiversity crisis does not 
mean the total absence of action, as Table 9.2 illustrates. Finance flows 
into biodiversity have increased. For example, global multilateral financial 
flows25 into biodiversity-related development increased from US$1.4 bil-
lion in 2015 to US$11.3 billion in 2022, and private finance mobilised by, 
or alongside, development finance increased from US$0.09 billion in 2016 
to US$1.76 billion in 2022 (Biodiversity Finance Trends, 2024). However, 
the vast majority is spent in developed countries, when the bulk of the 
opportunity is in the developing world (Bhattacharya et al., 2023). Indeed, 
EMDCs (other than China) hold around 90% of the investment opportunity 
in protecting and restoring nature between 2020 and 2030. But substantial 
increases in investment are required to take advantage of these opportu-
nities. Measures such as transitioning agricultural practices towards the 
regenerative, protecting and restoring ecosystems, and reducing waste pol-
lution are all needed (Songwe et al., 2022). 
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As we saw in Chapter 2, the climate and biodiversity crises are deeply inter-
connected. For example, deforestation accelerates climate change through the 
release of carbon, while rising temperatures and changing precipitation and 
seasons disrupt ecosystems and threaten species survival. Policies and financ-
ing must reflect this overlap. And they have common causes, particularly via 
the burning of fossil fuels. This overlap and interweaving points to policies 
and mechanisms which can help tackle both. For example, VCMs could pri-
oritise carbon reduction projects that also restore biodiversity by including 
premiums in the carbon price for such projects; that would allow climate 
finance to support both goals. Agricultural climate-related regulations should 
integrate considerations of ecosystem health. Energy, transport, and water 
regulations should also embed strong environmental standards. 

The means to increase funding into biodiversity are, broadly speaking, the 
same as those for climate action and include international financial resources, 
DRM, private finance, blended finance, low- or zero-cost flows, and innova-
tive instruments as described above. Private-sector involvement in financing 
is limited by the inability to generate revenue flows in many cases, but there 
are important examples (see Chapter 6) where such flows can be generated. 
Governments nationally and internationally, and IFIs, can play a role both in 
de-risking and in providing incentives for the private sector to get involved.

Urgent action is necessary in biodiversity hotspots like the Amazon, 
Congo Basin, and Indonesian rainforests, which contain more than 50% of 
the world’s remaining primary tropical forests (Fleck, 2022). These hotspots 
often span multiple countries; the Amazon spans eight, the Congo Basin six. 
And the effects of their degradation – such as the release of vast amounts of 
CO2 and the undermining of global ecosystem resilience – are global. Action 
therefore needs to be coordinated at the supranational level. Conservation 
in these regions is often hindered by domestic political pressures and eco-
nomic interests tied to deforestation (Jackson, 2014; Milmanda and Garay, 
2019; Tegegne et al., 2016). Strengthening governance, increasing financial 
incentives for conservation, and countering the influence of vested interests 
are key to progress. Increasingly, satellite observation can provide very precise 
measurements of the state of forests and land and thus provide a database for 
governance and for measurement of performance. For example, Planet Labs, 
an Earth-imaging company, has created a Forest Carbon Monitoring tool that 
offers high-resolution satellite images, allowing for deforestation monitoring 
and carbon measurement (Anderson et al., 2024). ICEYE, a micro-satellite 
manufacturer, uses Synthetic Aperture Radar (SAR) technology to detect 
deforestation and forest degradation even through cloud cover, in all weather 
conditions, and at night (ICEYE, 2025). 

Beyond government action, businesses and civil society play a crucial 
role in conservation and restoration. Companies that shape global supply 
chains can drive large-scale change through procurement standards and 
sustainability commitments. The Tropical Forest Alliance, for instance, works 
with businesses to eliminate deforestation-linked commodities from supply 
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chains. Consumer demand also exerts pressure – certification schemes like 
the Rainforest Alliance and UTZ have shifted production practices in sectors 
such as cocoa, coffee, and palm oil. Yet, unintended consequences can arise. 
A study by Krauss and Krishnan (2016) found that when the German chocolate 
company Floral switched from paying premiums for organic cocoa to requiring 
UTZ certification26 – it seems that the latter has more stringent social criteria 
but less stringent ecological criteria – most Nicaraguan farmers felt they had 
to adapt to the certification priorities of Floral. But many farmers disagreed 
with this change, with some claiming that the costs to meet the new standard 
were not being covered by the premium paid. Consumer backlash later forced 
the company to reintroduce organic certification. This highlights the need for 
carefully designed market mechanisms and focused economic analyses that 
examine and account for entire supply chains (see Dietz and Grabs, 2022). 

Global movements on biodiversity and environment have proven powerful 
agents of change, shaping public opinion, influencing policy, and helping to 
enforce environmental laws:

The World Wildlife Fund (WWF) is a leader in global conservation efforts, 
working with governments and businesses to expand protected areas.

Greenpeace combines research, advocacy, and direct action to pressure 
companies and governments to adopt stronger environmental policies.

The World Resources Institute (WRI) uses data-driven approaches, such as 
Global Forest Watch, which provide real-time satellite monitoring of deforest-
ation. Such tools have enabled communities, governments, and activists to 
detect illegal logging in protected areas within days.

ClientEarth, a legal NGO, has successfully challenged governments in court. 
In 2022, it won a landmark case against the UK government’s inadequate net 
zero strategy, forcing revisions. In 2024, it mounted a second challenge alongside 
Friends of the Earth and the Good Law Project – and won again. The High Court 
found the UK government’s climate strategy, the Carbon Budget Delivery Plan, 
unlawful, ruling that its assumption that the policies outlined would achieve the 
intended emissions reductions was wrong (ClientEarth, 2024).

Community-led conservation movements have also reshaped policy. Kids for 
Tigers, an educational outreach programme in India, evolved into one of the coun-
try’s largest environmental movements, showing how grassroots activism can drive 
long-term change. I have had the privilege of seeing them in action in Madhya 
Pradesh, and the children’s enthusiasm and knowledge is inspiring. In Canada, a 
20-year campaign by Greenpeace and Indigenous leaders led to the protection of 
the Great Bear Rainforest, one of the world’s last intact temperate rainforests.

Integrating nature’s real value into economic decision-making is critical. 
Natural ecosystems provide immense benefits, but, in large measure, tradi-
tional economic analyses or models fail to account for them. A key feature 
of policy reforms and action should be to reflect the intrinsic and economic 
value of biodiversity. That transforms conservation from simply a moral 
imperative to a core part of sustainable development strategies. The Das-
gupta Review proposes supranational institutional structures to enable the 
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compensation of countries for conserving critical ecosystems or imposing 
fees for access to shared resources like fisheries and the high seas. Some pro-
gress has been made: international fishing quotas have shown partial success 
(UN Trade and Development [UNCTAD], 2024) and protected area agree-
ments, like those governing the Amazon and Antarctic regions, offer some 
examples of cooperative conservation. However, implementation remains 
difficult due to national resistance to external taxation or external governance 
structures and the opposition of, often powerful, vested interests.

Stronger international leadership and cooperation are essential if the biodi-
versity crisis is to be tackled effectively. Protecting nature is not a luxury or a 
side issue – it is a fundamental necessity for economic stability, food security, 
and climate resilience. Without urgent action, we risk destabilising the very 
systems that sustain life. The interweaving with the climate crisis provides an 
opportunity for action on biodiversity since structures on climate are more 
advanced and measurement issues, difficult though they are, are less complex 
than with biodiversity.

9.6 Overshooting, negative emissions, geoengineering 
Given the likelihood of overshooting temperature targets, as we are already very 
close to 1.5 oC, negative emissions technologies (NETs) – which remove CO₂ 
from the atmosphere – will be essential. Some emissions, such as those from 
some forms of agriculture and some industrial processes, will be difficult to 
eliminate entirely. In other cases, the complete elimination of emissions might 
be very expensive. Offsetting them through carbon dioxide removal (CDR) is 
critical to stabilising temperatures and eventually reversing overshoot. Solar 
radiation management (SRM) is also an area that deserves careful scrutiny, both 
because it likely carries many risks and because as we approach possible tipping 
points it might provide a way of buying time. 

Both CDR and SRM require international cooperation. In the case of CDR it 
will be crucial to provide international prices to incentivise action. The whole 
world benefits from CDR but there has to be some kind of price to provide 
incentives for action. Alternatively, governments could get together to commit 
to working individually and collectively to remove carbon by public action. In 
the case of SRM, similar arguments apply. In addition, with SRM there may 
be a need for international agreement to control the possibility of individual 
actors or countries acting on their own. We discuss CDR and SRM in turn.

Scaling carbon dioxide removal

Several CDR methods are either in use or under development. These range from 
well-established, land-based approaches like afforestation and soil carbon seques-
tration to algae (natural climate solutions, or NCS), technologies such as bioen-
ergy with carbon capture and storage (BECCS), and direct air capture (DAC). 
However, the large-scale deployment of CDR necessary to reduce global CO2 lev-
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els on sufficient scale for the Paris targets presents considerable challenges. These 
include high costs, technological uncertainties, and potential socioeconomic and 
environmental impacts, such as competition for land and risks to biodiversity. 

Natural methods, such as afforestation and reforestation, are cheaper 
(around US$10–50 per tonne of CO2 removed) but constrained by land avail-
ability and vulnerable to reversal – forests can be cut or burned down (Bednar 
et al., 2023; Energy Transitions Commission [ETC], 2022). Direct air capture 
(DAC), while basically permanent, is costly, with current prices ranging from 
US$600 to US$1,000 per tonne (Azarabadi et al., 2023). Innovation may, over 
two or three decades, bring these costs below US$100 per tonne, but large-
scale deployment remains distant. Meanwhile, BECCS and soil-based seques-
tration could provide medium-term solutions, balancing cost and durability. 
Figure 9.6 illustrates the methods available. 

Unlike other CDR methods that focus on removing CO2 already present 
in the atmosphere, carbon capture, usage and storage (CCUS) captures CO2 
emissions directly at their source, such as in the gas flows from industrial pro-
cesses and energy production, where CO2 is much more concentrated than in 
the atmosphere. CCUS is of particular importance in sectors where emissions 
are difficult to eliminate, making it potentially a crucial tool for decarbonis-
ing ‘hard-to-abate’ industries, such as cement and some chemicals. It may be 
necessary in steel too, but here possibilities of creating steel without emissions 
are being developed and costs, whilst still high, are falling. Green hydrogen is 
a key element in relation to green steel. Increasingly, green electricity can be 
used in some chemical industries requiring high heat where a few years ago, 
it was thought gases would be necessary to generate required temperatures. 

The cost of implementing CCUS varies significantly, with estimates ranging 
from US$15 to US$25 per tonne of CO2 for some industrial applications, to 
US$40 to US$120 per tonne for processes involving more dilute gas streams 
(IEA, 2021). These costs are notably lower than those for DAC, where, in most 
cases, much energy is used in drawing air with very low CO2 concentrations 
through filters. Figure 9.7 provides a comparison of methods. Despite its poten-
tial, CCUS faces challenges related to scalability. It requires major investment 
in transport and storage infrastructure, as well as strong regulatory oversight to 
deliver long-term CO₂ containment and protection from environmental risks.

Notwithstanding the difficulties or costs of many or most of the CDR meth-
ods, it is now clear that their use will be necessary on some scale. Suppose, 
for example, that in 2050 emissions are 15 billion tonnes CO2 per annum. If 
it costs on average US$80 per tonne for removal (using a collection of meth-
ods) and 15 billion tonnes were removed, then the total per annum cost of 
US$1.2 trillion would be well below 1% of likely world GDP at that time. By 
that point, many might agree that this is a price worth paying. Of course, 
other arithmetic around quantity and price is possible. 
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Geoengineering: a controversial last resort?

In the context of potential overshoot and the challenges associated with neg-
ative emissions, geoengineering has emerged as an increasingly prominent, 
but contentious, issue within climate policy. Unlike CDR, which seeks to 
reduce atmospheric CO2, geoengineering encompasses a range of techniques 
designed to directly alter the Earth’s climate system. 

The most discussed form of geoengineering is SRM, which aims to reflect a 
portion of the sun’s energy back into space to cool the planet. This is done through 
techniques like stratospheric aerosol injection, where particles are dispersed into 
the upper atmosphere to reflect sunlight, and marine cloud brightening, which 
aims to increase the reflectivity of clouds over the ocean. While SRM could the-
oretically lower global temperatures, it does not address the root cause of climate 
change – excessive GHG emissions – and carries significant environment, ethical, 
and political risks. Importantly, there is still very little evidence and research on 
the risks and impacts of SRM (UNEP, 2023b).

One major concern is that the sudden termination of SRM could trigger abrupt 
and extreme warming. Additionally, SRM methods could disrupt precipitation 
patterns, weaken monsoons, and exacerbate droughts in some regions while caus-

Figure 9.7: Differences between CDR and CCUS

Note: For CO2 used in products, the lifetime of the product determines the duration of 
CO2 storage; some utilisation options only provide temporary storage. 
Source: Lebling et al. (2023). Copyright 2023 World Resources Institute. Adapted with 
permission. 



358	 THE GROWTH STORY OF THE 21ST CENTURY

ing flooding in others (Haywood et al., 2023). The effects would be unevenly dis-
tributed, raising concerns over political conflicts and climate injustice. Another 
risk is the potential for moral hazard – by reducing the immediate impacts of 
climate change, SRM could lessen the urgency to cut emissions. Thus, its pres-
ence could accentuate the problem it is attempting to ‘solve’. Also deeply troubling, 
because SRM does not reduce GHG emissions, it could divert focus and action on 
rising CO₂ levels, allowing environmental harms from increased emissions and 
concentrations, such as ocean acidification, to continue unchecked. 

The costs of SRM are highly uncertain, and its potential damage could be 
catastrophic. While research on climate intervention techniques should con-
tinue, SRM should, in my view, remain a last resort, at least until its risks are 
far better understood, to be used only in combination with deep emissions 
cuts and carbon removal (UNEP, 2023b). There are severe governance chal-
lenges in regulating these technologies internationally. Without clear rules 
and oversight, nations – or even private actors – could unilaterally deploy 
geoengineering. The risks surely demand international cooperation to estab-
lish research, governance, and decision-making frameworks before pressure 
for the use of such interventions becomes overwhelming.

Avoiding dangerous overshoot requires accelerating emissions reductions 
today, not relying on future technological fixes. Negative emissions technologies 
will be necessary but should be scaled responsibly, prioritising natural and cost-
effective solutions before deploying expensive and, possibly, higher-risk methods. 
Meanwhile, geoengineering remains a speculative and dangerous gamble, at least 
until we know much more. The world must act now to cut emissions, develop 
robust carbon removal systems, and avoid moral hazards that delay the transition 
to a sustainable economy. The longer we delay, the more severe will be the climate 
risks and the stronger the pressure to use potentially dangerous geoengineering 
technologies. Nevertheless, we have to recognise that we are about to pass 1.5 oC 
and are likely approaching tipping points. We will need to know something of 
how dangerous geoengineering could be. That requires research.

9.7 Concluding remarks: a global response to a global 
challenge
The crises of climate change and biodiversity loss demand an urgent, coor-
dinated global response. Their scale and complexity require broad and deep 
international collaboration – fragmented or delayed action will amplify risks 
and undermine all other development goals. We have shown that international 
collaboration must begin with a shared recognition of urgency. All the SDGs are 
important and complementary, but climate and biodiversity goals are supremely 
time sensitive. Delay in tackling climate and biodiversity risks irreversible dam-
age, making it harder – if not impossible – to sustain progress across other crit-
ical areas such as health, poverty reduction, and economic stability. 

Throughout this chapter, we identified four priority areas where strong, 
coordinated international efforts are essential:
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1.	Mobilising finance systems: Mobilising investment at scale and ena-
bling EMDCs (other than China) to access capital at affordable rates; 
aligning finance with its core purpose – driving investment.

2.	Technology and trade: Shaping global markets, fostering innovation 
and diffusion, and securing supply chains for clean energy and critical 
resources.

3.	Natural capital and biodiversity: Strengthening conservation, restor-
ing ecosystems, and embedding nature in economic decision-making.

4.	Managing overshoot: Developing responsible strategies for negative 
emissions and potential geoengineering.

Each of these areas presents technical, economic, and political complexities. 
Progress will require careful negotiation, the building of trust, and alignment 
of national interests with global action and stability. And we should recog-
nise that coordinated action in these areas can also ease broader geopolitical 
tensions. Climate policy often serves as an entry point for diplomacy, even 
among nations with strained relationships – the USA and China have pro-
vided clear examples over time. 

