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Foreword 
In 2015, under the leadership of Sir David King, experts from the UK, China, India and the USA jointly 
published a report entitled Climate Change: A Risk Assessment. That work evaluated the risks of 
climate change and put forward a new model for climate change risk assessment, based on 
principles and best practice used in other fields where significant interests are at stake. One of its 
recommendations was that climate risks should be monitored on a continuous basis, so that in areas 
of uncertainty, any changes or trends in expert judgment are clearly visible over time. This would 
provide an improved scientific basis for decisions aimed at reducing and managing those risks – and 
this was the motivation for the collaboration and research on which our new report is based. 

In July 2015, a delegation of the China Expert Panel on Climate Change visited London to discuss the 
necessity and possibility of developing a framework for monitoring risks jointly between China and 
the UK. Later that year, a 2-year ‘Bilateral Cooperation Agreement on Climate Change Risk 
Assessment and Research’ was signed between the UK Committee on Climate Change and the China 
Expert Panel on Climate Change. The agreement focused on three aspects: 1) future global 
greenhouse gas emissions pathways; 2) direct risks from the climate’s response to greenhouse gas 
emissions globally; and 3) indirect risks generated by the interaction of climate change and complex 
human systems. 

The report you are now reading is the product of that cooperation agreement. The analysis largely 
follows the outline in our 2015 agreement, and identifies indicators that could be used to 
consistently monitor climate risk in each of the three categories mentioned above. It has a specific 
and deliberate focus on high emissions scenarios and potential systemic failures in socio-economic 
structures and processes. This analysis of a ‘worst case scenario’ is consistent with best practice in 
risk assessment as practised in fields such as public health, civil contingencies and national security.  
Examining the extreme risks allows stakeholders to develop reasonable contingencies for low-
probability, high-impact scenarios; and it allows policymakers to consider properly the level of effort 
required to avoid those scenarios. The report aims to carry out a deeper assessment, providing a 
strengthened scientific basis to support the actions of climate change decision-makers and an 
improved information base for the public. 

The report is not, however, the only product of this endeavour: the international and 
interdisciplinary research team and stakeholder group that produced this report has also developed 
new ideas, understanding and ways of working that would not have happened without this project. 
This has significant value and will undoubtedly influence the future work of all those involved here. 

Whilst our project was being developed, the Paris Agreement was negotiated at COP21. This 
represented a landmark achievement, obtained thanks to the joint effort of many countries. The 
agreement is not a destination, but a new start. It opens a new, more positive and practical stage in 
global action to address climate change, based on national pledges to contribute to emissions 
reduction, to be ratcheted up over time. It recognises the need to choose green and low-carbon 
development paths and to avoid unacceptable climate risks. Our report highlights what might be at 
risk if the Paris goals are not met. 
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Unfortunately, such a world is a possibility: the signing of the Paris Agreement does not guarantee 
that its aims will be met. Indeed, the announcement by President Trump that the US would 
withdraw from the Paris Agreement was undoubtedly negative. Furthermore, global greenhouse gas 
emissions have continued to rise in recent years. We must not forget, however, that the future is still 
in our own hands. There is still time to put in place the measures required to avoid the worst 
impacts of climate change and to prepare for those changes that are unavoidable. So, these negative 
developments emphasise the need for signatories to the agreement to maintain their resolve, and 
the new importance of actions at sub-national level, including in the US. It also highlights the 
continued importance of the international scientific community. More consistent and comparable 
assessments of climate change risks are required; and positive support and a strengthened evidence 
base for the actions required to address climate changes on all scales are needed. 

Our report shows that the consistent monitoring and assessment of climate change risks is feasible 
and has significant value. As a result, we recommend that the principle of consistent and comparable 
climate change risk assessment, using indicators of risk where appropriate, be incorporated deeper 
into the climate change mitigation and adaptation evidence and policy-making process. With the 
upcoming international agenda of climate change events – the 6th IPCC Assessment Report, the 
2019 United Nations Secretary-General’s Climate Summit, the 2023 UNFCCC Global Stocktake – this 
is the ideal time to reassess the global climate change risk assessment process.  

