
Insurance in a world of climate extremes: 
what latest science tells us
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Climate change is affecting the severity and frequency of natural 
catastrophes. Around the world, these risks manifest in different 
ways: more local flooding, torrential rain, prolonged drought, 
severe wildfires and other extreme weather events. Urban sprawl 
and population growth in areas of high exposure, such as along 
the coast and on the fringes of forestland, are putting many more 
people and assets in harm’s way. It is therefore vital that we adapt 
to the mounting risks and make our communities more resilient.

But adaptation alone will not be enough. If unmitigated, climate 
change could trigger environmental tipping points, which would 
permanently alter the climate, irreversibly damage our planet and 
threaten many more livelihoods. This worst case scenario is 
becoming ever more likely as greenhouse gas emissions continue 
to reach record levels. To hit a target of a “net-zero” emission 
economy by mid-century will require drastic changes to land use, 
energy production, consumption, industrial processes, 
construction, transport systems and the development of cities.

Today climate change is a manageable risk for re/insurers. 
However, the rising threat is alarming. In response, the industry 
needs to improve risk models to better assess climate hazards: 
the mandate is to ensure development of the capabilities to be 
able to underwrite natural catastrophe risks in the future.  
Re/insurers can also play a key role in advancing the transition to 
a low-carbon economy by providing solutions to manage risks 
associated with large scale investments in new technology and 
innovation.
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The scientific community takes human influence on the Earth’s climate as a fact. In a 
report last year, the Intergovernmental Panel on Climate Change (IPCC) concluded:

“Human activities are estimated to have caused approximately 1.0°C of global warming 
above pre-industrial levels, with a likely range of 0.8°C to 1.2°C. Global warming is likely 
to reach 1.5°C between 2030 and 2052 if it continues to increase at the current rate.”

While business-as-usual emissions will likely keep our planet on a trajectory towards a 
global temperature increase of more than 4°C by the end of the 21st century from  
pre-industrial times (IPCC, 2014)1, rapid implementation of far-reaching measures to 
reduce greenhouse-gas emissions could limit the increase to below 2°C. Limiting global 
warming is the key aim of the Paris Agreement (United Nations, 2016) to strengthen the 
global response to the threat of climate change.

Most physical processes in the Earth’s system that define our climate and its extremes 
depend directly or indirectly on the temperature of the atmosphere and the oceans. Any 
change in global temperatures, whether man-made or natural, will alter the risks that 
humans, their assets and also the natural environment are exposed to. 

1 IPCC (2014): Climate Change 2014: Synthesis Report, Geneva, Switzerland.

Physical risks  
of climate change

Climate change affects the frequency and 
severity of natural catastrophes. Increasing 
temperatures and sea level rise pose great 

risks.
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Areas of concern 
The impact of climate change on physical risks occurs at various levels of severity, over a 
long time scale and with different outcomes. For example, while the globe’s average 
temperature is rising, certain changes to climate and the risk landscape, such as 
precipitation patterns and flood risk, have specific regional characteristics. 

The re/insurance industry traditionally thinks about natural-catastrophe risks in two 
dimensions: frequency and severity. Climate change impacts both, and introduces two new 
complexities to the risk equation: time horizon and level of confidence. Understanding the 
timescale of change enables us to learn what changes have already happened, and to make 
projections about potential future changes. Slow but steady changes leave time for 
adaptation and measures to increase resilience, while changes to severe and rare events 
are difficult to observe because of their infrequent occurrence. Thus, it may require many 
decades to prove changing trends, and this can have the effect of limiting (political) will to 
action measures to mitigate climate change and invest in building resilience. 

Table 1 is a classification of climate-change effects and their relevance for the re/insurance 
industry. The confidence about observed and future trends is highest for risks related to the 
increase in global temperatures. Sea level rise, for example, caused by thermal expansion of 
water and the melting of glaciers and icecaps will directly increase the magnitude of storm 
surges and pose a long-term risk for coastal regions. The rising of sea levels, which is still 
relatively slow, allows time for some adaptation and implementation of protection measures 
that can reduce the risk of catastrophic coastal flooding. Uncertainties regarding the speed 
and extent of sea level rise can, however, complicate the scale of adaptation and protection 
measures. Increased temperature extremes imply longer and/or more frequent heat waves, 
droughts and periods of water scarcity. Heat waves not only affect agriculture, productivity, 
infrastructure, water resources, health and mortality, but also increase the risk of political 
conflict in certain regions. Increasingly, hot and dry conditions exacerbate wildfire risk, with 
severe consequences for exposure in the wildland-urban interface. Furthermore, increasing 
temperatures enable the atmosphere to hold more water vapour, leading (on average) to 
increased risk of extreme rainfall and subsequent flooding. While this effect can occur in 
many regions, the effect is most pronounced in torrential rainfalls that come with tropical 
cyclones. 

For the re/insurance industry, these trends are alarming. The rise of so-called secondary 
perils linked to more extreme weather events, in contrast to primary perils such as 
tropical cyclones or European wind storms, has been clearly documented in a recent 
study (Swiss Re Institute, 2019).2 Annual insured losses are becoming more impacted by 
secondary perils, which are usually smaller in scale but of relative high frequency. Climate 
change, in combination with economic growth and rising urbanisation, is increasing the 
number of small-to-medium sized losses stemming from secondary perils  and can 
impact the profitability of certain lines of business if not priced accurately. 

