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Several frameworks have been developed1–6 to understand the 
increasing risks of socio-ecosystem degradation and collapse 
from the human-driven disturbances of the last few centuries 

to the terrestrial, marine and climate systems. Here we build on 
the expert judgement-based assessment by the Intergovernmental 
Panel on Climate Change (IPCC)5,6 to estimate the composite risk 
from anthropogenic climate change by the end of the 21st century, 
hereafter ‘global climate risk’, defined as the globally aggregated cli-
mate change-related risks to terrestrial and ocean systems across 
ecological and human dimensions at all latitudes and levels of 
socio-economic development. Such a big picture of climate risk at 
the global level is critical to decision-making at the international 
level6 (Box 1).

The risk levels assessed in the 2018–2019 IPCC Special Reports 
(on 1.5 °C7, land8, and the ocean and cryosphere9) were illustrated by 
the iconic burning ember diagrams6, that is, vertical bars coloured 
from white to purple to depict a relative risk scale as a function 
of increasing global mean surface temperature. The IPCC distin-
guishes among four qualitative risk levels, from ‘Undetectable’ (risks 
that are undetected), to ‘Moderate’ (detectable with at least medium 
confidence), ‘High’ (significant and widespread) and ‘Very high’ 
(very high probability of severe risks and significant irreversibil-
ity or persistence of impacts). The present paper builds on a novel 
approach that translates the Special Reports risk levels into cali-
brated scores, and visualizes them as ‘burning circles’ (see Methods 
section and Supplementary Information Section 3.1). This framing 
allows the collection of the burning embers that are to date scat-
tered in various reports and, more importantly, their aggregation 
in a consistent way10. Our dataset includes seven risk scores (four 
risk levels and the transition between them; from 0 to 6; Methods 
and Supplementary Data Table 2) and a total of 43 ‘items’ used in 
the Special Reports to develop risk levels and associated burning 

embers (Fig. 1; list in Methods and Supplementary Information 
Section 2). These risk items refer to natural and human systems 
and sectors, and comprise physical processes, species, ecosystems 
and their services, economic activities, non-economic sectors and 
human settlements. The analysis below considers subsets of items 
depending on the type of information provided in the Special 
Reports (Supplementary Information Table 1), to contrast risks at 
two time horizons (present-day and end of the 21st century, here-
after end-century), four climate scenarios (RCP2.6 versus RCP8.5, 
and +1.5 °C versus +2 °C) and two societal adaptation scenarios 
(low versus ambitious). Risk levels and associated confidence levels 
(median for composite values) as defined in the Special Reports are 
reported in single quotation marks (Supplementary Data Table 2).

Our scoring system does not suggest that climate risk levels 
can be directly quantified on an absolute scale, nor that there are 
straightforward implications in terms of environmental econom-
ics (for example, any correlative increase between risk scores and 
costs of damages). Rather, the purpose of aggregation is to advance 
knowledge on relative risk in three major areas: climate risk ampli-
fication across warming scenarios; the anticipated benefits of ambi-
tious adaptation for risk reduction; and the potential for residual 
risks (that is, risks that remain despite adaptation7) and limits to 
adaptation at the global scale.

While offering a new level of global synthesis, this approach has 
three main limitations (see concluding section). First, it assumes a 
linear development of risk, despite acknowledging that risk could 
change non-linearly at century scale, that is, both exponentially and/
or with jumps. Second, systemic feedbacks between different risks 
are not comprehensively considered due to unknowns11 regarding 
the inter-connectedness of natural and human systems over many 
spatial scales and, consequently, to knowledge gaps on both risk 
amplification factors12 and the potential for positive outcomes of 
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climate change that would lower risk levels. Third, because differ-
ent communities or sectors value risks differently, it remains chal-
lenging to define a universal risk metric and risk levels that could 
be considered ‘tolerable’13 globally. On the other hand, a composite 
metric can be useful to answer recurrent questions about the ‘big 
picture’ of risk induced by anthropogenic climate change globally, 
that is, when all systems are considered simultaneously (Box 1). 
Such view has been foundational to the development of this paper 
and justifies the use of a numerical descriptor to bring all risks 
together. As with any synthesis work communicating conclusions 
from a body of evidence instead of the evidence itself, it however 
generates some ‘uncertainty absorption’, that is, when some distance 
from the original data limits the ability of the recipients to judge the 
correctness of the information14. To address this concern, we: (1) 
assigned equal weights to individual risk scores to avoid any value 
judgement on the relative importance of a wide range of risks; (2) 
developed a sensitivity analysis to ascertain that high-level conclu-
sions are robust over a wide range of weighting assumptions (results 
from the equal-weighting approach are reported in the text; see 
Methods and Supplementary Information Sections 3.3 to 3.6); and 
(3) systematically associated qualitative and quantitative statements 
to increase the consistency of interpretation among recipients15.