 

Du Xiangwan 

Honorary Chairman, China Expert Panel on Climate Change 

 
Lord Deben 

Chairman, Committee on Climate Change 
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Risk indicators summary 
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Introduction 
Warming of the climate is unequivocal, and it is clear that anthropogenic greenhouse gas emissions 
are the principal driver (IPCC Fifth Assessment Report, Working Group I).1 Changes to the climate 
create risks to the natural, social and economic systems upon which societies depend. Extreme 
weather events such as heatwaves, droughts, intense precipitation and floods can cause 
humanitarian disasters, destabilise markets, damage critical infrastructure and harm food 
production. Although of a different nature, the slow onset risks from gradual changes in sea level 
and average temperatures are no less important and present existential threats to vulnerable 
populations such as those of low-lying small islands. As global temperatures continue to rise, so too 
do the risks of passing tipping points in the climate system that could trigger abrupt and disruptive 
changes that are very difficult to anticipate and adapt to (see Box 1). 

Understanding the nature and severity of these risks is fundamental to the urgent tasks of mitigation 
and adaptation. Decision-makers need information on the full range of risks that climate change 
poses, including across the spectrum of probabilities, recognising that a low-probability outcome 
may still correspond to a high risk if the impact is severe – and that what is low probability at one 
time may become high probability at a later time. 

This report responds to this need. It is the result of collaborative research led by the China National 
Expert Committee on Climate Change and the UK Committee on Climate Change, involving research 
institutions from both countries alongside the International Energy Agency (IEA). It builds on an 
earlier collaboration that concluded in 2015 with the report, Climate Change: A Risk Assessment2 
and responds in particular to that report’s recommendation that ‘risk assessments need to be made 
on a regular and consistent basis, so that in areas of uncertainty, any changes or trends in expert 
judgment are clearly visible over time. [And] this could be facilitated by the identification and use of a 
consistent set of metrics or indicators.’ As the 2015 report pointed out, the use of such indicators 
could significantly help decision-makers reach their own judgments when confronted by a wide 
range of differing expert opinions. It proposed three categories of risk to assess: the future pathway 
of global emissions; the direct risks arising from the climate’s response to those emissions; and the 
risks to complex human systems. 

This project provides a proof of concept for developing such a set of indicators in each of these 
categories. The methodologies and results described here provide a first step towards a framework 
with which policymakers might monitor and assess these dimensions of climate risk over time, 
allowing them to discern changes in trends and expectations with a view to informing mitigation and 
adaptation strategies on an ongoing basis. As such, it does not provide a comprehensive set of 
indicators nor definitive recommendations for climate risk management. Rather, it provides insights 
for how approaches can be developed, refined and extended in the future to make such an approach 
possible. 

1 IPCC (2013) Climate Change 2013: The Physical Science Basis, http://www.ipcc.ch/report/ar5/wg1/  
2 King, D., et al. (2015) Climate Change: A Risk Assessment, 

http://www.csap.cam.ac.uk/media/uploads/files/1/climate-change--a-risk-assessment-v9-spreads.pdf 
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BBox 1: Climate risk and tipping points 

Rapid changes in the climate system can occur abruptly once certain thresholds, or tipping points, 
are breached. Examples include a significant slowing or collapse of the Atlantic Meridional 
Overturning Circulation (AMOC), ice sheet collapse, melting of the arctic permafrost and 
associated release of carbon, the release of sub-sea methane hydrates, disruption of the monsoon 
and El Niño Southern Oscillation weather patterns, and dieback of tropical forests. There is 
considerable uncertainty about when and under what degree of temperature rise these thresholds 
might be breached. It is thought that the chance of reaching tipping points increases with 
temperature rise, meaning that the risks become more material on a high emissions pathway. 

Taking each in isolation, the likelihood of triggering most tipping elements this century is thought 
to be small. However, the severity of the potential impacts is enormous. For example, a collapse of 
the AMOC could alter the climate for Europe, Central America, South America, India and Sub-
Saharan Africa with profound implications for food production. These could include a 30% fall in 
European crop yields, 10% declines in Indian rice yields and the collapse of agriculture in large 
parts of the Sahel. A collapse of the AMOC could occur over a single decade. This would trigger 
extreme disruptions to the global food system without historical precedent.3 

But when tipping points are considered together, there may be a non-trivial risk of tipping 
elements being triggered, even on a low emissions pathway. A recent paper4 argued that at around 
2°C of temperature rise, the risk of triggering certain tipping elements may become material, and 
that these may then unleash a ‘tipping cascade’ in which a sequence of tipping elements are 
triggered as a result of accelerating climate change and feedbacks between them. 

Tipping points have not been included in this proof of concept; however, it is recommended that 
they be integrated into any future climate risk framework – for example, through the development 
and monitoring of early warning indicators. Given the high degree of uncertainty around the 
probability of reaching these tipping points, a consistent monitoring of scientists’ best estimates of 
those probabilities would be of high value to policymakers. 

