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Abstract

Reaching net-zero emissions will involve a structural transformation of the global economy. The transition is
complicated by deep uncertainty about the new economic configurations that will emerge, coordination chal-
lenges, and non-linear dynamics amidst shifting political winds, where nation states are actively intervening
to gain comparative advantage in key technologies. Here, we consider key economic questions about the
net-zero transition that are of interest to finance ministries, based on a recent survey. Specifically, this paper
asks: 'What is the most effective way economic models and frameworks can help guide policy, given the
complexity and uncertainty involved?" \We suggest five general criteria that models and frameworks should
meet, and provide some guidance on how to select the right model for the question at hand—there is no sin-
gle model to rule them all. A range of examples are offered to illustrate how models can be used and abused
in the provision of economic advice to policy-makers. We conclude by noting that there are several gaps in
our collective modelling capability that remain to be addressed.

Keywords: climate, economy, integrated assessment models, carbon price, carbon tax, finance ministry, climate policy.
JEL codes: 054, 055, 058, C63, C68

l. Introduction

Climate change is no longer a distant threat; it is a present-day reality. The World Meteorological
Organization (WMO) has confirmed that 2024 was 1.55°C hotter than pre-industrial tempera-
tures, making it the warmest year on record, with the past 10 years all in the top 10 years on
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record (WMO, 2025). In addition to record-breaking disasters, a new ‘category 6’ has been pro-
posed to be added to the Saffir-Simpson hurricane wind scale (Wehner and Kossin, 2024) and
ice melting in Greenland and Antarctica is affecting global timekeeping by changing Earth’s spin
and hence the length of a day (Agnew, 2024).

At the same time, the global transition to a low-carbon economy is under way. Technological
advances have rapidly lowered costs: between 2013 and 2023, prices for photovoltaic (PV) cells,
wind, and batteries dropped 76, 70, and 79 per cent, respectively (RMI, 2024) and costs continue
to decline. Utility-scale solar PV and onshore wind are the cheapest options for new electricity
generation in a significant majority of countries worldwide (IEA, 2022). Global solar PV capacity
is currently doubling every 2-3 years, with battery storage doubling every year (RMI, 2024); and
before the end of this decade solar is expected to become the world’s largest source of power
capacity. In response, industry is increasingly investing in clean production, and governments
are acting, too: the EU is putting tariffs on carbon-intensive products, and the USA and other
nations have implemented significant active industrial policy support, much of which remains in
place despite the change in US President. Meanwhile, concerns about air pollution and health-
and productivity-related impacts from burning fossil fuels are also driving the transition globally.
The invasion of Ukraine made the link between fossil fuels and threats to energy security more
obvious.

The net-zero transition requires several major economic transformations, involving structural
breaks (discussed in section II), such as shifts in technologies, institutions, finance, business mod-
els, and employment, as well as significant redistributions of material wealth and political power
within and across nation-states (Geels, 2002; Acemoglu et al., 2012; Stiglitz, 2015; Stern, 2021).
The transition will reshape the global economy and geopolitics, given the eventual decline in
demand for fossil fuels.

The question now is not whether to act, but how to develop policy and strategy in such a com-
plex landscape (Barbrook-Johnson et al., 2024). In fits and starts, with forward and backward
steps, policy-makers are reforming electricity markets, modifying utility regulations, introducing
feed-in tariffs, tax credits, building codes, auto emissions standards, adjusting government pur-
chasing, providing R&D support, creating new industrial policies, and so on. Economic frame-
works, models, analyses, and perspectives are not always at the heart of such decisions; while
policy-makers may not be completely “flying blind’, they are certainly partially sighted. Mod-
elling the specifics of these policies, and understanding their political feasibility (Mealy et al.,
2025), requires a suite of models and subsequent policy packages that go beyond modelling a
‘shadow’ carbon price (Barbrook-Johnson et al., 2024).

This paper explores how economic models can better support climate policy in the face of
complexity and deep uncertainty. Since the net-zero transition is a fundamental transformation
of the economy, it calls for a diverse set of economic theories and analytical perspectives relevant
to understanding structural transformations. Economists increasingly recognize that no single
policy lever, nor any single model, can suffice. Rather, a varied policy mix supported by different
types of models is needed to address multiple market failures and support coordinated transitions
across sectors and regions.

We begin in section II by highlighting three challenging characteristics of the net-zero transition
that make choices more difficult for governments, particularly finance ministries, in a shifting
global context. In section III, we draw upon a recent survey conducted by the Coalition of Finance
Ministers for Climate Action which we organize into five over-arching questions. In section IV
we set out properties of a good analytical approach for answering such questions. In section
V, we provide an overview of available approaches, summarizing existing models. Section VI
showcases a series of examples, demonstrating the application of different models to answer key
policy questions and assessing each approach in terms of our five properties described in section
IV. Section VII concludes by noting key gaps in the existing analytical toolkit and outlines future
research priorities.
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Il. Three challenging characteristics of the transition

This section highlights three important characteristics of the net-zero transition with their implica-
tions for modelling as follows. First, the transition to a net zero economy requires profound struc-
tural transformations or breaks in several different sectors, not least energy, agriculture, transport,
and much of heavy industry. These transformations must overcome path dependencies and de-
liver a shift from one system to another. This is described differently across various strands of
the literature as a ‘shift’ between multiple ‘regimes’ (e.g. Hendry, 2000; Castle and Hendry, 2019,
p. 128), or as a system with ‘multiple equilibria’ (e.g. Dybvig, 2023), or as crossing a ‘tipping
point’, or as a dynamical system with multiple ‘basins of attraction’ (e.g. Ott, 2006), or as one
that is undergoing ‘non-marginal change’ (Dietz and Hepburn, 2013). Irrespective of the language
used, the point is that the future—after a structural break—is in some ways fundamentally dif-
ferent from the past. In other words, as new technologies, policies, or geopolitical factors emerge,
long-established statistical relationships and market behaviours can shift (i.e. inducing abrupt
structural changes in time-series data, invalidating prior assumptions of stable trends) (Perron,
1989). This can have the frustrating consequence that an excellent model of the current system,
even one that is well calibrated on high quality and sufficient past data, may not in and of itself
necessarily offer the best description of the new regime that the system is moving into. In other
words, when an economy undergoes an abrupt transition, statistical relationships that once held
true may unravel, complicating efforts to forecast or calibrate models based on historical data
alone. The deep uncertainty about the future shape of the economy is compounded by the deep
uncertainty about the future state of the climate, and the interaction between the two will be
complex in the coming decades. The other key implication of the existence of structural breaks is
that marginal analysis, the bread and butter of ordinary economics, may provide poor guidance
(Dietz and Hepburn, 2013).

Second, in most sectors, the transition is characterized by strategic complementarities between
multiple agents, technologies, and sectors (Cooper and John, 1988). In particular, the returns
to deploying one technology often increase as usage of a complementary technology expands,
especially with the right coordination policy in place (Alvarez et al., 2023). For instance, the payoff
from the use of an electric vehicle (EV) increases the more EV charging points are installed, and
the payoff from installing an EV charging point increases the more EVs are being used. More
EVs implies cheaper batteries, which increases the payoff to renewables, which implies more and
hence cheaper renewables. This in turn makes EVs cheaper to run and increases the uptake of
EVs, and so on. These complementarities can retard progress until a tipping point is reached,
when the scale-up is difficult to stop (Way et al., 2022).

Third, non-linear dynamics are a central feature of the net-zero transition. Such dynamics are
found in many macroeconomic phenomena (Ashwin et al.,2025). Decarbonizing the global econ-
omy will involve the sort of tipping points, technology cost thresholds, investment frictions, and
regulatory ceilings or floors that create non-linear dynamics. In such circumstances, traditional
methods that rely on linearization or small perturbations may fail. For instance, as many clean
technologies scale up, their unit costs decrease, enhancing their affordability and accelerating fur-
ther adoption (Arthur, 1989; Stern, 2006; Aghion et al., 2014; Farmer et al., 2019). This positive
feedback loop implies that increased adoption leads to further cost reductions and innovation,
reinforcing the transition momentum (Geels, 2002; Grubb ef al., 2014). Non-linear dynamics, in-
cluding resulting from changes in climate as well as in the transition to net zero, imply that mod-
est policy interventions at ‘sensitive intervention points’ can lead to significant shifts in technol-
ogy adoption, emissions reductions, and even comparative advantage (Farmer and Lafond, 2016;
Farmer et al., 2019; Alvarez et al., 2023; Mealy et al., 2023). Good policy guidance will therefore
often require models that can account for such complexities. Reliance on static or comparative-
statics between optimal outcomes thus risks overlooking these crucial feedback loops.

These three key characteristics—structural breaks, strategic complementarities, and non-linear
dynamics—increase the difficulty of modelling and guiding the transition. They are not the only
challenges. For instance, structural transformations often generate uneven distributional out-
comes, and negatively-affected actors often mobilize political resistance that impedes the ad-
justment process. As such, policy-makers are wise to design policies with political economy
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considerations in mind (Klenert et al., 2018). The time horizons are long, often well beyond an
electoral cycle, implying intertemporal choices between generations that raise complex consid-
erations (e.g. Broome, 1994; Schelling, 1995; Stern, 2006; Hepburn et al., 2009; Stern, 2014a;
Stern, 2015). And there are many political economy issues that arise, including competitiveness
and trade impacts. The United States and Europe have recently imposed tariffs on Chinese elec-
tric vehicles and solar panels, on the basis that Chinese subsidies are alleged to be distorting these
markets and creating unfair competition.! This green protectionism may accelerate decarboniza-
tion in third countries, as tariffs reduce Chinese producer prices, but could slow the overall pace
of the transition to a low-carbon economy in Europe and America.

Given the complexity and uncertainty regarding how the transition will play out, can economic
frameworks and perspectives ever hope to enhance our decision-making? Our answer is a firm
“Yes’, but with various qualifications. Certainly, greater circumspection is required in the use of
optimization approaches based upon marginal analysis. Traditional cost-benefit analysis (CBA)
is a classic example. CBA has had, and should continue to have, an important role in evaluating
climate policies: policies that are economically efficient are preferable to those that are not, other
things being equal.

However, the net zero transition presents challenges for CBA, because CBA can give mislead-
ing advice when evaluating non-marginal changes. CBA also faces limitations when it is difficult
to determine the full effects of a policy or to construct shadow prices to account for social im-
pacts, such as life expectancy (Dasgupta et al., 1972; Dréze and Stern, 1987, 1990; Dietz and
Hepburn, 2013; HM Treasury, 2022). The extensive controversy over the shadow discount rate,
the shadow exchange rate, and the shadow wage rate illustrates the difficulties. Most importantly,
the existence of complexities and uncertainties in the climate and economic systems means that
evaluations should emphasize precautionary principles, risk management, and robust responses
rather than the ‘optimal’ policies (Peng et al., 2021). These issues are understood in many gov-
ernments, but narrow or inappropriate application of CBA continues in some places, while in
others (such as China) CBA is less used, in part because of these limitations (Qin et al., 2024),
and instead a more strategic, scenario-based approach is adopted with concomitant advantages
and disadvantages. The strengths and weaknesses of several decision-making frameworks are set
out in Table 1.