Observed multi-dimensional global climate risk
Evidence for climate change-related impacts and risks is already 
widespread globally16–19, affecting not only the land and ocean 
surfaces (horizontal dimension), but also the deep ocean (verti-
cal dimension). Observed impacts are reported for 34 out of the 
43 items studied (mostly with ‘Medium’ to ‘High confidence’; 
Supplementary Data Table 3), and at least at a ‘Moderate’ level of risk 
for 22 items. Warm-water coral reefs are the only exception as ‘High’ 
to ‘High-to-very high’ risk is reported at the present day with ‘Very 
high confidence’16,17,19. At the other end of the risk spectrum, current 
risk remains difficult to detect and attribute to anthropogenic cli-
mate change for deep sea ecosystems20 (Abyssal plains, Cold-water 
corals, Seamounts-canyons-slopes, as well as Hydrothermal vents 
and methane seeps), for mid-latitude Bivalves and bivalve fisher-
ies and aquaculture, Mangrove forests, Eastern boundary upwell-
ing systems and Estuarine ecosystems16, as well as for Salt marshes, 
Sandy beaches and Rocky shores9.

Projected global climate risk
The IPCC Special Reports allow contrasting global composite risks 
under two Representative Concentration Pathways (RCPs), and for 
+1.5 °C versus +2 °C.

Box 1 | usefulness and audience of global composite risk metrics

Besides technical issues, an important and recurring question 
raised by global composite risk metrics relates to their usefulness. 
The development of this paper has been partly inspired by the dis-
cussions held within the Structured Expert Dialogue (SED) of the 
UNFCCC in November 2020, in the follow-up of the release of the 
three IPCC Special Reports on which the present study is based. 
SED brings together IPCC authors and national representatives in 
climate negotiations to exchange views, information and ideas in 
an open and transparent manner. As stated by the co-facilitators of 
the November 2020 SED, the exercise especially aims at “enhancing 
Parties’ understanding of the long-term global goal (LTGG) and 
scenarios towards achieving it, progress made in relation to ad-
dressing information and knowledge gaps, and challenges and op-
portunities; and assessing the overall aggregated effect of the steps 
taken by Parties to achieve the LTGG” (https://unfccc.int/sites/ 
default/files/resource/SED_2020_InfoNote.pdf; p. 3). An impor-
tant outcome for these reflections is the first UNFCCC Global 
Stocktake in 2023 that will assess the progress made on global miti-
gation and adaptation. While major efforts to analyse aggregated 
efforts on mitigation have been undertaken and are regularly re-
vised, aggregated global-scale information on the impacts and risks 
associated with mitigation scenarios and warming levels is still 
lacking. The present paper combines the risk analyses developed 
in the three IPCC Special Reports to provide an overview of com-
posite risk of anthropogenic climate change at the global level. The 
added value of such a big picture of global climate risk is twofold:

(1) It can clarify the challenges of both mitigation (that is, how 
much climate risk could be avoided globally through enhanced 
mitigation) and adaptation (that is, to what extent could ambitious 
adaptation efforts reduce risk levels globally and what are the 
associated levels of residual risks). This is critical information 
to stimulate more ambitious policy targets and nationally 
determined contributions, and galvanize climate action at national 
levels across a wide diversity of systems (natural and human) and 
regions (ocean, coasts, land).

(2) It emphasizes that climate adaptation is not only a national 
or local issue but also a global concern, thereby offering a metric 
that may contribute to a more practical understanding of the 

Global Goal on Adaptation established at the 21st Conference of 
the Parties to the UNFCCC in 2015.

The approach used in this paper to set up a composite value 
of climate risk globally could contribute to the LTGG in the 
perspective of the Global Stocktakes (in 2023 and beyond) by:

•	 Moving climate targets from temperature only to risk reduc-
tion levels, henceforth providing the opportunity to con-
sider global mitigation and global adaptation goals together. 
Decision-makers at the international and national levels need 
more than temperature targets alone, but also insights on 
what these targets mean for ensuring climate-related human 
security;

•	 Informing the question: are we on track for climate risk 
reduction globally? This would add to the policy landscape 
by refining the Global Goal on Adaptation, the definition of 
which—enhancing adaptive capacity, strengthening resilience 
and with a view to contributing to sustainable development—
is broad and imprecise, and leads to very subjective interpre-
tations of adaptation targets37. We argue that a more specific 
framing using a composite index for future global climate risk 
based on expert judgements addressing multiple ecological 
and human systems across latitudes and development levels, 
would facilitate the identification of critical areas of risk across 
the globe, and therefore ‘shared adaptation goals’ here defined 
as a more disaggregated understanding of the Global Goal on 
Adaptation;