3 The Global Food Security Programme, UK (2017) Environmental tipping points and food system dynamics: 
Main Report, https://www.foodsecurity.ac.uk/publications/environmental-tipping-points-food-system-
dynamics-main-report.pdf  

4 Steffen, W. et al. (2018) Trajectories of the Earth System in the Anthropocene. PNAS, 115 (33), 8252-8259, 
http://www.pnas.org/content/115/33/8252 
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The international context 
Recognition of the common threat posed by climate change enabled governments to agree an 
unprecedented collective response in 2015, at COP21 in Paris. The Paris Agreement sets the 
common goal of limiting global average temperature increases to ‘well below’ 2°C and ‘pursuing 
efforts’ to 1.5°C to be achieved through increasingly ambitious national pledges, referred to as 
nationally determined contributions (NDCs) to reduce greenhouse gas emissions, leading to a 
balance between sources and sinks of emissions during the second half of the century. 

Three years later, the international community has reached a critical juncture. The first opportunity 
for governments to increase their collective ambition is imminent, as parties prepare to enter into a 
facilitative dialogue in preparation for the resubmission of their NDCs in 2020. But the United States, 
the world’s largest economy and second biggest emitter of greenhouse gases, has announced its 
intention to withdraw from the Paris Agreement. And whilst other governments have reaffirmed 
their commitment to Paris, the task before them is immense. Under current policies, the gap in 
annual emissions compared to a 2°C least-cost pathway will have reached 14-  
Implementing new policies consistent with achieving the NDCs (including that of the United States) 
would close the gap to 11- 5), still significantly more 
than the current annual emissions of the United States and European Union combined. Most 
importantly, current NDC pledges imply global emissions continuing to increase throughout the 
period they cover, whereas for the 2°C Paris goal to be met, they need to begin decreasing as soon 
as possible. 

This raises a number of important questions for governments as they enter into the facilitative 
dialogue. How are efforts to decarbonise the real economy progressing, and where are the biggest 
gaps between current policies, pledged ambition and what is actually needed to achieve the Paris 
goal? What, therefore, is the chance that the world is on a high emissions pathway, and which 
sectors and subsectors of the real economy require the most urgent policy attention if the risk of a 
high emissions pathway is to be reduced? What risks do we face on a high emissions pathway and a 
Paris-compliant pathway? 

This project reached three important conclusions which are of direct relevance to these questions. 
These are further elaborated in the Key findings Box (page 15 below). 

First, global efforts to reduce carbon dioxide emissions are dangerously off track: the risk of failing 
to reduce global emissions onto a 2°C pathway is high and the chance of a high emissions pathway 
is material. Current progress is not sufficient to limit the temperature rise by 2100 to 2°C. Achieving 
the ‘well below 2°C’ Paris goal remains possible but requires a step change in policymaking: nearly all 
indicators of progress in energy-sector decarbonisation are not in line with the requirements for a 
2°C pathway. If policy ambition, technology deployment and investment levels advance at the rates 
observed in the past, this is likely to lead to 2.7°C of warming by the end of the century (central 
estimate) and a plausible worst case of 3.5°C (10% chance). Limiting the temperature rise even to 
these levels assumes that policymakers increase efforts to reduce emissions above existing plans, 

                                                           
5 UNEP (2017) Emissions Gap Report 2017, https://www.unenvironment.org/resources/emissions-gap-report-

2017  
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which is far from assured. If there is any backsliding or stagnation in policymaking, this could lead to 
much higher levels of warming, with a plausible worst case of 7°C by the end of the century. 

Second, on a high emissions pathway, climate change poses a very high risk to social, economic 
and environmental systems. The incidence and severity of heatwaves, droughts and floods would 
increase markedly, with significant direct impacts on human populations and major disruptive risks 
to complex human systems encompassing food markets, city security, financial markets, 
infrastructure and health. Moreover, there is a non-trivial risk of passing critical tipping points on a 
high emissions pathway, some of which could have profound consequences for systemic risks and 
generate extremely severe societal impacts such as food crises and mass migration.  

Third, at the global scale, direct and systemic risks are expected to increase even on a low 
emissions pathway. On a 2°C-compliant pathway, that is, representative concentration pathway 
(RCP) 2.6, all indicators of direct impact risk increase from current levels. Even if governments are 
successful in achieving the Paris ‘well below 2°C’ goal, there will still be a significant degree of 
residual risk that must be managed. Climate-related impacts will increasingly threaten the stability of 
complex human systems, particularly if these develop in ways that increase exposure to impacts (for 
example, through the location of critical infrastructure) or vulnerability to disruption. Managing 
systemic risks will require new cooperative approaches and governance arrangements. It cannot be 
assumed that economic growth by itself will allow risk to be reduced. 
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Conceptual framework and methodology 
Indicators – summarised on pages 4 – 7 – were developed for the three categories of risk (Figure 1) 
identified in Climate Change: A Risk Assessment:  

 Emissions risk – specifically the chance that the world is on a high emissions pathway. 
 Direct impact risk – relating to climate change impacts on agriculture, water resources, flooding 

and heat extremes. 
 Systemic risk – where direct climate impacts trigger risk cascades that propagate through 

complex systems such as food markets or financial systems. 

