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Preface 

Financial advisors recommend a diverse portfolio to respond to market fluctuations across 

sectors. Similarly, nature has evolved a diverse portfolio of species to maintain ecosystem 

function to environmental fluctuations. In urban planning, public health, transport and 

communications, food production, and other domains however, this feature often seems 

ignored. As we enter an era of unprecedented turbulence at the planetary level, we argue 

that ample responses to this new reality – that is, response diversity – can no longer be 

taken for granted and must be actively designed and managed.  We describe here just 

what response diversity is, how it is expressed, and how it can be enhanced and lost. 

  

Introduction 

In the morning of March 23, 2021, the giant container ship “Ever Given” was passing 

through the Suez Canal on its way to Rotterdam when it suddenly ran aground diagonally, 

blocking the entire canal. Because the ship was one of the largest in the world, traffic was 

jammed in both directions for six days. Hundreds of vessels came to a standstill, and 

billions of USD worth of trade were lost given the lack of alternative routes and modes of 

transport. Disruptions at bottlenecks like this (Figure 1) can have major consequences for 

billions of people, enterprises, and nations, influencing food supplies, prices, or access to 

spare parts, with potentially far-reaching social consequences1. 

  

Good preparation to avoid and respond to disruption requires access to a broad set of 

options to face unanticipated disruptions2. The current paradigms of lean sourcing, just-

in-time and optimization (‘efficiency’) paradigms are ill-suited in this regard as they are 

not designed to handle unexpected new situations, such as the Ever Given incident3 and 

the COVID pandemic, particularly occurring in tandem. Of course, widening the Suez 

Canal would increase the resilience of its traffic flow to incidents like the Ever Given but 

would be ineffective against other kinds of disruptions (e.g., political, armed conflicts) 

that might interrupt traffic – or if the size of ships continues to grow. Alternative 

responses include increasing storage capacity at receiving ends of the traffic, or 

diversifying how goods are transported (China’s silk railroad, for example). This example 

highlights that, typically, a wide range of potential options are available for escaping 

rigid, vulnerable and therefore unsustainable structures4,5. 

  

[FIGURE 16–8]  

 

The Ever Given incident is symptomatic of a global trend where people, cultures and 

economies are increasingly linked across geographical locations and socioeconomic 

contexts9,10, but with limited pathways for changing the links11,12. While this connectivity 

provides opportunities for humanity in terms of collective action to deal with global 

challenges (e.g., climate, pandemics, conflicts) and sharing ideas, goods and information13, 

our capacity to understand and control global socioeconomic networks (e.g., trade, 



finance) is becoming progressively more limited as complexity and interdependencies 

increase14. Further, humans have become a dominant global force with profound impacts 

on the Earth’s biosphere12,15–17. The world is witnessing an increasing frequency, 

magnitude and duration of extreme events – including pandemics, heatwaves, mega-fires, 

droughts, floods, and storms18. The associated costs are significant in terms of economic 

and ecological disruption, reduced health, civil unrest, increased risk of geopolitical 

conflicts, human migration, and ultimately, human lives19. 

  

Increasing awareness of the many uncertainties humanity faces has led to calls for building 

resilience20– most notably greater resilience to threats in general rather than to particular 

threats. Of the aspects of such general resilience21,22 the most crucial is having a diversity 

of responses to different kinds of disruptions. Though the value of diversification has long 

been recognised (“don’t put all your eggs in one basket” – Cervantes 161223), the rapid 

increase in frequency and severity of ecological, social and economic disruptions 

underlines its growing importance18,24,25. 

  

In this paper, we suggest that, if we wish to build general resilience to disruptions that 

cannot be exactly determined in advance, society needs to strengthen its response diversity. 

Response diversity is a system’s variety of responses to disruptions, of all kinds. While this 

term originates from ecology26, we argue it is critical to improving the resilience of any 

complex system. It suggests keeping options open for unexpected situations, which is 

consistent with theories about optimal decision-making under uncertainty and 

irreversibility27–30. 

  

As we work through the various facets of response diversity an important point to bear in 

mind is that, like resilience, it is a property of a system, and per se is neither “good” nor 

“bad”. It can help maintain the current state of a system no matter whether it is deemed 

desirable or undesirable. If the state of a system and its trajectory are clearly undesirable 

the appropriate focus of response diversity should be on alternate transformational 

pathways. Because our reason for writing this paper is the serious loss of response 

diversity, the focus here is on when, where and how it is playing a positive role. 