•	 Improving the communication of climate risk by the IPCC 
through a cross-system understanding of risk levels under var-
ious global warming scenarios (the ‘big picture’) and the move 
from individual burning embers to burning circles combining 
all risk items considered in the Special and Main Reports of 
a given IPCC cycle. This would be of added value especially 
for the Summary for Policy Makers of Working Group II 
(Impacts, Vulnerability, Adaptation) and the cross-Working 
Group Synthesis Report. This could be critical information 
to facilitate future dialogue with the policy community (for 
example, through Structured Expert Dialogues).
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Contrasting RCPs. Refer to Fig. 2, Supplementary Information 
Sections 3.1 and 3.3, and Supplementary Table 4a–c. The Special 
Reports assess risk in relation to global mean surface temperature 
(GMST), and corresponding sea surface temperature (GMSST) and 
sea-level rise (GMSLR). Together, they provide information against 
RCP2.6 and RCP8.5 for 25 items covering both natural and human 
systems (Supplementary Information Table 1). Considering this 
subset, the analysis shows that compared to present-day risk level, 
global climate risk will rise substantially by the end of the century 
under RCP2.6 and RCP8.5, the composite score being multiplied by 
a factor of ~2 and ~4, respectively. This result is assigned a ‘Medium 
confidence’ level (median), which characterizes seven IPCC esti-
mates out of ten for both RCPs; no risk level is associated with a 
‘Very high confidence’ level, or even a ‘High confidence’ level under 
RCP8.5.

Mean global climate risk is ‘Moderate’ and ‘High-to-very high’ 
under RCP2.6 and RCP8.5, respectively. While only 4 out of the 
25 items exhibit at least ‘High’ risk by the end of the 21st century 
under RCP2.6 (for example, Food supply instability or risk from 
Permafrost degradation), this number increases to 8 under RCP8.5, 
and includes Abyssal plains, Sandy beaches, Arctic human commu-
nities and ecological risks from Soil erosion.

Under RCP2.6, the increase in present-day mean risk for natu-
ral and human systems categories as a whole is close to the total 
mean (that is, ×1.8; Supplementary Information Table 4b), but is 
higher for ecological risk from Vegetation loss, economic and liveli-
hood risk from Dryland water scarcity, and risk to infrastructure 
and human health from Wildfire. The gap between natural and 
human systems widens under RCP8.5: the increase in the mean risk 
for natural systems is higher than the total mean (×4.5 compared 

with ×3.9), while being more modest for human systems (×3.0). 
For 10 out of the 17 items of the natural systems considered here, 
‘Undetectable’ to ‘Undetectable-to-moderate’ risk level today will 
increase under RCP8.5 to ‘High’ (adding Mangrove forests, Estuaries, 
and ecosystems in Abyssal plains and Seamounts-canyons-slopes), 
‘High-to-very high’ (Eastern boundary upwelling systems) or ‘Very 
high’ (Cold-water corals, Rocky shores, Vegetation loss).

Overall, the results show a substantial amplification of the 
end-century global climate risk from RCP2.6 to RCP8.5 (×2.2 of the 
composite risk score; Supplementary Information Table 4b). The 
RCP2.6 to RCP8.5 amplification is lower for human systems than 
for natural systems (×1.6 and ×2.5, respectively). This may be partly 
due to a lag in the propagation of risk from climate-related changes 
in physical and chemical variables (temperature, pH, sea level, etc.) 
to impacts on ecosystems and services, and finally to human assets 
and activities21. While human systems can be affected directly by 
physical changes, for example, through sea-level changes damaging 
built assets18, a substantial number of risks develop through impacts 
on natural systems, including ecosystem services and the availabil-
ity of resources (for example, freshwater, soils, etc.). This is particu-
larly the case for the human systems considered in this study, which 
are all closely dependent on environmental conditions, for example, 
risk of economic loss and declines in livelihoods from water scarcity 
on drylands (Dryland water scarcity), or risk to coastal communi-
ties living in climate-sensitive environments affected by sea-level 
rise and ocean changes (for example, Arctic human communities, 
Urban atoll islands). Therefore, because they are ‘located’ down-
stream in the risk cascade, human systems may experience a lag in 
terms of the full consequences of climate change. Importantly, this 
hypothesis implies that end-century risks to human systems will 
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keep rising after the end of this century or once a given warming 
level is exceeded (see next subsection), especially in the context of 
long-term commitment to climate change7,18.