For direct impact and systemic risks, indicators were developed at both the global and China scales 
to demonstrate the applicability of the approach at different levels. At the global level, these three 
categories of risk are sequentially related: the risk of a high emissions pathway increases the risk of 
direct climate impacts which can, in turn, trigger cascades of indirect impacts in wider systems. For 
example, on a high emissions pathway, the (direct impact) risk of serious harvest failures due to 
extreme weather is expected to increase, in turn increasing the (systemic) risk of wide-ranging 
disruptions to the global food system. 

FFigure 1: Simple conceptualisation of categories of climate risk 

Emissions risk 
As an initial proof of concept, efforts were confined to energy-related carbon dioxide emissions 
which amount to around two-thirds of global greenhouse gas emissions. A three-tiered approach is 
adopted to track emissions risk from the energy sector with increasing granularity. 

 First, consideration is given to two key drivers of global energy-
ergy consumption. The outcomes 

of these metrics are presented for various IPCC AR5 scenarios representing business-as-usual 
(non-mitigation), 550ppm and 450ppm atmospheric concentrations.  
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 Second, seven energy-sector-wide indicators are considered under the same scenarios, 
illustrating the proportion of different energy sources in primary energy production, final energy 
consumption and power generation.  

 Third, a set of 12 indicators was selected to assess existing global progress in decarbonising the 
energy sector. For this final tier, indicators were selected to cover a broad range of emissions 
sources whilst remaining policy relevant.  

Historical time series for each indicator were used to develop trends that could be compared to 
projected developments under different IEA energy scenarios (current policies, new policies and 
sustainable development – where only the latter is consistent with achieving the Paris goal) to assess 
the risks that progress is off track. The individual indicator trends are then aggregated to project 
energy-sector and industrial-process CO2 emissions, which are compared to emissions under the IEA 
energy scenarios and IPCC representative concentration pathways (RCP8.5, 4.5 and 2.6). 

Direct impact risk  
Indicators of hazard, exposure and impact were developed for eight sub-categories of direct risks 
relating to heat extremes, water resources, flooding and agriculture. These were forecast to 2100 
under a low emissions scenario consistent with the 2°C Paris goal (RCP2.6) and a high emissions 
scenario (RCP8.5; median temperature increase of around 5°C in 2100), broadly comparable to the 
sustainable development scenario and the current policies scenario used to assess progress on 
decarbonising the energy sector. The indicators were compared to quantify the difference in risk 
between a high and a low emissions scenario. To define a plausible worst case, we took an upper 
estimate of impacts under the high emissions scenario (see Box 2). 

 

BBox 22:: Worst case scenarios 

Risks are by their nature uncertain and can be presented in different ways. For example, in terms 
of the likelihood of a particular threshold being exceeded or a particular event occurring; or in 
terms of the range of possible impacts under particular scenarios. An important concept for 
decision-makers is that of the worst case scenario. This is the most severe outcome that might 
plausibly occur. It has obvious utility for planning, for example, when decision-makers may wish to 
ensure that strategies or investments are viable not simply under expected conditions, but also 
resilient in more extreme circumstances. Alternatively, they may decide to act to reduce the 
likelihood of those extreme circumstances arising. 

Worst case scenarios have been used to characterise emissions risk and direct impact risk in this 
study, by defining a plausible worst case outcome from the upper end of an estimated distribution 
of potential impacts. Therefore, when projecting temperature rises associated with a particular 
emissions pathway as part of our assessment of emissions risk, these are presented in terms of a 
central, or expected, estimate and also a plausible worst case estimate. Similarly, for a given 
emissions pathway, indicators of impact risk are estimated for the expected temperature increase 
but also for the plausible worst case. 
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BBox 22:: Worst case scenarios 

For example, under RCP8.5, which approximates the global emissions pathway the world may 
migrate to should mitigation policies stall, the expected temperature rise by 2100 is around 5°C 
but the plausible worst case (with a 10% chance) is 7°C. In these scenarios (expected and worst 
case), sea level rise could be 80cm and 100cm respectively.  