What are the implications of these challenges for modelling? Even a perfect model—which does
not exist—could not hope to offer accurate predictions without sufficiently detailed knowledge of
the initial conditions and future shocks. But this does not mean that modelling is useless, and in-
deed using multiple models is likely to provide more insight than relying on any single one (Page,
2018). Good modelling involves clarifying and justifying assumptions and using deductive and
inductive reasoning to try to understand the system and its possible responses to interventions,
as we come to in section IV. Our discussion highlights some key trade-offs in modelling: simple
models can provide insights into some of the key forces, and even into principles that should guide
policy, but cannot capture the complexity of the transition; but in the more complex models, we
may not be able to see what is really driving any results, and there is often lack of consensus
on critical relations. Economists have been notoriously unsuccessful in predicting short-term be-
haviour, like recessions; can we have confidence about models of the economy extending decades
into the future? But before delving more deeply into such questions, we turn next to consider in
a little more detail the questions that are currently on the minds of officials in finance ministries
around the world.

lll. Five specific climate-policy issues

The previous section emphasized that modelling and understanding the energy transition is dif-
ficult due to three key characteristics—structural breaks, strategic complementarities, and non-
linear dynamics. We nevertheless argued that models and economic thinking have a valuable role

I There is an obvious trade-off. On the one hand, tariffs aim to protect and develop Western green industries, ad-

dressing concerns about strategic dependencies on perceived rivals, and the risk of hollowing out domestic industries.
On the other hand, countries benefit from specialization and trade, and China’s low-cost manufacturing capabilities
allow other countries to access affordable green technologies, accelerating their transition to renewable energy.
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6 Cameron Hepburn et al.

to play. In this section, we examine the questions that modellers are being asked to answer, build-
ing upon a survey of finance ministries, conducted by one of us between March and July 2024,
for the Coalition of Finance Ministers for Climate Action in 2024 (Loni et al., 2025).2

A broad fundamental question for governments and their finance ministries is how can gov-
ernments guide the transition to net zero? In other words, how can they plan for this uncertain
future, and what interventions are needed once it is recognized that markets cannot give the right
guidance.

Based on the survey results, we suggest five areas of interest to finance ministries, namely: (1)
carbon prices; (2) global competitiveness; (3) technological uncertainty; (4) labour and skills, and
(5) tax revenues and budgeting. More detailed sub-questions are set out in Table 2. While the
list is not comprehensive, it captures some of the most important issues. And while the specific
questions will doubtless change over time and will look different in 2030 compared to how they
do now in 20235, the underlying issues and themes are unlikely to be vastly different.

We next turn to consider properties of a good analytical approach to answering such ques-
tions, before considering the available models and frameworks to help guide policy-makers in
section V.

IV. Properties of a useful analytical approach

In thinking about a future with fundamental structural and systemic change, policy-makers must
be guided by more than just formal models. While models are essential tools, they should be
complemented by a broader set of frameworks, analyses, and perspectives capable of grappling
with complexity, uncertainty, and transformation (Stern, 2014a, b, 2015). These include:

* Theories of economic transformation (going beyond formal modelling), such as those of
Schumpeter (1934) on economic development, Hayek (1935) on the role of planning, and
other theories, including the idea of the big push (Rosenstein-Rodan, 1943);

* Economic history, including past examples of rapid change to provide lessons, e.g. transi-
tion from kerosene to electricity during the 1840-50s; mass production and assembly line
revolution in the early 1900s, and changes in wartime economy in the UK in 1939-44;

* Detailed case studies of the key components of the transition, using a range of techniques
(e.g. studies of cities, infrastructure designs, land ecosystem regeneration, circular industrial
models) that can use microeconometric techniques, engineering methods, and detailed sys-
temic sectoral models;

* Theories of intertemporal choice are also particularly important, as significant benefits often
accrue over a decade or more into the future. Assumptions about discounting embedded into
climate-economy models often drive the results, and yet much of the analysis of discounting
has been weak. Intertemporal marginal weights (or shadow prices) depend on how well
off we think we will be in the future. There is a real possibility that future generations
may be worse off, implying a higher valuation of an increment in the future than now. The
implication is that discount factors (i.e. weights on future increments) could be above unity,
implying a negative discount rate. Most importantly, appropriate discounting is endogenous
to our decisions and cannot be read off from anywhere else, such as current decisions on
any market (Beckerman and Hepburn, 2007; Dietz et al., 2007; Stern, 2015).

Indeed, every aspect of economics—microeconomics, macroeconomics, econometrics—has im-
portant insights to offer for the climate transition (Stern, 2006, 2014b, 2015), But disciplines be-
yond economics are equally critical for understanding how to achieve net-zero emissions (Stern,
2014a), especially those that consider institutions, governance, social behaviour, and technologi-
cal change (Stern, 20135).

2 A total of 61 ministries of finance (MOF) participated in the survey, including from advanced, emerging, and
developing economies. In addition to the survey, semi-structured interviews were conducted with 12 ministries, including
the European Commission. Together the survey and interview respondents represent roughly 60 per cent of global GDP,
37 per cent of global emissions, and 33 per cent of global population. Results suggest that while there is strong awareness
among MOFs about climate-related risks and opportunities, there is limited integration of these considerations into
analytical frameworks. Ministries also expressed strong interest in receiving technical assistance and expanding their
capabilities to better integrate climate-related considerations into their economic and policy analyses.
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Economic models and frameworks to guide climate policy 7

Table 2: Climate policy questions of finance ministries.

1. Prices and markets: How to provide appropriate carbon and other price signals to encourage more socially
optimal levels of climate-friendly investment, activities, and behaviour?

Specific questions .
from MOFs

How ambitious should carbon pricing policies be, and how should they evolve over
time?

What measures need to complement carbon pricing and/or taxation?

What is the ideal sequencing of climate policies (subsidies, taxes, etc.)?

Which combinations/packages of pricing, non-pricing instruments, and regulation
are likely to be most effective?

2. Global competitiveness: How to capitalize on growth opportunities and minimize transition risks?

Specific questions .
from MOFs

How will my country’s economic structure change due to global transitions and
how can we identify optimal response strategies?

What are the impacts of the carbon border adjustment mechanism (CBAM) or
other global regulation on the economy and trade balance?

What is the impact of changes in global oil and gas demand and trade disruptions
on my economy?

How do global mitigation and climate policies impact my domestic economy?
What are the relevant risk drivers and what are the optimal responses?

3. Technological uncertainty: How to navigate technological uncertainty and encourage sectoral
decarbonization in the most cost-effective way?

Specific questions .
from MOFs

How can MOFs quantify the economic impact of net zero plans on sectors and
industries?

How can synergies and potential trade-offs with other development and sector
objectives be identified?

What are the trends around key technologies and how can those be leveraged to
boost competitiveness and growth in key sectors?

What is the uncertainty around the cost and pace of decarbonization and energy
pathways?

What is the likely uptake and diffusion of EVs in the short, medium, and long term?
What are plausible heavy-industry decarbonization and emission intensity
pathways?

4. Labour and skills: How to manage the decline of sunsetting sectors while encouraging growth towards

sunrise sectors?

Specific questions .
from MOFs

What is the impact of the transition on the regional labour. What are the public
spending requirements for re-skilling the labour force?

What are the distributional impacts of climate change and mitigation efforts?
What is the impact of climate change and mitigation on household income
distribution?

What might be the impacts on salient socioeconomic groups? How can we
compensate the losers?

5. Tax revenues and budgeting: What are the budgetary implications of the transition to net-zero and how can
we pay for it or benefit from it?

Specific questions .
from MOFs

How can green budgeting tools help understand public finance’s role in climate and
the green transition, including expenditures and taxation structure?

What is the realistic financing needed for climate nationally determined
contributions (NDC) ambitions or net-zero plans?

What are the fiscal implications of stranded asset risks and public-sector contingent
liabilities (e.g. legal claims, infra replacement, loan defaults, state-owned enterprise
guarantees etc.)

How can carbon tax revenues be recycled and what are the macroeconomic
impacts?

What is the impact of ambitious climate policies on tax revenues (including from
oil and gas)?

Will we need to raise taxes to pay for decarbonization? Or will it bring along
benefits that we can profit from?
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This broader framing calls for moving beyond narrow policy tools focused on targeting eco-
nomic efficiency by the internalization of externalities, as per Pigou (1920) or Coase (1960). The
same applies to conventional decision-making frameworks. As the UK’s HM Treasury (2022)
Green Book acknowledges, standard cost-benefit analysis has limitations, including in non-
market valuation (Annex 1) and particularly in times of transformational change (see Annex 7),
and as such should be considered a complement rather than a substitute for judgement (Weitzman,
2007).

What properties should a model or theory meet in order to provide useful guidance to policy-
makers grappling with the above questions? We might start with the important idea from
Popper (2002 [1934]) that a good theory should be falsifiable. Stigler (1965) argued that good
economic theories meet the criteria of ‘generality’, ‘manageability’, and ‘congruence with reality’.

A longer list of desiderata is offered by Gabaix and Laibson (2008) who set out seven prop-
erties of good models, namely: (1) parsimony, (2) tractability, (3) conceptual insightfulness, (4)
generalizability, (5) falsifiability, (6) empirical consistency, and (7) predictive precision. They note,
however, that

even highly successful models do not have all seven properties. Many of the properties are
in conflict with one another. For example, generalizing a model sometimes makes a model
unfalsifiable—the most general form of the theory of revealed preference cannot be rejected
by behavioural data.

Here, we focus our attention on a policy-maker trying to navigate the transition to net zero.
This is similar to, but different from, the quest for a general economic theory that seeks to
identify a scientific insight. We adopt four of Gabaix and Laibson’s seven criteria, and add an
additional fifth, arguing that a framework suited for the net-zero transition should be evalu-
ated on its: (1) parsimony, (2) tractability, (3) insightfulness, (4) empirical consistency, and (5)
ability to cope with the key characteristics set out above in section II. For simplicity we sub-
sume falsifiability and precision into empirical consistency; one of the problems in this field
of research is that models are hard to test, so in most cases it is difficult to know whether
the predictions of models are any good. There are relatively few counterexamples (e.g. Way et
al., 2022). We also drop generalizability, which is desirable, but for the purpose of support-
ing a policy-maker to make decisions about an unknown future in a complex world, gener-
alizability may be unnecessary and perhaps even counterproductive.> We also note the impor-
tance of model robustness—results don’t change when the assumptions change a little, espe-
cially in a more ‘reasonable’ way—which could arguably stand as its own criterion, but which
we here subsume into insightfulness. A climate-economy model with perfect information, or
no risk, for instance, will not be robust, and could end up potentially more misleading than
insightful.

No single model can hope to capture all the appropriate dynamics in a single framework that
meets all of these desiderata, and in most circumstances a much more robust approach would
be to rely on a range of models. Nonetheless, while any single model may inherently fall short
of representing all such dynamics, it is essential that the modeller remains informed of these
complications and strives, as far as practical, to integrate and reflect them adequately within the
analysis.

We summarize our desirable features of a climate-economy model in Table 3, emphasizing that
not all useful models will meet all of these features.

3 For instance, a theory that is specific but which nevertheless offers insight into a live policy question is much
more valuable to a policy-maker than a generalizable, but highly abstract idea. Falsifiability is widely accepted as a
central foundation of scientific methodology, explicitly since Popper (2002 [1934]), and arguably implicitly long before.
However, we subsume this feature into empirical consistency as we acknowledge a decision-maker can sometimes need
insights into possible futures, plausible scenarios, and a pedagogical framework to clarify the choice at hand, rather than
a falsifiable theory per se. Finally, predictive precision—conditional on a particular policy choice being made—can often
be very useful, but for simplification we incorporate it into our criteria of empirical consistency. We acknowledge that
many of the larger, more complex IAMs are going to struggle to offer accurate and strong predictions, even conditional
on a range of endogenous policy choices and exogenous shocks, but the expectation is that for models to be able to
answer the questions listed in Table 2 they need to show evidence to decision-makers of their predictive value. Models
need to capture the most relevant dynamics and avoid untested ad hoc assumptions or inherent biases that we believe
have been hidden in plain sight in many climate models.
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Table 3: Desirable features of a climate-economy model.

Models should be... Description and rationale

1 Parsimonious The model should capture essential features and discard the
non-essential. What is essential depends on the question, hence multiple
models are needed.

2 Tractable Tractable models are easy to analyse (Gabaix and Laibson, 2008), and
do not take too long to resolve to a solution. A model or framework
should also be transparent, interpretable to those who did not build the
model, and should not be a ‘black box’ where the policy-maker must
blindly trust the results. Models should also avoid making ad hoc
assumptions to cut down computing time or to avoid ‘resolution
difficulties’ (Kahouli-Brahmi, 2008).