Among these priorities, low-cost finance is critical and offers the fastest 
route to real progress. Scaling up climate and development finance is not just 
feasible – it delivers exceptional value for money. I have outlined the invest-
ment and financial flows needed for a Paris-aligned world, demonstrating 
that climate action and development goals are mutually reinforcing, and that 
the cost of inaction far outweighs the cost of action. Indeed, we should speak 
in this context of investment rather than cost. These are investments with 
strong returns in terms of development as well as investments that reduce the 
immense risks of climate change.

Developing nations, however, remain deeply sceptical on finance, particu-
larly due to past unfulfilled financial commitments. A serious, large-scale 
commitment to and delivery of climate finance – from both public and pri-
vate, international and domestic sources – could rebuild trust and unlock 
cooperation across other areas. Finance should be the foundation on which 
international collaboration moves forward. The world must act rapidly and 
decisively. Climate action is no longer just about avoiding disaster – it is 
also about seizing a historic opportunity to build a cleaner, more resilient, 
and more prosperous global economy. The investment case has never been 
stronger. The technological momentum is accelerating. The economic and 
social rewards from the new path are immensely attractive. The risks of delay 
are stark. A new economic and industrial revolution is unfolding – countries 
that engage and invest will prosper; those that dither will bear the heaviest 
costs. The path forward is clear. Act now, act together, and act at scale.

Let me conclude this chapter on international collaboration on an optimis-
tic note by offering an example of international climate action which could be 
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implemented now with huge rewards: the bringing of solar-powered electric-
ity to Africa at speed and scale. 

China currently has the capacity to produce more than 1,000 GW of solar 
PV panels per year (Wood Mackenzie, 2023; Xue, 2025). Nearly 300 GW of 
renewable capacity per year has been installed in China in recent years (S&P 
Global, 2024). Half of sub-Saharan Africa, around 600 million people, lack 
access to electricity. The total installed electricity capacity is around 250 GW 
(BloombergNEF [BNEF], 2024). Thus there is several hundred GW per year 
of solar capacity in China that could be exported. Just 100–150 GW per year 
in Africa would treble its capacity within a few years and could bring the vast 
majority of Africa access to electricity by the end of the decade. 

China can produce solar PV capacity at US$0.10 per watt or less (Wood 
Mackenzie, 2024). Other countries are closer to US$0.30 per watt. In general, 
necessary capital for gas-powered electricity is in the region of US$0.60 per watt 
and US$1.30 per watt (IEA, 2024a; Lazard, 2024)27 and then it is necessary to 
buy the gas to run the power station. These simple numbers tell us that there 
is a huge opportunity to provide much of Africa with access to clean, low-
cost electricity within a decade. Storage would be needed too, but the cost of 
batteries has also fallen very rapidly and sufficient capacity exists, particularly in 
China. In much of Africa, round-the-clock solar could be produced at US$0.02 
to US$0.05 per kilowatt hour by 2030 (IEA, 2022). Gas-powered electricity 
in Africa would be more like US$0.03 to US$0.08 per kilowatt hour now, and 
likely rising to US$0.11 by 2030 (IEA, 2022).

Further, decentralised solar does not require the extensive grid structure 
associated with larger-scale fossil fuel plants. And decentralised solar capacity 
at the village or farm level can be planned in a way that will be consistent with 
future grid structures (see Box 5.1 on such decentralised solar projects in Africa 
in Chapter 5). Professor Jim McDonald – until recently President of the Royal 
Academy of Engineering – has led such work in Malawi; this type of design is 
referred to as ‘swarming’ (see UN, 2021; University of Strathclyde, 2022). 

There are many who have proposed such initiatives. The United Nations 
Development Programme (UNDP) supports swarm grid projects in developing 
countries such as Vanuatu and Thailand. These decentralised grids consist 
of power cubes, resembling large car batteries, which are charged by a solar 
array. The stored energy is distributed to households or community buildings 
through underground cables (UN, 2021). The private sector has also engaged in 
swarming. SolShare, for example, a climate-tech company based in Bangladesh, 
has developed a peer-to-peer energy trading platform that uses smart meters to 
enable real-time electricity sharing. This creates a decentralised microgrid that 
directs excess solar power to households with energy deficits, improving access 
while reducing waste (Solshare, 2023). But now that the cost of PV panels has 
fallen, in 2025, so low, it is time to move quickly and on scale.

Finance for such a programme should come from the MDBs. China’s 
development banks could play a strong role too. Low-cost capital is critical 
to keeping down cost. Procurement should be by competitive tender. Many 
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companies would compete for contracts on such scale, although given capacity 
and costs it is likely that most of the successful companies in such competition 
would be Chinese. That should be accepted if it is indeed the outcome of 
competitive tendering. The examples of these large-scale operations and 
the size of the future markets could encourage solar PV producers in other 
countries to expand and lower costs. Some support for these developments, 
as part of industrial policy in some countries, would prepare for greater 
competition in future expansion. Whilst the capacity is there to supply at such 
low cost, and the need in Africa is so intense, grasping the opportunity is an 
economic and environmental ‘no-brainer’. 

This example represents a huge opportunity to bring zero-carbon and low-
cost energy, economic inclusion, and climate-resilient and sustainable devel-
opment to some of the poorest countries of the world. Without electricity 
there is no access to the internet and the digital world. Such access improves 
financial inclusion. It brings safety to women who might otherwise have to 
venture over long distances to get firewood. It enables children to study and 
small businesses to open in the evenings. It allows refrigeration and longer 
storage of food and medicines. Now is the moment to show that the world is 
capable of coming together to bring a massive surge in development oppor-
tunities to hundreds of millions. There is no better way of demonstrating the-
huge potential returns from international collaboration. Taking this opportu-
nity together as a world could open the door to a new era. 

Notes
	 1	 The fate of the IRA under President Donald Trump, who took office for 

the second time in early 2025, remains to be seen. However, the so-called 
‘Big, Beautiful Bill’, signed by President Trump on 4 July 2025, seems to 
have reversed most of the IRA’s support for green activities.

	 2	 Finance Minister Nirmala Sitharaman led efforts to reform the MDBs, 
commissioning two influential reports on how MDBs could scale up finance 
for sustainable development – mentioned in Chapter 4 as the reports on the 
Triple Agenda for MDBs. Both were led by N.K. Singh and Larry Summers, 
and I was a member of their Independent Expert Group – see Singh and 
Summers (2023a, 2023b). The findings are discussed in Section 9.3.

	 3	 Investment figures are in 2023 US dollars.

	 4	 These estimates are consistent with growth projections from institutions 
such as the IMF and the World Bank, and comprise investments in the 
energy transition consistent with net zero, adaptation and resilience, 
coping with loss and damage, protection of natural capital, and just 
transition. The estimate for the energy sector, which dominates cli-
mate investment, aligns with projections from the International Energy 
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Agency (IEA, 2024a) and the Energy Transition Commission (ETC, 
2024). For sources, see Bhattacharya et al. (2024).

	 5	 Note that the IEA definition of ‘global clean energy investment’ overlaps 
with, but is not identical to, that used by the CPI in calculating ‘global 
climate finance’. 

	 6	 Clean energy investment refers to the ‘ongoing capital spending on assets’ 
(IEA, 2024c, p. 3) in clean power (renewables, grids, and storage), end use 
(includes energy efficiency and electrification for the main end-use sectors – 
transport, buildings, industry), clean fuels, and CCUS (IEA, 2024a). 

	 7	 According to UNEP (2023b, p. v), NbS can be defined as ‘actions to pro-
tect, conserve, restore, sustainably use and manage natural or modified 
terrestrial, freshwater, coastal and marine ecosystems, which address 
social, economic and environmental challenges effectively and adaptively, 
while simultaneously providing human well-being, ecosystem services 
and resilience and biodiversity benefits.’ I find ‘solutions’ an unattractive 
word here, since it suggests completeness and finality. Climate and devel-
opment do not generally fit with that kind of definiteness. But the term is 
widely used and cannot always be avoided.

	 8	 Though it is still very weak in relation to need, adaptation finance has 
been increasing, doubling between 2018 and 2022. The amounts in the last 
years, according to CPI (2024, 2025), are US$35 billion in 2018; US$42 
billion in 2019; US$56 billion in 2020; US$61 billion in 2021; US$76 billion 
in 2022; and US$65 billion in 2023. During this period (2018–2022), the 
distribution of adaptation finance among country-development groupings 
was the following: advanced economies 7%; China 35%; EMDCs 
(excluding LDCs and China) 37%; LDCs 19%; and transregional 1%.

	 9	 Climate finance refers to the allocation of funds to activities, pro-
grammes, or projects aimed at tackling climate change through adapta-
tion or mitigation (Soubeyran and Macquarie, 2023). We have defined 
it for the purpose of our calculations in relation to the five investment 
categories presented in Table 9.1.

	 10	 See Chapter 6 and the work of the IMF (Black et al., 2023), World Bank 
(Damania et al., 2023), and OECD (2024) on both public and private 
resource mobilisation.

	 11	 The estimated public–private breakdown comes from looking at the 
nature of investments. Electricity generation may be mostly private, but 
natural capital is likely to be mostly public, for example.

	 12	 That was the title of the report, chaired by N.K. Singh and Larry Sum-
mers, of the Independent Expert Group for the Indian G20 Presidency 
on MDBs (Singh and Summers, 2023b). I was a member of that group.
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	 13	 This is based on the application of similar methods as used in the crea-
tion of figures for 2030 – see Figure 9.3 and associated text.

	 14	 A key difference was that the US$300 billion figure included all flows 
from MDBs, whereas previous calculations on delivery of US$100 billion 
(agreed at Cancún and Paris) were based on the developed countries’ 
share in the MDB flows.

	 15	 Pekka Moran of the Finnish Finance Ministry played a key role in 
the creation of this Coalition of Finance Ministers and in its initial 
foundation in the ‘Helsinki Principles’ (Coalition of Finance Ministers 
for Climate Action, 2019). Nick Godfrey and Anika Heckwolf have been 
key to the work of GRI in supporting the Coalition, working closely with 
Amar Bhattacharya and myself. See also Coalition of Finance Ministers 
for Climate Action (2023).

	 16	 This network is working to integrate climate risks into monetary policy 
and financial regulation. In 2025 includes around 140 member institutions.

	 17	 See the work of Bhattacharya, Songwe, and Stern for the COP26, 27, 28, 
and 29 presidencies (Bhattacharya et al., 2023, 2024; Songwe et al., 2022) 
and that of the Singh–Summers G20 Independent Expert Group (Singh 
and Summers, 2023a, 2023b).

	 18	 Vera Songwe and I were members of that group and Amar Bhattacharya 
was central to its analytical work.

	 19	 According to CPI (2022, p. 52), carbon finance (as distinct from climate 
finance) ‘is a type of results-based finance mechanism which involve 
contracts to trade emission reductions on carbon markets in the form 
of quotas or carbon credits (e.g., Certified Emission Reduction [CER]). 
Emission reductions are usually verified by a third-party auditor.’ 
Results-based financing instruments give financial rewards in exchange 
for the achievement of pre-agreed results. Payments (in this case in the 
form of tradable credits) for a project occur when the project achieves 
the said results (Escalanate and Orrego, 2021). The credits can be sold 
on carbon markets to parties that are looking to offset their emissions, as 
such presenting monetary benefits to the emissions-reducing party.

	 20	 In these calculations China is the largest, on US$2.2 trillion per annum, 
with the USA at US$0.75 trillion per annum.

	 21	 See, e.g., the World Bank’s work on toxic subsidies and alternative ways 
forward (Damania et al., 2023; Sutton et al., 2024). See also the OECD’s 
(2024) and the IMF’s (Black et al., 2023) analyses on fossil fuel subsidies. 

	 22	 The IRA was launched under the Biden administration in 2022 (see 
Chapter 8). 

	 23	 See, e.g., the work of ASPI (Leung et al., 2024).
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	 24	 CERN is a particle physics laboratory that marked a change in how particle 
accelerator activities were conducted, from national-level activities to 
being based on international collaboration. This transition took place as 
it became evident that to make further advances in the field, machines 
beyond national capabilities were needed. The idea of a CERN for climate 
involves the creation of a computing facility dedicated to international 
collaboration on climate models of sufficient capacity to give, for example, 
much stronger local resolution on impacts than is currently possible.

	 25	 ‘Multilateral financial flows’ include finance from MDBs and other 
multilateral institutions, for example Global Environment Facility (GEF), 
Adaptation Fund, and UNEP.

	 26	 The UTZ label is a certification of sustainability for farming. It has been 
particularly important for coffee and cocoa.

	 27	 The IEA (2024a) provides estimates of technological costs for the USA, 
the EU, China, and India. The Lazard (2024) estimates are for the USA.



Part IV. 
Galvanising action





10. Fallacies and confusions; obstacles and 
the risk of failure

The first three parts of this book have outlined the scale and nature of the 
challenge we face, the imperative for action, the new approach to growth and 
development that this action embodies, and the necessity for global coopera-
tion in response to an inherently global problem. There is a path forward, but 
we must also recognise that taking action with the required scale and urgency 
will not be easy. In many ways, the required transformation is unprecedented 
in economic history. 

In this brief concluding part of the book, we focus on how the necessary 
action can be galvanised. In doing so, in this chapter, we also provide a 
version of a summary of the arguments of the book, which is structured 
in a particular way: first, why some common arguments for inaction are 
mistaken and, second, the key obstacles to be overcome in taking action. It 
ends by emphasising that the size of the obstacles and the scale of the task 
are daunting, and reminds of the consequences of failure. Chapter 11 com-
pletes the summary by distilling the arguments on how the obstacles can 
be overcome, how the path can be charted and delivered, and why success 
is possible. 

We begin, in Section 10.1, by examining, in the light of the arguments 
developed throughout the book, common fallacious arguments for inaction 
and delay. However, it is also important to recognise that even those advo-
cating for strong action can sometimes propose misleading and misguided 
approaches. Confused arguments or implausible strategies weaken the case 
for urgent action. We explore these issues briefly in Section 10.2. 

While it is crucial to dispel fallacies and confusion, we must also clearly 
identify the major difficulties and obstacles we face. The necessary invest-
ments and systemic changes are vast, complex, and urgent, and the processes 
involved are far from straightforward. Failures can occur in many ways. The 
most challenging problems are outlined in Section 10.3, along with sugges-
tions, drawing from this book, on how they might be tackled. In discussing 
the challenges of implementation, it is helpful to have the problems, discussed 
at various points in the book, assembled in one place. Section 10.4 empha-
sises, as part of implementation, the importance of two areas which hitherto 
have received too little attention in public discussion: adaptation and biodi-
versity. The focus on these areas is strengthening, but much greater attention 
is needed. Concluding remarks, including concerning possible failure, are in 
Section 10.5. 
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10.1 Fallacies from advocates of weak or delayed action
There are many who try to denigrate the case for strong and urgent climate 
action. Sometimes that is motivated by the perception that climate action is 
some kind of ‘woke’ cause. Alternatively, some seem to suggest that steering 
a transition to a low-carbon economy is akin to the central planners, with 
their troublesome command-and-control techniques for resource allocation, 
à la Gosplan, returning from the 20th century to upend the market economy, 
but this time dressed in green. Some see change as uncomfortable and an 
assault on their way of life. In other cases, opposition to climate action arises 
as opportunism for perceived short-term political gain. Sometimes, it comes 
from protection of vested interests. Others claim their opposition comes from 
a careful assessment of priorities which does not put climate at the top of the 
list. Or that commitment to fighting poverty points elsewhere. No doubt there 
are other motivations. 

The opposition has taken different forms over time. Outright science denial 
has, broadly speaking, declined, but still lives on, including in Donald Trump’s 
second administration (from early 2025). There remains considerable opposi-
tion, and the arguments have to be confronted directly. 

Whatever the motivation, there are essentially three main groups of argu-
ments, which are summarised in Table 10.1: playing down the science and 
playing up the costs; arguing that fossil fuels provide energy security, which 
trumps climate; and arguing that climate action will be detrimental for vul-
nerable populations. Whilst the groups are clearly conceptually distinct (‘too 
costly’, ‘energy security’, ‘poverty and vulnerability’), there is some overlap. In 
Table 10.1 the fallacies have been presented so as to capture common state-
ments – similar arguments are often expressed in somewhat different ways. I 
examine these three groups of arguments in turn, following the structure in 
the table.

Downplaying the science and exaggerating the costs of action

The first group of arguments suggests that the risks described by the science 
have been exaggerated, and goes on to exaggerate the costs of action. These 
arguments appear in various forms, with examples listed in the first block of 
Table 10.1. Most of the fallacies in the first group have been addressed in the 
preceding sections of this book, so we will not provide detailed refutations 
here. Instead, we will briefly illustrate their flaws and refer back to the relevant 
parts of the text. 