It is important to keep in mind that the risks of climate change tend to increase over time. So what 
is a plausible worst case at one point in time may become the expected case or even highly likely 
at a later point. For example, under a high emissions pathway (RCP8.5) the probability of a 7°C 
temperature rise could exceed 50% during the 22nd Century. And even with a sustained global 
temperature increase of 2°C, we may be committed to a long-term global mean sea level rise of 
more than a metre6 – though the timescale over which this will take place is highly uncertain. 
Consequently the report, Climate Change: A Risk Assessment recommended that climate change 
risks should be assessed by first identifying a threshold of severity of impact of particular concern, 
and then considering how its likelihood will change over time. We have taken this approach to 
developing some of the risk indicators in the ‘Direct impact risk’ section of this report. 

Systemic risk  
Recognising that the range of possible disruptions to complex, interconnected systems is almost 
infinite and impossible to model, a narrative approach was used to characterise a systemic 
disruption as a sequence of cascading indirect impacts initially triggered by a climate impact: from 
direct impact, to first order indirect impact, to second order indirect impact, and so on. Particular 
indirect risk transmission points within the system critical to propagation were identified, and 
indicators of exposure and vulnerability were developed at each. For example, when considering risk 
transmission from one market to another, indicators were identified to assess the second market’s 
exposure to instability in the first and its vulnerability to instability. Of course, this is an imperfect 
picture as it is reductionist and inevitably fails to capture the multitude of possible transmissions 
that could shape a risk cascade. But taken in aggregate, these indicators of indirect risk provide an 
overall picture of system fragility (see Figure 2 below).  

The approach was demonstrated at the global scale for the global food system, with the utility of 
indicators back-tested against recent instances of system volatility. At the China level, research 
focused primarily on quantitative analysis of first order indirect risks, illustrating how a number of 
Chinese regions, populations and economies have been, and could be, impacted by both sudden 
onset and insidious climatic risks inducing glacial melting, urban insecurity, climate-related poverty 
and migration, and health impacts. For example, analysis of health impacts found that climate 
change and extreme weather events have caused, and are expected to continue to cause, the 
expansion of disease-vector habitats, vector-borne disease risks, and heat-related morbidity and 
mortality. These factors can result in declines in labour productivity and economic growth, potential 

                                                           
6 Nicholls, R. et al. (2018) Stabilization of global temperature at 1.5°C and 2.0°C: implications for coastal areas. 

Phil Trans A, 376 (2119), 20160448. 
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public health crises, interruptions to education systems, migration and border instability, among 
other systemic risks. 

FFigure 2: Conceptualisation of a risk cascade 

 
 

Key findings  

1. Without urgent action to accelerate emissions reduction efforts, there is a significant risk 
that we will fail to achieve the Paris Agreement’s goals. 

Global efforts to reduce carbon dioxide emissions are dangerously off track. Although 
transformation of the global energy system is underway, progress is too slow and too patchy to 
achieve a low emissions pathway. 

 Of 12 sectoral indicators, only one (deployment of mature renewables such as onshore wind 
and solar photovoltaics) is on track for a 2°C-compliant emissions pathway. 

 Particularly off track, and in need of urgent policy attention, are carbon capture and storage, 
freight transport, advanced biofuels, industry (efficiency improvements and the share of zero 
carbon fuels) and the level of zero carbon fuels consumed in buildings. 

 Without a step change in policy ambition, the Paris Agreement’s goal of limiting global 
temperature increases to well below 2°C by the end of the century will almost certainly be 
missed. Existing trends in policy ambition, technology deployment and investment levels point 
towards a median temperature rise in 2100 of around 2.7°C (worst case 3.5°C). Limiting the 
temperature rise even to these levels (which means failing to achieve the Paris Agreement’s 
goals) assumes that policymakers increase efforts to reduce emissions above existing plans, 
which is far from assured. 

2. Continuing with current policies places the world on a high emissions pathway that could 
lead to a global temperature increase in 2100 of 5°C (central estimate) and a plausible worst 
case increase of 7°C (10% chance). 

At these levels of warming, the direct risks to human and natural systems at the global scale are 
severe, particularly in a plausible worst case outcome where: 
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KKey findings  

 At the global scale, heatwaves which currently have a less than 5% chance of occurring in a 
year would occur in almost every year by 2100.  

 The risk of flooding increases significantly. One metre of sea level rise by 2100 results in the 
coastal area exposed to a 1-in-100-year flood increasing by 50%; the incidence of river flooding 
at the global scale increases by up to 10 times. 