 

Despite the critical role response diversity plays in nature and in society at large, insights 

that extend beyond single sectors and disciplines are currently lacking.  In this paper, we aim 

to fill this gap by integrating the different ways in which the concept is used and applied, 

highlighting the interconnectivity between different types of responses across sectors and 

scales. In particular, we explore just what response diversity means, how it is expressed in 

all kinds of systems, how it can be built and lost, its costs and benefits, and its implications 

for policy and governance. We conclude with some suggestions for strategies and policies to 

maintain or enhance response diversity. Importantly, our aim is not to scrutinise individual 

strategies for implementing response diversity in particular sectors but rather to provide 



general guidelines relevant across disciplines, which can be explored in more detail within 

different specific contexts. 

  

Response diversity 

Living systems, from individual organisms to the global system, depend on having a set of 

processes (e.g. in ecosystems, photosynthesis, decomposition, predation; or in an 

economy, production and exchange of goods and services, waste management, transport) 

that enable that system to function. To ensure that these processes can persist in the long-

term, requires that agents in a system (e.g. actors or organisms) have multiple ways by 

which they can respond to changes and disruptions. In other words, response diversity 

provides the raw material for adaptive behaviour (Figure 2). 

  

 [FIGURE 2] 

 

In ecosystems, there are different species that perform the same process but differ in the 

ways they respond to a particular disturbance26. Socioeconomic systems have also 

developed a variety of ways for providing essential services with different coping 

capacities, such as different types of water storage and delivery infrastructure, different 

modes of transportation, or different sources of various materials and products. Many 

small-scale irrigation systems have flexible institutions to manage environmental change, 

for example by altering water allocation as water availability changes31. Such adaptive 

institutions provide a diverse repertoire of ‘software solutions’ for social organization and 

thus maintain critical response diversity. Some of these strategies emerged after existing 

services had failed to respond to some new kind of shock; others were planned in 

advance. These diverse ways in which actors respond to a variety of shocks enables the 

function concerned to continue, thereby helping the system as a whole to continue 

functioning in much the same way. This is how response diversity confers resilience26. 

However, responding in different ways is also likely to have consequences beyond a 

particular function or scale, as we will illustrate. 

  

We argue here that we need to identify different sources of response diversity, assess 

trends in those sources, and understand the implications of responding differently. In 

many systems response diversity is largely organizational, perhaps hierarchical as discussed 

in Levin et. al, 202232. In this paper, in order to help unpack response diversity further and 

make it more operational, in addition to population and community responses (natural and 

human) we complement Levin et al. 202232 by focusing on spatial and temporal dimensions 

of response diversity. 

  

Spatial responses In ecosystems, species operate at different spatial scales to avoid 

competition. This results in enhanced robustness over a wider range of environmental 

https://www.zotero.org/google-docs/?kOqEoe


conditions33. In coral reefs, for example, small territorial fish and sea urchins keep algal 

proliferation under control. So do schools of larger fish species that move over much wider 

areas. If a local storm hits the reef and kills less mobile species, species that operate at 

larger scales act as an important component of response diversity. They can continue to 

regulate algal populations and ‘smooth’ them in time12,34. In a similar way, migratory birds 

vary the locations and size of their territories as a way to increase their resilience to lack of 

food or difficult weather conditions. 

  

In social systems, international trade provides spatial response diversity for buffering 

against disruptions at a national or local scale by providing alternative food sources, 

alternate distribution lines, or emergency supplies35. Trade from multiple sources, using 

various transport routes or modes, contributes to response diversity in the sense that if 

shocks to the availability of one exporter or importer occurs, trade can continue with 

another. A recent example is the vulnerability to potential energy shortages that several 

European countries are currently facing with the Russian invasion of Ukraine. In cities with 

limited open space, strong planning traditions and highly formalized procedures, peri-urban 

areas can contribute with both alternative spaces for different activities and less set 

planning and decision-making processes.  Placed between the urban and rural governance 

systems, such areas often have developed ways for circumventing legal barriers or 

entrenched urban governance that have adverse effects at the scale of the peri-urban 

system36. Peri-urban areas may thus offer both alternative spaces and seedling alternative 

governance pathways, which may be explored in times of need. The adjacency to urban 

areas makes it a potential vital contribution to cities’ capacity to respond to different 

perturbations. 