1.5 °C versus 2 °C. Refer to Fig. 3, Supplementary Information 
Sections 3.1 and 3.4, and Supplementary Table 5a–c. Considering 
the subset of 33 items for which information on risks under +1.5 °C 
is available in the Special Reports16,17,19, the analysis shows that mean 
global climate risk rises from ‘Undetectable-to-moderate’ at present 
day to ‘Moderate-to-high’ under both 1.5 °C and 2 °C global warm-
ing above pre-industrial level. This result is assigned a ‘Medium 
confidence’ level, which characterizes five IPCC estimates out of ten 
for both +1.5 °C and +2 °C, with another six being assigned a ‘High 
confidence’ level. Under both RCPs, only risk levels to Warm-water 
corals are associated with a ‘Very high confidence’ level.

Mean risk scores for natural and human systems are projected 
to experience a similar increase from the current ~0.9 °C of global 
warming above pre-industrial level to 1.5 °C (×2.0 and ×1.8, 
respectively), as well as to +2 °C (×2.8 and ×2.3, respectively). The 
increase in risk scores from 1.5 °C to 2 °C is also similar for natu-
ral and human systems (×1.4 and ×1.2, respectively), suggesting 
a substantial increase in mean global climate risk from +1.5 °C to 
+2 °C (by about ~30% for combined natural and human systems; 
Supplementary Information Table 5b). However, such increase will 
not be uniform across the risk items. Six items will reach the ‘High’ 
risk level threshold from 1.5 °C to 2 °C of warming, and five out of 

the nine items showing at least ‘High’ risk under 1.5 °C warming 
will experience higher risk with an additional 0.5 °C of global warm-
ing. The risk score approximately doubles from +1.5 °C to +2 °C 
for Coastal protection services, Rocky shores, Salt marshes and 
Terrestrial ecosystems16–19, as well as for mid-latitude Bivalve fish-
eries and aquaculture19. At the other end of the risk spectrum, the 
+1.5 °C risk score is projected to remain stable with a 0.5 °C increase 
in GMST for some marine ecosystems and habitats (Epipelagic eco-
systems, Mangrove forests, Sandy beaches and Seagrass meadows), 
as well as for ecological risk from Soil erosion. This is also the case 
for more than half of the human systems considered, especially Fin 
fisheries at low and mid/high latitudes, Heat-related mortality and 
morbidity, Recreational services from coral reefs, and low-latitude 
Small-scale fisheries. Warm-water coral reefs continue to experi-
ence ‘Very high’ risk at +1.5 °C of global warming16–19.

These estimates do not consider the rate of warming, that is 
how fast a given temperature level will be reached or exceeded, and 
the implications on species and socio-ecological systems. It can 
be hypothesized6 that higher rates of warming will lead to earlier 
approach of risk thresholds and to accelerating cascading conse-
quences within each risk item, which would result in higher incre-
ments in risk levels.

Finally, the fact that the amplifying factor of the mean risk score 
is slightly lower for human systems compared with natural systems 
under all warming scenarios reinforces the hypothesis of a lag in the 
propagation of risk.
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Regional disparities. Refer to Supplementary Information Section 
3.6 and Supplementary Table 7a–c. A first comparison among Ocean, 
Coast and Land environments (Supplementary Information Table 1) 
suggests a potential higher sensitivity to anthropogenic climate change 
of the Ocean subset of risk items compared with the Coast and Land 
subsets, especially when moving from RCP2.6 to RCP8.5—Ocean 
risk amplification is double that of Coast and Land. In absolute terms, 
however, the end-century median risk levels are higher for Coast and 
Land subsets under both warming scenarios, reaching for example, 
‘Very high’ risk under RCP8.5 compared with ‘High’ risk (median) for 
the Ocean subset. By contrast, the three subsets show similar patterns 
from 1.5 °C to 2 °C of warming, with risk reaching ‘Moderate-to-high’ 
(Land) and ‘High’ (Ocean, Coast) median levels under +2 °C, and 
substantial risk amplification from +1.5 °C to +2 °C (by ~30%).