3 Insightful Insights can be qualitative or quantitative. Many simple theory models
give qualitatively useful insights for specific questions. Other questions
require quantitative estimates as well (e.g. for the balance sheets of
government etc.).

4 Empirically consistent Empirical models should be based on the best available empirical
evidence, with transparency about the (often deep) uncertainty involved.
Model structure uncertainty should be explored, with robust scenario
and sensitivity analyses to convey possible outcomes. Quantitative
estimates of uncertainty are valuable, as is a track record of predictive
performance and methods of validation, where the model is tested for
predictive value against historical empirical counterparts.

5 Suitable (given key Models allow for (1) structural breaks, (2) strategic complementarities,
characteristics of the and (3) non-linear dynamics; avoid bias by assuming that the economy
net-zero transition) is at or near some fictitious optimum, and therefore any climate action is

costly.

None of these properties requires a model to be consistent with a particular theory, for instance
that agents have rational beliefs. For our purposes, models simply have to be helpful to a policy-
maker to make a good decision. A useful framework provides a plausible depiction of the real
world from which a policy-maker can construct a simple narrative to explain their decision to
themselves, and their constituents.

In an ideal world, excellent climate-economy models would generalize both old and new
regimes. That is, models would fit the data in the past and help us understand which parame-
ters have shifted as we move into the new regime. Ensuring calibration to the data that we do
have, acknowledging and accounting for regime shifts, can weed out poor, ad hoc modelling as-
sumptions that are not supported by the data. For instance, assuming ‘floor costs’ for solar that,
based on past dynamics, were highly likely to be incorrect in prospect, and wrong in retrospect,
does not make for a useful model (Farmer et al.,2007). Such outputs were systematically biased, in
that they underrepresented the role of renewables, and overrepresented the role of carbon capture
and storage (Way et al., 2022).

V. The menu of frameworks and models

Here we focus on the available climate-economy models, which can be thought of as formal-
ized tools for thought experiments about future emissions and economic pathways (Ellenbeck
and Lilliestam, 2019). We roughly categorize these models along two dimensions as illustrated
in Figure 1:

e from small to large in terms of complexity and system coverage; and
e from theoretical to empirical in terms of methodological orientation.

Of course, many models blur these boundaries, as these are not discrete categories.
Every model is built for a specific purpose and level of aggregation or abstraction. Often models
built for one purpose do not perform particularly well at other purposes (Rodrik, 2018). For
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Theoretical Empirical
Smaller Toy models Calibrated and validated simple
(e.¢. DICE) empiri(.:al agent-based or system
dynamics models (e.g.
Forrester’s 1971 Club of Rome
World3 model)
Larger Calibrated, more complex | Calibrated  but  sometimes

theoretical ~models  for | difficult to validate, complex
exploring plausible | empirical models (e.g. national

outcomes. (e.g. FUND) and global process-driven IAMs)

Figure 1: Types of models.

instance, in macroeconomic modelling, Blanchard (2018) observes that ‘no model can be all things
to all people’.

Models range from highly simplified theoretical models with closed-form solutions (top left
of Figure 1), through to vast models simulating the entire global economy and the climate (bottom
right of Figure 1). By empirical we mean a model that is consistent with and carefully calibrated
to real data and which has, as its primary goal, to conditionally predict values of interest. By
theoretical we mean a model whose purpose was primarily pedagogical, and which is indifferent
to whether the model is ‘fif to data’ or whether it is designed to predict an outcome. Such models
might meet various desirable axioms (such as consistency, complete markets, etc.), but are not
designed to map onto the real world.

One type of model is not in any general sense ‘better’ than another. Small models provide
valuable insight precisely because they use a dramatically simplified depiction of reality. The skill
in developing smaller models is deciding what to include in the model, and what to exclude. Much
larger models include system models and whole-economy models with hundreds or thousands of
different parameters to be calibrated.

(i) Smaller models

Smaller theory models offer sharp, pared-down explanations of a particular phenomenon. These
models are highly varied, use a variety of different mathematical techniques and can offer decep-
tively useful insights. Simplified models can clarify important features of structural transformation
with multiple equilibria (Vines and Wills, 2020), illuminate and reconcile sources of disagreement
between competing theories or larger models (Luk and Vines, 2025), to provide more reliable fore-
casts for key dynamics and identify sources of systemic bias in larger models (Way et al., 2022),
identify likely game theoretic responses to carbon border adjustment mechanisms (Helm et al.,
2012), and capture the idea that support for the clean economy might need only be temporary:
Acemoglu et al. (2012), van der Ploeg and Venables (20235, this issue) and Dhar (2023, this issue).

Such models make no claim to model the entire economy and are unabashed about omitting
vast amounts of reality. Such models may not be ‘realistic’, but of course this does not mean they
cannot be immensely useful to shape ideas and to influence the direction of policy. They need not
be tested and validated.

Smaller empirical models comprise two quite different sub-categories of models: first, econo-
metric models of specific climate-economy phenomena, and second, computational agent-based
models (ABMs) of a limited number of climate-economy interactions (Czupryna et al., 2020; Gerst
et al., 2013; Lamperti et al., 2019). These empirical models, as with their theoretical equivalents,
can be relatively easily interrogated to identify the key drivers of the economic phenomena that
are of interest to the researcher. These models are less complex than vast dynamic computational
general equilibrium (CGE) and the dynamic stochastic computable general equilibrium (DSGE)
models, or the even more complex process-based integrated assessment models (IAMs).
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Economic models and frameworks to guide climate policy 1

Both classes of smaller models can offer an excellent way of communicating an economic
concept or an economic framework for thinking about a particular policy problem (Blanchard,
2018). One can think of these models as a series of maps, of increasing detail. When discrepancies
arise between results obtained from smaller models and those from larger models, such incon-
sistencies may indicate the presence of complex interactions that the smaller model may have
failed to capture, or, alternatively, may suggest potential flaws in the more comprehensive model’s
formulation.

While ignoring key elements of reality is a feature, not a bug, of simplified models, it does,
however, imply limitations to their use. Such models tend not to be able to provide specific or
quantitative policy advice. Moreover, they can be viewed with suspicion by policy-makers who
fear their simplicity represents a lack of sophistication or reliability. When systems are complex
and interactions matter, simplified models might not be able to capture essential features of the
policy context. The results of smaller models are, obviously, sensitive to the assumptions—or
simplifications—made, reflecting choices about what is included and what is left out. With the
‘wrong’ simplifications, the results will not provide good guidance but can still provide value
by generating debate about such simplifications and assumptions (e.g. the Nordhaus and Stern
discount rate debate; see Nordhaus, 2007; Weitzman, 2007; Stern, 2022). This is valuable, be-
cause the larger models, despite their greater detail and complexity, often also embed similar sorts
of simplifications that get obfuscated in the model’s greater complexity. For instance, macroeco-
nomic models with many sectors that still assume perfect capital markets, could be as flawed as
a one-sector model making the same assumption. The same is true of climate-economy models.
Although, even with small, stylized models, researchers must be careful about how the insights are
being interpreted and applied to policy questions and wider media debates. While some policy-
makers and actors might be suspicious of these models, others might latch onto their insights to
promote a message or policy that the model does not encourage.

(ii) Larger models

Larger models examine climate-economy interactions at a higher degree of granularity, often with
significantly more moving parts, assumptions, and data requirements, but offer enhanced realism
and more precise quantitative forecasts and parameter estimates. Bigger models can also provide
useful and detailed guidance on policy design and implementation. Some policy-makers may feel
uncomfortable taking major decisions without at least attempting to use a larger model to test
their proposals. While the pursuit of enhanced realism may motivate some researchers to model a
significant part of the global economy (such as an entire country, entire sector, or even the entire
global economic system), this approach can introduce as many complications as it resolves. Larger
models typically require additional assumptions to drive behaviour, as well as substantially more
data to initialize, calibrate, and empirically validate. These requirements need to be balanced
against the demands of the policy question at hand and the sometimes steep trade-offs associated
with pursuing an even larger model.

Larger models come in many varieties, as shown in Table 4. They include energy systems models
(ESMs), CGE models, DSGE models, macroeconometric models, post-Keynesian models, system
dynamics models, and ABMs. Such larger models differ from smaller models discussed above not
only in their complexity but also in their purpose (Table 3).

An important category of larger models includes IAMs, which can come in the form of a policy-
optimization or process-driven framework. Policy-optimization IAMs are generally smaller single
models that combine the major elements of the economic, energy, and climate system and are em-
ployed to estimate an optimal warming for the planet, based on projections of human population
and economic growth and the trade-offs between the economic benefits and costs, including cli-
mate damages, that are embodied in their equations (Rennert et al., 2022). Process-driven TAMs
combine or ‘integrate’ models from multiple disciplines including economics, energy, climate, and
land-use. This group of IAMs are designed to provide global assessments of available climate
change mitigation processes in terms of current and future developments in emission reduction
and mitigation efforts, and to provide an assessment of national climate pledges in relation to
long-term emissions goals (IPCC, 2022).
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Table 4: Types of climate-economy models.

Modelling approaches

Description

‘Policy-optimization’
integrated assessment
models (IAMs)

‘Policy-evaluation’
integrated assessment
models (IAMs)

Energy system models

CGE models

DSGE models

Sector-specific models

Agent-based Models

System dynamics models

Hybrid models

‘Policy-optimization’ or ‘cost—benefit’ IAMs are designed to calculate the
‘optimal’ social cost of carbon, or the marginal social cost of emitting one more
tonne of carbon into the global atmosphere. They are ‘integrated” models in that
they bring together knowledge from different disciplines including climatology
and economics. Examples include DICE, FUND, and PAGE. See Nordhaus and
Yang (1996) and Bohringer and Loschel (2006).

‘Policy-evaluation’ or ‘process-driven’ IAMs are generally much larger
‘integrated’ climate-economy models that can also include energy system and
land-use modules. They are designed to provide assessments of climate change
mitigation pathways in terms of current and future developments in emission
reduction and mitigation efforts, and to provide an assessment of national
climate pledges in relation to long-term emissions goals (IPCC, 2022). Examples
of the dominant models include GCAM (Calvin et al., 2019), IMAGE (Stehfest et
al., 2014), MESSAGE (Huppmann et al., 2019) and REMIND (Luderer et al.,
2012).

Models of the physical energy systems that generally use scenarios to understand
how different investment strategies and future technical and economic conditions
might contribute to energy system operations, future energy mixes, engineering
design, or energy policy development. One example is the MARKAL/TIMES
model. See Loulou et al., (2004).

CGE models work in ‘general equilibrium’ to simulate how the whole of the
economy responds to changes in climate policy, technology, and other external
factors. The policy-optimization IAMs discussed above are examples

DSGE models analyse the dynamic behaviour of the whole economy by
incorporating microeconomic foundations, in order to allow for the fact that any
change in the policy framework is likely to change the microeconomic behaviour
of individual economic actors. EMuSe from the Deutsche Bundesbank is an
example. See Hinterlang et al., (2023).

Sector-specific models focus exclusively on particular segments of the economy,
allowing detailed analysis of specific industries or activities. Examples include
MOVES, which estimates emissions from on-road vehicles and evaluates the
impacts of different transportation policies [see US Environmental Protection
Agency (EPA) 2014] and GLEAM, which assesses the environmental impacts of
livestock production and identifies mitigation strategies (see Gerber et al., 2013).
National or global ABMs are computational simulations representing
heterogeneous agents and their interactions. These models simulate actors’
adaptive behaviours and decision-making processes in response to external
shocks, including climate policy interventions or climate-induced economic
damages. See Poledna et al., (2023).

System dynamics models are computational frameworks that use interconnected
feedback loops, stocks, and flows to simulate complex interactions within
economic and environmental systems over time. An example is EN-ROADs,
which is an interactive system dynamics model that allows users to explore the
impacts of various climate policies and scenarios on global temperature change.
See Siegel et al. (2018).

