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Supporting Information 

 

This file provides further details and figures for the overlap between population and extreme heat, the 

spread in model outcomes, elaboration on some of the provided definitions, further information on 

existing studies of extreme climate change and the potential for cascading climate failure. 

 

Population and Extreme Heat  

 

The overlap between population and extreme heat depicted in Figure 1 of the manuscript covers the 

emissions and population scenarios of SSP3-7.0. Here we present two related figures. Figure 1 

provides a depiction of areas of extreme heat (a mean annual average temperature of 29 mean 

annual average temperature) for the emissions scenario SSP5-8.5 and population scenario of SSP5-

8.  

 

 

 

Figure 1: Overlap Between Future Population Distribution and Extreme Heat in SSP5-8.5 

CMIP6 model data (from 9 GCM models available from the WorldClim database (1)) were used to 

calculate MAT under SSP5-8.5 during around 2070 (2060-2080) alongside SSP5 demographic 

projections to approximately 2070 (2). The shaded areas depict regions where MAT exceeds 29°C, 

while the coloured topography details the spread of population density.  
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The Box Plot in Figure 2 provides a comparison of the spread of model outcomes between these 

scenarios. SSP3-7.0 contains both a larger spread and a higher mean for populations under extreme 

heat, primarily due to comparatively higher population growth. 

t 

 

Figure 2: A Box Plot on the Overlap Between Population and Extreme Heat Scenarios 
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Model Spread 

 

Figure 3 provides a comparison of warming by 2070 between the bottom and top quartile model 

outcomes. All listed temperatures denote mean annual average temperature. We used 20 datasets 

under the CMIP6 SSP5-8.5 (worst-case) scenario, all of which are publicly available through the Earth 

System Grid Federation data archive. The CMIP6 SSP5-8.5 are shown on the right-hand side. The 

left-hand diagrams depict model spread from 16 datasets under the CMIP6 SSP3-7.0 (middle of the 

road) scenario. The model spread can be greater than the difference between scenarios. For 

example, the top quartile outcome of SSP3-7.0 is substantially hotter than the bottom quartile of the 

worst-case SSP5-8.5 scenario. As shown in the third and final comparative diagram, regional 

variations in temperature between models can exceed 6°C, particularly in polar areas. 

 

 

Figure 3. The Wide Spread in Model Outcomes 
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Definitions 

Global Catastrophic Risk (GCR): The probability of a loss of 25% of the global population and the 

severe disruption of global critical systems (such as food) within a given timeframe (years or 

decades). These should be seen as general heuristics rather than concrete thresholds. Other factors 

such as morbidity, economic, and cultural loss also need to be considered. 

The term ‘Global Catastrophic Risk’ (GCR) has never been conclusively defined. One of the most 

used definitions is a risk with the potential to create serious damage to global human well-being (3, 4). 

This has the benefit of ambiguity and the drawback of a lack of precision. Others have attempted to 

provide more specific quantitative thresholds, usually a loss of 10% of global population within a given 

timeframe (5). While this definition is more concrete, there is little justification for why 10% has been 

selected, and it neglects other undesirable outcomes. Avin et al link GCRs to the disruption of ‘critical 

systems’: systems or processes that “if disturbed beyond a certain limit or scale, could trigger a 

significant reduction in humanity’s ability to survive in its current form (6).” Our definition blends 

together various aspects of these previous efforts. We adopt a 25% population loss threshold since 

this would be historically unprecedented with one or two high-uncertainty, potential exceptions such 

as the Toba volcanic eruption 74,000 years ago. We pair this with critical systems disruption to 

provide a more rounded definition.  

 

Global Decimation Risk: The probability of a loss of 10% (or more) of global population and the 

severe disruption of global critical systems (such as food) within a given timeframe (years or 

decades). These should be seen as general heuristics rather than concrete thresholds. Other factors 

such as morbidity, economic, and cultural loss also need to be considered. 

While 10% has often been used as the population loss threshold for a GCR, this is better described 

as a decimation risk. ‘Decimation’ in Latin means ‘removal of a tenth’. It was used throughout history 

as a punishment in the military in which 1 in 10 soldiers in each cohort would be randomly executed. 

This acts as a useful proxy the worst global catastrophes with historical precedent. A few processes 

such as the colonisation of South and Central America (7), as well as the Black Death, and creation of 

the Mongol Empire all could have plausibly led to a 10% drop in global population, despite uncertainty 

in estimates. As with GCRs, we have combined this with a disruption in critical global systems to 

denote that more than a demographic bust is required to constitute a global catastrophe. 

 

Societal Collapse: Significant socio-political fragmentation and/or state failure along with the relatively 

rapid, enduring, and significant loss capital, and systems identity. This can lead to large-scale 

increases in mortality and morbidity. 