 Agriculture is profoundly impacted by a near tenfold increase in the frequency of agricultural 
drought and higher temperatures that reduce crop yields: temperature extremes that threaten 
maize production would occur in 80% of years (compared with around 5% currently). 

 In China, the number of heatwaves may increase by a factor of three by the end of 21st 
Century. Rice production may suffer heat damage in 80% of years (compared to around 20% 
presently), which implies around 20% food production loss in China. Water scarcity in water-
stressed regions of western China would increase as glaciers shrink by almost 70%. If 
considering the impact of extreme events, such as drought, the population under water 
pressure in the western region would increase by around two times. The maximum population 
and GDP exposed to the coastal flooding risks in 2050 could exceed 100 million people and 
more than RMB 32 trillion respectively. 

3. Globally, the risks of direct impacts will increase materially even on a 2°C-compliant 
emissions pathway. 

At the global scale, direct impact risk increases across all indicators on RCP2.6: 

 The global frequency of river flooding increases by a factor of three, and the area affected by 
coastal flooding increases by 30%.  

 The frequency of heatwaves increases, but by less than under higher emissions, and the 
chance of extremely hot and humid days is greater than at present but considerably less than 
with high emissions. 

 Temperature extremes that challenge maize production would occur in approximately three in 
ten years. 

In China, RCP2.6 could mean that, by the end of the century: 

 The average annual number of heatwaves per year may double. 
 Glacier mass may reduce by 30%. 
 Agricultural land area exposed to drought may increase by more than 40%; rice production 

may suffer heat damage in around 30% of years (compared with 20% at present). 

4. Increasingly frequent and severe climate impacts threaten the stability of human systems. 
Disruptions may propagate through complex economic and social systems in ‘risk cascades’ 
that are hard to anticipate and prepare for and have serious consequences for populations. 

Recent bouts of volatility in international food markets, such as the 2008 global food price crisis 
and the 2011 wheat price spike, have illustrated the vulnerability of the global food system to 
extreme weather and demonstrated how risk transmits across borders, potentially contributing to 
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KKey findings  

social instability. Other ‘at risk’ complex systems spanning international, regional and national 
scales include finance, health and critical infrastructure. 

 Increasing direct risks to agricultural production in key export countries could have serious 
negative consequences for food system stability and lead to significant wider risks to security 
where food insecure, fragile states are adversely affected. 

 In China, the implications of melting glaciers for flooding and water scarcity may increase the 
risks of poverty and migration in western regions and neighbouring countries, whilst the 
spread of vector-borne disease could trigger risk cascades into the education system and the 
tourism sector and create cross-border tensions. 

Managing indirect climate risks to complex systems is particularly difficult. Reducing emissions will 
reduce the risks, but certainly not remove them. Similarly, governments cannot assume that 
economic growth will simply reduce risk. It may help to reduce vulnerability in some instances (for 
example, wealthier populations are less vulnerable to food price volatility) but may increase 
exposure in others (for example, if population and assets accumulate in risky areas, as is 
happening in China’s three major city clusters, and as was witnessed when Hurricane Katrina 
struck the Gulf Coast of the United States). Moreover, the transboundary nature of indirect 
systemic risks means that unilateral responses will be insufficient. National adaptation strategies 
may be unable to fully address risks beyond borders and, in some cases, unilateral responses to 
reduce exposure and vulnerability to systemic risks may inadvertently increase systemic risks if 
pursued in isolation or in a beggar-thy-neighbour fashion. 
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Implications for decision-makers 
Based on current climate science, this collaborative research endeavour has assessed, and 
developed indicators for, three categories of climate risk: the future pathway of global energy-sector 
emissions; the direct risks arising from the climate’s response to those emissions; and the risks to 
complex human systems. The findings regarding these risks have a number of important global 
implications for decision-makers in government, international organisations and the private sector. 

1. Climate change risks need to be addressed with greater importance by all 
countries 
As unconventional security risks, direct and systemic climate change impacts should be included in 
national and global security risk assessments. Addressing climatic change impacts and implementing 
low-carbon development should be regarded as significant parts of a strategy for economic and 
social development. The push for low-carbon economies needs to be approached with greater 
determination and political courage. 

2. Emissions reduction efforts must accelerate if a low emissions pathway is to be 
achieved and a high emissions pathway avoided 
Energy-sector decarbonisation is not progressing at the pace required and a step change in ambition 
is necessary. Continued policy efforts and technological development in line with historical 
precedent would still be insufficient to limit temperature increases to well below 2°C by the end of 
the century. Any stagnation or backsliding of policy risks migration onto a high emissions pathway 
more consistent with RCP8.5 (median 5°C temperature increase by 2100). The upcoming facilitative 
dialogue and deadline for governments to resubmit their NDCs presents a critical opportunity for 
collective action to manage global emissions risk. 