The notion that climate science indicates weak effects has been thoroughly 
discredited by successive reports by the Intergovernmental Panel on Climate 
Change (IPCC) and 200 years of climate science (see Chapter 2). The impacts 
of climate change are materialising more rapidly and intensely than antici-
pated. The argument that the ‘costs of action’ are prohibitive is increasingly 
untenable as technological advancements have accelerated and costs have 
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come down (see Chapter 5). Indeed, we now understand that, rather than 
viewing climate action as a cost, we should recognise it as investment, inno-
vation, and structural and systemic change, driving a new form of growth. 
This perspective has been central to this book. However, while the view that 
climate action is in conflict with economic growth is both fading and mislead-
ing, it persists. The belief that fossil fuels are essential for growth often stems 
from the idea that energy is essential for growth. While the latter is generally 
true, the former is not; energy does not need fossil fuels.

The argument that we should prioritise growth now, and only later address 
the environmental damage from greenhouse gas (GHG) emissions and other 
pollution, fails on two fronts. High-carbon growth will trigger potentially 
immense – and, in some cases, irreversible – damages. It risks crossing tip-
ping points that would lead to dynamic instabilities, taking climate and bio-
diversity beyond our control. Thus, the ‘clean up later’ approach is not only 
unrealistic but also dangerous (see Chapters 2 and 4). For similar reasons, the 
notion that we can grow in an emitting and polluting manner, incur climate 
change, and then adapt later when we are wealthier is fundamentally flawed. 

The final argument in the first block of the table suggests that rapid action is 
costly. This argument might appear to have some merit in the sense that had 
we acted sooner, the task would have been easier, because investments could 
have been spread over a longer period. But the logic fails when we consider 
that delaying action still further would incur immense costs due to the risks 
of damage from climate change which would be locked in by slow progress. 
In Chapters 1 and 2 we argued that if strong action had been taken 20–30 
years ago, we could have made the transition over 50 years rather than 20–30. 
That delay and the missing of opportunities has made the cost of further delay 
extremely high. We will address some of the difficulties and obstacles we now 
face in Section 10.3.

Energy security

The second set of arguments centres around energy security. Critics argue that 
renewables are intermittent, unreliable, and difficult to integrate into grid and dis-
tribution systems. Additionally, it is often claimed that the best way to achieve 
energy security is through domestic fossil fuel production. While energy security 
is indeed a critical issue for every country, the arguments summarised in the Table 
are fundamentally flawed. Significant progress has been made in organising grid 
systems to accommodate high levels of renewables through demand-and-supply 
management across time and space, coupled with grid-level storage (International 
Energy Agency [IEA], 2023). This does require investment in grids and storage, 
but such investment not only facilitates the integration of renewables but also 
delivers substantial efficiency gains and cost reductions over time periods and 
geographies. Well-integrated grids, multiple sources of supply, and good energy 
markets can now accommodate and make the most of very high proportions of 
renewable energy (Energy Transitions Commission [ETC], 2021 and 2025).1
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History shows that reliance on fossil fuels has, for most countries, led to 
energy insecurity. The oil crises of the 1970s and the recent Russia–Ukraine 
war resulted in sudden, dramatic price rises and availability issues that dis-
rupted the global economy. Wind and solar energy are domestically available 
in all countries and reliance on renewables, along with some nuclear energy, 
can indeed provide energy security and reduce dependence on global fossil 
fuel markets. History and technological advances tell us that the objective of 
energy security is best achieved by moving away from fossil fuels. 

Producing additional oil and gas in a country like the UK does not guaran-
tee energy security. These resources are refined and traded on global markets, 
and a small country has little influence over world prices or its own supply 
(Ekins, 2024). It is implausible that, in the event of an oil or gas emergency, 
the UK could requisition domestic oil for domestic use. For example, UK oil 
from the North Sea is generally exported for refining. These are truly global 
markets.

Given that the world still relies heavily on fossil fuels for energy – around 
80% of the total global energy supply (IRENA, 2024) – we must recognise that 
during the transition, energy crises resulting from disruptions in fossil fuel 
markets will require short-term adjustments in consumption, in production, 
and in alternative fossil fuel sources. For example, when Russian natural gas 
supplies were cut off during the Russia–Ukraine war, Germany temporarily 
increased its reliance on coal, a particularly damaging consequence given the 
high emissions associated with coal. By ‘short term’ in this context, we mean a 
period of two to three years. However, the arguments here on the importance 
of the transition away from fossil fuels are not narrowly about the short term 
but rather about the creation of a medium and longer term where renew-
ables and nuclear energy predominate, drastically reducing vulnerability to 
global crises rooted in fossil fuel markets. This ‘longer term’ could be just two 
decades away in most countries (and less in some, such as the UK), as rapid 
progress towards renewables is already underway and accelerating. In the 
medium term, up to 2040, delivering on the Paris Agreement will require sub-
stantial reductions in fossil fuel production and consumption (ETC, 2023). 
Further, new explorations do not typically yield production results in two or 
three years; it is more likely to take 10 or 15 years, by which time production 
and consumption should be declining. For many countries, new exploration 
could lead to stranded assets (see Chapter 8). 

The potential lock-in effect of continued fossil fuel exploration goes beyond 
the risks of stranded assets. It threatens to entrench high-carbon patterns of 
urban development and infrastructure that are less productive, less liveable, 
and more vulnerable to climate risks. Continued reliance on fossil fuels and 
existing structures can be associated with urban sprawl and the construction 
of inefficient buildings that increase energy consumption and reduce quality 
of life. This same locking in also undermines the resilience needed to adapt 
to climate change impacts. Investments in long-lived infrastructure – such as 
highways, ports, and power plants – often fail to incorporate the resilience 
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required to withstand extreme heat, flooding, or sea-level rise. We must avoid 
locking ourselves into costlier, less efficient, and dangerous infrastructure and 
ways of living.

Many countries still depend on coal for electricity and heavy industry. 
Among fossil fuels, coal is the most polluting in terms of carbon emissions 
per unit of energy. It also causes significant harm in other ways, particularly 
through air pollution. In addition, as the coal market is global, similar 
arguments regarding energy security apply to coal as they do to oil and gas. 
However, the energy security argument for coal does have more substance 
than for oil and gas because, due to transportation costs, coal is generally used 
much closer to its points of extraction. 

Nonetheless, the energy security arguments for coal are not fundamentally 
different. The particularly severe environmental impact of coal, on climate 
as well as air pollution, tells us that reliance on coal must be rapidly reduced. 
Energy security from renewables and nuclear can be stronger than that pro-
vided by coal.

While our focus in this subsection is on energy security, we should remind 
ourselves again that, as discussed in Chapters 4, 5, and 9, renewables already 
offer a cost advantage over fossil fuels in many applications, including power 
and transport, without requiring subsidies or carbon pricing – provided that 
the cost of capital is manageable. However, we should be clear that carbon 
pricing is, in general, good economic policy, because the emission of GHGs is 
a destructive externality.

Income distribution and poverty reduction

The third category of arguments from those advocating weak or delayed action 
revolves around income distribution and poverty reduction. One common 
argument is that climate and environment issues are elite concerns, diverting 
attention from poverty reduction efforts. This is closely related to the claim 
that climate action stifles economic growth, thereby preventing poorer coun-
tries from catching up. As discussed in Chapter 5, this argument is fundamen-
tally flawed; climate action can drive economic growth. 

These arguments based on distribution often imply that proponents of cli-
mate action are indifferent to improving the living standards of poor people 
or countries. However, these assertions are either false or misguided for the 
same reasons: well-designed climate action can promote both growth and 
poverty reduction, while the failure to take climate action hits poor people 
the hardest and earliest. Those advocating climate action are very often the 
keenest supporters of strong policy to reduce poverty; they have economic 
logic as well as, in my view, values on their side. 

Another argument here suggests that climate action will inevitably harm 
poor people through job losses, dislocation, or increased energy costs. The 
answer to this lies in sound policy-making that delivers a just transition. It is 
true that a poorly managed transition could harm some disadvantaged groups. 
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Therefore, it is essential to invest in people and places, to create new and bet-
ter opportunities. And where necessary, providing support through direct 
transfers, or other price or subsidy methods. A just and equitable transition 
requires good policy (see Section 6.5). And the gains from dealing with the 
many relevant market failures associated with GHGs (see Chapters 5 and 6) 
through prices and taxes imply that there will be resources to support those 
who suffer dislocations.

A final argument concerns the profits generated from fossil fuels and their 
potential role in funding clean growth, the transition, and broader develop-
ment initiatives. For example, countries like Brazil and Mexico might argue 
that profits from their state-owned oil and gas companies could finance 
investments in clean infrastructure and industries, health, education, and a 
just transition. Similarly, several African and Central American countries dis-
covering new oil and gas reserves may question why they should not utilise 
these profits to fund sustainable and equitable growth. 

These are legitimate and important questions about who should benefit 
from fossil fuel profits or rents, some of which will continue during the tran-
sition to a clean economy, and about how these profits or rents should be used. 
However, these issues should not be confused with the mistaken notion that 
all nations with access to fossil fuel reserves should continue their exploita-
tion. Such a path would be environmentally disastrous for everyone.

One key concern is that so many of those with fossil fuel reserves, or those 
considering the development of new discoveries, believe that exploiting these 
assets will be a profitable endeavour. However, if oil and gas consumption is 
reduced at a rate consistent with the Paris Agreement, many existing uses 
of, and potential developments in, these fossil fuels will become unprofitable 
(Mercure et al., 2021). Those facing high costs for power-plant construction 
and for oil and gas extraction, will likely find themselves with stranded assets. 
Thus, if we follow a path which is consistent with the Paris Agreement, many 
of those investors will be deluding themselves on their profitability. In essence, 
pressing ahead with oil and gas development is akin to betting against the suc-
cessful management of climate change. 

The important issues on the use of profits and rents from oil and gas call for 
international dialogue and action regarding how and where oil and gas pro-
duction should be scaled back. While much of this process will be driven by 
market forces – where those with the lowest production costs will endure the 
longest as consumption and prices decline – richer countries, including those 
in the Gulf, could take the lead in reducing production as demand decreases. 
This would allow residual profits and rents to be channelled, as far as possible, 
to poorer nations.2 Although one should temper expectations regarding the 
success of such a process, it is a discussion that must occur. In the meantime, 
the risk of stranded assets resulting from excessive oil and gas investment 
globally should be highlighted clearly and effectively. 

Simultaneously, as argued throughout this book, investment in clean 
infrastructure and industry should be robustly supported through all 
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available avenues, particularly in developing countries where the renewable 
opportunities are so strong and the cost of capital is often high. The ownership 
of oil and gas assets does not guarantee their competitiveness against 
renewables in electricity generation. We know that, in most cases, fossil-fuel-
based power generation is more expensive, given a reasonable cost of capital, 
and this discrepancy will only grow as renewable energy costs continue to fall. 
And further, electric vehicles (EVs) run on renewable electricity will be both 
cleaner and cheaper than vehicles powered by internal combustion engines; 
indeed, in large measure they already are.

Coal presents a somewhat different challenge. Given its large GHG emissions, 
the global community must rapidly move away from coal. Moreover, the high 
cost of transporting coal means it is less integrated into the global market. In 
this context, international support and finance are the appropriate response 
to assist poorer countries in transitioning away from coal, managing a just 
transition, and reaping the cost and health benefits of cleaner technologies. 

10.2 Confusion and misdirection
The previous section focused on largely flawed arguments for delaying 
climate action. This section examines confusion and misdirection from those 
who, while recognising the severe dangers of inaction, advocate for routes 
for action that are either wasteful, damaging, overly simplistic, or likely to 
provoke political backlash that could hinder more practical solutions – or, in 
some cases, all of these problems simultaneously.

We will consider the following arguments in turn: abandoning capitalism, 
abandoning growth, relying solely on carbon pricing, prioritising adaptation 
over mitigation, and refusing to discuss geoengineering or carbon removal. 
Table 10.2 sets out the confused arguments, along with a brief clarification. 
Following the structure in the table, we examine each one in turn.

Abandoning capitalism

One argument posits that rampant capitalism inevitably leads to 
behaviour which is dominated by narrow self-interest, which neglects the 
impacts on others and the environment, and which relentlessly pursues 
accumulation and growth without regard for broader consequences 
(Magdoff and Foster, 2011). However, a core problem with abandoning 
capitalism and markets is the absence of a credible, constructive, or 
environmentally friendly alternative. If we abandon capitalism, the 
question arises: what mechanism will replace the market when it comes 
to decision-making and determining resource allocation? Historical 
alternatives to capitalism, such as feudalism, centrally planned 
communist societies, or traditional indigenous economies, do not seem 
relevant or effective for managing the complexities of a modern economy, 
which relies heavily on technological innovation and physical capital. 
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In other words, there is no viable practical alternative to an economy that 
utilises markets for the great majority of investments, decisions, and actions. 

There are some who may believe that a practical alternative to market cap-
italism could develop with changed values, risks, and new technologies, such 
as AI, that together could help solve the many problems around market fail-
ure, information, power distribution, and so on. I have my doubts. But it is 
surely clear that such a new model of how to run an economy is most unlikely 
to emerge in the next two or three decades that are so critical for the climate 
and biodiversity crises.

Let us briefly review the historical lessons on alternatives to capitalism from 
an environmental perspective. First, reverting to feudalism as an economic 
model is not an option. It depended on land and labour being the core factors 
of production, and dominant landowners, with only minor roles for the accu-
mulation of capital and technological changes. 

Second, societies where powerful dictators control resources via central 
planning have generally performed poorly in environmental stewardship 
and in raising living standards. These systems typically fail not only in terms 
of freedom and creativity, but also in the broader dimensions of sustainable 
development. China, for example, experienced significant economic growth 
in the three decades following the disastrous policies of Mao Zedong (includ-
ing around the ‘Great Leap Forward’ and the ‘Cultural Revolution’), but much 
of this growth was accompanied by severe environmental degradation. Only 
in the last 15 or 20 years has China begun to seriously address environmental 
issues, and it has done that at the same time as continuing the move towards 
markets. Environment is now centre stage. Economically, China should now 
be viewed as largely a market economy, even though politically, it has a high 
degree of centralised power and control. But in its recent history, careful 
thinking about incentives and standards has come alongside concern for con-
sequences for the environment.

The former Soviet Union is another prominent example. Central planning, 
as seen in the Soviet model from 1917 to 1989, was notoriously wasteful and 
environmentally destructive. As an illustration, it has been calculated that 
in 1988 the Soviet Union was polluting 1.5 times more than the USA per 
GNP unit (Shahgedanova and Burt, 1994).3 This was related to the energy 
intensity of its economy, which was double that of Western Europe and 30% 
higher than in the USA (Bashmakov and Chupyatov, 1991). Energy use was 
particularly inefficient, since energy prices were centrally determined and 
outdated compared to world energy prices and domestic energy production 
costs. There was little in the way of economic incentives to invest in energy 
efficiency (Cooper and Schipper, 1991). Energy use was wasteful as well as 
polluting.

Third, some indigenous societies, without capitalist economies, have 
lived in harmony with the environment for very long periods. For example, 
Aboriginal societies in Australia appeared to have maintained environmental 
balance for over 50,000 years. In this sense they were extraordinarily 
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successful, with activities and interactions shaped by culture, conventions, 
mutual understanding, and deep local and environmental knowledge. 
However, given the complexities of modern economies, with their strong role 
for the accumulation of capital and technological change, and the much higher 
population densities relative to natural resources, recreating such societies on 
a large scale seems impossible. Nevertheless, studying these societies can offer 
valuable insights into managing our natural capital and collaboration. There is 
so much to learn from them. But these lessons do not suggest that we should 
abandon capitalism altogether. 

The challenge, then, is to govern, modify, and shape a capitalist market 
economy in a way that takes much greater account of the environment, 
resilience, and social cohesion. Different societies can do that in different 
ways. This involves reflecting on our goals, institutions, rights, and freedoms – 
and how they can be formulated and enhanced – and tackling issues of social 
cohesion, inclusion, participation, and inequalities. These considerations 
and objectives, including the reduction of poverty, the creation of shared 
prosperity, and the achievement of sustainability, have been central to our 
discussion of public policy throughout this book. Thus, the issue is not about 
abandoning capitalism and the market economy; it is about harnessing the 
power of markets and entrepreneurial spirit in much more constructive 
ways, guided by societal goals and needs, participation, public discussion, 
and careful analysis. There will be Indian, Chinese, other Asian, European, 
African, North American, South American, Oceanic, and many other ways of 
doing this, drawing on different cultures, histories, and economic structures.