  

Whether ecological or socioeconomic, spatial responses share a common feature: they 

integrate over space to smooth variation. These responses thus require mobility 

infrastructures that allow agents to move to resources or move the resources to them. 

  

Temporal responses We define a temporal response as a shift in when and how often 

something is done, or in the amount of time invested in some activity. Such variation in 

resource use/extraction over time can be a necessary part of resilience, for example to 

compensate for variation in the amount of resources available to be extracted in different 

periods, thereby avoiding periods of great shortages and smoothing the flow/supply of 

valued resources. Common examples in human societies include storage in granaries and 

reservoirs, as well as banks. Many animals use similar strategies and store some of their 

food to be able to consume it later. For example, the Eurasian Jay (Garrulus glandarius) 

gathers oak (Quercus spp.) seeds that it buries in the soil for future consumption. 

  

Insurance systems work in a similar way but add a scale dimension because present 

insurance payments from people currently not harmed can be used to compensate those 



who are harmed. In the future the payment flows may go in other directions depending on 

who is harmed at the time. Importantly, insurance and financial systems work on trust: 

they are storages of commitments and require shared infrastructure (see collective 

responses below). 

  

Like spatial responses, temporal responses all have a common feature: they integrate over 

time to smooth variation. These responses require storage infrastructure to accumulate 

and release resources at different times, that is, to ‘move’ them in time. 

  

Cross-scale interactions in responses to disruptions While the dimensions of space and 

time are critical for response diversity, possible cross-scale interactions add a layer of 

complexity. For example, before the financial crisis in 2007-2008, individual banks used 

diversification to cope with uncertainty (i.e. increasing their response diversity). However, 

since many banks deployed similar risk management models, homogeneity of responses 

emerged at the global scale such that response diversity was eroded within the sector as a 

whole37,38. In other words, building response diversity at smaller scales can erode response 

diversity at larger scales if local initiatives copy each other12,39 (Figure 3). Examples of food 

systems and global supply chains illustrate this point (Box 1 and 2). 

  

[FIGURE 3, BOX 112,40–42, BOX 21,12,35,43]  

 

Challenges associated with response diversity   

Numerical metrics have limited utility for measuring response diversity. As this paper 

makes clear, response diversity emerges from a complex of attributes and modes of 

operating and any one of them may be limiting for any particular system when subjected 

to particular disturbances.  Yet, there are approaches, frameworks and metrics that could 

help unpack this complexity. For example, one way to estimate response diversity in 

ecological systems is through functional metrics that allows us to measure the importance 

and distribution of response traits – that is, functional characteristics that determine an 

organism’s response to perturbations – in a multi-dimensional functional trait space44. 

 

In social(-ecological) systems this could be translated into diversity of livelihood, 

management, and governance strategies that can be mobilized to cope with change45. 

However, it is important to note that strategies that provide response diversity for one 

type of disturbance may do nothing for another type of disturbance. For example, 

diversification of livelihood (e.g. selling and repairing of fishing gear, or using alternative 

trade networks) in small-scale fisheries to cope with impacts of variable fish stocks 

or overfishing, may have little effect if these alternative livelihoods are still relying on 



abundant fish stocks and a disturbance affect the basic resource itself (i.e. “false” response 

diversity).  

 

Subsequently, for each of the response diversity attributes and ways of operating we 

should ask which aspects of diversity are most critical for the system’s ability to respond to 

disturbances, and if so, in what ways could it be increased. 

 

There are two overall challenges in maintaining response diversity: 1) managing trade-offs 

between using resources in the best way for present conditions versus using them to 

better deal with unexpected change tomorrow46 and 2) managing trade-offs between 

investments targeted at coping with different classes of potential shocks. Resolving the 

first challenge requires balancing costly investments into maintaining or building diverse 

ways of responding to shocks. Assessing the benefits of various investments is very difficult 

due to the uncertainty in future conditions and equitably distributing the costs to present 

generations of managing variability raises difficult questions47.  

 

There are intertemporal trade-offs in the benefits and costs of response diversity, and 

because it is an emergent property of a complex system it is difficult to design in advance. 

In some circumstances a particular kind of disruption can be envisaged (as in the Suez 

Canal case) and appropriate alternative responses planned. In most cases investing in 

redundancy - back-up systems with some deliberate variation - and in modularity - to 

prevent uncontrolled spread of unwanted phenomena - can provide some degree of 

response diversity. 