Societal adaptation benefits and residual risks
The Special Reports facilitate an exploratory assessment of the 
potential benefits of societal adaptation for risk reduction, as well as 
residual risks (that is, risks that remain despite adaptation7) by the 
end of the 21st century (Fig. 4, Supplementary Information Sections 
2.1, 2.2 and 3.5, and Supplementary Table 6a–c). The Ocean and 
Cryosphere Special Report explicitly contrasts ‘no-to-moderate’ 
and ‘maximum potential’ adaptation scenarios for GMSLR risks9,18. 
The former describes the continuation of current adaptation efforts, 
whereas the latter ‘represents a combination of responses imple-
mented to their full extent and thus significant additional efforts 
compared to today, assuming minimal financial, social and politi-
cal barriers’ (ref. 9, p. 34). The Land Special Report adopts a more 
implicit approach through the use of two Shared Socio-economic 

Pathways (SSPs), SSP1 ‘Sustainability’ and SSP3 ‘Regional Rivalry’, 
that are based on societal conditions related to trends in demo-
graphics, economics, governance, etc. Although they do not con-
sider special climate policy, the SSPs are hypothesized to make 
adaptation and mitigation easier or harder7,19,22,23. Together, the 
‘no-to-moderate’ SSP3 and ‘maximum potential’ SSP1 configura-
tions describe low and ambitious adaptation scenarios.

The seven items for which the Special Reports provide informa-
tion on risk levels influenced by adaptation are Arctic human com-
munities, Desertification, Food insecurity, Land degradation, Large 
tropical agricultural deltas, Resource-rich coastal cities and Urban 
atoll islands8,9,17,18 (Supplementary Information Table 1). Ambitious 
societal adaptation is projected to reduce present-day global cli-
mate risk by ~40% by the end of this century under both RCP2.6 
(decrease in mean risk level from ‘Moderate-to-high’ to ‘Moderate’) 
and RCP8.5 (from ‘High-to-very high’ to ‘Moderate-to-high’). This 
result has a ‘Medium confidence’ level under RCP2.6 and a ‘Low 
confidence’ level under RCP8.5, requiring caution in any general-
ization. Furthermore, under both RCP2.6 and RCP8.5 and both low 
and ambitious adaptation scenarios, none of the estimates is associ-
ated with a ‘High’ or ‘Very high confidence’ level.

Keeping this in mind, such a finding suggests that even ambitious 
adaptation efforts globally do not have the potential to offset the 
substantial increase in risk associated with each additional 0.5 °C of 
global warming (~30% increase in risk score; see the +1.5 °C versus 
+2 °C analysis above). It is likely that this estimate cannot be lin-
early interpolated between RCP2.6 and RCP8.5 (that is, ~3 °C dif-
ference in GMST) but rather exponentially (see discussion below). 
Substantial residual risks will therefore remain despite very active 
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Fig. 3 | Global climate risk under a 1.5 °C and 2 °C global warming. Present day refers to the 2006–2015 period, and global warming levels are relative to 
pre-industrial (1850–1900) levels. For source data, see Supplementary Information Section 3.4 and Supplementary Data Table 5a.
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mitigation and adaptation globally (Supplementary Data Table 6a 
and Fig. 4). While global climate residual risk by the end-century 
could be minimized under RCP2.6 to an approximately one-third 
increase in present-day mean risk score, it is expected to represent a 
doubling of today’s mean risk score under RCP8.5.

Discussion
The study shows that by the end of the 21st century, even a low 
greenhouse gas emission trajectory will lead to an important 
increase in today’s global climate risk level (doubling of compos-
ite risk score), and to an even more substantial increase (fourfold) 
under a high emission pathway. It is anticipated, for example, that 
about a quarter of the risk items considered in this study will expe-
rience ‘High’ to ‘Very high’ risks by the end of this century even 
under RCP2.6, and that 16 out of 25 items will reach or exceed 
the ‘High’ risk threshold under RCP8.5. The study also shows that 
societal adaptation has the potential to decrease the end-century 
global climate risk by a significant amount (~40%) under all emis-
sion scenarios, but cannot entirely eliminate future risks from 
anthropogenic climate change. Such conclusions call for a dramatic 
scaling up of global mitigation and societal adaptation together. 
Interestingly, the fact that climate change will disproportionately 
affect less-developed countries7,8 as well as the poorest segments 
of the population, also in industrialized countries24, emphasizes 
the need for climate action to be implemented in the context of 
more equitable environmental and social development pathways, 
which strongly resonates with similar requirements identified for 
the Covid-19 pandemic and therefore highlights synergies across 
global policy issues25.

This study also reveals three important scientific challenges 
that need to be addressed globally: evaluating the escalating and 
systemic nature of climate change-related risk, assessing the effec-
tiveness of adaptation, and understanding limits to adaptation and 
residual risks. Addressing these challenges would substantially 
advance knowledge on global climate risk, with multiple expected 
benefits (Box 1).