Abandoning growth 

Some argue that economic growth will inevitably be destructive in a world 
with finite natural resources. And many suggest we should stop growth now, 
particularly in richer countries. In its most simplistic version, this perspective 
confuses the concept of indefinite growth, based on current patterns and 
methods,4 with the need to manage a transition over the next two or three 
decades (see also Section 5.3). The former would indeed be very destructive, 
indeed impossible. Further, those who make the argument often insist on 
using narrow definitions of growth in this argument, focusing solely on 
conventional GDP. They suggest that those who indicate the importance and 
possibility of growth think only in terms of GDP. Such confusions around 
growth are both misleading and damaging.

The policy and action agenda on climate, biodiversity, and sustainability is 
primarily concerned with actions over the next two or three decades. While 
climate action will certainly continue beyond 2050, the immediate priority is to 
drive the necessary changes quickly and to establish a new approach to growth 
and development in the coming two or three decades. As we have argued 
throughout this book, this new approach – through investments, innovations, 
resource efficiencies, structural and systemic changes, creativity, and improved 



380	 THE GROWTH STORY OF THE 21ST CENTURY

health – can raise living standards, including real income levels, across the 
board. When pursued effectively, this strategy advances the Sustainable Devel-
opment Goals (SDGs) in all their dimensions, including consumption and 
income. It is absolutely not about ‘indefinite growth’, whatever that means; it is 
far broader in its concepts, activities, and measurement than GDP. 

Let us be clear: the way forward involves both raising living standards, 
including incomes, and the reduction of GHG emissions, pollution, and bio-
diversity loss. The challenge is to break the relationship between economic 
activity and environmental degradation and destruction. We have demon-
strated how this can be achieved. Reaching net zero does not, I hope, imply an 
absurd scenario of zero population or zero output. Modest decreases in con-
sumption and output will not take world emissions from where we are now, 
at close to 60 GtCO2 equivalent per annum, to anywhere near net zero. The 
task in the next two decades is to do things very differently rather than simply 
to do a bit less of them. Of course, our approach described here strongly sup-
ports the more efficient use of resources, less waste, shifts in diets, and more 
environmentally friendly lifestyles. However, this does not necessarily mean 
reduced consumption. Instead, it can and should mean better consumption 
and improving most dimensions of well-being. 

There are some, however, who draw on economic history in an attempt to 
show that a new clean growth story seems impossible. For example, Robert 
Gordon’s (2016) The Rise and Fall of American Growth argues that the growth 
experienced in the 20th century was a unique historical event which is unlikely 
to be repeated. Gordon suggests that the most important technological and 
other discoveries have been made and that future discoveries will inevitably 
be less powerful in their ability to drive growth.

There are also those who argue that energy consumption must rise and that 
movement away from fossil fuels is destined to be limited (Smil, 2017, 2010). A 
recent book, More and More and More, by the historian Jean-Baptiste Fressoz 
(2024), continues this pessimistic perspective on energy transitions in argu-
ing that energy and resource consumption rose through all past transitions 
and implying that resource consumption will inevitably rise in future tran-
sitions. These approaches suggest that economic history tells us that we will 
experience ‘energy addition’, with new energy sources added, but not energy 
transition in the sense of abandoning the use of earlier sources of energy. 

Fressoz’s analysis does carry interesting insights into past transitions, includ-
ing the importance of looking at resource use across all activities and supply 
chains. Solar panels and wind turbines need resources and energy in their 
construction. But there is a fundamental difference between the future energy 
transition we have been describing and past transitions. The future transition 
has its basic source of energy in renewables not natural resources, particularly 
fossil fuels. Of course wind turbines and solar panels use resources, but on a 
much smaller scale than coal, oil, and gas.

It is true that the new route will be very different from the past, but to argue 
that it is impossible because it has not been done before is simply illogical. 
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It will be difficult, and we have discussed and will discuss obstacles, but we 
can show how they can be overcome. The narrow determinism of a rigid eco-
nomic history argument – that is, ‘not done in the past so cannot be done in 
the future’ – is a counsel of despair. We can show how it can be done. That kind 
of argument suggests that all we can do is to head for destruction more slowly 
by cutting back on consumption. It asserts, effectively, that we are doomed.5 

The argument that environmental concern necessitates the abandonment 
of growth in the coming decades is also politically untenable and likely to 
result in failure, particularly in the developing world. Many of these countries, 
understandably and firmly, put the question: ‘You in the rich world became 
wealthy through dirty growth, you filled the atmosphere with GHGs, and 
now you tell us that we cannot raise our own incomes and escape poverty?’ 
It is morally, analytically, practically, and politically wrong for those in the 
rich world to make an argument that even appears to suggest this. Such a 
suggestion would undermine the prospects for collective action. As we have 
emphasised, the key policy and action questions focus on how to develop a 
new approach to sustainable, resilient, and inclusive development that raises 
incomes while breaking the past destructive relationships between economic 
activity and the environment. We have demonstrated how this can be accom-
plished. It will not be easy, but failure to act urgently and on scale will inexo-
rably undermine development and poverty reduction. 

We must be clear, and I emphasise again, that this is not a story about indef-
inite growth. Our discussion focuses on change in the next two decades or so. 
As we implement the necessary changes, innovations, investments, and new 
structures, we will create vastly different prospects for the future. By mid-cen-
tury, the questions surrounding development will likely look very different, 
as we trust – or hope – that new, less destructive approaches to development 
will be firmly in place.

All of this does not dispute the idea that the ‘carrying capacity’ of our plan-
et’s ecosystems is finite. Indeed, it is true that the Earth cannot support an 
unlimited number of people or an unbounded set of economic activities, even 
if those activities are less harmful than in the past. Scholars such as Partha 
Dasgupta (2021a) have rightly emphasised this point. Others have discussed 
the concept of a ‘doughnut’ model, with the outer rim representing ecolog-
ical constraints and the inner rim reflecting the minimum necessary living 
standards (Raworth, 2017). Johan Rockström and others have set out impor-
tant and convincing analytical work on planetary boundaries (Rockström et 
al., 2009).6 These boundaries are indeed of real importance for strategies for 
development. 

Our challenge is to change radically in the next two decades so that our future 
can be sustainable – and, in so doing, we must understand and recognise the 
boundaries. During this period, we can and must combine rising living stand-
ards, particularly in poorer regions of the world, with significant reductions in 
the environmental damage caused by our economic activities. In fact, we can 
find ways for these activities to enhance our environment. Such actions do not 
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necessarily push us beyond, or further beyond, any overall environmental or 
planetary boundary. On the contrary, by drastically reducing the damage from 
consumption or production, they can and should move further away from these 
boundaries, or back towards them where they have already been crossed.

The fastest and most effective way to avoid – or reverse – crossing these 
boundaries is through radical change in how we conduct our activities, rather 
than simply halting or cutting consumption. That being said, part of the new 
approaches to growth would indeed involve radical reduction in waste and 
damaging forms of consumption. And the challenge of the ‘carrying capac-
ity’ – what Dasgupta calls the ‘impact inequality’7 – will not go away. But our 
actions in the coming two decades can make it much less difficult to find a 
sustainable equilibrium in the medium term. 

Simplistic or formulaic one-shot ‘policy solutions’

In examining the confusions that can hinder effective climate action, we must 
also consider the notion that a single, simple solution can resolve the complex 
challenge of climate change. A prime example of such a ‘silver bullet’ propo-
sition is the idea that implementing the right carbon price is all we need. As 
discussed in Chapters 2 and 6, there is indeed a compelling case for a carbon 
price, and it is a policy position that I, along with many economists, strongly 
support. However, we also identified five other key market failures that are 
directly relevant to fostering the necessary innovation and investment. More-
over, systemic changes – such as in cities, land use, or transport systems – 
cannot be delivered by a carbon price alone, or even by a few other market 
corrections. Those policy actions on market failures are crucial, but systemic 
change also requires a strategic approach where multiple agents get together 
to chart a way forward, particularly where the dynamics and expectations can 
be complex. Cities, for example, cannot change without such collaboration.

Therefore, it is misleading, and indeed incorrect, to claim that ‘economics 
tells us’ the most efficient way to tackle GHG emissions is solely through a 
carbon price, and to imply that is all we have to do. It is important not to mis-
understand what is being said here: the carbon price should indeed be central 
to policy, but we will need much more in the policy and action packages to 
create the new path of development and growth that is required. 

There are other, slightly broader but still overly simplistic, approaches that 
are sometimes proposed. One such approach is the belief that ‘technology will 
solve everything’. While technological advancements are indeed crucial – and 
the progress in areas such as solar energy, wind power, batteries, and EVs has 
been remarkable, helping to define and open up the new avenues for growth – 
we have also seen that many of the most challenging problems are economic, 
social, or political. There are many market failures and vested interests that 
technology alone cannot overcome, as crucial as technology no doubt is (also 
see Section 10.3). As we saw in Chapter 9, it is also a dangerous mistake to 
think that the problems can all be fixed by geoengineering (also see below). 
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Prioritising adaptation over mitigation

This argument often begins by highlighting the world’s failure to reduce 
emissions effectively. It then suggests that since this failure is likely to continue, 
we must now prioritise adaptation over mitigation. The argument on the 
importance of adaptation is surely sound. We have indeed been far too slow 
in cutting emissions, and adaptation and building resilience are now critical to 
protecting lives and livelihoods, especially in poor countries that are particularly 
vulnerable to the effects of the global shortfall in mitigation efforts. 

The confusion lies in the idea that strong adaptation efforts can handle what-
ever climate challenges arise and, further, that there is some kind of horse race 
between adaptation and mitigation, with adaptation being the ‘right horse’ to 
back. This argument is often coupled with the correct and important obser-
vation that poor countries contribute relatively small amounts to global GHG 
emissions and are disproportionately vulnerable to climate change. 

However, relegating mitigation to the background in favour of adaptation 
will lead to future impacts that would likely be unmanageable. There are real 
risks of tipping points and dynamic instabilities that could result in climates 
and environments where large parts of the world become uninhabitable. 
This risk applies to all countries, but is particularly severe for poor countries 
and communities. Any slacking of mitigation efforts could leave poorer 
countries with climate risks that no amount of local adjustment could 
deal with: in many cases, ‘adaptation’ would be death or migrating. We are 
already moving into that territory – we will be beyond 1.5 oC within a few 
years – where the risk of tipping points is rising strongly (see Chapter 2), 
but the further we go, the higher those risks. Reducing mitigation efforts is 
profoundly dangerous. 

While poorer countries currently contribute relatively little in terms of 
emissions, failing to prioritise mitigation would lock them into a path of dirty 
growth, potentially making them the major polluters of the future. That said, 
there is a compelling practical and moral case for significantly increasing 
investment in, and support for, adaptation and resilience in poor and vulner-
able countries. The mistake lies in suggesting that we can ease back our efforts 
on mitigation. The opposite is true: these must be accelerated, as we saw in 
Chapters 2 and 4. The ever-increasing need for adaptation is a reflection of 
our dismal underperformance on mitigation.

The narrative, however, is not merely about a false horse race between adap-
tation and mitigation. As discussed in Chapters 4 and 5, there are numerous 
examples where climate action delivers mitigation, adaptation, and develop-
ment simultaneously: from mangrove restoration and the rehabilitation of 
degraded land to decentralised solar power and public transport systems. At 
the heart of the policy challenge now is the expansion and pursuit of these 
types of investments. But to emphasise again, it is clear, and important to rec-
ognise, that adaptation has had far too little attention and investment; this 
failure is emphasised in Section 10.4 below.
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Refusing to discuss geoengineering or carbon removal 

Some argue that solar radiation management (SRM) – which involves preventing 
energy from entering the atmosphere – is too dangerous a subject even to discuss. 
The reasons cited include the fear that such discussions might reduce efforts on 
mitigation (the so-called ‘moral hazard’), the potential for unknown or unintended 
consequences that could be catastrophic, and the governance issues inherent in 
decisions of such global consequence potentially being made by a small group of 
people. All three of these concerns are valid and significant (see Chapter 9).

However, the delay in reducing emissions has brought us perilously close to 
tipping points and dynamic instabilities in the climate system, which could lead 
to irreversible and catastrophic outcomes. In this context, it would be reckless 
to dismiss the exploration of actions that might ‘buy time’. Such research is best 
conducted before the pressures for activating SRM become overwhelming. The 
analysis might well conclude that the risks associated with SRM are so severe 
that it should not be seen as a viable option. Indeed, I think that conclusion 
is likely. But this should be a conclusion based on thorough, well-informed 
analysis. Gathering information on the possible consequences will not be easy, 
because a global experiment could itself be dangerous. However, there is poten-
tial in modelling. And studies of past volcanic eruptions which cooled the earth 
via dust in the atmosphere carry some information. Further, local experiments 
in cloud brightening may be possible and useful.8

None of this should detract from the core argument of this book. The 
most effective actions are those that foster a sustainable, resilient, and inclu-
sive approach to growth and development. We must act with purpose and 
urgency. The choice and responsibility lie in our hands.

In addition to reducing emissions, CDR will also play a crucial role in 
reaching the Paris Agreement goals. Different CDR methods exist, as we saw 
in Section 9.6, which can be grouped mainly into three (ETC, 2022): first, 
natural climate solutions (NCS) such as reforestation, land restoration, and 
algae; second, engineered solutions such as direct air capture (DAC) and car-
bon capture and storage (CCS); and third, hybrid solutions such as biomass 
with carbon removal and storage (BiCRS or BECCS). CDR methods such as 
afforestation and reforestation are already being implemented. They should 
be pursued more energetically and, if done well, would carry environmental 
and other benefits way beyond carbon reduction. There are further options 
whose feasibility and risks are more uncertain, as they are still in early devel-
opment, such as ocean fertilisation (ETC, 2022). 

Each method has different potential co-benefits, costs, and risks, and none 
will replace deep emissions reductions. Though their price is expected to 
decrease with innovation and implementation, most engineered CDR meth-
ods are expensive – particularly, at present, DAC. The risk exists that they are 
not, on cost grounds, implemented at large scale. Natural CDR is less costly 
but faces different risks, such as land competition and the potential imperma-
nence of nature-based solutions (ETC, 2022). 
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Notwithstanding the difficulties, CDR is likely to have an essential role, 
since it will not be possible to eliminate CO2 emissions completely (ETC, 
2022), for example from some activities associated with industrial production 
and agriculture (Intergovernmental Panel on Climate Change [IPCC], 2023). 
Virtually all IPCC mitigation scenarios compatible with the Paris Agreement 
assume deployments of CDR which are large compared to its current use. 
Therefore, it is necessary to rapidly upscale CDR development and bring 
down costs. The question is then which methods will be deployed, when, how, 
and by whom (Babiker et al., 2022).

As an illustration of scale and cost, suppose that by 2050 overall emissions, 
allowing for sources and sinks, had come down from 60 to 20 GtCO2e. If 
direct air capture costs US$200 per tonne (it is currently around US$500 or 
more), then a cost of US$4 trillion per annum would be involved. That might 
be around 2% of GDP then. 

10.3 Obstacles, action to tackle them, and the research 
agenda 
This book has outlined a clear path forward: the prospects of taking strong action 
are potentially very attractive, while the dangers of delay are immense. However, 
we must recognise that the scale, pace, and nature of the action required will not 
be easy to deliver. There are numerous and substantial obstacles and difficulties 
to overcome along the way. The majority of these challenges lie within the realms 
of economics, society, and politics. It is largely through the social sciences that we 
can understand these obstacles and devise strategies to overcome them. 

Whilst the problems associated with economics, society, and politics are 
emphasised here – indeed, we argue that they are the thorniest issues – we 
should not overlook that there is much to do in science and technology, not-
withstanding the remarkable progress that has occurred. The world will need 
substantial advances in key hard-to-abate sectors, including agriculture, avia-
tion, maritime, cement, and steel. There are promising signs in each area, but 
there is still much to be done. And we will need much cheaper CDR. 

In this section we highlight the most significant and challenging obstacles 
and discuss how they might be tackled. These challenges are summarised in 
headline form in Table 10.3. They have been identified earlier in the book, but 
they are gathered here for summary and overall assessment. Thus, this section 
serves as a summary of many of the key conclusions and messages of this book. 

The obstacles can be broadly categorised into five interwoven areas: lack of 
investor confidence in strategic direction and problems with the investment cli-
mate; finance and macroeconomic challenges; dislocation, structural change, 
and the need for a just transition; changing behaviours; and politics and politi-
cal economy, both national and international. There are ways to overcome each 
of them, separately and together. Tackling these difficulties requires both com-
mitment and a shared societal and political understanding of what can be done, 
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of the urgency and necessity of action, and of the potential rewards. This sec-
tion will also underscore where the social sciences – particularly economics and 
political economy – should focus attention and research. Whilst not included as 
obstacles in Table 10.3, adaptation and biodiversity have received far too little 
attention and investment. These issues are taken up in Section 10.4.