Connection of several different types of models (e.g. CGE, plus an energy system
model and a sector-specific model).

Process-driven IAMs and other large models have been used by economists and policy-makers

for decades to think about, develop, and guide climate mitigation policies (Krey et al., 2019;
Fiedler et al., 2021; Ives et al., 2021). These models are also used to explore different targets,
government plans, policies, and strategies for international negotiations (Hermeling et al., 2013;
UNEP, 2015; UNFCCC, 2015; van den Berg et al., 2020; NGFS, 2022; Weitzel et al., 2023), and
to undertake stocktakes of progress against the Paris Agreement goals (Grassi et al., 2018). At
the national level, many countries have introduced legislation, including nationally determined
contributions, influenced by modelled climate mitigation scenarios (Nachmany et al., 2017).
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Such models have played a role in persuading over 80 countries to implement some form of
carbon pricing, although political constraints have meant that carbon price levels are almost
universally well below the level recommended by IAMs (Klenert et al., 2018; Mattauch et al.,
2020).

Key actors in finance, business, civil society, and media also use the outputs of various
IAMs. Investors and financial institutions such as Goldman Sachs, JP Morgan, S&P Global, and
BlackRock have drawn on the results of such models to evaluate business and financial risks
from the company’s transition progress towards the Paris Agreement ‘net-zero’ goal—including
the climate scenarios put forth by the Network of Central Banks and Supervisors for Greening
the Financial System (NGFS), as well as those developed by the Science-Based Targets initia-
tive (SBTi) (Battiston et al., 2021; Rekker et al., 2022). Most major companies now use such
scenarios to try to understand their exposure to climate-related physical, transition, reputa-
tional, and litigation risks, and to develop their climate risk disclosures (Fiedler et al., 2021).
The release of the IPCC reports that contain the outputs of IAMs are also widely publicized
by the global media. The scientists that publish works based on these models are very heavily
cited.*

While these models have been very influential, it is not clear that they have always provided
useful advice. For example, they have typically and systematically overestimated the future costs of
renewables and underestimated their rate of deployment (Way et al., 2022). This is problematic
given that producing insights on the costs of mitigation options is considered one of the core
purposes of ‘policy evaluation” IAMs (Weyant, 2017), but also because such skewed results may
have damped past investment in renewables.

IAMs have proven challenging to validate, and can be unreliable, with results not robust and
changing markedly when more realistic assumptions are employed (Wilson et al., 2021). In prac-
tice, users tend to exercise discretion rather than strictly adhering to the findings and implicit
recommendations provided by the models. Decisions are often taken based on a wide range of
factors, including heuristic ‘rules of thumb’ and mental models that policy-makers have inter-
nalized. Decision-makers are influenced by their experiences and have adaptive expectations and
preferences that incorporate many social factors (e.g. what their competitors and other peers do),
and often have multiple goals and time horizons (Dhami, 2016). Most policy-makers are rela-
tively savvy about the limitations of economic modelling in general and can be highly sceptical of
their findings. Much has been written about the various, sometimes manipulative, ways in which
policy-makers use economic modelling and how they enter into the political economy of climate
policy (Barbrook-Johnson et al., 2024). Models provide, at best, a guide, but are only one source
of information.

VI. Example applications and evaluation

This section presents a series of examples where climate-economy models have been applied to in-
form key policy questions, following the groupings of questions of interest to MOFs from section
III above. We consider each example in terms of our five desirable properties set out in section
IV (Table 3): (1) parsimony, (2) tractability, (3) conceptual insightfulness, (4) empirical consis-
tency, and (5) suitability. The primary purpose of Table 5 is to bring much of the previous discus-
sion together. The columns in Table 5 reflect ideas set out in Tables 2—4 above. Overall, Table 5
provides a variety of assessments of the advantages and disadvantages of specific models for spe-
cific questions. Note that larger, empirical, process-driven IAMs are being used for most of the
research questions examined here—demonstrating their flexibility in providing outputs—but it
also raises concerns about the appropriateness of using them in contexts beyond their original
design scope (i.e. applying them to questions that they were not designed to answer).

4 Listed in the Clarivate Highly Cited Researchers database (https://clarivate.com/highly-cited-researchers/) generally
under the Social Sciences or Cross-Field award categories.

G20z 1snBny 6o uo 1sanb Aq €211 Z8/0201eiB/da1x0/€601 "0 L /10p/ajonie-aoueApe/daix0o/woo dno olwapeoae//:sdiy Woll papeojuMo(]


https://clarivate.com/highly-cited-researchers/

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

Cameron Hepburn et al.

"TTOT ‘WY ¢ TTOT Z[BNS pue

wI2s ¢ 1O “7r 12 18D 879 ) syAIq [BINIONDIS
pue sorwreup Ieaurj-uou juelroduwr
SuIpndul 10 SHSLI SUIZLIIOBIBYD A[309110D
10U 10§ PazdnLId A[YSIH "UOnBWIOJSURI)
[eanionas Sururwexs 1oy ajeridoidde

J0U Inq [opow £03 B SB [NJas() :d[qeIng ¢
*A3uTB1I90UN JO S[9A3] INOqE SUIpEI[SIU
pue A31j1qer[al 10§ paisal 0N *(770T ‘UI9Y)
e1ep [eorrrdud oY) Jo UONEpI[eA/UONRIQI[ED
[ewiuIA] :3udlsisuod A[esudwy {Imolaeyaq
“Ka1Teax *S[OAI] pue ‘sanianoe
wo.j uondensqe pue sir o3 yoeoidde [etnsnpur-axd JUAUIISIAUT
‘suondwmnsse s31 ur gurpesjsiw inq ‘woajqoid A0qE D),6°C 1B A[puatij-a1eWId
ay3 jo Surwesy reniur [nydppy (nyaysSisuy ¢ Sururem [ewndo JO S[oA9]
‘pasn pue pajo M G107 rewndo £renos
A[y81y aq 01 gDIJ Pa] SeYy SiyI—papnpout ur (SN$$z07) 210U 98BINOOUD
u29q A[[eUISLIO 10U JABY JBYI SOIWRUAD T0DY1+$ 03 03 s[eudis
Juelroduwir jo suonedrdwr ay3 21e1ISUOWIP pasiaal ‘€099 (£107) sneypioN £U0Q1Ed JO 150D [B1D0S sourd orerrdordde
031 pazaife £[Ised aq ue)) "djqeivrdiau sem A0Id (401a) VI OY3 stieym SHIBY, (9] spraoid
pue ‘Quoredsuen ‘sisdjeue 01 uad() :9[qeIdRIL ‘T Suisn HNHS jo Surziundo-£o1j0d saijod Suud uoqred 031 MOH] :s19Iew
[opow opduurs £104 :snoruowrtsieJ ‘T 91BWINISA [RIIU] pagrdurg pnoys snoniquie Moy Surwojsuely,
(€ 91qeq, 99s) s3urpuy Aoy (¢ 91qeL, 99s) Ppow uonsanb oyadg (Z 919eL,

BLIOILID 9AY 9} 03 SUIPIOIIL JUIWSSISSY

jo ad4y yueaspy

99s) wonsanQ)

14

'S|opOoW DIWOU0D8 81ewlo o uoieoldde ajdwex] :g ajqer



15

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

*so1wreuAp Ieaulj-uou

pue ‘s3urTey 193IeUI ‘SYIIq [BINIONIIS 10]
[enualod ay3 jo Suipueisiopun ue sapnoul
2sn1dx2  SIOYINY *SPUII] TUIOUOIIOTI0S

Jo 10edwit oy3 pue s8ueyd [ed130[0UYd3] JO
soed ay3 Surpiegdar suondwnsse onstuissad
a10W UO paseq a1k spunoq 1addn *s1ownsuod
pue s1031s9aUl 01 [eUSIS 1B3]D B 9p1a0id pue
uonoe gjowoid 03 JUADYINS IIPISUOD SIOYINE
JBUM T8 D)DH§ UO Spunoq 1omo ‘paure[dxa
oIk S2IBUINIS D))S I JBY) 2SUAS o)

ur Juasedsuel] “SISILLIOUOD3 jewWI]d SuIpes|

Kyurerraoun dosp
pue s1s0d pue
syysta Juerrodun
Auew 19pISuOd
01 [rey 3BYyd SNV
uoneziundo
-£orjod woxy
DDS JO sAIBWIISI

0M] JO TOTIBWITISI A SATPOqUIY :A[qBIMNG *¢ JO WSTONIID
‘s310dxo payreIap Aysiy e
Jo dnoiS s81e[ e Jo uonenjeas 11adxs ue £q paruedwodoe
se papiaoiad are nq suondipaid 10 Surjppouwr SI sisA[eue a3
P231s91 AUB UO Paseq JOU Ik SIIBWIISI UOGIED (1707) 211318
70 1502 [100s A T, :3udlsisuod A[peorndwy pue UIIg [IM
ueq Suory 'sjeod
PIioM\ 2Y2 1] suoneziuedio [eqo[3 1olewr £q armyeroduray (£107)
asn 10j sajeWISY DS saynsnl pue sapraoid PI020Y stied Ayl Z31]311§ pue uIANg
nq aandadsiad aanenenyd) ;npysisuy ¢ 190w 01 0707 4q *S1|NsS31 pa[[opow
*AUnInIdsS 10§ 9[(B[IBAR OPBW I SIIBUIIISI a8uer (SN$ST0T) £q pawrojur
1oys ut Lojdws s1oyine ay3 suondwmnsse ay3 ATODYH0T$-15$ uaaq dAey 01 L[| £U0Q1Ed JO 150D [B1D0S
[TE 1812 9SUAS A1 UT A[qLIDBII JON] :9[qBIDBI] "7 311 UI 9q 01 padu oIe INQ UONEN[BAD 91 ST 1eYM ST IR ] (9]
*s119dx3 Jo dnoid a3re] pinom HHS 1eyd 119dx0 UO sa1jod Suud uoqred
B JO SUONEBID]I[OP UO PIseq :snoruourisieq ‘| SPUAIIOD2Y] paseq a1e sarewnsy p[noys snoniquie MO
(¢ 91qet, 99s) s3urpuy Aoy (¢ 91qe], 99s) [Ppow uonsanb oyadg (z91q9eL

BLIDILID 9AY Y3 03 mﬁmﬁucuuw JUIWISSISSY

30 3d4y JueAdpPy

99s) monsand)

penuiuo) :g ajqer



Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

Cameron Hepburn et al.