  

The second challenge to the fostering of response diversity has to do with the nature, 

frequency and intensity of disturbances, the scale at which they operate and interact, as 

well as the disconnect between social and ecological responses. Specifically, a fundamental 

feature of feedback systems capable of coping with shocks and variability is that ‘total 

fragility’ in a system is conserved, i.e. there is a minimum intrinsic level of fragility that 

cannot be eliminated. This basic principle from modern control theory limits our capacity to 

cope with all possible disturbances: investments in feedback system architectures (e.g. 

response diversity) focused, for example, on disturbances of a certain frequency range 

necessarily make the system vulnerable or ‘fragile’ to disturbances at other frequency 

ranges48. This notion has been extended to biological systems to demonstrate hard 

robustness limits in systems with ‘highly optimised tolerance’49 and underpins general 

theories of biological robustness50 wherein systems must trade-off optimality, robustness, 

and evolvability51. Other work has extended the basic principle of robustness-fragility trade-

offs to social-ecological systems52,53 and have illustrated, for example, trade-offs between 

increasing robustness to uncertainty in the economic domain at the cost of increasing 

vulnerability to uncertainty in the ecological domain.  Such fundamental design 

considerations and the cost of response diversity and the necessary compromises in 



addressing the question of ‘resilience of what to what’ must play a key role in strategies for 

strengthening response diversity. 

  

To serve its purpose, response diversity must maintain the agents and structures that 

ensure system stability over time. Insurance systems, for instance, were described above 

as a temporal response to dealing with unexpected disruptions. They typically cover 

situations where the expected consequences of a shock are high and the probability of its 

occurrence is low and uncorrelated among insured individuals. The insured bear the cost of 

response diversity in the form of the insurance premium. Sometimes the cost can be too 

high even for insurance companies. In these situations, the reinsurance industry can help 

spread the risks over many insurance companies, in different parts of the world subject to 

different kinds of shocks, and in this way develop response diversity. This enables the 

insurance companies and their insured bodies to remain resilient to the range of shocks 

they can expect. 

  

Nevertheless, situations where the probability of shocks or bad outcomes are strongly 

correlated at the global scale are harder to deal with through insurance and reinsurance 

systems, which often include force majeure clauses against them. Climate change dynamics, 

for example, are likely to trigger correlated shocks in large regions. Insurance might assist 

the victims of droughts, large forest fires, or inundations even if these occur simultaneously 

(as witnessed in the summer of 2021 when central Europe suffered unusually large and 

severe inundations while wildfires across several continents were larger than in recorded 

history), as long as such events are sufficiently rare/low-cost; but less so if damage is 

overwhelmingly large or occurs simultaneously for almost everyone. 

  

Climate change contributes to correlated hazard risks globally while also inducing 

synergy of multi-hazard risks. Reinsurance is important but falls short if risks are too 

strongly correlated globally54. Adaptation to risks by households and companies then 

becomes more relevant, and requires diversity in itself because the best strategies in 

local situations to safeguard against hazards are not always clear. As an example, for 

flooding hazards potential strategies include flood protection, reduction of the peak 

flows, mitigation of vulnerability, and relocation to safer areas55. 

Another challenge is the current disconnect between ecological and socio-economic 

responses. Insurance against weather-related crop failure, for example, provides an 

opportunity for farmers to cover themselves against crop losses caused by droughts. These 

insurances are not based on directly measured loss of crops, but payouts are instead 

triggered by an index, such as a predefined threshold in rainfall56. Farmers with access to 

this type of insurance seem more prone to invest in high profit but riskier crops57. Since 

these insurances are often also coupled to the adoption of commercial inputs, they may 

reinforce the simplification of agricultural landscapes and the homogenization of practices12. 



In general, support to maintain functions in risky environments provides incentives to 

continue with increasingly risky behaviour and associated loss of response diversity. 

  

The world currently faces many serious problems - disease epidemics, climate change, 

economic meltdown, social turmoil, war, etc. – and as this has unfolded, we seem to have 

moved from a social-ecological system with high resilience in its biosphere part but little 

in the social part to one with much more resilience in its social part (for now) at the 

expense of its biosphere, as illustrated by the example above. The lack of appropriate 

institutions for dealing with these problems has been identified as a major cause of the 

inability to act58. The process has undoubtedly been exacerbated by humanity’s overall 

success in increasing its short-term well-being to an unprecedented extent (e.g. the 

number of people and the amount of welfare they enjoy on average). 