The five areas and sets of issues of Table 10.3 constitute an urgent and 
challenging agenda for policy-makers and economists and social scientists 
alike. Those working on these issues must both act as, or support and inform, 
policy-makers, and think as researchers simultaneously, clearly, and swiftly. 
Action and research must proceed together. Delay is dangerous. But so too is 
misguided action. Thinking and doing must be combined and simultaneous.

Table 10.3 points towards a research agenda in terms of careful analysis of 
the obstacles and the construction of policies and actions to deal with them. 
We will assemble those research issues in the next chapter, including some 
comments on methodological approaches that might be possible. See in par-
ticular Table 11.1. Both Table 10.3 and the research agenda, Table 11.1, are 
linked to the action agenda set out at the end of Chapter 4. 

The entries in Table 10.3 concern obstacles and barriers. The necessary 
research issues include, in addition to understanding these obstacles and bar-
riers, policy design and incentive structures to overcome market failures and 
to guide investment, innovation, and research and development (R&D) direc-
tions, including around natural capital. These issues are of great importance 
and are included in Table 11.1.

Strategic clarity and the investment climate

The first, and crucial, task in driving the necessary change is creating the 
conditions that can guide and encourage investors in the required directions. 
These conditions must recognise and reflect the scale, nature, and urgency of 
the innovative investments that are at the heart of generating a new form of 
sustainable growth. As we have argued, this growth can lead to all of increased 
productivity, reduced emissions, greater resilience, and rising living standards 
across the board. Facilitating and fostering this investment is the most impor-
tant strategic and policy objective in tackling climate change and generating 
the new growth story.

Whether one looks to Keynes or Hayek, or simply listens to investors, it 
is clear that uncertainty is a major deterrent to investment. Government-
induced policy risk can kill or severely reduce investment. A difficult 
infrastructure environment in terms of power, transport, or water, for 
example, can be a major discouragement, as can a bureaucratic or regulatory 
environment that creates obstacles or delays. Predatory practices by corrupt 
officials or criminal elements (such as protection rackets, ransoms, hijacking, 
or highway robberies) can also act as severe deterrents to investment. Policies, 
infrastructure, institutions, and governance all shape investment and its 
perceived viability. 
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In this context, clarity of strategic direction is particularly important. Much 
of the necessary investment will be long term, particularly in infrastruc-
ture. Stability in strategy and policy, along with shared commitment across 
the political spectrum, can enhance investor confidence. Conversely, their 
absence can be a major hindrance. Legal and institutional frameworks can 
bolster confidence in strategic directions. The way in which courts around 
the world have recently been upholding the obligations of governments and 
firms regarding climate and environment protection is an example (Setzer 
and Higham, 2024). See, in particular, the clear and strong opinion on climate 
given by the International Court of Justice in July 2025.

Institutional structures, such as the UK’s Climate Change Committee and 
relevant legislation, can also contribute to confidence in strategic direction. 
Strong, legally-binding net zero national commitments, accompanied by 
clear and credible transition pathways, are central to reducing uncertainty 
and fostering market stability (Bhattacharya et al., 2023). Political and public 
support for pledging and implementing measures to achieve net zero objec-
tives can be strengthened by communicating how net zero policies are aligned 
with broader development actions and goals, such as improving employment 
opportunities, supporting domestic industries, enhancing energy security, 
and making cities more accessible (Averchenkova and Chan, 2023).

Understanding the obstacles to investment will be a key part of strategic 
policy in fostering investment in terms of actions to overcome them. That 
is why the careful development of the investment climate, sound policy, and 
credibility are so important. Information from private firms and financial 
institutions on their own understanding of obstacles will be key elements in 
creating and supporting the understanding of policy-makers. These issues are 
discussed in Chapter 6 and, from an international perspective, in Chapter 9. 
The country platform (see Chapter 9) around which key agents – public, pri-
vate, civil society and international – can share ideas and coordinate can be a 
strong foundation.

Finance and macroeconomic challenges

Recognising and fostering the scale, nature, and urgency of the necessary invest-
ments is the starting point. The next action element, as just emphasised, is to cre-
ate the conditions for that investment. However, investment requires finance. 

In Chapters 5 and 9, we have examined the scale and nature of the finance 
required. Given the magnitude of the necessary investments, the scale of the 
required finance will be substantial. That starts with domestic resource mobili-
sation, public and private, which will, as we saw, be the biggest element in over-
all finance. But external finance for EMDCs (other than China) will be crucial. 
As we discussed in Chapter 9, external finance should flow at approximately 
US$1 trillion per year by 2030, compared with US$150 billion in recent years 
(Bhattacharya et al., 2024; Songwe et al., 2022). The three broad components 
of this US$1 trillion per annum in external finance are, in order of size: private 
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sector flows, MDBs and DFIs, and low- or zero-cost finance such as Official 
Development Assistance (ODA), voluntary carbon markets (VCMs), special 
drawing rights (SDRs), philanthropy, and new forms of taxation. Achieving 
this by 2030 will require a 15-fold increase in private flows, a tripling of flows 
from MDBs and DFIs, and a significant expansion of low- or zero-cost finance. 
Low- or zero-cost financing of US$200–300 billion per year will be needed by 
2030, requiring a doubling of bilateral contributions from advanced economy 
partners and a 14- to 16-fold increase in other sources, including VCMs, use 
of SDRs, solidarity levies on internationally polluting activities, other interna-
tional taxes, and debt swaps (Bhattacharya et al., 2024). These expansions are 
very large, but they are necessary to respond to the crises on the scale required 
and, at the same time, create the new growth story. And we saw in Chapter 9 
how these expansions could be realised. They are feasible. 

As argued in Chapter 5, the scale of finance now necessary arises from the 
scale of investment necessary. That scale of investment itself arises from two 
factors: the scale of the task and the great risks of delay in action. This is now a 
transformation which must take place in two or three decades. Had the world 
started in earnest on that transformation two decades ago, when the chal-
lenges were already clear, the necessary per annum increase in investment 
would have been much lower. Further delay into the future would make that 
problem still more acute. At the same time, we must emphasise that these nec-
essary increases in investment will bring high economic and social returns, in 
addition to reducing the immense risks of climate change.

As we have argued, host countries must create the conditions for the invest-
ment if it is to materialise. And they will also, as already emphasised, be the 
most important source of finance. In most countries, domestic investment is 
primarily financed by domestic savings, both private and public. In EMDCs 
(other than China) the proportion financed internally may be smaller, par-
ticularly for poorer countries. In the analyses above, we took the figure of 
US$1.4 trillion per annum internal out of a total of US$2.4 trillion per annum 
of overall climate finance investment, or nearly 60%. 

The bulk of the financing is expected to come from the private sector, but 
this requires substantial progress in de-risking and tackling the cost of capital. 
DFIs, and especially the MDBs, have a crucial role to play not only in catalys-
ing private finance but also in supporting urgently needed public investments. 
Transforming how the MDBs engage with the private sector and operate as a 
coordinated system requires major reforms. The commitment, energy, and 
direction for the necessary changes and expansion of finance from these 
institutions must come both from their shareholders and from their leader-
ship. But as we have shown in Chapter 9, these expansions are possible with 
comparatively small injections of paid-in capital. An injection of US$60 bil-
lion of paid-in capital, for example via US$6 billion, each year for 10 years, 
could, with other reforms of capital use,9 release a tripling of per annum MDB 
finance, increasing from around US$100 billion to US$300 billion per annum.
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Ultimately, this is largely a matter of political will. If this political will is to 
emerge, it will be built on an understanding of the necessity of delivering on 
the Paris Agreement and creating the new path of growth and the investment 
and finance required to achieve this. I hope that this book contributes to this 
understanding. The finance ministers and heads of state of G20 countries have 
a special role to play.

In my view, the necessary actions have been identified, and the detailed analysis 
for implementation is being developed. The challenges now lie in building the 
political will and tackling the practicalities of implementation for both private and 
public institutions, domestically and internationally. That is a key obstacle. Over-
coming it will not be easy, but the consequences of failure – namely, the failure to 
meet the Paris temperature targets of well below 2 oC, with efforts for 1.5 oC – will 
be devastating, particularly for the poorest people. Dismissing these proposed 
changes as ‘unrealistic’ or ‘too difficult’ is, in my view, the opposite of realism. It 
will be tough either way, but the much tougher path is one of delay and inaction.

For many countries, macroeconomic and debt issues may undermine confidence 
in their ability to raise investment and maintain macroeconomic stability. A key 
consequence of this is a high cost of capital. Overcoming the macro challenges is 
a central obstacle. Sound macroeconomic management, sensible fiscal rules, and 
support from domestic financial institutions and development banks are crucial 
here. Central to sound macroeconomic policy and fiscal rules in this context is the 
principle that sound investment, financed by capital at a reasonable cost and tenor, 
is macroeconomically responsible. Such investment can reduce debt-to-GDP ratios 
over time. See, for example, the two reports of the Independent Experts Group for 
the India G20 Presidency, chaired by N.K. Singh and Larry Summers, of which I 
was a member (Singh and Summers, 2023a, 2023b). That being said, some of the 
poorest countries with severe debt will need some kind of debt restructuring. The 
International Monetary Fund (IMF) can and should play a leading role here; it 
will need the backing of the major G20 countries. 

Dislocation, structural change, and a just transition

The scale of change required, as argued throughout this book, will inevitably lead 
to dislocation, with some groups potentially facing substantial losses. Examples 
include the potential consequences of the closure of coal mines and coal-fired 
power stations, the phasing out of dirty steel plants, the decline of industries pro-
ducing parts for internal combustion engines, and the rising costs of fossil fuels 
for many. Individuals who seek to invest in new forms of heating or cooling will 
need to find the capital and manage the process of making improvements. Addi-
tionally, some people may resist the expansion of solar or onshore wind projects 
or transmission lines near their homes, which they fear will reduce the value of 
their properties. All of these factors contribute to the dislocation caused by such 
transformative changes. Managing dislocation is a central obstacle.

For many of those affected, there will be a sense – often understandable – that 
their rights to development or to work towards improving their standard of 
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living have been infringed. These effects of the transition, particularly when 
they impact poorer communities, demand special attention. 

Policies, institutions, and structures will differ depending on the context. 
However, some common themes emerge. For example, the investments 
necessary for the transition will be undertaken by various types of house-
holds, firms, cities, and governments. Generally, the cost of capital is higher 
for poorer individuals. Therefore, in most countries, it will be important 
to design systems that enable poorer people to have access to lower-cost 
finance, for example to invest in making their homes more energy efficient, 
to transition to new heating methods, to purchase EVs, or to adopt new 
agricultural techniques. These schemes will operate more effectively and 
efficiently if they are designed on a large scale and with public underwrit-
ing, since it is costly for a private financial institution to carry out scrutiny 
of borrowers for small-size loans. 

A good starting principle is to foster and manage change by initiating 
public discussions on how to respond to the dislocations, in particular by 
creating opportunities. Those affected are likely to have valuable ideas. Cre-
ating opportunities will usually involve investing in the people and places 
most affected by change. In some cases, social protection and support will 
be necessary. But the focus in the first instance should be on creating new 
opportunities, which are likely, over time, to be both more fulfilling for indi-
viduals and lighter on the public purse. 

In concluding this brief discussion of dislocation and a just transition, it 
is important to recognise that public policy cannot entirely prevent some 
people from losing out. The potential gains for global communities are 
immense, and halting progress because some will lose out is dangerous to 
all. The task of public policy is to find ways of extending the benefits of these 
immense gains to as many people as possible and to work to keep the poten-
tial losses as low as possible; for some, social protection and support will be 
necessary. The participation of communities in the design of public policy 
will be critical to making this process as effective as possible. It is important 
that gains are seen directly as early as possible if political support is to be 
built and sustained.

Some wealthier groups or countries, particularly those who benefit from 
economic rents associated with fossil fuels, will see their wealth diminish 
over time as the world moves away from fossil fuels. This outcome is inher-
ent in the strategy and is an unavoidable part of the transition. These vested 
interests will resist change. Understanding that political economy, national 
and international, will be critical to success. But it is hard to argue that the 
rents that arise in one industrial or technological structure constitute indef-
inite rights, particularly if the activities are so damaging to others. A shared 
recognition of the great returns to driving change, and the dangers if we 
fail to change, will be vital to the creation of a political environment where 
opposition from vested interests can be overcome. There is more on political 
economy later. 
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Changes in behaviours 

Much of the analysis of economic policy assumes that economic agents, 
whether consumers or firms, fully understand and pursue their preferences 
and best interests. Thus, such analyses focus on shaping incentive structures 
to influence actions and behaviours of people who make their choices in 
this way. For example, if public policy aims to reduce fossil fuel use, it might 
raise the prices of these fuels, or if it seeks to encourage the adoption of solar 
panels, it could offer subsidies. Standards and regulation can also be used to 
guide behaviour. These are sound principles of public policy, as we set out 
and embraced in Chapter 6. These incentive-based approaches are likely to do 
most of the ‘heavy lifting’ in shaping choices.

However, some attempts to influence behaviour go beyond such approaches. 
The insights from behavioural economics and institutional economics can 
also offer substantial further potential for public policy. There is work to be 
done on how to apply these insights to public policy.

The process of change may require individuals to engage with institutions 
and systems that have not previously played a prominent role in their lives. In 
this process of embarking on the new, understanding and using information 
is a key behavioural issue. Examples include navigating new electricity tariffs, 
understanding and managing EVs and their charging needs, adopting new 
farming methods, or adjusting to changed public transport systems. Such 
unfamiliarity, coupled with a lack of understanding and information, can lead 
to anxiety and resistance to change. Indeed, two of the outstanding pioneers 
of behavioural economics/psychology, Danny Kahneman and Amos Tversky 
(1991), showed that people often exhibit a strong aversion to perceived losses 
relative to where they currently stand, meaning they are more concerned 
about avoiding losses than they are about achieving equivalent gains. 
Kahneman and Tversky referred to this phenomenon as ‘loss aversion’. 

In this context, understanding institutional design and behaviour will 
be crucial in making these structures as accessible and user-friendly as 
possible. One example of a method to guide behaviour in this context is 
the ‘default option’. If, for example, under a defined-contribution pension 
scheme, participants have to select preferred investment avenues for their 
pension, then the option that is specified as the default can exert a powerful 
influence on choices (Beshears et al., 2006). There is an extensive and valu-
able literature on behavioural and institutional economics (Hodgson, 2009; 
Morgan et al., 2010). While this is not the place for a detailed review, it is 
important to emphasise that this is an important area for action, innovation, 
and research. This is part of the research agenda set out in the next chapter 
(see also Chapter 6).

One useful set of lessons from behavioural economics comes from one of 
its pioneers, Cass Sunstein, who helped develop the concept of the ‘nudge’ 
(Thaler and Sunstein, 2008).10 If people are cautious about adopting new 
behaviours, a nudge can help guide them in a direction that ultimately 
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benefits both themselves and the community. One example is that prompting 
people to become organ donors while paying for their car tax added 100,000 
donors to the register in a single year (Loosemore, 2014).

An example of a combination of incentive structures and behavioural change 
in supporting community action, from my own experience, is the recycling of 
Christmas trees in early January in South Harting, a village near where I live 
in Sussex. Local residents were invited to bring their used Christmas trees to 
the local school playground, where they could be shredded and turned into 
useful chippings. The event was highly convenient, with clear information on 
when and where to go, and it was also a social occasion where neighbours 
could exchange holiday greetings. It is an example of cost management, infor-
mation, convenience, and community organisation in influencing behaviour. 

Studying behaviour in different contexts is central because the effectiveness 
of specific interventions often varies across regions, communities, and different 
groups within them. There is a problem here in that much of the behavioural 
science research has been conducted in Western developed countries 
(Vlasceanu et al., 2024). In the context of developing nations, understanding 
behaviour relative to adaptation is of particular importance. The BASIN project 
at the Grantham Research Institute at LSE (where I work) aims to explore 
how behavioural and psychological sciences can inform decision-making for 
equitable and climate-resilient water security in sub-Saharan Africa (London 
School of Economics [LSE], n.d.). The research within the project will test 
the application of behavioural and psychological insights on adaptation for 
specific countries in sub-Saharan African, including Burkina Faso, Malawi, 
and Tanzania – nations that have experienced frequent flood and drought 
events since the mid-2000s. Among the aims of the project is identifying key 
levers to enhance community adaptation behaviour, considering behaviour 
determinants at both the individual and the organisational level. This requires 
identifying the factors and issues that drive individual choices, for example 
how risks are perceived by individuals and the access communities have to 
affordable and effective flood mitigation measures.