*SOIWERUAP TBIUI[-UOU PUE $YBII]
[eanionas 10§ [enualod aya Suipnppul [ppour

payre1ap Aarenrdordde ue sazijnq 9[qemng ¢
*S91BI JUNOISIP
pue sogewep ajewd punoe Ajrenonsed
93eqOp puE A1UIB1I2IUN JO $IDINOS Jolew
sajerodioour AdIdxy ‘[Ppow paseq-1adiew
xa[dwod arow e Isurede paisal pue
pareiqi[ed are sany :uaisisuod Apesundwy ‘4 'syurod Surddn
*$110139 Suiepouwt x3[dwod 10w jo dduer pue ‘s1asesip
93 Ul SAIBWINSD 1)7)§ $9oNPOI{ :[nJayYSisu] ¢ arewIpd ‘sofewep
*SIOYBW-UOISIOIP 10§ dnt d[dwis A[pAne|ar Ayanonpoad
€9[qeI0BII B OIUI PAIB[SUEBII SI I1 1OAIMOL] 10108]
"301d1a3ur pue pueisiopun 03 asnradxa [e303 Suipnpour
JYIIUIDS pue SIuIeIIsu0d saxnbar Ajay| pue 231 JUNOISIP (€700) <17
os ‘wnuqimbs [e1ousd Suidojdwo opow Y% T M 70 IoWAIg USP UBA
xo[dwod £jqeuoseas e uo I|ing :9[qeIdel], g (SN$STOT) 881% *$orqpPady £U0qIEd JO 350D [B1D0S
"u0qIed JO 150D [BID0S 70 DDS [ewndo a8ewep aewIp o3 ST JBYM :STIBY] (3]
paisnlpe-ysu [ewndo ay3 Sunenoyed 10y oyt JO sajewnsa JeauI[-uou YIrm sa1jod Sunud uoqred
191d191u1-01-ASB3 UB SIPIAOIJ SNOIUOWISIE] | paseq-any g9S{ ® uo g p[noys snoniquie MO
(€ a1qet, 99s) sgurpuy Aoy (¢ 91qe], 99s) [opow uonsonb oyadg (Z ?19e1,

BLIID 2ATJ oY) 03 SUIPIOIIL JUIWISSISSY

Jo 2d41 JueAd[oy

993s) monsand)

16

psenunuoy :g ajqerL



17

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

*soTwreudp

Jeaulf-uou pue ‘sanreudwa[dwod d13a1e1s
‘syealq [eIn1onas 10j [enualod sy Jurpnjour
‘sisdJeue £1038[NG01 UL pasn S\ Y] snotadxd
o) £q 10J PAIUNOIIBUN SIDUBAPE IYNIUIIDS
U331 93810d 100Ul $2IBWIISH "UOIBWLIOJSURI)
[eanionas Suialip 103 aeridoidde [spowt

(ze07)

‘v 12 119UUY

DDS 23 LW
01 N V] Surzrwmndo
£o110d e sfojdwyg

£U0QIEd JO 350D [B1D0S
SU3 stieym SLIeY], (3q
sa1jod Sunduid uoqred
Pnoys snoniquie MOEy

payre1ap Ajarerrdordde ue sapiaoiq 2qeng ¢
'sa1eWIS) [[B ul A3urelrodun sajerodiodur
Aporjdxy “8ununodsIp dJ1wou0dd
pue ‘syudwssasse 1oeduwr ‘9rew)d ‘Suijppouwt
drewI)d ‘suondaford d1wou03901508
UO (2183531 PamMaIAdI-1aad Juadal
uo paseq pajeiqie)) :3uaisisuod A[esndwy ‘4
HOId 21
S[OpOW I3[[BWS Y31 PaIeIdosse swajqoid ay3
JO 3SOW YIIM S[BIp 1By DS Y3 Sunewnss
10§ A[[eoyroads 3[ing [PpOIN ([nySIsul ¢
+901n0s uado pue a1n3eIall] pamaradr 19ad uo ((SN$ST0T)
paseq a1e suondwnsse [[e Jeyl ul Juaredsuel], 9T0DY90S—+S$
'$10109s 98eWEpP Mau se yons syuouodwod jo d3uere
Mau jo uonippe ay3 pue 3unssy suondwnsse yIm (SN$ST07)
$IBII[IDB JBYI 2INIONIIS TR[APOW ) 3TODYLTTS JO
£q 9[qe1oen a1ow apew pue sisk[eue 01 uado 91e1 JUNODSIP %7
Inq adwis 10U S 9sBq IPOD Y, 9[qeIdBI], T 1e DDS [ewndo
‘uonsanb ay3 10j anjeA
[2183sa1 SIY3 10§ paugisap AJ[edyroads ueow patrdyard
[opouwt xa[dwod wnipaw :snotuowisieJ “| B SOp1AOI]
(¢ 91qey, 99s) sgurpuy Aoy

BLIID 2AT) oY) 03 SUIPIOIIL JUIWISSISSY

(¥ 21qeL 99s) [Ppowr
Jo 2d41 JueAd[oy

uonsanb oyadg

(Ta19eL
993s) monsand

penunuoy :g ajqerL



Cameron Hepburn et al.

18

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

*SOIWEBUAD TBIUI[-UOU puE ‘sontrejudwa[dwod
51391138 ‘syjaIq [eINIONIS 10] [erIualod

a3 a3er0dIodul [LIesSad9U J0U SI0(]
*s1ySisut Surpeaysiut ap1aoid Aew os pue
uonsanb Yo1easar syl romsue 03 paudisap

Areoymoads Jou sem YD :2[qeING ¢
*UASOYD [opour
J1wou029-£319u0 urf[1opun duewiofad
pUE $2INQINIE 2} 0 JATISUS ST INq SIYSISUT
[ngasn sapraoad yoeoadde siyJ, :(njaygisuy 4
*(s1sA[eue-e10Ur B ‘d[qe[reae
10§ (€£70T) Jo[[IwssI\ pue BISEN] 99S) S1I0JJd Aporiqnd stieys
Sur[jopow 019z 39U §() IAYIO YIIM JUASISUOD aseq 9pod & pue
A[1T8SS909U 10U 9T WONISUBI] 9] 10] UOTBIUIWNIOP
$9IBWINISI 30D 11373 ‘QOUIH "S[opowW ) I9Y10 JO Junowe
UBY) UONISUEI) Jo $150d 19731y pue uondope o[qeuosear
AS19U2 9[qEMIUAI J9MO] UT SUINSAT Spua B [IM J[qE[leA’
[€91103ST 01 ParedurIod JATIBAIISUOD 1€ nq xojdwoo
sa[qemaual 103 suondafoid 1505 £3o0j0uyd9) Ay8iy st yorym (0202)
TOAIMOF] U BIIIPUN SISATRUE AITADISUIS VDD INVI ‘Iv 72 uewyNEY]
o8ueI opim pue ‘e3ep £q pauriojur are UAALIp $s2001d ‘Kemyred
*039 sa011d sed pue [10 se yons suondwinsse xo[dwoo Ajysiy SUOISSIWD dY3 YIIm
A9y—~1urelradun 1sow INoqe 1S9UOH (4207 B WOIJ PIALISp JUSISTOD sa011d
v 12 f119quieT-puogq) sadueleq A31oud SAIBWINSI DDS o uoqIed d3e[Nd[Eed
pUE SIUNODOE JWODUT [BUOTIBU [BILI0ISTY S "3081€) 01 (VSN-TNVDD)
01 pajeIqI[ed [9POJA 3udlsisuod A[jesrndwy ¢ 019z 19U ()G B JAV] uaaLIp-ssadoxd
*asn 0] wed yam £oUd1sIsuod e Jo uoneodrdde
119dxa ue saxmbai pue ‘syurensuod skojdwo 10} 0€0T pue ‘so1uou0ds pue
A1) os pue uoneziwndo pue wnuqimba ur ZS1SN$-26$ 3JUIIDS J[qe[IBAE
[eToua8 SaZI[IIN YD) DH—2[qe10en pue 70T 152q UO paseq
Ajrenonaed JoN 9]qeIdRIL ‘T ur (SN$S10T 19818) SuOISSTW £U0q1Ed JO 350D [B1D0S
‘uonsanb yoreasar siyy ur) T0DYI8-€H$ JO WONdI[As o3 ST 1BYM :STIBY] (3]
10§ paugisap £[eoyroads Jou [opowr xajdwod st oo11d ay3 Surajoaut sad1jod Sundud uoqred
a81e[—snoruowisied jou :snoruowisieg ‘| uoqied ZNTIN yoeoxdde ZNTZIN pnoys snoniquie MO
(€ a1qeT, 99s) sgurpuy Aoy (¢ 9191, 99s) [opowt uonsanb oyadg (Z ?19e1L,

BIIID DA 91} 03 SUIPIOIIL JUIWISSISSY

Jo 2d41 JueAd[oy

99s) uonsang)

penunuoy :g ajqer



19

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

‘uonsanb yoreasar

s1y3 10§ A[[eoyroads pausisap [ppow [edrnidws
19dwis e Jo asn Y3 Y3n0oay3 paALIdp 9q
A[renualod pnoo syySisur reqiuig sasodind

19430 10 3[Inq SEM OVSSHIN 2[qeiing ¢
*$110JJ2 UONBZIUOGIEIIP puE AIIATIOE
d1ou029 uo sao11d [10 wid3-guof jo soedur
ay3 noqe syydisut [nyasn sapraoid (njaygisuy ‘4
‘pareordar aq pinod Apnis
SIy3 10§ pasn uonezirowered ay3 Ljyiun
INq J[qE[TBAR ST dSB( IPOD AT JBY) ASUIS
9y ur Juaredsuel] ‘3893 10 ‘AlepIfeA ‘Osd[eue saouanbasuod
01 3noyJip 1 unyew siutod eiep Suidjropun 9pIXOIp-U0qIed
JO spuesnoys yam ppouwr xajdwod £[y3y JuedyIugIs ¢SYSLI uonIsueI}
B S9SN Inq sareWnss Jo3owered papunord 10§ [enuazod dziwuiu pue
Aqrestndwa sazinp) :auaisisuod A[pesundwy ¢ 31 YIIM SIPBIIP santunizoddo
‘[epow OHVYSSTIA Y3 Suisn asnradxa jo [B19A3S 1X3U yamoid
sIeaf yim wea) 1radxa ue sarnbai—ojqeioen 3y 1940 WAISAS uo aziended
Ajrenonaed JoN] :9[qedel] T A319ud [BqO[3 AP ¢Awou09 AW 01 MO
's1oedwll WOQIEd pUB JIWOUOID uo 1oedwr Jolew (9107) uo suondnisip apenn :ssauaAnnadwod
aduanpjul 03 s103083 Jolew jo [enuazod B 9ABY P[NOD ‘v 72 WN[[ODOIN pue puewoap ses pue [eqojs
ay3 pueisiopun o3 pagojdwa A|qengie seoud 10 y3iy (AOVSSAN) 10 [eqo]8 ut safueyd Jo adeaspue]
nq ppour xo[dwoos 98re] :snoruourisiey ‘| 10 MO[ paureIsng JAV] U9ATIP-$S2001] Jo 3oedwr oy st IRy M Surwojsuely,
(€ 91qeq, 99s) s3urpuy Aoy (¢ 91qeL, 99s) Ppow uonsanb oyadg (z91qeL

EBLIDILID 9AY Y3 03 wﬁmﬁHOuuN JUIWISSISSY

Jo 2d43 JueAdpoy

99s) wonsanQ)

panuiuo) :g ajqer



Cameron Hepburn et al.