Definitions of societal collapse vary substantially. A popular and canonical definition is the rapid loss 

of a pre-established level of socio-political complexity (8). Others add a drastic loss of human 

population over an extended territory (9). One of the most recent formulations suggests a quick and 

enduring loss of systems identity as well as socio-ecological capital (10). These definitions suffer from 

several drawbacks. First, complexity is ambiguous, contested, and difficult to measure (10). Second, 

many historical collapses didn’t involve large losses of population or ecological capital. Indeed, 

demographic busts, while tragic, often led to large-scale ecological restoration. In the case of the 

’great dying’ following the colonisation of the Americas, the loss of 56 million lives alongside the 

abandonment of multiple sites and breakdown of empires led to the reforestation of 55 million 

hectares and cooled the Earth by an average of 0.15°C (7). We centre the definition on socio-political 

fragmentation, since such disaggregation and state termination is the usual focus of collapse case 

studies (11) and the dramatic reduction of economic capital has been a consistent marker of collapse 

(12). Both are suitable for a future-orientated definition given that we live in a world dominated by 

nation-states and intense, global capital growth. Systems identity is a common feature in the socio-

ecological literature and refers to the central features and structure that define a given system (10).  
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Sample Literature on Extreme Climate Change 

In-depth investigations of the impacts of higher-temperature scenarios have begun. For example, a 
report from the Australian Academy of Science (AAS) highlights that 3°C of climate change in 
Australia carries wide-ranging impacts, such as rendering many businesses uninsurable and making 
ecosystems unrecognisable (13). The HELIX-EU (14) project focused on mapping the impacts of 
climate change at higher temperatures and the 2009 “4 Degrees and Beyond International Climate 
Conference” compiled papers relating to higher temperature scenarios (15). The World Bank’s Turn 
Down the Heat series (16) concluded that likely impacts include severe reductions in crop yields, 
increased water scarcity, and unprecedented heat extremes (covering 70-80% of land surface area in 
North Africa, the Middle East, Latin America, and the Caribbean). Others have begun to map non-
linear effects in a 4°C world (17). The common thread is that impacts increase, often non-linearly, with 
rising temperatures. For some systems, such as farming in sub-Saharan Africa, warming of 4°C, or 
less, could result in collapse or transformational change (15). While a useful start, such projects did 
not assess how impacts could contribute to global (or national) systemic risk. Data are lacking to 
answer the fundamental question of whether societies as we currently know them are compatible with 
extreme climate change (18). However, it appears likely that high enough temperatures are 
compatible with the current biosphere. One recent study of temperature thresholds for mass extinction 
events calculated that mass extinction events throughout the Phanerozoic have occurred by passing 

a temperature threshold of approximately >5.2 °C or a rate of >10 °C/Myr (19). 
 
The closest coverage of catastrophic impacts under IPCC publications comes in the form of the 
Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change 
Adaptation (SREX). 
 

Cascading Failure 

 

Figure 3 of the manuscript is based on the perspectives of the authors. It is a high-level picture of how 

climate risk could unfold. There is a wealth of literature on many of these relationships and many have 

important caveats. The relationship between climate change and conflict is complex and depends on 

specific circumstances. However, a connection does appear to exist in cases where governance is 

weak (20, 21). Migration itself, and its impact on mortality and morbidity, is complex and effected by 

multiple factors beyond climatic change and sea level rise (22). How these relationships evolve under 

higher temperatures and greater resource and economic stress is unclear, but it seems intuitive that it 

would worsen, most likely in a non-linear fashion. Governance failures are one of the primary drivers 

in biodiversity loss (23). Global warming leads to increased economic inequality, particularly between 

countries (24). Inequality has a contested relationship with modern cases of civil war, and relevant 

studies have several limitations (25). However, there is evidence that wealth inequality has led to 

historical state failures and collapses through a variety of mechanisms (26, 27), a notion which 

intersects with both modern evidence of the socially corrosive effect of inequality (28, 29) and other 

theories of collapses, such as Structural Demographic Theory (30). These mechanisms include 

increased corruption, intra-elite competition, intra-societal conflict, and an impeded capacity to 

respond appropriately to impending crises (12). Shortages in food, fuel and water have been linked to 

numerous forms of conflict (31).  

 

There is considerably more to the picture, including adaptive measures, the potential for nuclear war, 

and economic variables. For instance, sufficiently large injury and morbidity could potentially 

overwhelm health care services, as illustrated by the COVID-19 pandemic. Inclusion of these details 

should be coupled with closer geographical consideration as mortality rates and the costs of 

adaptation vary significantly across regions and countries (32). 
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