While behavioural studies focused on individual actions are valuable, they 
represent only part of the necessary responses. Their contribution to address-
ing climate change should not be interpreted as implying that the root causes 
of challenges are solely individual. For example, although considering indi-
vidual risk perception is critical when designing policies for household flood 
protection, vulnerability to floods is part of broader systemic issues and will 
have to be tackled by public action at a district or regional level (Ingram and 
Gannon, 2024). That can involve, for example, building flood protection bar-
riers or public warning schemes. Indeed, behavioural change can and must 
go way beyond ‘nudges’. The emphasis on interventions at the individual 
level, such as choices around personal consumption, has at times obscured 
the deeper structural and institutional forces that shape behaviour, and has 
sometimes embodied an overestimation of what individuals can achieve on 
their own because of a nudge (Chater and Loewenstein, 2023).11 For example, 
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system-level factors such as the built infrastructure can perpetuate certain 
behaviours (e.g., in the case of transportation), cultural and political factors 
can affect climate behaviour (e.g., by influencing societal norms), and leg-
islation can support or hinder private investment consistent with net zero 
(Nielsen et al., 2024). 

Overall, the big effects in shifting demands and consumption and produc-
tion patterns are likely to arise from prices, subsidies, regulation, standards, 
capital markets, improved information, and so on, as we saw in Chapter 6, or 
from direct public investment in infrastructure. But these actions and policies 
around major investments are likely to achieve better results by understand-
ing human behaviour and psychology. Recognising this, multiple govern-
ments have established units to develop behavioural insights to be incorpo-
rated in policy-making. For example, the UK created the Behavioural Insights 
Team (BIT), or ‘Nudge Unit’, in 2010 within the Cabinet Office, under David 
Halpern (Afif, 2017). 

Politics, political economy, and vested interests

Change is often met with resistance, including from those who foresee poten-
tial dislocations, losses, or inconveniences affecting them; those who simply 
dislike change; or those who buy into conspiracy theories about government 
control. Some may argue that the costs and disruptions of change outweigh 
the supposed benefits. Substantial vested interests, particularly those associ-
ated with fossil fuel industries, will resist change as they perceive threats to 
their economic rents. 

These forces can form a formidable opposition to change. Or they can build 
support for arguments for a slower approach. Driving the process of change 
is inherently political – and, in many cases, intensely so. Achieving change 
requires the mobilisation of forces to push for change. Fortunately, there are 
many who understand the threats posed by unmanaged climate change and 
recognise the substantial opportunities presented by new development paths. 
And they do express their views politically. Yet, the momentum for change 
they offer, whilst significant, is not yet sufficient to generate the pace of change 
that is necessary. 

Over the last decade or two, young people, who stand to benefit greatly from 
these changes, have been particularly vocal in pressing for action. In many 
countries, climate and biodiversity issues are taught in schools and, for the past 
decade, students entering universities already have some understanding of the 
issues and how we can respond as a world. Additionally, many from older gener-
ations recognise the moral responsibility of preserving and investing in the envi-
ronmental heritage and natural capital they will pass on to the next generation. 

Political leadership occurs at different levels. People come together more 
readily in cities, towns, or rural areas where the sense of community may be 
stronger. City alliances have played a crucial role in driving climate action, 
for example the US Climate Alliance for Cities during Trump’s first presi-



396	 THE GROWTH STORY OF THE 21ST CENTURY

dency (2017–2021). See also the work of C40, where mayors can exchange 
ideas not only on how to get things done but also on how to build political 
support. And they can gain enthusiasm and courage in political leadership 
from each other. 

However, there are politicians who see short-term political advantage in 
capitalising on the discomfort of those who find potential changes unsettling 
or see it as against their interests. For example, in the final years of the most 
recent Conservative government in the UK, from 2023 to July 2024, when 
they lost the election, their leadership attempted to use resistance to climate 
action as a ‘wedge issue’ to differentiate themselves from Labour, the Liberal 
Democrats, and other parties. There are signs that the new leadership of the 
Conservative Party will do the same in opposition. 

Political movements such as the gilets jaunes in France during 2018–2019 
protested strongly and effectively against increased fuel taxes. Similarly, dur-
ing 2023–2024, German farmers protested against cuts in tractor diesel fuel 
subsidies (Connolly, 2024), which led to revisions of policy (Neubert, 2024). 
See also Chapter 6. Such opposition can make politicians hesitate.

Success in leading change in the face of such political challenges requires four 
key elements: packaging of policies, management of change, public participa-
tion, and communication. First, it involves crafting sound policy packages that 
combine multiple actions which work together. It is not wise or just to impose 
a single policy that carries negative impacts on a particular group, especially 
poorer groups, without offering something else to improve their situation. In 
the case of the gilets jaunes, for example, the fuel price rise was seen as another 
in a series of policies that disproportionately affected rural poor people (such 
as stricter maintenance rules on the vehicles essential to their rural livelihoods). 
Second, it is crucial to find ways to help people adapt to change over time and 
manage the associated costs. These could include phasing in policies to allow 
preparation for change, low-cost adjustment loans, or, in the case of transport, 
incentives to trade in polluting vehicles. Third, public participation in deter-
mining collaboratively how best to manage change can improve both policy 
design and acceptability. Fourth, leaders need courage and skill in communi-
cation, including the ability to present the change as exciting and attractive, to 
show that it will be inclusive in its benefits, and to offer a vision of a better 
future. Political support and the making of investment both require positivity. 
At the same time, openness to discussion and showing understanding and com-
mitment to those affected are of great importance to the acceptability of change. 
In all this, timely delivery and the tangibility of benefit will be critical to political 
traction. Renewables do lower costs of electricity, but people have to see and 
experience those reduced costs in real time.

The resistance from the fossil fuel industry poses a significant obstacle 
(see Section 8.2). This industry is well funded and generally plays its cards 
effectively. This is not the place for an exhaustive account but, as highlighted 
in Section 7.5, in their book Merchants of Doubt, Naomi Oreskes and Erik 
Conway (2010) demonstrate clearly and strongly how the fossil fuel industry 
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vigorously and often ruthlessly pursues its own interests through whatever 
methods it chooses. They detail, for example, how this industry, particularly 
in the USA, sought to undermine climate science by sowing doubt about its 
findings, even as their own internal scientists confirmed both the validity of 
the science and the severity of the consequences of inaction.

The fossil fuel industry, particularly in the USA, also provides substantial 
funding to politicians who may act in its interests (Goldberg et al., 2020; Influ-
ence Map, 2019). The period of rising oil and gas price rises and market disrup-
tion following Russia’s invasion of Ukraine in the Spring of 2022 was another 
opportunity for the oil and gas lobby to push back against the transition, using 
spurious arguments related to energy security (as discussed earlier in this 
chapter). The political economy surrounding these issues can be intense, and 
research into how it operates and manifests itself is a key component for lead-
ing the transition successfully. Such research can involve threats and personal 
risk, and requires strength and determination as well as research skills.12 

Success in leading change also requires standing up to those who seek to 
halt progress. And to do so successfully and manage to keep climate action 
going, it is central to work in coalitions. As Jean Chrétien (2025) argued 
recently, ‘To fight back against a big, powerful bully, you need strength in 
numbers.’ At the international level, the impact of setbacks on climate – such 
as Trump withdrawing the USA from the Paris Agreement for a second time 
in early 2025 – depends on the reaction of the rest of the world and their will-
ingness to keep collaborating and acting without, in this case, the US national 
leadership. We currently live in a fragmented world where ‘not all problems 
require leadership from a single dominant country’, as the authors of the book 
New World, New Rules put it in a recent article (Papaconstantinou and Pisani-
Ferry, 2025). For example, China and the EU can step up to lead on climate 
action, occupying the vacant space that Trump leaves for others to take. And 
we are seeing such leadership in Brazil, both in its G20 presidency of 2024 and 
in its presidency of COP30 in 2025.

10.4 Crucial issues that get too little attention: adaptation 
and biodiversity
In discussion of climate action, including in this book, adaptation and natural 
capital or biodiversity are not forgotten. But they receive too little attention. 
As a partial counterweight here, I want to give them special emphasis for 
further work. At the same time, it is important to stress that these issues are 
particularly location and context specific. Climate action involves real detail 
and strategies and policies that not only embody big ideas but also take account 
of the special circumstances of each country or place. A valuable example of 
detailed country work is in the Country Climate and Development Reviews 
(CCDRs) carried out by the World Bank working with individual countries. 
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Adaptation and loss and damage

Climate action encompasses more than just a successful transition and the 
associated investments. The climate has already shifted in dangerous direc-
tions, and further changes are inevitable. Understanding how to adapt and 
investing in adaptation are now major and urgent challenges. Additionally, 
responding to the loss and damage that will occur, even with sensible adapta-
tion and resilience measures in place, is a key global responsibility; it is global 
emissions that have caused the problems. 

The research agenda in this area is extensive and challenging. Three 
key points from our earlier discussions that are particularly important for 
research and action are highlighted here. First, there is a critical need for 
information with sufficient precision to enable local action. That action 
involves not only building and designing more robustly, but also the abil-
ity to act in a timely way when disasters occur or are imminent. Currently, 
our climate impact models and methods do not provide the local resolu-
tion with the precision necessary to guide effective decision-making and 
local action for many stakeholders. To take an example close to home in 
the UK, while we know that more and larger storm surges are expected 
on the River Thames, and while that has led to the strengthening of the 
flood defences, more detailed information is required to help households 
understand the specific measures they should take based on their indi-
vidual circumstances. Similarly, when it comes to warnings of imminent 
danger, for example typhoons or cyclones in the Philippines or Bay of 
Bengal, the timelines and precision of information are crucial for enabling 
effective evasive action. 

Second, restorative action after disasters have struck often requires fast-dis-
bursing resources. More work is needed to develop financial structures that 
can quickly and effectively deliver resources to those affected. The valuable 
work around the Bridgetown Agenda is one such example that requires fur-
ther exploration and action, including its emphasis on disaster clauses in loan 
structures which allow debt reduction or repayment postponement in the 
event of natural disasters.13

As mentioned in Section 9.3, parametric insurance can also facilitate faster 
disbursement, including in anticipation of threatening events. For example, 
insurance cover could pay out to farmers if there was no rain for a given 
period, if temperatures were above a given level for a given time, or if rainfall 
exceeded a certain level, and so on. Operating in this way can be less costly to 
organise (less litigation or dispute) and facilitate faster delivery. 

Third, integrating development, mitigation, and adaptation should be 
central to the strategy for building a new approach to sustainable, resilient, 
and inclusive growth and development. While we have many examples of 
successful integration (see Section 5.2), many more are necessary. Com-
bining the three makes investments more productive, enhances public 
support, and is more attractive to private finance than adaptation alone. 
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Demonstrating how these three elements can be successfully combined 
will help counter the misleading narrative of a false competition between 
climate action and development, or between mitigation and adaptation. 
Such narratives distort the issues and hinder progress. The CCDRs pro-
vide a valuable set of examples of analyses of international action at the 
country level.

In Chapter 9, it was argued that adaptation is badly underfinanced. That is 
no doubt correct. But we should at the same time recognise that the experi-
ence of climate change has brought a greater focus on disaster risk management. 
And there is increasing awareness of the importance of designing resilience into 
infrastructure and supply chains.

Natural capital and biodiversity

In recent years, natural capital and biodiversity have finally moved up the 
international and national agendas. However, this progress has been much 
too slow. Climate change, biodiversity loss, and the degradation of natural 
capital are inextricably linked, in terms of both the common factors driving 
these threats and the interactions that mutually reinforce them.

This interconnection and the common causes have been a major theme 
of this book – see Chapters 4 and 8. I will not reiterate the arguments here. 
However, I would strongly emphasise the importance of understanding 
these issues together and formulating policies that tackle them together. 
Climate change is sometimes seen as easier to grasp, partly because its pri-
mary causes – emissions of GHGs – are more straightforward to measure 
and manage. Ecosystems, on the other hand, are inherently more complex. 
But if we fail to act on and manage climate, biodiversity, and natural capital 
together, we will fail on all fronts. 

COP30 in Brazil in 2025 will bring climate and biodiversity together still 
more prominently than in past COPs. One example of an innovation that 
could make an important contribution is the proposed Tropical Forests For-
ever Facility (United Nations Environment Programme Finance Initiative 
[UNEP FI], 2025). This provides new financial structures where countries, 
philanthropy, and the private sector can come together to create a fund which 
will generate returns over time to potentially provide a continual flow of fund-
ing to sustain and invest in forests. It could provide real scale. This is the kind 
of creativity the challenges require.

Table 10.4 summarises the main challenges related to adaptation and to 
natural capital, and outlines some key action points to begin overcoming the 
challenges.
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10.5 Concluding remarks: dispelling fallacies and 
overcoming obstacles to action
This chapter has been a partial summary of the book in a particular form: show-
ing the faults in the arguments for inaction and identifying the difficulties that 
will be encountered in taking action. Both are important in galvanising and 
guiding action. Thus, the first purpose of this chapter has been to dispel falla-
cies that support arguments for delay and inaction. The second objective was 
to address confused arguments that advocate for the wrong types of action or 
where the weakness of the arguments undermines the case for action. These 
first two purposes are important in building the case for timely action, deal-
ing with faulty arguments for delay, and building the political case for action. 
The third, and of particular importance for future research and action, was to 
highlight the more difficult or intractable problems that must be tackled if the 
world is to proceed with the necessary actions at the required pace. The fourth 
purpose was to emphasise the key, but often underemphasised, challenges of 
adaptation and biodiversity; these must be core parts of climate action.

Table 10.4: Key challenges and actions related to adaptation and natural 
capital

Source: Author’s elaboration.

Challenges Key action
Adaptation •	 Insufficient detail in infor-

mation on possible climate 
impacts. 

•	 Improvement of databases, cli-
mate impact models, and meth-
ods and computing power.

•	 The delivery of resources 
quickly where disaster strikes.

•	 Development of financial 
structures to disburse needed 
resources fast.

•	 The ability to organise trans-
port of assistance/resources 
and people can be crucial.

•	 Difficulties in attracting 
private capital.

•	 Integration of development, 
mitigation, and adaptation.

•	 Improvement of insurance 
models, including parametric 
insurance (see Chapter 9).

Natural 
capital

•	 Has only recently moved up 
the agenda; less clarity in sets 
of actions than for climate.

•	 Problems of restructuring 
systems and responsibilities.

•	 Valuing natural capital and 
integrating into market deci-
sions.

•	 Difficulties in attracting 
private capital.

•	 Integration of climate change, 
biodiversity loss, and degra-
dation.

•	 Improvement of data, valida-
tion of techniques.

•	 Strengthening of institu-
tions and markets to provide 
sound incentives.
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Action, obstacles, and research

Putting these four elements together, I have attempted to weave together 
threads from the preceding chapters and arguments in a structured manner. 
Of these four purposes, the third and fourth generate both an action agenda 
(see Table 4.2) and a research agenda. That research agenda is drawn together 
in the next chapter (see Table 11.1). 

The focus here has been on the problems within the realms of economics, 
society, and politics. These issues must be examined, understood, and tackled 
through serious social science research and analysis, as well as political and 
public action. In my view, in taking action, the most difficult and complex 
problems lie in these areas. However, it is crucial not to be complacent about 
the role of technology in relation to investment and innovation, or the role of 
science in addressing the risks we face and how they can be mitigated. As dis-
cussed in Chapters 4 and 5, while there has been strong progress in key tech-
nological areas, such as renewable energy and storage, much more progress 
is needed in areas such as reducing the costs of zero-carbon fuels for air and 
maritime transport, advancing various industrial processes (including steel 
and cement), advancing lower-carbon and more resilient agriculture, creat-
ing and managing energy grids, and similarly the technological side of cities, 
transport, and land systems. Particularly in the areas of adaptation and build-
ing resilience, we need significant advancements and refinements in the sci-
ence. Further, we must deepen our scientific and technological understanding 
of SRM and work to reduce the costs of CDR. 

Combating misinformation, which is growing, and dispelling the fallacies, 
which are so often repeated and recycled, should be a major element of the 
action agenda. That task is not analysed in detail here, but I hope the book 
and this chapter provide some of the ammunition and resources needed. The 
growth story will be key, but so too will be deepening the understanding of 
the immense risks of delay. It is indeed a crucial task and one which I hope the 
new Global School of Sustainability, which began at the LSE in January 2025, 
will take on with analytical rigour and constructive vigour.

Finally, a major issue that involves the intersection, interweaving, and 
mutual reinforcement of economic, social, and political action with technol-
ogy is the role of AI. Much of the necessary change involves the transforma-
tion and management of complex systems, including energy, transport, cities, 
land, and water. AI can be of great importance in the discovery of new mate-
rials and the location of resources. Much of this work is data-intensive, fertile 
ground for AI. This potential has rightly been attracting increasing attention. 
In my view, AI and the green transition, and their mutual reinforcement, will 
be the core of the new growth story for the 21st century.
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The risk of failure

The transition, associated investment, and systemic and structural change 
could and should have begun much earlier. A central message of the Stern 
Review (2006), was that delay is dangerous. Delay has meant that the increase 
in global investment in income must now be bigger than if we had started 
in earnest two decades ago. The world is now trying to do in two decades 
what could have been done over four decades had we started earlier. That 
means that the urgency and scale of the task are intense. Delay has become 
still more dangerous. Because of that urgency and scale, the economic and 
political obstacles are now still bigger, notwithstanding the advances of tech-
nology. Those obstacles can be overcome, but we must recognise that the risk 
of failure in relation to the Paris goals and in achieving a manageable climate 
is severe. 