20

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

SINVI

paseq-goD 1910 107 onewa[qoid a1e 1ey)
sorweuAp Jeaulj-uou pue ‘santrejuawa|duwod
51891813S ‘s[RI [BINIONIIS JWOS

910[dx3 03 pasn 3q ue)) ‘spPpowW paseq-gH))
weansurew 03 9andadsiad saneulalfe ue
sap1aoad 31 Appuelrodwr pue uonewIojsULRI}
[ean3onns punore suonsanb ojur

ndur uipraoad 1oj aserrdorddy 9jqeng ¢
‘uonisued oyl £q paoeduwr
A[osIoApE 3sOUT 3q [[IM JBY] SIALTIUNOD INOqe
pue SuIpuens YIIM PIIBIDOSSE SISSO] oY)
moqe syySisut aanelenb pue aaneinuenb
[nJasn YIm SIAY] PIseq-g9H0) [BUOIPEI 03
aandadsiad saneuraife ue sapraoid :njysisuy ‘4
oEpl[EA O3 I[MOLHIP I
Sunyew sjutod eiep 3uifj1opun jo spuesnoyl
yum xa[dwod £[yS1y nq ‘paururexa aq
ued suondwnsse pue aseq apod Y3 1LY ASUS ‘epeUR)) pUE
oY1 ut Juaredsuel] ‘I19A0 3urdq 10§ [enuaod ‘SN Ay ‘erssny
Y31y os s1ajowered 9914 Jo spuesnoyl apnyoul sI19s0[
M Inq sarewmnsa 1ajowered papunoid pue ‘ng oyd
Aqreotndwa saziin) :3ualsisuod A[jesrndwy ¢ Io ‘euryy) apnput (8107)
*90u201] Jopun 1dadXa d[qE[IBAE JOU ISB] 9POD) szouuim :s1oedur ‘[P 72 INDIIN
*a1erodo 01 Sururen o[qeIapIsuod saxmbar [euonnqrnsIp (INAD
pue siutensuod sfojdws pue uoneziundo Jueazodwr -LIA-GINET)
saz1un 1ey1 ppow xa[dwod pue I31e| €SI Yam ‘uoryin JAVI udALIp-ssadoxd ¢Awouod? Aur
AINET—23]qeIoen Ljrenonied J0N] :9[qeIdRI] T #=-1$SN 29 —[opouw areWwId uo suondnisip apen
‘s1o30wered 9913 Auew sey ng uonsanb PInod s19sse [ang 3[24>-uoqied pue puewoap sed pue
pue wos4s [8qo[3 xa[dwod e Jurjppowr [1ss0¥ papuens Awouods-4310ud [10 [eqO[3 ur sadueyd
[opouwt xo[dwod J931e| :snotuowsie] ‘| WwoIj $3ss0] parerdaiug Jo 1oedwr oy3 st 3By M\
(€ a1qer, 99s) sgurpuy Aoy (¢ 3191, 99s) [opow uonsanb oyadg (Z ?19e1,

BLINID 2ATJ oY) 01 SUIPIOIIL JUIWISSISSY

Jo 2d41 JueAd[oy

993s) uonsand

penunuoy :g ajqerL



21

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

yromowey Ayrunyzoddo
pue s & ur s33ua[[eyd dg1oads s1ow I13y3 JO
SSOUITEME SMOYS JBYI SaTiou0dd Surdoaasp

“Koeded
[euonnInsur
asearout
pue ‘sa01nos

pue 3urd1awoa 10J SISA[eUe SIPIAOI] 9[qRING ¢ aNUIAJT AJISIOAIP
“urfopow aAjoAUT YOIyM ‘syTOMaWET)
Jo swos suonediqnd paio £q parroddns inq £o110d TROSY
yoeoxdde asanesrjeny) :3uaisisuod A[esundwy 4 O3UT SY[SIT 9IEWID
*S91IWOU099 Suldo[oAdp 10§ IDIAPE [NJIsn arerodioour
Surpraoad sandadsiad aaneiend) ;jydisuy ¢ ‘a10ddns 431010 ¢sasuodsar
's1030e [edn1od 01 [eadde S[qemaualr [ewndo oy a1e
pInom ey 93en3ue| JIWIOUOId PIBPUBIS apraoid ‘wiojar JeUYM PUB SIOALIP YSLI
Suisn yromowely soniuniroddo pue ysit SaIpISqns [anj JUBAJ[I 9U3 218 JBY N\
JULISISUOD B Ul SJUoWNSIe SIPIAOL] :3[qeIdRI] T [1ss0] 081opun (s707) o1ze10. g ¢AWIOU09 d1ISWOP
‘suonedrjqnd paid SOIWOU0Id 90UapIAd [edtdwd Awr yoeduwr sadrjod
4q paroddns Suipueisiopun s 1oyine syl uo Suidojoasp 4q parroddns dlewWI pue uonedniw
paseq s1uswnSIe [Bd119109Y1 :SNOTUOWISIE] | $15983ng SISA[eUE [BI110109Y ], [eqo[3 op moH
(€ 91qeq, 99s) s3urpuy Aoy (¢ 91qeL, 99s) Ppow uonsanb oyadg (z91qeL

BLIDILID 9AY 93 0} wﬁu:uuowuﬁ JUIWISSISSY

jo ad4y yueaspy

99s) wonsanQ)

panuiuo) :g ajqer



Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

*sa1301811S

[©10309s-ss010 Areruswa[dwod gurrojdxa

pue ‘sajel SuruIes] ur sOIeUAp Iedulj-uou
¢$1502 A30[oudal pue dFueyd AReWId

a1ning ut Aurelssoun Suumided ul (1707

“Ip 72 9INDIJIN) Yromowesy Ayrunyzoddo

PUE SII B SIZI[IIN PUB UONJBUIIOJSUBI)
[eanionns punoie suonsanb olur

ndur Suipiaoad 10y s1errdorddy :9qemg
*S19SSE PapUBIIS PUE ‘S109JJ2

Inoqe| ‘A31mdas £319u9 ‘9sn-pue| ‘eruowiwie
pue ua801pAY JO $1S0D PIZI[IAI] ‘SISOD WAISAS
Surpnpdur sd13aw duewIoyrd [nydurueswr
sidnnuw Surzijnn £o170d 1usWUIIA0S
paounouue ue uo siySisut aaneenb

pue saneinuenb [nyosn sapraoid njaySisuy
*d[qe[reAr APUIIIND 10U 3Seq IPOY) "PAisA] IO
pasepifea Jou a1k suondipaid [euonIpuod ing
sanmedes a1IoNIISLIFUT 01 PAJeIqI[ed ST pue
sojewnss Jo3owered papunoid A[esundws
SIZI[1I[) "BIEP JOYIO PUE BIBP IDYIBIM JO STBIA
01 SuIsn JI0M19U 2INIONIISBIJUI [BUOIBU
S.BIpUJ S[opoW :3ud3sisuod Ajedrinduy
*9I18M1J0S 921N0s-Uad0o WO paseq ST

Inq [opoW 9y3 Isn 03 wedl 1radxa ue saxmbax
SuOIIN|OS 2INSUD 01 s1uTensuod sfojdwa

os pue uoneziundo sazi[) :d[qeIdoel],
‘[epow L1xa[dwod winipaw

©—>[sB) 93 10§ snotuowisred :snoruowisieJ

Cameron Hepburn et al.

<

1

‘TBIK

yoea sprodwi [ongy
pue eluowwe ut
asn jo suotq
JO sua aoe[dor
pue ‘suonjerrea
Iayjeam
[enuue-193ul 03
9JUDI[ISAT WASAS
‘Bunyrys-peoy
uonemp-3uoj
pue
uoneImp-110ys
apraoad
‘Juawiyre3nd
9]qeMmaual dNpal
‘o8e101s A310U0
uonemp-3uoj
Jarsuadxa

10y syuowaanbazx
2onpal
‘SUOISSIWD HHO)
S BIpUJ 90NpaI
A[reoneweip
p[no>

$10309S BI-JJO
BIUOWIWE 1M
Ppojdnod waishs
£310ud paseq
-S9[qeMaURI Y/

(§207) 1v 42 01883
Ie[OS pue

puIMm I0J I01B[NUID
dlewWIp pue

[opou dTWou09
wnuqinba

enaed yam pajdnoo
[opow A319uyg

isasuodsar

[ewndo oy a1e

JBUYM PUB SIQALIP YSLI
JUBAJ[OI 93 dTE Jey M
¢AWOU09 d1IsaWop
Aw 1oedur sadijod
dlewWI pue uonesdniw
[eqo[3 op moH

(€ 219z, 295)
BLIDILID 0>mw uﬂu 0} Wﬂmﬁhcuoﬁ JUIWISSISSY

s3urpuy Aoy

(¥ 21qe] 995) [opow
Jo 2d43 JueAdpoy

uonsanb oyadg

(Ta19eL
993s) uonsand)

22

panunuo) :g ajqer



23

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

"SOTWRUAD TEIUI[-UOU PUE SYBII] [BINIONIS
a1e10d10dul 01 pa38nals sey 1ey3 [9pow

Jo 2d£1 e Suisn y3noyi[e ‘uonewIOjSuLI)
[ean3donas punodte suonsanb ojur

ndur Suipiaoad 105 a1errdoaddy :9qeamng ¢
*921n0s wado ST aseq 9pod Y1 Jeyd Ul
Juasedsuel] “sarewnss 13oweted papunoid
Areotndws sazijnp) :uaisisuod A[jesundwy 4
*$1500 ZUIuIo9p A[IUSISISUOD
yam sargojouydal 431ous ueapd jo [enualod ‘TOTIISURT) iAem
a3 punoie suondwnsse 1533 03 SINY] 19430 A310U0 9A1309JJ2-1500
yum swoajqoid aya a1o0[dxa 01 £[arerrdoidde 33 JO 1500 Ay} Isowl 9y ut
pasn 1nq [opowr xa[dwod e :npySisu] *¢ pue suoIsSIud (£102) UOIIBZIUOQIBIIP
*s119dx0 Jo weal papunj-[[om e saxnbai Suonpazx ‘v 12 120310 [©101038
A[Tensn pue ‘suOTIN[OS 2INSUD 0] SIUTEIISUOD ur Aejd o1 QUIIIP 150D Pale[aI o8emooud
sfojdwo os pue uoneziwndo sazijun AJoy1] st AJ Fe[OS pue 3uswiojdap pue £ureiroun
‘98euew 01 NOYJIp pue 281e[ SI [9powr Ty 9]0 a2 Ad 1e[0s JOo ¢skemyred £310u9 [ea130[0Uyd>N
ANIINAY dYy3—a[qeoens £194 JON] 9[qeIdel], 7 parewnsaiopun SOLIBUIDS AJBUI[E pue UONIBZIUOQIBIIP 21eS1ABU 01 MO
*3833 10 A[ss013 aney 01 (QNIINTY) jo 2oed pue 1500 :sarSojouyal
d3epI[EA 03 JNOYJIP ATk Jey) [opowr xa]dwod sindino Ny JAV] uaaLIp-ssadoxd ay3 punose Ajurelradun pue 5101095
981e[ JO s3uIpuy Y3 SAZI[IIN :snotuowisIe] | 1sed sapnpuo) e sarddy Y3 ST ey M Suruiojsuel],
(€ a1qer, 99s) sgurpuy Aoy (¥ 31qe], 99s) [opow uonsonb oyadg (z 91qeL

BLIID 2AT) 9} 03 SUIPIOIIL JUIWISSISSY

Jo 2d41 JueAd[oy

99s) monsand

penunuoy :g ajqerL



Cameron Hepburn et al.

24

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

*(Surures] [ed130[0UYIA) SNOUIZOPUD)
SOIWBUAp IBaUl[-uou pue ‘(ageiols

puis pue ‘YA ‘SAH) sontreIuowsdwod
51391815 JuelIOdWI SWOS UO SNJ0J

01 3]Ing "UOIIBWLIOJSUEI] [BINIONIIS [BqO[3

Suialrp uo uisiape 10y aretrdorddy :dqenng -¢
[2A9] £13UN0d 93 I
08 $S9] YSnoy3 ‘[9A3[ [eqo[3 oY1 1 :nJIY3Isu] ‘4§
*A1ure1195UN 1N0gE 1SOUOH
‘SIomsue d[qel[al arouw ‘papunoid A[esdws
SuIp[aIf ‘pa1sal pue paIEPI[BA-[[9X
*$9130]0UYI93 A310UD [[B UO SIAIND JuIUIed]
papunois A[pesuiidws Suisn uonoipaid 10j
A[reoyg1oads paugisa( :3ualsisuod Apedrnduwry ¢
*35anbax uo o[qe[TeAE 95BQ POY) *SIAIND
Suruires] 3y 03 uoneziundo sasn A[uQ ‘wasks waIsAs [any
A819u0 13313 ® 01 UOBISUEI) [B]O[3 3YI JO 1SOD [1s0} SunIsIXo
343 jo uonsanb sy3 Surromsue uo AJ[edyoads 9y Uo paseq
Ppasnooj [epow axjodsaq -a[qeraidiaiur aIming e ueyl (T207) 17 12 Kep
pue ‘quaredsuen ‘9q 01 spIau 11 se 1adeayd aq 01 [opouwt £310ud ¢skemyred £310u9
pazedrdwos se ‘sisd[eue 01 uad() 9[qeIdRL], T AJo1] st waisAs [eqoj38 payrduwis pUE UOIIBZIUOQIEIIP
*[BIUISSI-UOU dY3 SPIBISIP A310U0 U213 © + 3unsesaio] jo aoed pue 1500
10 sayrpdwis pue [enuassa Ayl sarnided © 0] UONISURI) [ed130]0uy233 10§ a3 punoie Ajureadun
Jey) [opow A[dwirs A[9AIIB[Y SNOTUOWISIE] *] pider y S[OPOW $ILIIS W], Y3 St Iy M
(€ a1qer, 99s) sgurpuy Aoy (¢ 3191, 99s) [opow uonsanb oyadg (Z ?19e1,