  

Attempting to increase resilience in the social system without acknowledging the need to 

maintain it in ecosystems has led to a general decrease in social-ecological response 

diversity12. Hence, understanding the combined social-ecological responses across scales is 

crucial when evaluating intentionally designed response diversity and redundancy. 

  

Finally, justice and equity issues loom large in the challenges facing programs for response 

diversity. As we have described above, there are often direct or indirect costs to 

responding, and these can be shared more or less equally. As was clearly shown already by 

Elmqvist et al. 200326, maintaining high-level, aggregate functional performance is often a 

question of some responses being successful whilst others fail. Ecologically or evolutionary, 

this has no normative implications, but when expanding response diversity to people and 

social systems it can. Response diversity often includes options that are exploitative or 

long-term degenerative. The roving bandits syndrome59, for example, illustrates a response 

option that is beneficial to powerful companies and their customers but disastrous for 

small-scale fishermen in the targeted regions. Less overt, any resources, financial or 

otherwise, invested in response diversity incur an opportunity cost because they could 

have been invested elsewhere to generate a future stream of benefits. Who bears that 

cost? Hence improvements in response diversity in some dimensions could compromise 

social response diversity by increasing inequalities and putting more pressure on some 

vulnerable groups of people, which may increase the risks of social unrest. 

 

Strategies to enhance response diversity 

To address the previous challenges to building and maintaining response diversity, we 

suggest that a critical first step is to create widespread awareness of the meaning of 

response diversity and its crucial role in responding to unexpected change and sustaining 

long run wellbeing. An appropriate second step would be a search for ‘win-wins’, where 

https://www.zotero.org/google-docs/?steUpz


response diversity is enhanced as a by-product of other well-being enhancing investments, 

accompanied by direct investments in response diversity, and we propose strategies to 

nurture it. While these may be quite straightforward, they require some societal 

awareness about the role of response diversity and accompanying collective action which 

may be more difficult to achieve. It is also important to notice that responding to multiple 

and compounded crises requires a combination of responses at both local and larger 

scales. Although many crises are local in nature, in a globalised and interconnected world, 

local communities are often deeply embedded within larger scale dynamics. Therefore, the 

fostering of strategies to enhance response diversity across multiple scales is crucial. 

Strategy development Strategies for promoting response diversity logically build on the 

understanding of how it has evolved and been developed through temporal and spatial 

responses to the variability in natural and social environments, as described earlier. The 

strategies can be developed by individuals, organisations, and governments and in all cases 

a diverse portfolio can provide resilience by substituting, complementing, or compensating 

for other elements or variables. 

  

In situations where substitutable options exist, each one is likely to perform best in 

different contexts or situations. The performance and outcomes of these alternative 

responses are largely independent of each other, though they may be used in parallel as 

adaptations to the inherent unpredictability of the future. Examples include investment 

options in a diversified investment portfolio and duplication of production facilities in 

different parts of a country or the world. Parts of this response diversity may be lost if 

some aspects irrelevant to profitability or quality can influence investment decisions. For 

example, some types of investments, e.g. in genetically modified organisms, may be 

boycotted for ethical reasons or some types of new technology may be at a disadvantage 

due to unintended restrictions from existing legislation. In ecological systems, an example 

of substitutable benefits in livestock production on rangelands60 showed that some of the 

minor grass species are analogues of, and can substitute for, the dominant, more 

productive species in terms of the ecosystem functions they perform. They differ in terms 

of their capabilities to respond to environmental stresses and disturbances, such as 

droughts and high grazing pressure, and can replace the dominants that are reduced or 

eliminated by such disturbances. 

  

Response options can be complementary. Each is partial and limited in scope, and the 

outcome of the response depends on other responses. They are adaptations to the multi-

dimensional nature of solutions to most problems. A strategy for harnessing this diversity 

may require simultaneous action on multiple fronts and cognitive capacity or coordination 

that may not exist, especially under stress/crisis. Responding to climate change in farming, 

for example, will likely include agricultural production practices, financial hedging and 

other pricing strategies and political lobbying as complementary responses. Identifying 



such complementary options generally requires a systemic approach where focus of 

investigations is on the whole picture rather than on specific details61. Such an approach 

combined with modelling of different options individually and in combination can help 

provide novel insights, for example about what combination of policy instruments could 

address as many planetary pressures as possible62. 