It is our task to show how to overcome obstacles to action. The prize – 
in terms of a safer planet and a new path of growth and development – is 
immense. Correspondingly, the risks of failure involve catastrophe in terms 
of lives and livelihoods on a global scale. Every decimal point of temperature 
increase counts; the longer we delay and the more feeble our response, the 
more difficult the task. And the greater the intensity of the consequences of 
failure. 

Learning will play a vital role in both the green transition and the 
broader growth story it entails. In Chapter 7, this learning was empha-
sised in the context of government policy, but it will be equally important 
in business models and the technological dimensions of decarbonisation. 
At present, we cannot map exactly how the world will reach net zero along 
the full path, and particularly around mid-century; we do not yet have 
all the answers. What we do know is that the goal is achievable, and we 
understand the immediate and near-term actions required to move us 
forward. This is a story of structural change: long term, evolving, and at 
times disruptive. As we act on what we know, and what we know how to 
do, today, we must remain open to new insights and innovations that will 
help carry us forward in later phases of the transition. Throughout this 
process, we will continue to learn and develop more effective technologies 
and strategies to transform economic and social systems and build a more 
prosperous and safer world.

Notes
	 1	 Power systems can reach variable renewable energy (VRE) penetration 

rates of 75% to 90% if actions are taken to establish effective system 
operations supported by an adequate energy market (ETC, 2021). That 
estimated percentage may rise over time with experience and technical 
advance (see ETC 2025). 
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	 2	 Strictly speaking, the minimum-global-cost way of carrying through the 
transition would be for higher cost producers for oil and gas to drop out 
before lower cost. In principle, profits arising in low-cost countries could 
be redistributed. However, politically it might be easier to adjust via 
production allocation rather than revenue transfers. 

	 3	 This research considered the spatial and temporal changes in emissions 
and ambient concentration of four pollutants: suspended particles, sul-
phur dioxide, nitrogen oxides, and carbon monoxide.

	 4	 Formally, in many economic models, there are infinite horizons and 
long-run exponential growth in the sense that output expands like (1+g) 
to the power t or exp (gt). That is a formal mathematical specification of 
‘indefinite growth’. In The Limits to Growth (Meadows et al., 1972), the 
argument was that exponential growth would eventually run into fixed 
constraints. Greta Thunberg spoke at the UN on 23 September 2019: ‘We 
are in the beginning of a mass extinction and all you can talk about is 
money and fairy tales of eternal economic growth’ (Thunberg, 2019).

	 5	 Interestingly, the analysis of Fressoz does not go into the 21st century 
and thus he misses the extraordinary progress in the last quarter of a 
century (Tooze, 2025). 

	 6	 These interdependent boundaries include climate change, novel entities 
(e.g., microplastics), stratospheric depletion, atmospheric aerosol load-
ing, ocean acidification, biogeochemical flows, freshwater change, land 
system change, and biosphere integrity. For more detail on each bound-
ary, see Stockholm Resilience Centre (2023). Many of them have already 
been crossed.

	 7	 The Dasgupta Review (2021b) refers to the imbalance between human 
demands on the ecosystem and the supply provided by nature as the 
‘impact inequality’. If the former exceeds the latter, we run down our 
natural capital. We cannot do that indefinitely.

	 8	 If clouds are made brighter, they could reflect a small fraction of incom-
ing energy back into space. This could be achieved by adding aerosols in 
locations where clouds form. 

	 9	 See the report of the G20 group on the Capital Adequacy Framework 
(CAF) (G20 Italy and G20 Indonesia, 2022). And Chapter 9. 

	 10	 See Halpern’s book Inside the Nudge Unit: How small changes can make a 
big difference (2015).
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	 11	 Further, within consumption-focused studies, research tends to con-
centrate on everyday activities rather than on actions that might be less 
frequent but highly impactful, such as when it comes to decisions on 
acquiring durable assets, such as homes, and activities like air travel. 
Other examples of understudied research areas include the dynamics 
influencing the behaviour of those who communicate about climate 
change, those who make investment decisions, or, for example, landown-
ers who could use their land to restore natural habitats. Another example 
is why individuals might choose to act in favour of delaying or hamper-
ing climate action (Nielsen et al., 2024). 

	 12	 Threats and harassment have occurred to a number of friends and col-
leagues working in this area. And to me. 

	 13	 The Bridgetown Initiative is a proposal to reform the international finan-
cial architecture – particularly the way in which wealthier countries sup-
port developing nations in confronting the effects of climate change. It is 
named after the capital of Barbados, where the initiative was originated. 
See Bridgetown Initiative (2022, 2024). 



11. Prospects for success: opportunity, 
urgency, and multilateralism

In the first part of our concluding section, Chapter 10, we explored the fal-
lacies, confusions, and obstacles that impede climate action. Examining and 
tackling these challenges and difficulties is at the core of the arguments of this 
book. And we emphasised not only the magnitude and nature of the obstacles, 
together with how they could be overcome, but also the risk of failure in the 
light of the delays in action over the last two decades. However, we close on 
a positive note: there is a new path of development that is far more attractive 
and sustainable than the dirty, destructive paths of the past. The journey, the 
creation of this new path, will not be easy, but it is feasible, and this book has 
tried to show how it can be done. This journey represents the growth story of 
the 21st century. 

Delay is dangerous. Indeed past delays have made the challenges more dif-
ficult. Further hesitation or denial in the face of necessary change is the most 
dangerous response of all; in this sense, it is also the most unrealistic. Con-
tinuing on a course that is leading us towards disaster is neither wise nor 
realistic, no matter how inconvenient the truth may be. Blundering towards 
catastrophe through hesitation or denial is simply reckless. 

In this concluding chapter, Section 11.1 reflects on the lessons learned since 
The Economics of Climate Change: The Stern Review, 20 years after we began 
that work in 2005. The conclusion that inaction is far more costly than action 
has only grown stronger. We have also learned in these 20 years much about 
the way forward, particularly the dynamics and appeal of this new growth and 
development model. Those reflections were set out in the Introduction, and 
only a brief summary is given here. 

Section 11.2 sets out what is involved in this new path of development, out-
lining the policies and actions needed to guide the transition. This transition 
will undoubtedly involve real challenges. It will require substantial invest-
ment, innovation, and structural and systemic change. A sound, strong, and 
credible strategy will be crucial, and the details of policy will matter greatly. 
Although there is much still to learn, we know enough to press forward with 
determination. The transition has already begun. International collaboration 
will be essential, as this is a crisis global in its origins, effects, and response. 
With the right strategy, policy, and international collaboration, the world can 
create this new growth story for the 21st century – one that is sustainable, 
resilient, and inclusive. 
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Section 11.3 emphasises the importance of multilateralism in this supremely 
international endeavour. That is not easy in a world that has become increas-
ingly fractious. But an immense threat can bring people and communities 
together, particularly where the response has great intrinsic attraction. And 
collaboration around climate and biodiversity could make collaboration else-
where less difficult. 

Finally, in Section 11.4, I emphasise not only the urgency of this transition 
but also the optimism that it is feasible; it can indeed become the growth 
story of this century. Multilateralism, commitment, creativity, and determi-
nation will be critical to success. There will be many obstacles and numerous 
potential routes to failure. Optimism about what can be done is not necessar-
ily optimism about what will be done. Failure remains a deeply concerning 
possibility. A key objective of this book is to contribute to the translation of 
potential success into the reality of a new way forward.

11.1 Retrospect: developments since the Stern Review
The two decades since we began work on the Stern Review (2006) have been 
eventful, marked by disruptive events such as the global financial crisis, Brexit 
in the UK, the two Trump administrations in the USA, the Covid-19 pan-
demic, and the war in Ukraine (see Chapter 4). This period has also taught us 
much about the crises in climate and biodiversity, and how we can respond to 
them. Section 1.1 in Chapter 1 sets out my reflections and developing views. 
The following is a short synopsis of those thoughts.

In summary, the central conclusion of the Stern Review – that inaction in 
the face of climate change is far more costly than action – has only been rein-
forced. This conclusion is now even stronger, for three key reasons. First, the 
science has become ever more alarming, in part because progress has been 
far too slow. Second, technological advancements have been far more prom-
ising than anticipated. Third, the political landscape has shifted, with climate 
change moving to the forefront of international discussions, as demon-
strated by landmark agreements and, in particular, the Paris Agreement in 
2015. However, the political climate remains challenging, with progress often 
accompanied by, or interspersed with, setbacks.

The scientific message on the urgency of action has never been clearer or 
stronger (see Chapters 2 and 4). As people worldwide experience the direct 
impacts of climate change – through more frequent and intense floods, storm 
surges, heatwaves, droughts, wildfires, and more – public understanding and 
acceptance of the science continue to grow (see Section 4.1). But, far from 
falling towards net zero, emissions have continued to rise. The task is now 
still more urgent and on a larger scale than if purposive action had begun two 
decades ago. When the Stern Review was first published, some accused us of 
being alarmist. In hindsight, we understated the risks. 

Technological progress outpaced expectations from two decades ago, 
including those of the Stern Review. We did not foresee the dramatic reduc-
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tion in the cost of electricity from solar and wind power, which has fallen by 
a factor of 10 or 15 or more. The clean is already cheaper than the dirty for 
sectors that cause around a third of emissions. The electrification of power, 
transport, heating, cooling, and much of industry will drive the new economy, 
with zero-carbon electricity at its core. The pace of technological change has 
been remarkable.

On the political front, the Paris Agreement at COP21 in December 2015 
was a crucial milestone, a landmark agreement that signalled the world’s 
recognition of the severity of the climate crisis and a collective readiness to 
act (see Chapters 2, 4, and 9). It provided a strategic direction that boosted 
innovation and investment in new technologies and underscored the align-
ment of economic, environmental, and social priorities. The political jour-
ney has not been without setbacks. The global financial crisis of 2008–2009 
diverted political attention for several years. In 2017 President Trump 
withdrew the USA from the Paris Agreement. President Biden rejoined in 
2021 and Trump has again withdrawn in 2025. The Covid-19 pandemic in 
2020–2023 further monopolised political bandwidth and focus. The war in 
Ukraine, beginning in Spring 2022, triggered an energy crisis that led to 
some backlash to the transition, particularly from the fossil fuel industry. 
Notwithstanding the setbacks, global commitment has persisted, albeit with 
some exceptions.

The possibilities offered by technology and the growing realisation that 
the transition holds genuine prospects for growth and healthier lives have 
been vital in maintaining political momentum. The increasing engage-
ment with this story was a crucial factor in achieving the Paris Agreement. 
Today, the case for this new growth story is even stronger, as I have tried to 
demonstrate throughout this book. Nevertheless, there has been, and will 
continue to be, pushback from vested interests, particularly within the fos-
sil fuel industry (see Chapters 7 and 10). Further, as the transition gains 
momentum and real changes must be implemented in real time, managing 
a just transition, alongside political pressure and leadership, will be critical 
to success. As emphasised in Chapter 10, even though we can see how to 
overcome them, the obstacles are large.

Notwithstanding some stuttering and pushback, momentum is strong, 
with the private sector’s recognition of opportunity being a key driver. Many 
private investors see the transition as the greatest commercial opportunity 
of our age.1 The falling cost of the clean implies that it will increasingly be 
the technology of choice, whether or not the investor is concerned about 
climate change. And that observation is underscored if we take account of 
the increased riskiness of the dirty.

Overall, the conclusions of the Stern Review have not only passed the 
test of time, they have grown stronger. And we now see still more clearly 
the dynamics, potential, and attractiveness of the new path of growth and 
development. 
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11.2 Prospect: fostering action and an agenda for economics 
and the social sciences
The opportunities in the new growth story should now be evident. In saying 
so, it is important to emphasise once more (as discussed in Chapter 5) that we 
are referring to the next two or three decades, and a fundamentally new form 
of growth and development. This is absolutely not about indefinite growth 
under the old model; such a path would be reckless and ultimately unsustain-
able, given its destructive impact on the environment. This new growth story 
is indeed feasible, but the pressing question remains: can the world act on the 
scale and with the urgency required?

Optimism about what the world can achieve must be translated into what 
the world will actually do. The possibility of creating a better world at the 
necessary pace is both real and appealing, but that does not guarantee it will 
happen. Many, including myself, are deeply worried about what the world will 
do. It may well blunder into catastrophe. The challenge is to turn possibility 
into action. Here, political leadership, public pressure, private sector creativ-
ity, and sound economic analysis must come together. This book sends strong 
messages to the economics profession, my own field, that they have to do a 
better job. The profession has suffered from ‘intellectual lock-in’ or inertia 
associated with a commitment to models that might be convenient and famil-
iar but do not fit the problem. Thus they have often perpetuated misleading 
arguments. They are now, finally, moving in a better direction. 

The biggest obstacles to transformation to a new form of sustainable, resil-
ient, and equitable growth and development lie in economics, politics, and 
society. Our subjects must embrace a new conceptual agenda on the objec-
tives, strategies, and dynamics of development. Figure 11.1 sets out such an 
agenda for economics and the social sciences, drawing on the themes and 
lessons in this book. Economics and the social sciences have never been more 
important, but new thinking is necessary across a range of key concepts, 
perspectives, and analytical approaches. The urgency implies that we must 
research and act at the same time.

Figure 11.1 summarises the challenges facing economics, politics, and 
society in terms of analytics and action. It reflects the perspective of an 
academic economist who has spent the last two decades working on these 
issues analytically, politically, administratively, and internationally. I should 
also emphasise that my career before the Stern Review was dedicated, as it still 
is, to the analysis and implementation of growth, development, and structural 
change, particularly in poorer countries. As I hope this book demonstrates, I 
see climate action and the achievement of sustainable, resilient, and inclusive 
growth and development as together at the core of the overall story of growth 
and development and not separate subjects. Further, this framework reflects 
not only a lifetime of experience in academic work in the theory and practice 
of development, but also 10 years (1993–2003) as first Chief Economist of 
the European Reconstruction and Development Bank (EBRD) and then 
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Chief Economist of the World Bank, plus three and a half years in the UK 
Treasury, the Finance Ministry (2003–2007), including as Head of the 
Government Economic Service and of the Stern Review. 

Let us briefly explore the key elements presented in Figure 11.1, how they fit 
together, and what they imply for action. The sense of purpose that must drive 
major change should begin with clear objectives. These objectives should cen-
tre on well-being and sustainability (as discussed in Chapters 3 and 6). When 
considering development objectives, the international community has largely 
coalesced around the Sustainable Development Goals (SDGs) (adopted by the 
UN in 2015). These goals encompass a broad range of issues: income and 
food, health, education, environment and sustainability, equity across all these 
dimensions (including gender equity), and international collaboration. And 
they apply, as sustainability must, to all countries and not just the developing 
world, as was the case with the Millenium Development Goals (MDGs).2 The 
adoption of the SDGs was driven by a growing recognition of the threats to 
sustainability posed by paths of growth which, despite their achievements in 
raising income, reducing poverty, and prolonging life expectancy, have caused 
severe environmental damage (as discussed in Chapter 2); the environment 
is itself an objective but also a means, and its damage threatens to undermine 
or reverse progress on all fronts. To reiterate, our definition of sustainability is 
providing future generations with opportunities at least as good as our own, 
assuming they adopt a similar approach towards generations that follow. 

Clarity on objectives should be accompanied by an understanding of the fac-
tors and forces at work. This includes a focus on physical, human, natural, and 

Figure 11.1: An overarching research agenda for economics and the 
social sciences

Source: Author’s elaboration.
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social/cultural capital, all of which shape our opportunities. The implications 
for action to advance sustainability and tackle the crises of climate and biodi-
versity loss are clear: we must invest strongly and urgently in all four forms of 
capital. In terms of physical capital, there is a major priority for infrastructure in 
emerging markets and developing countries (EMDCs) other than China, par-
ticularly energy infrastructure. In natural capital, we must halt degradation and 
invest in restoration, including in forests, land use, and oceans (see Chapters 5, 
6, 8, and 9). These investments will also enhance human capital, particularly 
in health, but we must also invest in skills, education, and knowledge for the 
new economy. The transition will test our social capital, which includes social 
cohesion, mutual trust, and the strength of our institutions, since it will bring 
dislocation, disruption, and challenges from vested interests – hence the impor-
tance of a just transition and a strong sense of purpose and commitment (see 
Chapters 6, 8, and 9).