Evaluating the escalating and systemic nature of climate risk 
globally. As mentioned earlier and illustrated in Fig. 4, this study 
underestimates the possible non-linear nature of risk development 
over time, as well as the influence of interactions among the risk 
items considered (Fig. 1), that is, systemic risk. It acknowledges, for 
example, that interactive effects between climatic and non-climatic 
drivers such as land use, pollution and overfishing, lead to substan-
tial regional variability in the levels of exposure and vulnerabil-
ity26, adding complexity to the global risk assessment12. Advancing 
knowledge on risk propagation calls for exploring two scientific 
frontiers. First, a better understanding of the major risk thresholds 
in the climate, natural and human systems27,28 is needed, including 
which global warming levels they are associated with, when they 
could occur (given various rates of global warming), and how they 
could affect risk development. The IPCC Special Reports suggest 
some of these thresholds, for example, at 1.5 °C of global warming 
for Warm-water coral reefs16–19 (‘Very High’ risk level) and Food 
security17 and various types of fisheries16 (‘High’ risk levels) (Fig. 3). 
A more comprehensive approach should consider cascading effects 
and tipping points for a broader range of systems and geographies12. 
Second, although compounding risks are increasingly recognized at 
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Fig. 4 | Societal adaptation benefits and residual risks by the end of the 21st century. The figure shows global climate risk increase for an aggregation of 
seven risk items assessed in IPCC recent Special Reports8,9,17,18. It considers the present-day and the end-century levels under both RCP2.6 and RCP8.5, and 
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all scales29–31, no agreed-upon risk amplification factor has emerged 
in the climate change literature that could help assess the extent to 
which the global climate risk is more than the sum of individual 
risks. This aligns with previous calls for a ‘Global System Science’11 
to emerge.

Assessing the effectiveness of societal adaptation globally. The 
above analysis of the potential for ambitious adaptation to reduce 
climate risk relies on a limited set of data (seven items) and differ-
ent assumptions, that is, low versus high adaptation scenarios on 
the one hand, and contrasting SSPs on the other hand. Advancing 
knowledge requires a more consistent approach, for example, 
through the development of shared adaptation scenarios across risk 
items and reports, and a wider range of assessments considering 
future risk levels with and without adaptation.

Understanding limits to societal adaptation globally. The find-
ing that ambitious adaptation cannot fully control the continuous 
increase in residual risks when mitigation fails (Fig. 4, right), sug-
gests the existence of hard adaptation limits at the global scale. In 
contrast to ‘soft’ limits for which options to avoid intolerable risks 
may exist but are currently not available, hard limits cannot be over-
come32. Adaptation limits are usually considered context-specific 
as they depend on local physical, environmental and societal cir-
cumstances; here we hypothesized that they also need to be con-
sidered as a global concern. The potential continuous increase in 
residual risks across systems indeed raises the issue of risk accu-
mulation over time and associated increasing inherited burden in 
terms of adaptation needs, therefore highlighting intergenerational 
equity concerns33. More research is needed to better characterize the 
time component of adaptation limits at the global scale (when they 
will occur), depending on their nature (physical, socio-economic, 
institutional; hard versus soft) as well as on the rate of impacts, and 
possibly identify ecological, geographical and societal hotspots. 
This could represent critical information for the ongoing Loss and 
Damage mechanism under the UNFCCC34.
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Methods
The Supplementary Information provides more details and includes the full 
database (Supplementary Data); a glossary of the 43 items studied (Supplementary 
Information Section 2); and a description of the general method and specific 
investigations on contrasting RCPs, 1.5 °C versus 2 °C, regional disparity and 
adaptation benefits (Supplementary Information Section 3).

Overall approach. The goal of this paper is to use the 43 risk items analysed 
in three IPCC Special Reports7–9,16–19 to gain an understanding of the global 
risk induced by anthropogenic climate change, that is, when all risk items 
are combined. While the qualitative IPCC risk language describing risk 
levels (‘Undetectable’, ‘Moderate’, ‘High’, ‘Very high’) allows for some intuitive 
visualization of risk levels under various warming scenarios (that is, the burning 
embers; see Box 1), the use of a quantitative risk scale helps in better understanding 
the location of a given risk on the risk spectrum, and therefore what a given risk 
increase represents. The qualitative IPCC risk scale is converted to a quantitative 
scale (from 0 to 6; see below).

Material collection. The risk assessments which led to the production of burning 
ember diagrams in the three IPCC Special Reports were collated. The Special 
Reports chapters and associated Supplementary Information have been used as 
the primary material. Taken together, they provide details on both the scope of the 
risks considered for various ‘items’ referring to natural (N) and human (H) systems 
(physical processes, species, ecosystems and their services, economic activities, 
non-economic sectors and human settlements), as well as on risk level transitions 
according to either temperature thresholds (1.5 °C Special Report Chapter 3 and 
Summary for Policy Makers7,19, Land Special Report Chapter 7 and Summary for 
Policy Makers8,17, Ocean and Cryosphere Special Report Chapter 5 (ref. 16)) or sea-
level rise levels (Ocean and Cryosphere Special Report Chapter 4 (ref. 18)). Chapter 
7 of the Land Special Report and Chapter 4 of the Ocean and Cryosphere Special 
Report also provide material for the analysis of adaptation benefits.