BLILID 2ATJ oY) 01 SUIPIOIIL JUIWISSISSY

Jo 2d41 JueAd[oy

993s) uonsand

penunuoy :g ajqerL



25

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

‘sotwreudp
Ieaul[-uou pue ‘santreudwa[dwod s13a1e1s
‘syeaiq [ean1onis erodiodour 03 pa[33nns
aABY SNV Jo A1u1olew a9y, ‘suoisnjouod
9AnEI[END UMO ST PUB MIIADIT 9INIBIAI]
sa10da1 oy3 yaim £5U21SISUODUT PUB SWSIONLID
03 anp sindino pajepowr ay3 uo ssa| Juikar
st 310da1 DD Y3 INQ MITAIT AISUIIXD
sa031opun uonedrqnd HHJJ Y] :d[qenng ‘¢
“A1[1qe1oen; uoneziwndo
10J $3ss9201d 1eaulj-uou Juerrodwr SunYLIOLS
10§ pazdnLId AJYS1Y usaq 2aeY S[PpoOW
Jo s1ndino 19A9MO} *A1UrB1I2dUN 2INIONIIS
[opow Surrojdxo—sppow 21y3 o sindino
93 uo paseq waIsAs A310ud [BqO[3 Y3
JO 3502 93 JO INSBAW B SIPIAOI] {[NJIYSISU] “§,
‘sjen3oe Juiydlew jou suondsloid sppow
swos ur sup[qoid Surre[d—uonepijea
JO e "sppow 9yl Jo Axadwod pue Jzis

ay1 01 anp juaiedsuen £[1940 10u a1e uodn ((ddD) npoad
parpaa sindino PpoA :3uaisisuod A[esundwy ¢ onsawop
JAVI Yor2 uni 03 $319dxa Jo swea) uo sarja1 $s013 s p[iom
pue (8007 ‘TWyeIg-I[NOYEY]) SUOIN[OS dINSUD a1 JO 12D
03 sjurensuod skojdwo pue ‘voneziundo 12d 1 ueys ss9|
SoZI[1IN “9[(B1dBI] JON] 9[qBIdRI] ‘T st wra1sAs A31ou0

“uonIsuel) Y3 Jo s3s0d Y3 Jo 2213 [eqO[3 ¢semyzed £310u9

S9)BWITISI A[qRI[aI opTa0Id A[I1Ess209U J0U pue e ur £1ess000U pue UOTIBZIUOQIEIP

sorreudds a[qisned a10jdxa 01 paugisap atom JudWISIAUL (1102) DDdI Jo 9oed pue 3500

1oy SNV UaALIP-ssad01d xa[dwod Ajpwarnxa Jo saSeroae SINVI ay31 punoie A1urelradun

921171 Jo sIndIN0 Y1 WO SAT[Y :SnoTUOWISTE] “T [enuue oy, UJATIP-SSI00I] ay3 SRy M

(€ 91qey, 99s) s3urpuy Aoy (¢ 91qeL, 99s) Ppow uonsanb oyadg (z91q9eL

BLIDILID 9AY 9y 03 wﬁmﬁHOuuN JUIWISSISSY

Jo 2d43 JueAdpoy

99s) uonsanQ)

panunuo) :g ajgerL



Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

Cameron Hepburn et al.

‘syutod Surddn Suidrows pue ‘syoeqpasy
srdnnw Y Ajresur-uou undeIalul
9AJ0A3-03 01 SI[(EBLIBA JNBWI[D PUE JIWOU0II
Surmo[[e pue £urelreoun 9In3oNIs-[opour
SurssaIppe ‘S]] [BUOnIpes) 03

‘urrojruowr
pue uonengar
[013u0d
-pUE-pUBWIIOD
yam pajdnod

1senuod Suipiaoid 1oj a1errdoiddy oqeng ¢ 3¢ 01 paau saxE]
*sa101[0d 93BWID WEIIISUIBW JO AOBIYJD Y3 uoqred 981owo 03
pUB UONBZIUOGIBIIP JO 150D 3y JuIpiedal UOTIISUBI) U213
syySisur Sunsennuod sapraoad (njygisuy ‘4 10} TOAIMOYH
A)1[1qe[IeAe eiep UI-Y20[
01 103(qns s1red1ojunod [estnduwo [es1101sIY QAISUIUI-UOQTED
JsureSe pajen|eAd SI[QELIBA PIIII[As pue B 1M QU0 UBY)
UONBIQI[BD 10211pu] udIsIsuod A[pesundwry ¢ Juowojdwaun
-31qeqreae £p1qnd aq 03 readde jou ssop 19MO]
9SE( 9pOD PUE ‘[apoul 211 asn 03 urea) 31adxa pue yamoId
ue saxnbai ‘9s{[eue 01 3NOYJIp—3[qeIden dao dysy

Aprernonaed 10N :9[qeIdRI] T sey sargojouyda (0202) ¢skemyred £310u9

"SIV Jeuonipen A31ou0 U213 ‘1v 72 nxaduwre| pu® UOHBZIUOIEIP

yam Isenuod uimoys jo asodind oygioads 03 uonIsues Ay} >Isq) Jo aoed pue 1500

a1 10 pafojdurs INq [opPOW PIPUNOJ-OIdTUX woIj wnqimba JAVI U2ALIp-ssadoxd o) punoIe A1urelradun

paseq-1uade Arxajdwod y3iy e :snotuowisieJ ‘| ue smoyg paseq-1uady Y3 STIBY M

(¢ a1qey, 99s) s3uipuy 4oy (¥ 21qe], 99s) [Ppow uonsanb oyadg (z219eL

BLIDILID 9A 9y3 03 wﬁmﬁHOuuﬂ JUIWISSISS Y

Jo 2d41 JueAd[oy

993s) uonsand

26

panunuo) :g ajqerL



27

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

suonisuel) uaaisd 1olew Jo pua ay3 se yons
‘$)[B21q [EINIONIIS JO SIMLILIUI[-UOU SSIIPPE
J0U $20p Inq uonNe[NSaI [BIUIWUOIIAUD
yum srafojdwd pue seafojdws 10§
SIUDWAIIMDAI [[13S MU UI2MIA] SUOTIOBIANUL
xo7dwoo 9y sauTweXy ‘WONISuULI)

U2213 93 10§ SIUSWAIINDAIT S[[1¥s WId3-1I0Ys

"SYSE] NI0M
Surreaurdua

uo guisiape 10y aeurdoiddy :9qenng ¢ pue [ed1uyd

‘[9A3] £13Unod 03 pale[a1 50y}
3Y3 1B PUEB ULId] 310YS 9Y3 19A0 :[njIy3isu] ‘4 AJreroadsa ‘siys 5101925 asLIuns
"passaIppeun UTewaI A7) JT U9Ad AJuTe11ooun 12213 ouros SpIeMmo1 [ImoIs
JO $90IN0S I0[BUI JWIOS JO SSAUITEME 10} puBWIP 9y} SuiSeiooud
smoys ‘uonodipaid 103 pausisap ‘sisd[eue ur sdeS ‘asspowr [IYM $10193s
eyep [eoundwy ualsisuod Aedundwry ¢ J1 ‘quedyrugis FERA(O) Sunjasuns
*BIBP J[qE[TBAE $9)B210 1moqey a3 Sury[ys-a1 Jo aurpdap
Apdrqnd sasn) -o[qelsadioyur pue ‘quoredsueny 1nq Juswfojdwo 10§ syuawdambaz ay3 aSeurwr
‘o1qeaeadai ‘sisf[eue 01 uad() :dqeIdoRIL ‘T [[e1a10 Surpuads o1iqnd ay3 are 01 MOH] :S[[I[S
‘sorwreu4p [re jo ain3oid a39pdwos e uo 1oeduwr 1By Inoqe] [euordal pue $10309s
op1aoid 10U S0P 31 JBY) 2TBME ST INq SISA[eUe ou sey uone[ngax (8107) 77 12 BUOA 9y3 Uo uonIsueIn Ay} 10} puewdp
[eorndwo odwts A[oAnre[ay :snoruourisieJ “| [eIUSWUOIIAUF sisA[eue [eornduryg Jo 3oeduwr oy st IRy M Surwojsuely,
(€ 91qet, 99s) sgurpuy Aoy (¢ 91qe], 99s) [Ppow uonsanb oyadg (z91q9eL

BLIDILID 9ATJ Y1 01 SUIPIOIOE JUIWSSISSY

30 3dA43 JueAdpPy

99s) uonsang)

penuiuo) :g ajqer



Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

‘sisk[eue

£orjod 105 91qeINg *$309)9 JuswLo[dwaun
[810393s Juasaidar-1opun 1ysiw

pue A[Iqow Ioqe[ 10J JUNOJIE 10U S0
'$y[BAIq [BINIONIIS puE IUBYD [BUISIBW-UOU

Cameron Hepburn et al.

[IIM SOLTBUADS 1B SO0 2[qeIng °¢
‘suonisuey 3sed 03 paredwod uonisuesy "PazIas 10 pajeaId
A819u9 93 JO $199))9 JuowLo[dwa ay3 Jo 3q p[noys
9Z1S 9ATIR[I Y PUB UONISULI} A319Ud Y3 JO sonrunizoddo
$309339 uonnquusip pue Juowiojdwo Jeuoidar 130
3y Jo SuipueISIOpUN UB SIPIAOI] {[NJIYSISU] ‘4 0s ‘sqol Gururu
'sasA[eue JuowLodwo 19md} 10§ dredard
[eornidwo 7s0d x2 3suteSe uonepijes 1gnsax 1SN sa1eIs
spaau poyzowr O/ [H[ Y3 syrwpe Inq Suronpoid-ong
‘1ure11aoun 210[dxa 03 sorreuads sqisned [1ss0J 10(e]N
Auew soUTWEXH IX91UOD [EUONBU STY) *Gurrmionasar (€207) 1v 12 91X
103 A[eoy1oads paudisap spppow Suisn ‘) ureyd Ajddns pue [opow
01 paieIqI[ed [POA :Iuaisisuod A[jesundwy ¢ [eades uewny y1omiau Arfiqouwr FERA(O)
-9[qereadar pue Ul JUSWISIAUL [euonednooo Inoqe[ ay3 Sul[[Iys-a1
(91qe[reAe aseq apod) Juaredsuen A[oAne[a1 10J paau ue yum pajdnoo 10J syuowaainbazx
st f3e19d0o 03 s110dxa Jo weas e saxnbax a3 sualySoy OLIBUIIS pa[[opowt Surpuads o1iqnd ay3 are
nq sis{[eue 01 uado SI [OPOA :3[qeIdRI] ‘T pue yamois qol Awouo9-£310U9 Jey X\ Inoqe[ [euoIsal
“[se1 ay3 JuAISISU0d s3uLiq ue uruuni 3y3 Uo uonIsuLI Y3
01 9[qeans A1xa[dwod [poJA :snotuowisie] | uonezIu0qIeddq [opouw ndino-induy Jo 10edwr oy3 st 3By M\
(€ a1qer, 99s) sgurpuy Aoy (¢ 3191, 99s) [opow uonsanb oyadg (Z ?19e1,