Implementing these investments, innovations, and restructurings will involve 
navigating complex dynamics around fundamental structural, systemic, and 
technological change. This will require active government involvement and a 
new role for the state (see Chapters 6 and 7). Success in these areas will depend 
on transparency and participation across all levels of society, including public 
discussion on ethical frameworks, objectives, and strategies for building policy 
and overcoming obstacles. Public discussion, if it is to lead to commitment, 
will require a shared understanding of the magnitude and nature of the risks so 
that the urgency and necessity of action is widely recognised. It will also require 
confidence in the attractiveness of the new path. Without that commitment it 
will not be easy to overcome the many obstacles along the way. 

The overarching agenda set out in Figure 11.1 is translated into more detailed 
research tasks, together with some pointers to possible methods, in Tables 
11.1 (understanding the structure of the problems and challenges) and 11.2 
(formulating policies and actions in response). Broadly speaking, Table 11.1 
is on the analytics and understanding of the challenges, structures, risks, and 
dynamics, and Table 11.2 is on the action agenda. However, the analytics are 
organised to feed into policy and action, so there is inevitably some overlap. 

Table 11.1 focuses first on the objectives, the risks, and the structure of invest-
ment across different forms of capital necessary to pursue the objectives as effec-
tively as possible given country circumstances and risks. The second element of 
Table 11.1 examines the role of investment in structural change, taking account 
of macro circumstances; the third focuses on natural capital in particular, and 
the fourth on the challenges of adaptation. 

In each case the methods will involve a number of analytical perspectives and 
collection of models. Indeed, the challenge is to build the understanding of the 
determinants and dynamics of investment and change in the context of risk, in 
a way that can guide action and policies to deliver the necessary investment. 
The complexities are such that we will need a range of analytical perspectives, 
including case studies and scenarios, dynamic narratives, and more formal 
modelling. No single model can do the work of building understanding here. 
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And, in particular, forcing the questions into or onto the standard work horses 
of exogenous growth theory and computable general equilibrium models, and 
expecting them to offer a useful overarching story, would be – and has been – 
seriously misleading. There will be important lessons from economic history. 
And from cost–benefit analyses (CBAs) provided, they are set in the context of 
systemic change and not narrowly incremental in a largely static background 
(which is often the standard approach to CBA). See comments (and notes) on 
Table 11.1 on scope of research methods.

The agenda set out in Tables 11.1 and 11.2 is very different from that addressed 
by integrated assessment models (IAMs), which have been very prominent in 
much of economic research. They are largely general equilibrium models, often 
with exogenous indefinite growth and little structural change. They are largely 
silent on the issues that are at the heart of the challenge (see Chapters 3 and 4). 

Table 11.2 concerns policies and actions. The first set of these focuses on 
foundations in terms of objectives, an understanding of the structures (as in 
Table 11.1), and the principles and theories of policy, particularly taking into 
account risk, market failure, and dynamics, all of which are crucial in this con-
text. Policies and actions for transforming systems are of the essence. It will 
be important to bring policy and action insights from behavioural and insti-
tutional economics. The second set embodies a broader view of politics and 
narratives in forming commitment to action, taking into account how political 
economy can disrupt and oppose. The sense of direction and purpose of change 
which are intrinsic to the tasks involved requires a re-examination of the role 
of the state in providing both that sense of direction and keeping the neces-
sary pace (Chapter 7). Combining the sense of direction with individual rights, 
choices, and freedoms will be a vital element in and of itself as well as crucial to 
the success of the transition. 

The climate and biodiversity crises are global problems; international action 
is thus at the heart of the story, explored particularly in Part III of this book and 
summarised in Table 11.2. Analysing and understanding mutual obligations 
and roles in a constructive and collaborative way will be key elements of the 
foundations of action. Private finance and multilateral financial institutions will 
be critical, particularly in combination, and there will be much analytical work 
necessary to underpin effective action, especially around both the scale and the 
management of risk. Here, in particular, we must combine acting at pace with 
creating the sound analytical foundations necessary for effective criteria. This is 
all about thinking, acting, and learning at the same time. 

As the final part of Table 11.2 we have the political, integrative skills, and 
‘gardener’s craft’ of putting multiple pieces of analysis and different perspectives 
together into decision-making. There is no formulaic model for the aggregation 
of all the perspectives, analyses, and pressures into decisions. But it is 
important to bring all these together in a structured way. Wise judgement of 
what are key elements and ingredients to success is itself a key ingredient. 
Some messages and perspectives should come through clearly and strongly, but 
generally no one particular model should dominate. There is no substitute here 
for wise and determined leadership, and sound policy and political judgement. 
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A robust agenda for action is set out in Figure 11.2. It should be founded in 
strong analysis but we must act, teach, and learn at the same time given the 
urgency and difficulty of the tasks. In particular, the economics profession 
has a leading role to play in understanding the magnitude and nature of risk, 
analysing the dynamics of fundamental change, and identifying the broad range 
of instruments – policy, institutional, behavioural – that can foster change and 
underpin the action agenda. 

If this work is done well by all five groups of politicians, public servants, the 
private sector, communities, and academics, then it is possible to translate opti-
mism on what we can do into optimism about what we will do. The advances in 
technology have been remarkable and continue to create immense opportuni-
ties. That progress can and must continue. It can build on great momentum in 
research and development and innovation in universities, in research establish-
ments, and, especially, in the private sector. Scientists have been, and will con-
tinue to be, crucial in understanding the drivers and impacts of climate change, 
guiding the pace and methods for mitigation, and helping the world adapt to its 
effects. Politicians, public servants, the private sector, and communities can and 
must do their work. The academic challenges now lie primarily in the realms of 
economics, politics, and society, where the main obstacles to achieving the new 
growth story will be found. With all five groups playing their part professionally, 
in society and across countries, it will be possible to create an effective global 
response to what is fundamentally a global problem. 

Figure 11.2: Agenda for action to be pursued by politicians, public 
servants, the private sector, communities, and academics 
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As emphasised in Chapter 10, the dissemination of misinformation and the 
repetition of fallacies present major obstacles to action. Overcoming those 
obstacles, understanding them, and responding to them is a key challenge 
for both research and action. This will be a major subject for the new 
Global School of Sustainability at the LSE.

11.3 Multilateralism
This is a decisive decade for the world. We must invest, innovate, and pursue 
change in all countries. However, the challenges we face are quintessentially 
global, with global causes and global impacts. Collaboration across nations 
will be crucial (see Chapters 3, 4, and 9). Multilateralism has never been more 
important. At the same time, we must recognise that recent years have seen a rise 
in international tensions and a weakening of key international institutions such 
as the UN and the World Trade Organization (WTO). And President Donald 
Trump’s second administration (2025–) is likely to be less internationalist and 
climate- or environment-oriented than that of his predecessor. 

However, we must also recognise that climate change and/or biodiversity 
is often the first issue where nations can see a common interest and the value 
of collaboration. And these are issues that would usually stretch across the 
term of a government or administration in all countries. Progress in mul-
tilateralism of special significance was made at COP16 in 2010, COP21 in 
2015, and COP26 in 2022. COP16 rescued multilateralism on climate from 
potential collapse after Copenhagen COP15 and established the principle of 
financial obligations of rich countries. COP21 in Paris was where the basic 
overall framework and targets for climate change were set. COP26 brought in 
the private sector in a major way.

During a particularly tense period between the USA and China, both 
nations came together with a joint declaration at COP26 in late 2021. When 
Presidents Xi Jinping and Joe Biden shook hands at Indonesia’s G20 summit 
in autumn 2022, climate was the first topic mentioned as an area for cooper-
ation. Moreover, successful collaboration on climate could set a positive tone 
for better collaboration in other areas. Collaboration on that front between 
the USA and China may decrease during the second Trump presidency, but it 
is likely to increase between China, India, Europe, and across and within the 
Global South. As I write (Spring 2025), we are already seeing movement here.3 

The key elements around which collaboration can be built are as follows. 
First, there must be a shared understanding that the climate and biodiver-
sity crises are global in nature and all must be involved. Achieving net zero 
emissions globally requires nearly all countries to reach net zero. Further, it 
is the cumulative emissions across countries and over time that determine 
total concentrations – and thus climate change – hence the importance of 
working together internationally for both the short and the long period. This 
understanding of the centrality of the involvement of all nations is now much 
stronger than it was at the time of the United Nations Framework Convention 
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on Climate Change (UNFCCC), adopted at the Rio Earth Summit in 1992, 
and the Copenhagen Summit of 2009 (COP15). It was only after COP15 that 
the interpretation of common but differentiated responsibility (CBDR) began 
to evolve, with many developing countries beginning to move away from the 
notion that they should do very little until rich countries had done much 
more and had provided substantial finance. 

Second, international action will progress more quickly if there is a shared 
recognition that climate action generates a new and attractive growth story. 
Understanding of this growth story is becoming more widespread. Contribut-
ing to its development has been central to my work over the last decade. I hope 
this book builds further on that effort. However, it is far too early to declare 
victory in this argument. While we are making progress, there is still much 
work to do, and there are many with vested interests and misguided analyses 
who would prefer to stay on old paths and reject this argument. Increasingly, 
I trust, we will see examples of success, where countries and regions achieve 
strong growth alongside significant emissions reductions, with green invest-
ment as a key driver of that growth. 

Third, promoting and achieving investment on the necessary pace and 
scale and particularly in EMDCs – especially its financing – is the core factor 
in success. CBDR surely does not mean that poorer countries should do very 
little on climate action. However, given the disparities in past emissions, 
the vulnerability of poor countries, the wealth of the rich countries, and the 
challenges of financing the large increase in investments necessary (particularly 
in poor countries), it surely does mean that rich countries should step up 
strongly on climate finance. Further, it is in their self-interest to do so, because 
they too will suffer from the severe effects of climate change. They should 
recognise that climate change will increasingly be shaped by the nature of 
investment and growth choices in poorer countries, given the likelihood of their 
faster growth and the fact that their infrastructure will be shaped in the next 
two decades. Moreover, strong growth in the developing world is essential in 
the fight against poverty, but if that growth is carbon intensive it will be deeply 
damaging to all. And we have shown (Chapter 9 in this volume; Bhattacharya et 
al., 2023; Bhattacharya et al., 2024; Singh and Summers, 2023a, 2023b; Songwe 
et al., 2022) that working more strongly through the IFIs and intensifying their 
collaboration with the private sector is by far the most rapid and cost-effective 
way of mobilising the finance required on the necessary scale.

Multilateralism will also be crucial in areas such as trade and the condi-
tions for investment, as explored in Chapter 8. Trade and competition bring 
down costs. The world needs more players in green industries and technolo-
gies; some early support for the development of new players will be necessary. 
However, this should occur in ways that avoid entrenched protectionism and 
do not discriminate against developing countries. Now is the time to utilise 
strong global production capacity in areas such as solar photovoltaic (PV), 
particularly in China, to drive a rapid increase in renewable power investment 
in the poor countries of the world. It is there that well over half of renewable 
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power opportunities are concentrated, but these countries receive only a small 
fraction (2 or 3%) of the investment. All countries should support interna-
tional institutions, including the UN, the WTO, and the IFIs, in realising this 
rapid increase in renewables. It is of huge importance to their development 
and our shared future. And we argued in Chapter 9, a major expansion of 
solar in Africa using the large capacity for production of low-cost solar panels 
in China is a global opportunity of immense potential significance. The MDBs 
could play a major role both in low-cost finance and in the politics and prac-
ticalities of action. It could both power Africa and represent a tremendous 
example of the returns to collaboration. 

This is a crucial moment for world leadership, one that requires looking 
beyond current tensions and difficulties, including those between China and 
the USA. Climate change and biodiversity loss are the most urgent areas for 
global action and the most promising for collaboration. There are under-
standable reasons for mistrust on the side of developing countries regarding 
the intentions and commitment of rich countries – arising from issues such as 
the inequitable distribution of Covid-19 vaccines, the slow delivery of climate 
finance (see Chapter 9), and the effects of the Ukraine war on the costs of 
food, fertilisers, and energy in the developing world. 

For all these reasons, new leadership in enhancing multilateralism should 
come from the richer nations. However, the EMDCs must be in the vanguard 
of both policy formation and action. These countries are where growth will be 
strongest, but they are also most vulnerable. They are rightly becoming more 
influential within international institutions, and they can push the richer 
countries to act more decisively while playing a stronger role themselves. We 
are beginning to see this through the recent G20 leaderships of Indonesia 
(2022), India (2023), and Brazil (2024). We hope this will continue with South 
Africa’s G20 presidency in 2025. Smaller countries can also be influential. For 
example, small island states were very effective in keeping the 1.5  oC target 
on the table at Paris COP21. Recently, with the leadership of Barbados, these 
states have been advocating for reforms in climate finance to provide better 
protection against extreme weather events. Building multilateralism requires 
constant attention from all involved. That should be shaped by clear and 
strong arguments for its necessity in tackling these global crises, in achieving 
the SDGs, and in fostering sustainable, resilient, and inclusive development. 

11.4 Concluding remarks: ‘Yes, we can’; success is possible
Throughout the book I have emphasised the necessity, magnitude, urgency, 
and difficulties of the task we face in tackling the climate and biodiversity 
crises. The task will not be easy – far from it. There will be setbacks and pow-
erful forces in opposition. But let us finish on some reasons for optimism. 
This is not to downplay the difficulties ahead but to recognise that there are 
five powerful forces currently at work that can accelerate action. These five 
forces are world savings, technological change, international agreements, the 
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mobilisation of young people, and the private sector (see Figure 11.3). They 
can help generate the momentum needed to tackle these crises and realise a 
new story of growth and development. 

These forces have all been discussed throughout this book, so we will 
summarise them only briefly here. First, since the global financial crisis of 
2008–2009, and arguably even before, the world saw an excess of planned 
savings in relation to planned investment which continued at least up to the 
start of the Covid-19 pandemic. Given high savings rates in Asia and stronger 
growth rates there than elsewhere, it may reappear and present an opportunity 
for a global expansion in investment. Public policy and international 
cooperation will be necessary to translate this potential into concrete action 
on a country-by-country basis (see Chapter 9 and Section 10.3), particularly 
as many countries face macroeconomic and debt constraints. If it does not 
reappear, then public policy will need to foster an increase in world savings to 
accompany the strong increase in investment which is now necessary.

Second, technological change and innovation have led to rapid falls in the 
costs of sustainable technologies, a trend that continues and is expanding 
across most sectors of the economy (see Chapters 2, 4, and 5). The clean is 
already cheaper than the dirty across one-third of emissions and that fraction 
will likely rise rapidly over the coming decade (Systemiq, 2020). 

Third, whilst coordinated international action will always have its 
difficulties, the recognition of the intensity of the challenges of climate and 
sustainability have fostered shared international objectives and commitment, 
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Figure 11.3: Five forces that present a special opportunity to deliver 
climate action at scale 

Source: Author’s elaboration.
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as evidenced by the Paris Agreement and the adoption of the SDGs in 2015. 
IFIs are increasingly prioritising sustainability in their work. 

Fourth, young people worldwide have recognised that action on 
sustainability, climate, and biodiversity is vital for their future and are 
demanding change. Moreover, many young people have moved beyond 
simply calling for change; they are becoming knowledgeable, creative, and 
constructive in finding ways forward and solutions. 

Fifth, the momentum in the private sector is powerful. Private firms are 
increasingly recognising the investment opportunities in creating the growth 
story of the future. They are investing and innovating at pace and scale, under-
standing that the technologies of the 21st century will be more profitable and 
less risky than those of the 19th and 20th centuries. However, success will 
require momentum to accelerate, particularly in EMDCs (other than China). 
As the clean becomes cheaper than the dirty across an expanding range of 
sectors, private sector momentum will continue to grow. 

These five forces together provide the world with a unique opportunity to 
turn optimism about what we can achieve into real action, into what we will 
achieve. To borrow a phrase from Barack Obama: ‘Yes, we can.’ The path will 
be difficult, but success is possible and failure would be catastrophic, indeed 
existential for many. The prize of a safer planet and a new and much better 
path of growth and development is immense.

Notes
	 1	 See Chapter 1 for references.

	 2	 The MDGs consisted of goals corresponding to eight areas of action with 
specific targets and a date of 2015 for achieving those targets. They were 
put together following the Millenium Declaration of September 2000. 

	 3	 Europe’s reactions to Trump’s second presidency have included reaffirm-
ing commitment to the recommendations of the Draghi Report (Draghi, 
2024). China’s 15th Five-Year Plan (2026–2030) is looking increasingly 
likely to emphasise sustainable development. Many of my interactions at 
the World Economic Forum (WEF) in Davos, January 2025, pointed the 
same way. 
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