3. Future risks cannot be eliminated and will increase in both low and high 
emissions scenarios 
Decision-makers must prepare for a future of increasing direct and systemic risks in all emissions 
scenarios. Increasing exposure of human populations and assets to direct and indirect impacts is 
likely to be an important driver of direct and systemic risks. Increasing frequency and severity of 
direct impacts at the global scale will increase the risk of trigger events for systemic disruptions. 
Increasing complexity, due to more extensive global supply chains and increasingly interconnected 
technologies and systems, for example, is likely to exacerbate systemic risks. 

4. New governance arrangements are needed to manage systemic risks 
Overcoming the particular challenges of coordination and extra-territoriality inherent in systemic 
risk management will require new governance approaches at international, regional and national 
levels and tailoring to the particular systems in question. As national and international security 
concerns arise from many systemic climate risks, these concerns and existing security-sector 
organisations should both be factored into future governance arrangements. Given the long lead 
times involved in building new institutions and developing existing ones, efforts should begin 
immediately to understand more fully the nature of different climate-induced systemic risks (e.g. for 
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financial markets, the global food system, health systems, critical infrastructure systems, etc.) and 
develop risk management frameworks and identify data requirements for collective risk monitoring. 

5. The omission of tipping points from this analysis means that worst case impacts 
may be underestimated  
The chance of passing climate system tipping points during the course of this century is thought to 
increase with temperature rise. Therefore, on a high emissions pathway there is a significant risk of 
critical thresholds being exceeded, particularly with a plausible worst case temperature rise of 7°C by 
the end of the century. There is also a non-trivial risk of tipping points on lower emissions pathways, 
as argued in a recent paper.7 Certain thresholds may be reached at lower levels of temperature 
increase – possibly around 2°C – and trigger a cascade of tipping elements that could accelerate 
climate change and generate catastrophic direct and indirect impacts. For example, accelerated 
melting of the Greenland ice sheet could lead to more rapid sea level rise and slow the Atlantic 
overturning circulation with profound implications for weather patterns, and also contribute to 
melting of Antarctic ice. Consequences of these changes could include dieback of the Amazon 
rainforest, leading to higher levels of atmospheric carbon, and a catastrophic drop in agricultural 
output. 

6. Decision-making should take a long-term perspective on future climate risks 
The deteriorating outlook for direct and systemic risks has implications for decisions with long-term 
outcomes and investments with long lifetimes. For example, infrastructure built today might still be 
operational by the end of the century when risks will be considerably more severe; the effectiveness 
of long-term carbon sequestration by reforestation or afforestation will depend on future climate 
change in the areas concerned. It is therefore important that decision-makers consider the full range 
of future climate risks over the coming century, including the possibility of a high emissions pathway 
and the associated plausible worst case outcomes for direct and systemic risks, to ensure that their 
decisions are resilient to climate change in the long run. 

7. Integrating analyses of climate risk and resilience into decision-making can have 
wider economic benefits 
Economies with resilient infrastructure and strong risk management practices are likely to enjoy 
lower costs of capital and attract higher rates of investment, all other things being equal. 
Nonetheless, the primary financial incentives for investing in resilience are protecting people, 
avoiding future costs and protecting cash flows in the wake of a shock. As such, short-term interest 
in financial rewards can result in inefficient capital allocations to resilient infrastructure, and real 
demand for such investments is hampered. For example, governments are discouraged by additional 
upfront capital costs and political opportunity costs; investors lack relevant benchmarks and tools to 
guide their capital allocations; and multilateral development banks struggle to assess and report the 
resiliency of their operations. It is therefore paramount that investment appraisal methods provide 
better pricings of physical climate risks so net present values reflect improvements in resilience; that 
capital market instruments are devised to direct capital to resilient infrastructure projects by 

                                                           
7Steffen, W. et al. (2018) Trajectories of the Earth System in the Anthropocene. PNAS, 115 (33), 8252-8259, 
http://www.pnas.org/content/115/33/8252  
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integrating insurance risks; and that credit rating methodologies are adjusted to improve their 
assessments of resilience and provide resilient projects with improved capital costs. 