BLILID 2ATJ oY) 01 SUIPIOIIL JUIWISSISSY

Jo 2d41 JueAd[oy

993s) uonsand

28

penunuoy :g ajqerL



29

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

UONBULIOJSURI)
[eanionas Suiaip 103 arerdorddy
*SaLIISNPUI SUI{IIS-[[I[S pue s1uade
Sunyass-qol usamiaq suonderaiul xajdwod
Sumsus ay1 pue AwWou0d3 a1 01 IJueyd
[eINIONIIS [BUISIEW-UOU 93 ‘SOIWBUAD
1931BW Inoqe| Jeaul]-uou eirodioour
03 A[[eoyoads 3ing *s3oxIeW Inoqe|
JO sorweuAp uonepunoj-o1dIw Iyl anided 03
paudisap A[eoyioads [ppow axodsaq d[qeing ¢
‘uonisuery £319u9 1sey
B Ul SaydIBWISIW [[1S [eriualod pue Inogqe|
0 sad£3 oy1oads jo puewap A[2y1] 9y3 In0qe ‘uonIsuer)
s1ySisur aaneinuenb pue saneljenb sopraoid A310U9
‘eIEp P[I0OM [BII UO paseq sorweukp Ajiqow a3 110oddns 01
1noqe| paredrjdwod saamde)) :(njaydisuy ‘4 sarorjod 1031w
*SS2IpPPE 10U S20P 11 1BY1 AJuTelIooun Inoqe| pue
JO $90IN0S J0[BUI WIOS JO SSAUITBME SMOYS Suruued [njores
“Awou029 a1 Jo ainidonns ndino—indur J0 2ouelrodwr
93 JO SUOIIBZI[BIT dleUIdl[e SuIpnjdul 93 urrodsidpun
suondwinsse pue sa[qeLIeA £33 UO sisf[eue —oseyd

£31A131SUBS © sapn[oul pue £jureireoun noqe umop-a[eds
1souoy pue s[qeray ‘[Ppouwt ndino-ndur gn ay3 ur sjjoLe|
patelsp pue sanmeded 10109s Tamod Jeuoneu JuedyTudis
S Isurede pajerqie)) :udisisuod Aedundwy ¢ pue ‘oseyd

-a1e19do 01 s110dx9 saxmbar ing

OLIBUddS uonisues) 4310us Aue 03 parjdde oq

ued pue ‘9[qereadar st ‘uvoneziwndo Lojdwa
j0ou $20p ‘sisk[eue 031 uado sy :3[qedei] ‘T
“AN[1qIX3]J S9[BUD JBYL JIOMIWEL) ur 10309s Jomod
[ed18ojopoyiaw e sazerodioour Inq Surjppowt ay3 jo uonisues}
xo[dwod Ajqeuoseay :snoowsieJ ‘| pider y

dn-aye0s a1

ul sa8e1I0ys [[1s
JuBdOYIUSIS [1BIUD
pnos g 2yl

(§207) 1v 42 193ng
OLIBUIIS pa[[opowt
Awrouod9-A319u2

ue surede

Suruuni [ppowt
yiom3au Ljiqowr
[euonednooo

ue yim pajdnod
[opouw ndino-induy

90103
Inoqe| ay3 urj[ys-o1
10J sjuowaInbaz
Surpuads orjqnd ay3 are
Jey N\ ¢Inoqe| [euoidax
91 UO UOTISUEI A1
Jo 3oedwr oy3 st 3By M

(¢ 91qe], 99s) sgurpuy Aoy

BLINLID OATJ 91} 03 SUIPIOIIL JUIWISSISSY

(¥ 91qeL 998) [ppow
Jo 2d41 JueAd[oy

uonsonb oyadg

(Ta19eL
993s) uonsand

panunuoy :g ajqerL



Cameron Hepburn et al.

30

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

'$Y[B21q [BINIONIIS 10 ‘santrejudwa[dwod
51821B11S IOPISUOD 10U S0P

‘Xe3 U0qIed
103 110ddns
urejurew ol

2WOS asn pealsur

INq ‘SANLIBAUI[-UOU JWOS SIIPISUOY) D[qeING ¢ Inq suondonpai

*90uap1Ad [eorridwo jo Aem SUOTSSTWID

a3 ut papraoxd oy sauaasisuod A[peorndwy IayIny 10§

‘Buijopow Aue yam syuswngire yroddns SONUIAJI IsN 10U

10U S20P INq ‘suonIolsip [enualod pue 01 S9N TuNWwod (9102)

€$1030€ JIWOU0Id ‘S9XB} IOYIO ‘SIXE] UOGIED 1yl SLLIOJA] pPU® UOLIB]N $31 10§
U99M19q SUOIDBIANUI JuBIIodWI S[BIAdL pue s1I0Mm “Surjjopowr Aed om ued moy
pue s3ySisur [njasn sapiaoiq :[nydisuy ‘¢ [onJ [1ss0f SAJOAUI YIIYM JO isoxel pue 019z-39u
's1010e [edn1od 01 [eadde ‘spjoyasnoy swos ‘suonedrqnd wodul A1BUONIO0ISIP 03 uonIsuen Ay}
pinom ey3 agengue| orwapede-uou ure[d SWODUI-IOMO] £q pasroddns Sursn sanuaAdx jo suoneorjdur
A[3sow uisn YI0MIWeI) JIWOUOII PIEPUEIS uo soxe) sjuowngie astel A[snoaueljnwis £1e193pnq a3
JU2ISISUOD B Ul SJUdWNSIe SIPIAOLJ :d[qBIORI] T 19420 20npai 01 [eo119109Y2 1snur £t uaym 21 1B\ :$199Ys
“Guij[opowr aAJoAUT YITYM 9NUIAI JWOS Isn Uo paseq sIomsue $9XE] UOQIed USIsop Jdueeq [eIsy
Jo awos ‘suonedrqnd paio £q parroddns SIUOWIUIIA0S 1By sop1aoid 1nq [ppowr A[rewndo syuowuidaAog pue SaNUIAII XE)
SJUSWINGIE [BD132109Y |, :snoluowisie] “| SPUAWIIOdY B 9sn J0U $90(J pinoys mop Sururioysuel],
(€ 91qex, 99s) s3uipuy 4oy (¢ 91qeL, 99s) Ppow uonsanb ogadg (Z ?19eL,

BLIDILID 9AY 9Y3 03 mﬁﬁuhoou& JUIWISSISS Y/

Jo 2d43 JueAd[oy

99s) uonsand

panunuo) :g ajqer



31

Economic models and frameworks to guide climate policy

Downloaded from https://academic.oup.com/oxrep/advance-article/doi/10.1093/oxrep/graf020/8214231 by guest on 05 August 2025

*$)[B2Iq [BINIONIIS
uo Arejuawiiod ou Ing ‘santrejudwa[dwod
51891811 JUIXD JWIOS 0] PUE SIANLIBIUI[-UOU

swos a3e10dI0dUl S0 D[qRING G
“(Te0T
‘ua9y]) PazZIdNLId U3 dArY Jeyl suondwnsse
SNEYPION JO JoqUINU B UO SA[AY ‘[opow
a1 Jo Sunsa ojdwres-jo-1no 10 wonEpI[EA ‘sured axejfom
JO 25UdPI1Ad A[NI] £19A INq UOTIBIGI[ED [enueisqns
[eatridurs payrelap uaisisuod Aqpesurdury ‘4 TOAT[Op
*UOI1310ISIP ued ugisap
xe1 3unsixa-a1d pue Sudid uoqied usamiaq £o110d [njored
suondeIaIul JuelIodwl S|EIAdY ([NJIYSISU] ‘¢ 9[Iym—UOIIEXE]
Yiomowery gD ddwis rendes
A[2AIIB[9I 9Y3 PUE 2INIONIIS XB) IBIUI| PUE aanisod 1opun
SWLIOJ [BUOTIOUNJ PIEPUEIS SISN ING SUOIIN[OS Ajreroadso—arer
9INSUD 01 SIUTEIISUOD M uonezrumdo ueiAnoSig a1
wnuiqimba [erouag sazijnn d[qeIdely g7 MO[3q IBYMIWOS
*(SUOTITOISTP TOMIJ TAAD SNYI PUE XEB) WOTED XB) UoqIed
J9MO[ B yIIM 53931 SUOISSIWD 9A3IYDE [ewndo ue isoxe)
01 JUSWUIIA0S MO[[e p[nod Juawio[dap 03 Spe3[ [opow (0707) 28e1reg wodul A1BUONIOISIP
£319U0 9[qEMIUIT UI FUIUIEI] WOIF SUOIONPAT Awouods-arewnd d01d pue 3uIsn sonuIAdI
3500 *89) S3Nsa1 JUIPEI[SIW 01 Pe3| P[NOd Srweukp JI0MIWeI) UonEXEe) astel A[snoaueljnwis
[oIym sorweu4p agueyd [ed130[0uydal soe| © OJUT SOXE) ad£1-Losurey asnw £33 uaym
©JoBqPaId) AWou03-238WID PIseq-dDId £1euonIoIsip [ewndo S9XE] U0QIed USISIp
B $9sn 1nq $a1n1eaj Lo Jo L1trolew pliom-[eas ue yam pagiow A[rewndo syuowuIdaA0g
1M [BO132109Y3 A[ISOJA :SNOTUOWISIE] *] Sunerodioouy ‘IO drureudq pinoys mop
(¢ a1qer, 99s) s3urpuy 4oy (¥ 91qe], 99s) [Ppow uonsanb oyadg (z219eL

BLIDILID 9A 9y3 03 MﬂMﬁHOUuN JUIWISSISS Y/

Jo 2d41 JueAd[oy

993s) uonsand

panunuo) :g ajqer



32 Cameron Hepburn et al.

VIl. Conclusion

Economic models, frameworks, analyses, and perspectives are important, but not decisive, inputs
into climate policy-making. The experts who build the models, and to a lesser extent the decision-
makers who use them, are often aware of their limitations and tend to combine model analyses
with other inputs, influences, and domain knowledge to try to reach wise policy interventions.
Nonetheless, the results generated by climate-economy models do influence decisions-makers,
sometimes by justifying pre-existing biases and maintaining the status quo, but often in shaping
the narrative around particular questions (e.g. ‘the transition will be costly’).

This paper has examined how economic models, frameworks, analyses, and perspectives can
help guide climate policy, given the complexity and uncertainty involved. We characterized the
net-zero transition as involving three challenging, but important features, namely: structural
breaks, strategic complementarities, and non-linear dynamics (see section II). Then, based on a
survey of finance ministries, we identified five issues of climate policy interest, namely: prices and
markets; global competitiveness; technological uncertainty; labour and skills; and tax revenues
and budgeting (see section III). We described the properties of a good model (see section IV) and
set out the categories of models available to help policy-makers (see section V) before considering
a range of examples where models have been used to attempt to answer the questions that finance
ministries are currently asking (section VI).

Although this paper has covered a broad range of issues, it has only scratched the surface of
this topic. We deliberately limited our analysis to the transition towards net-zero emissions, and
did not, for instance, explore the significant challenge of assessing how physical climate impacts
could harm national fiscal positions, and how countries can adapt and respond to inevitable
climate damages.

Three key conclusions from this review stand out. The first is that there are many different
climate-economy models, each providing a different function for policy-makers. Choosing the
right model for the right question is absolutely crucial, but not straightforward. Sections V and VI
offer guidance and examples. The second key conclusion is that no single model can ever hope to
fully encompass all the vital elements of a transition (see section II), nor can it flawlessly integrate
every desirable feature into a single analytical framework (see section IV). And while modellers
should make every effort to aim for these features—and to openly disclose inevitable limitations—
the more critical imperative is to employ multiple models to provide policy-makers with more
robust and reliable answers to complex policy questions. The third key conclusion is that some
of the critiques made of the current suite of climate-economy models suggests useful directions
for further research and development. These include better representing specific policies, more
accurate representation of non-linear dynamics, uncertainty, and distributional concerns, greater
sensitivity analysis, improved evaluation of empirical models, and a more thoughtful approach to
discounting and intertemporal choice. Despite these challenges, for most relevant policy questions,
there is often at least one model or economic framework that can help provide insight. A major
part of the challenge for policy-makers is identifying which model or group of models to turn to
for the question at hand; we hope this paper makes meeting that challenge a little easier.
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