  

In compensatory responses, failure of, or the absence of, one kind of response may require 

changing the strategy being used, for example from using incentives (economic, ethical…) 

to interventions (policy, technology, ecological). At the scale of an individual organism, 

diversity to pathogens is reflected in the interplay between behavioural and physiological 

responses. Behaviours may reduce exposure to pathogens, for example social distancing 

can decrease exposure, or varied diets and lifestyle can make the body more resilient to 

pathogens in general. But when this fails, the immune system must take over. It prepares 

in advance - it is adaptive and learns from its past. Immune memory (information storage) 

is “the ability of antigen‐specific cells of the immune system to recognize pathogens 

previously encountered and to produce a qualitatively and quantitatively different 

response (i.e., faster or more robust) than the first encounter”63. Additionally, the immune 

system has many redundancies in case one defense fails64. 

  

In complex systems like cities, developing strategies for building and then harnessing 

response diversity is a challenge. Urban adaptation to extreme weather events, for example, 

has traditionally been seen as a problem best addressed through engineered infrastructure 

solutions (levees against flooding or air conditioning against heat waves). However, with 

changing disturbance regimes and an acknowledgement of the need to address multiple 

issues, nature-based solutions and hybrid approaches have gained traction65, combining 

different components and actors to offer alternative ways to implement and govern 

solutions.  

 

Reducing flood risk in many cities, for instance, is shifting from reliance on highly engineered 

infrastructure to more integrated solutions with a diversity of designed living systems, such 

as reducing impervious surfaces and improving wetlands, building bioswales and green 

roofs66. This hybridity diversifies the ways in which cities can respond to increasing climate 

variability67. All of this is further complicated by the fact that different parts of a city may 

need different responses, depending on social capital and the effectiveness of governance, 

both of which can vary across a city. 

  

Beyond particular options as outlined above, strategies for building response diversity 

must involve diversity in goals and/or capabilities. Human (individual and collective) 

responses to natural and anthropogenic disruptions are needed not only because of the 

inherent unpredictability of future conditions or to build in redundancy that can 

compensate for local failures, but also because people differ in their values, concerns, and 



goals. Arguably such heterogeneity at the individual or cultural level evolved as a strategy 

to ensure response diversity of the population as a whole. Individualist vs. collectivist 

societies (and the individuals within them) construct their reality in qualitatively distinct 

ways and see different classes of risk as actionable68. They not only pursue alternative 

meta-goals to different degrees (e.g. personal utility vs. social welfare), but do so by relying 

differentially on qualitatively disparate decision processes (e.g. analytic, emotion-based, or 

rule-based), providing response diversity at the process level69. At the population/ group 

level, response diversity can also be expressed as heterogeneity in different agents’ 

capabilities. People trained in analytical thinking and social planning assess and use 

available information differently from those who rely mostly on intuition, personal 

experience, and social networks. The two different approaches provide diverse and 

complementary assessments of societal risks and appropriate responses70. 

  

Traditional strategies to nurture diversity include, for example, compensating landowners 

for setting aside land and wetlands; planting crops to reduce soil erosion; encouraging 

local markets for locally-grown products; providing labelling for traditionally made 

products, among others. Transforming society toward sustainability, however, requires 

more: a change of vision, goals and values that can guide system design and provide 

enough agency to influence institutions and policies4,71. Such norm shifts can be achieved 

through appropriate and timely supporting policies72 and this change must go beyond 

behavioural norms to deeper belief system elements. Hall and LaMont73 for example, 

argue that we need to move beyond the culture of ‘hard work’ and consumption-based 

status that gives most of the rewards of the economic system to few. Ideally the question 

‘how do I lead a meaningful life?’ should trigger a wide diversity of answers, not only 

variations of achieving status through a high consumption level. 

  

Related to the need for norm shifts is a need to encourage variety in practices, rather than 

just the one “best” way of doing things. Applying top-down control systematically 

combined with similar types of objectives, like new public management, is likely to result 

in uniform solutions. These have proven to be often ill-adapted to disturbances like the 

Covid-19 pandemic. For example, many regions had rationalised away contingency stocks 

of medical supplies which were suddenly needed. Balancing top-down approaches with 

greater bottom-up inputs could promote a greater variety of practices and solutions to 

problems. 

  

In practical terms, two complementary areas require particular policies. First, each sector 

of concern (e.g. health, economics, agriculture, industry) must ask and answer the 

question: “What are the likely/possible disruptions this sector might face, and what kinds 

of response diversity are needed to cope with them?”. Second, they must ask the 

complementary question: “How do proposed changes aimed at increasing efficiency, 

savings, etc. also influence changes in response diversity, and what are the possible 



consequences of these changes in the short and long term?” Proposed changes in 

development and operational procedures in governments, industries and corporations 

should include a formal obligation to explicitly answer these questions. 