Our study considers a total of 43 items for which the Special Reports assessed 
risk levels and developed burning embers (see Fig. 1 for an overview and 
Supplementary Information Section 2 for a full glossary). Eight burning ember 
diagrams initially developed in SR1.5 have been excluded from this analysis 
because they refer to hazards rather than risks (‘Coastal flooding’ and ‘Fluvial 
flooding’), to some interpretation of risk outcomes rather than risk itself (‘Ability 
to achieve sustainable development goals’), or composite risks through the five 
Reasons for Concern (‘Unique and threatened systems’, ‘Extreme weather events’, 
‘Distribution of impacts’, ‘Global aggregate impacts’ and ‘Large-scale singular 
events’).

The risk items are described in Supplementary Information Section 2 and 
summarized below. Among these items, 40 are used to describe risk levels  
under RCP2.6 versus RCP8.5 and/or 1.5 °C versus 2 °C, and 3 additional  
ones are used only to discuss adaptation benefits (indicated with ** in the 
following list): Abyssal plains (>3,000 m depth) (N); Arctic human communities 
(H); Arctic regions (N); Bivalves (mid-latitudes) (N); Bivalve fisheries and 
aquaculture (mid-latitude) (H); Coastal protection services (N); Corals (cold 
water) (N); Corals (warm water) (N); Crop yields (H); Desertification (N)**; 
Dryland water scarcity (H); Eastern boundary upwelling systems (N); Epipelagic 
ecosystems (<200 m depth) (N); Estuaries (N); Fin fisheries (low latitudes) 
(H); Fin fisheries (mid and high latitudes) (H); Food insecurity (H)**; Food 
supply instabilities/stability (H); Heat-related morbidity and mortality (H); 
Hydrothermal vent & methane seep ecosystems (N); Kelp forests (N); Krill (high 
latitudes) (N); Land degradation (N)**; Large tropical agricultural deltas (H); 
Mangrove forests (N); Permafrost degradation (N); Pteropods (high latitude) 
(N); Recreational services from coral reefs (H); Resource-rich coastal cities 
(H); Rocky shores (N); Salt marshes (N); Sandy beaches (N); Seagrass meadows 
(N); Seagrasses (mid-latitude) (N); Seamounts, canyons, slopes (N); Small-scale 
fisheries (low latitudes) (H); Soil erosion (N); Terrestrial ecosystems (N); Tourism 
(H); Tropical crop yield (H); Urban atoll islands (H); Vegetation loss (N); and 
Wildfire (H).

Risk levels recoding and scoring system. The IPCC risk language used in the 
three Special Reports was recoded as risk scores assuming a linear scale, as 
assumed in the original IPCC assessments, and to allow for aggregation across 
item-level risks. Seven risk scores are used (Supplementary Information Section 
3.1b and Supplementary Data Table 2): 0 (‘Undetectable’), 1 (‘Undetectable-to-
moderate’), 2 (‘Moderate’), 3 (‘Moderate-to-high’), 4 (‘High’), 5 (‘High-to-very 
high’) and 6 (‘Very high’). The recoding applied to the risk levels identified for 
each item, in at least one Special Report, for either the global warming levels 
considered in this study by the end of the 21st century relative to 1850–1900 (mean 
RCP2.6 (~1.6 °C) and mean RCP8.5 (~4.3 °C) on the one hand35, +1.5 °C and 
+2 °C on the other hand), or global mean sea-level rise scenarios18 by the end of 
the 21st century relative to 1986–2005 (mean RCP2.6 (+43 cm) and mean RCP8.5 
(+84 cm)). The translation into a numerical value (that is, risk score) relied on the 
risk level transition details provided in the Special Report chapters Supplementary 
Information (and initially based on structured expert-judgement exercises6,16,18,19), 

and on considering where the reference warming levels (mean RCP2.6, mean 
RCP8.5, +1.5 °C, +2 °C) are within the temperature ranges identified in the Special 
Reports for classifying risk between ‘Undetectable’ and ‘Very high’. For sea-level 
rise-related risks, the translation into scores relies on the discrete risk levels already 
identified in the Ocean and Cryosphere Special Report Chapter 4 (ref. 9). The 
Supplementary Data summarizes all these risk scores.