8. The prospects of future climate resilience are improved by accelerating current 
mitigation efforts  
Whilst future risks cannot be eliminated, the best prospects for minimising climate hazards and 
avoiding reaching adaptation limits are offered by expediting and increasing the ambition of current 
mitigation actions. Delays in action will constrain future development options, whilst ambitious 
economic, social, technological and political transformations enacted now may maximise the 
prospects of resiliency to future climatic risks.  
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Implications for risk assessment and 
monitoring  
A key conclusion of this project is that a common framework for the regular and consistent 
assessment and monitoring of climate risk is a feasible proposition. 

The 2015 report, Climate Change: A Risk Assessment, demonstrated how general principles of risk 
assessment could be applied in relation to climate change. These include: assessing risks in relation 
to objectives; identifying the largest risks; considering the full range of probabilities; using the best 
available information; taking a holistic view; and being explicit about value judgments.  

In this new project, we have demonstrated proof of concept of a framework for the regular and 
consistent assessment and monitoring of emissions risk, direct impact risks and systemic risks, based 
on a set of indicators. The methodologies developed here can certainly be further refined and 
improved, but they are tractable and generate results that can inform decision-making. They are 
based on data that can be readily and regularly compiled. 

Emissions risk indicators can be updated on a consistent basis using information from the IEA 
database. Regular updating of these indicators (e.g. on an annual basis) will show whether the rates 
of deployment of clean technologies are converging towards the trends required for consistency 
with the ‘well below 2°C’ goal, or diverging further from them.  

Over a longer time period, the mixture of technologies assumed in the 2°C consistent scenario is 
itself likely to change, and this will in turn influence the indicators. The effect of any changes in 
assumptions should be reported explicitly, and the trend of such changes monitored over time, as 
this will give decision-makers useful information on the direction of change in expert judgment 
regarding the relative importance of different clean energy technologies. 

Direct impact risk indicators can be updated to reflect material changes in scientific knowledge and 
expert judgment regarding climate sensitivity and the relationships between general climate 
variables (such as temperature or sea level rise) and the probability of specific impacts and extreme 
events. Such material changes may not be frequent, but over a long time period the trend in these 
indicators will provide decision-makers with useful information on which to judge whether the 
scientific community has tended to underestimate or overestimate the risks. In each case, it will be 
important to provide analysis of the reasons for any change in indicators, so as to distinguish 
between the effects of, for example, changes in the real world and changes in modelling 
assumptions.  

In addition, direct impact risk indicators can be updated to reflect changes in the exposure and 
vulnerability of human populations. Over time, these trends will show whether adaptation 
challenges are increasing or decreasing, which may inform development priorities and investment 
decisions. 

Systemic risk indicators can be updated using publicly available data from relevant sources. For 
example, official statistics from the Food and Agriculture Organization of the United Nations (FAO) 
and the Agricultural Market Information System (AMIS) were used to develop indicators of global 
food system risk. At any point, comparing the current indicator to historical averages or past 
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extremes may provide information on the stability or fragility of the system of concern. Over time, 
the trends in these indicators will provide some insight into whether the system is moving towards 
greater stability (or resilience) or towards instability and/or fragility. This should help decision-
makers judge the need for systemic reforms and other measures to manage risk and avoid system 
failures.  

Given the urgent need to accelerate the pace of emissions reduction, as well as the pressing need to 
build greater resilience to climate change, we suggest that organisations with a responsibility for 
assessing any of the risks of climate change should consider how to update their assessments on a 
regular and consistent basis, allowing for comparability across time, and giving decision-makers the 
benefits of the insights described above.  

In particular, organisations with expertise and responsibility that mean they are well placed to 
contribute to the development of this proof of concept of risk indicators into a full risk monitoring 
framework include:  

 The IEA for data related to energy emissions risk. 
 The IPCC for data and expert judgments related to direct impact risks. 
 The FAO and AMIS for data related to indicators of food system risk; the FAO for data related to 

agricultural and land-use emissions risk. 
 The Bank of International Settlements for data related to financial system risk.  
 The WHO for data related to health systems risk. 
 The World Bank and other multilateral development banks for data related to critical 

infrastructure risk. 

Since all governments would benefit from a holistic view of the risks of climate change and of the 
trends in relevant risk indicators, it could be valuable for one international body to take the lead in 
compiling indicators from different sources (such as the organisations listed above) into a single set. 
The UN Secretary General’s office, for example, could be a candidate for overseeing this process, 
given its position at the apex of the UN system and links to the UN General Assembly and Security 
Council.  

This would facilitate the use of the indicators to inform other relevant processes, such as updates to 
national risk registers, the regular international stock-take of progress towards global emissions 
reduction targets and the five-yearly submission of increasingly ambitious NDCs at the UNFCCC.