  

Given the trade-offs associated with nurturing response diversity, mainly in the form of 

foregone short-term efficiency, direct investment to nurture diversity in social and 

ecological systems will likely meet with push back from special interest groups. While 

direct public investment will provide diversity, it is also necessary to actively search for 

spillovers from private investments and actions and focus particularly on identifying those 

assets with positive spillovers, i.e., positive unintended consequences rather than negative 

ones. In that context it is important that public authorities maintain their role of 

gatekeepers and rule setters rather than trying to please particular industries of national 

economic importance. Putting in place and enforcing antitrust regulations is one way to 

ensure that diversity can be maintained. 

  

Broad agreements are easy to reach, but real change requires working out the details of 

costs, benefits, winners and losers, and actually implementing agreements.  Identifying and 

addressing the trade-offs related to response diversity requires the capacity to investigate 

consequences of actions in time and space. This will enable the chance to identify negative 

long-term trends and potential reinforcing feedback loops of concern as well as potentially 

correlated shocks. Hence planning capacity focusing on systemic approaches are crucial to 

that end and can help identify win-win situations, and shortcuts in an overly complex 

planning situation61. 

  

Finally, it might be helpful to identify principles that societies can agree on which may 

contribute to response diversity. Accordingly, in Table 1 we conclude with seven tentative 

principles to develop policies across ecological, social and economic domains, from local to 

global scales, for building and maintaining response diversity, and therefore resilience. We 

use the term “tools” in a specific sense: we define tools as a set of tailor-made responses 

to a particular situation. 

 

[TABLE 1 here] 

  

In order to further explore how these principles will translate in different contexts and how 

they could be implemented across local and regional policies we foresee that co-production 

of knowledge – that is, collaborative processes that convene academic and non-academic 

actors around problem framing and trust building, through knowledge generation74 – can 

play an important role. 
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TABLES: 

 

Table 1. Seven tentative principles to develop policies across ecological, social and 

economic domains 

  



Recognize that risks can be 

reduced with a variety of 

tools in the toolbox. 

Having different ways for responding to the same or 

different kinds of disruptions confers resilience. Apparently 

redundant elements/ processes can in fact be response 

diversity, enabling the system to perform the same function 

in different ways with different responses to different kinds 

of disruptions 

Acknowledge the useful 

set of tools is 

context-dependent 

Responses differ in terms of their spatial, temporal and 

functional scales, and include substitutable, 

complementary and compensatory options. 

Account for the social 

benefits of having a 

toolbox with a variety of 

tools, which are otherwise 

ignored in private 

exchange 

Economic efficiency - getting more for less through market 

exchange - can ignore social benefits of maintaining 

different tools. The cost of creating or maintaining response 

diversity leads to its erosion through efficiency drives, 

thereby increasing the potential costs of a lack of response 

diversity 

Account for multiple scales 

when choosing which tools 

to use 

There are trade-offs between response diversity at multiple 

scales in space and time. Examples: increasing different 

sources and kinds of supplies at a large scale can lead to a 

decline in the variety of local scale sources; if individual 

banks (local scale) use similar risk-management models, 

homogeneity in responses is cultivated within the sector as 

a whole (global scale). 

  

  

Recognize that tools are 

interdependent 

Different responses to different disruptions may intersect 

with/influence a reorganisation process in different 

phases and in different (complementary or contradictory) 

ways 



Be flexible in which tool is 

best over time. 

Optimising response strategies to the current pattern of 

disruption can be detrimental if the pattern of 

disruptions changes. Two examples: ignoring climate 

change; not considering multiple potential disruptions in 

supply chains 

Account for how a tool can 

create moral hazard 

(unintended behavioural 

responses). 

Support to maintain function in risky environments can 

lead to increasingly risky behaviour or unequal, 

disproportionate costs and loss of response diversity. A 

classic example is insurance in agriculture 

  

  

 

 

FIGURE LEGENDS: 

 

Figure 1. Major maritime choke points, and primary (solid blue) and secondary (dotted 

blue) shipping routes. Ocean shipping accounts for the bulk of all transportation in 

international trade (80% by volume and 70% of value)6,7. Numbers (%) are estimates of 

global grain (wheat, maize, rice, soy) volumes passing maritime choke points in 2020. 