Confidence levels. In the IPCC reports, “uncertainty in the risk transitions 
is represented through both the width of the temperature transition and the 
confidence level of the transition. Narrow transitions may be more informative for 
policymaking. However, narrowing a transition range typically comes at the cost of 
reducing the confidence level associated with the transition” (ref. 6, p. 9). The same 
approach and material (chapters and their associated Supplementary Information) 
as the one described above for risk levels have been used to describe confidence 
levels. The four confidence levels used in the IPCC reports (Low, Medium, High, 
Very high) have been associated with a discrete, numerical value (from 1 to 4; see 
Supplementary Information Section 3.1c and Supplementary Data Table 2). When 
the Special Reports propose a half-way confidence (for example, Low–Medium 
or Medium–High), we applied a precautionary approach consisting of only 
considering the lowest confidence level (for example Low instead of Low–Medium, 
or Medium instead of Medium–High). Full results are presented in Supplementary 
Tables 4a,b, 5a,b and 6a,b.

Risk scores aggregation. Recoded risk scores were aggregated to highlight a more 
comprehensive, cross-item understanding of climate risk that is  
referred to as the ‘global climate risk’. A simple aggregation (addition)  
was used, and individual risk scores were given equal weights to avoid any value 
judgement on the relative importance of a wide range of risks and given that to 
date, the IPCC has not developed such a cross-Special Reports comparison (see 
subsection below on sensitivity analysis). The number of composite risk values 
varies according to the climate scenario framing because not all Special Reports 
develop an end-century risk assessment for all items under both RCP2.6 and 
RCP8.5, and +1.5 °C and +2 °C of global warming. Out of a total of 43 items 
considered in our study, 25 contrasted risk scores under RCPs and by the end of the 
21st century compared with pre-industrial levels (see Supplementary Information 
Section 3.3 and Fig. 2); 33 items contrasted risk scores under +1.5 °C and +2 °C 
of global warming compared with pre-industrial levels (see Supplementary 
Information Section 3.4 and Fig. 3); and 7 items contrasted end-century risks 
scores under low and ambitious societal adaptation scenarios (see main text for 
description, Supplementary Information Section 3.5 for summary and Fig. 4).

Sensitivity analysis. A sensitivity analysis was conducted to assess the relevance 
of the no-weighting compared to other weighting options. For each stream of 
analysis (RCPs, 1.5 °C versus 2 °C, Adaptation benefits; also for the regional 
analysis, see below), 15 tests were performed using various weights (alternatives 
contrasting 1 versus 2, 3, 5, 10 and 100) and rationales (for each alternative, both 
a rough estimate of the potential higher importance of some risks compared 
with others, and two random weightings). The full results are provided in 
Supplementary Data Table 4c for the RCP analysis, 5c for the 1.5 °C versus 2 °C 
analysis, and 6c for the Adaptation benefits analysis. These 15 tests show that the 
no-weighting option (for example, for RCPs, see lines 63 to 76 in Supplementary 
Data Table 4c) is close to the median global score of all tests taken together, 
indicating that no-weighting is an acceptable approach. Additionally, in the 
absence of risk hierarchy in IPCC Special Reports or in other studies considering 
all these specific risk items together, we argue that the no-weighting approach 
is the most suitable to avoid introducing any value judgement or cultural bias 
(that is, westernized vision of risk) on the respective importance of some risks 
compared to others. This view aligns with the growing concern in the scientific 
and non-academic communities towards better reflecting the diversity of world 
views on the severity of climate risks.

Regional disparities. The material in the Special Reports does not allow for 
contrasting risks per latitude (for example, high, mid and low) or geographical 
regions (for example, Africa, Europe, Pacific, etc.). However, it is possible 
to distinguish among risk items referring to ocean, coastal and terrestrial 
environments. The relevant risk items have therefore been selected and sorted 
according to an Ocean/Coastal/Land framing, and a new analysis (including 
sensitivity analysis; Supplementary Information Section 3.6) undertaken as 
described above. It considers two of the three main streams of analysis, that is, 
RCPs and 1.5 °C versus 2 °C (subsets of 25 and 32 risk items, respectively); too 
little information is available to also consider the ‘adaptation benefits’ stream. The 
full results are provided in Supplementary Data Table 7a,b and synthesized in 
Supplementary Information Table 7c.

Figures design. Present-day and end-century risk scores and associated confidence 
levels under RCP2.6/RCP8.5 and +1.5 °C/ +2 °C, and for each relevant item were 
used to design burning circles in Figs. 2 and 3, respectively. Adaptation-related 
composite risk scores were used to develop Fig. 4.

NAturE CliMAtE CHANGE | www.nature.com/natureclimatechange

http://www.nature.com/natureclimatechange


AnAlysisNature Climate ChaNge

Data availability
The data supporting the findings of this study are available within the paper and its 
Supplementary Information and Supplementary Data.
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