Moderate (yellow, minimal delay for shipments), High (red, significant cost due to transit 

time and shipping costs), and Critical (purple, no obvious alternative maritime route is 

available). Many commodities pass several maritime choke points toward their final 

destination, and must also pass coastal (ports) and inland (railway, waterway, road 

networks) choke points. Volume estimates, examples of disruptions, and shipping routes 

are adapted from Chatham House Report 2017: Chokepoints and Vulnerabilities in Global 

Food Trade8, and L. Wellesley (pers. com). 

 

Figure 2. A conceptual illustration of response diversity. A high diverse system (top left) 

(e.g. agroecosystems) is more likely to maintain system functions and processes when 

facing a disturbance, whereas a low diverse system (low left) (e.g. mono-culture) is highly 

vulnerable to a specific disturbance. Symbols of different colours represent the diversity 

(n=) of agents/structures in a system (e.g. species, traits, reserves, strategies). 

 

Figure 3. An illustration of how response diversity manifests at different spatial scales and 

how this can influence the propagation of risk. Circles with different colours represent the 



diversity (n=) of agents/structures (e.g. species, traits, reserves, strategies) in a system at 

local and global (beta-) scales. 

  

BOXES: 

 

Box 1. The effects of cross-scale interactions on response diversity in food systems 

  

The focus on efficient agricultural production at the global scale can undermine 

response diversity at local scales. Over the past 50 years, the portfolio of global food 

supply has become increasingly species-poor, and is now based on just a few key crops, 

mainly maize, wheat, rice and barley40. Moreover, local varieties of these crops are 

being lost, as a smaller number of high-yielding varieties are increasingly being used in 

highly controlled systems of industrialized agriculture. 

  

In addition, perturbations that naturally select for particular species traits or practices 

in any given landscape have disappeared from modern agricultural production systems. 

As a result, the response diversity of agricultural landscapes is gradually eroding. 

Moreover, the widespread practice of “one-size-fits all” industrialized agriculture is 

associated with the homogenization of actors and scale increases in the global food 

system. This means that not only ecological response diversity, but also social response 

diversity is lost in agricultural landscapes around the world12,41. 

  

The widespread consumption of just a handful of globally marketed crops leaves food 

systems vulnerable to disturbances such as climate change, crop failures, volatility of 

food prices, or disruptions in trade – as most recently witnessed in the case of wheat 

shortages following Russia’s attack on Ukraine. Instead of growing diverse portfolios of 

distinct, locally adapted crops, many countries in eastern Africa substantially depend on 

importing large quantities of wheat from Russia and Ukraine42, causing a loss in local 

social-ecological response diversity with potentially far-reaching consequences for 

human well-being. 

 

 

Box 2. Response diversity in global supply chains 

  

The vulnerability of global supply chains was highlighted by a number of recent 

events: the Covid-19 pandemic, the grounding of the “Ever Given” ship in the Suez 

Canal, and disruptions in the supply of natural gas due to Russia’s invasion of 

Ukraine. Albeit distinct in nature, these events exposed the dependence of our 

economies on few suppliers and optimized production-consumption-transport 



schedules. This translated into negative impacts on the cost of living or even the 

livelihoods of people around the world. 

  

International supply chains and trade play an important role in smoothing out 

variations in resource availability. But trends in organizational structure, markets 

and technologies towards increasing-returns-to scale, just-in-time inventories, 

increased interconnectedness and reduced modularity potentially reduce response 

diversity, thereby weakening resilience to extreme events12,35. 

  

For response diversity it does not matter whether products are local or foreign, as 

long as they come from a variety of independent origins. To illustrate, in 2017 

Australia imported 5950 different products from 223 countries (which includes 

distinct regions within a sovereign nation). Although the majority came from five 

countries, only one in 20 imports were considered vulnerable43. Altogether, this 

suggests considerable response diversity – very much in contrast to, for example, 

the high dependence of several eastern and central European countries on Russian 

gas. 

  

Given the changing nature of supply chains, a diversity of responses to possible 

disruptions is needed, at multiple scales: from the individual (substituting foods), 

through the company (switching sources), to the government level (holding 

strategic reserves)1. The combination of individual liberty and heterogeneity, 

transparent markets, antitrust regulation, and possibly sector support (e.g. of local 

agriculture and energy generation) may provide minimum conditions to guarantee 

response diversity of supply chains. 
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