Currently, confidence in climate trends is considerably lower for atmospheric and 
oceanographic circulation changes, which affect natural phenomena like the frequency 
and intensity of severe tropical cyclones, European windstorms or tornado and hail storms. 
Confidence levels (IPCC, 2018)3 are partially lower due to the above-mentioned lower 
frequency of occurrence and because of the complex interplay of the climate system. 
While warmer sea-surface temperatures will increase the probability of tropical cyclone 
formation and intensification, higher wind shear can be a counter-balance. Uncertainty 
about the influence of climate change on jet streams, for example, will influence extra-
tropical cyclones and impact the occurrence of anomalously stationary weather patterns 
(Coumou et al. 2018).4 These complex interactions introduce a “confidence barrier” that 
renders any insurance-related quantification of climate-change effects on certain high-
severity perils (such as hurricanes) as highly uncertain. Because of their material impact, 
re/insurers need to lower this barrier by increasing confidence through additional research 
or by quantifying modelling uncertainties if confidence remains low.

2 Swiss Re Institute (2019): sigma 2/2019: Natural catastrophes and man-made disasters in 2018: 
secondary perils on the frontline.

3 IPCC (2018): Summary for Policymakers. In: Global warming of 1.5°C. Geneva, Switzerland: World  
Meteorological Organization.

4 Coumou D., Di Capua G., Vavrus S., Wang L., & Wang S. (2018): The influence of Arctic amplification on 
mid-latitude summer circulation, Nature  Communications, 9, 2018.

Secondary perils 
linked to extreme 

weather are driving 
up losses.
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Table 1: Classification of climate-change effects and their relevance for the re/insurance industry

Increasing mean 
temperature

Increasing temperature 
extremes

Increased moisture 
capacity in atmosphere 
due to higher 
temperatures

Impact on climate cycles 
(e.g. ENSO, AMO, NAO) 

Increased convection

Melting of glaciers & ice caps, 
thermal expansion: sea-level 
rise / storm surge

Reduced permafrost / slope 
stability: landslides

Longer / more frequent heat 
waves, droughts, water 
scarcity, wildfires, health 
issues & increased mortality, 
potential political conflicts

More frequent extreme 
rainfall and river floods

More frequent severe 
tropical cyclones

Change of 
frequency / severity of 
winter storms

Increased hail & tornado risk

Slow but steady increase 
over next decades

Heat waves/droughts: 
Already observable and 
increasing trends over 
next decades

Regional trends already 
observable and medium-
severe impact likely by 
mid/end of century

Severe impact expected  
by mid/end of century

Low-medium insurance 
impact:  no sudden/  
unprecedented events 
(adaptation!) Localized 
effects in coastal and 
flooding zones

Frequency peril, mostly 
affecting primary insurance, 
quota-share and stop-loss 
reinsurance

Limited insurance impact 
for flood-related losses due 
to protection gap

High impact on: Property 
Damage and Business 
Interruption
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Urbanisation and economic growth amplify climate-change effects
As climate changes, so too are populations and economies around the world. Many loss 
trends observed today still largely originate from shifts in growing asset values and 
concentrations, as well as from changing patterns in land use. During the last six 
decades, the world population has grown by a factor of approximately 2.5 (United 
Nations, 2019)5, while world real gross domestic product (GDP) has grown by more than 
sevenfold (The World Bank, 2018).6 In the 1950s, approximately 30% of the global 
population lived in urban areas. That figure has increased to over 50% today. These 
trends are expected to continue, and by 2050 almost 70% of the global population will 
live in urban centres (United Nations, 2018).7 

Rapid urbanisation, especially in coastal cities, amplifies existing and future climate risks. 
Sealing of surfaces in cities and building activities in flood-prone or coastal areas increase 
the risk of water-related damage. As green areas disappear, heat and air-pollution islands 
intensify and pose severe risks to human health. Furthermore, increasing development in 
the wildland-urban interface raises the risk of wildfire. Climate change often amplifies the 
negative impacts of human activities that remove natural absorption or buffer zones. A 
further negative effect of urbanisation that is relevant for the re/insurance industry is loss 
of geographical diversification. If natural catastrophes hit an urban centre, the ultimate 
impact can be in orders of magnitudes much larger than for more homogeneously 
distributed populations.

5 United Nations. (2019): World Population Prospects: The 2019 Revision, Department of Economic  
and Social Affairs.

6 The World Bank (2018): GDP. https://data.worldbank.org/indicator/ny.gdp.mktp.cd.
7 United Nations (2018): Urbanization Prospects: The 2018 Revision, Department of Economic and  

Social Affairs.



Swiss Re Institute Insurance in a world of climate extremes 7

If triggered, climate 
tipping points would 

irreversibly damage key 
ecosystems and widely 
increase the risk from 

natural disasters.

Long-term outlook: climate feedbacks and tipping points 
Today’s risks associated with climate change are still, to a large extent, manageable for 
the re/insurance industry. However, this could change if the goals of the Paris Agreement 
are not met (CRO Forum, 2019).8 A major long-term risk of unmitigated climate change is 
posed by irreversible tipping points. The Earth’s climate system comprises many dynamic 
oceanic and atmospheric processes, which are strongly interlinked and not necessarily 
self-stabilising. This means that even relatively small perturbations can “tip” the climate 
into a new state or initiate self-amplifying feedback loops, in turn significantly altering the 
climate for centuries to come. An example of a positive feedback loop is the thawing of 
permafrost in arctic regions due to global warming, releasing immense quantities of 
carbon dioxide and methane currently stored in the frozen soil (Schuur, et al., 2015).9 The 
release of these greenhouse gases will cause even more warming and more permafrost 
thawing. Another prominent example for positive feedback loops in the climate system is 
the increase in wildfire activity caused by higher temperatures and drier conditions that 
promote fires (Abatzoglou & Williams, 2016).10 The increased frequency of wildfires leads 
to the release of more CO₂ into the atmosphere from burned forests, which again 
exacerbates the problem of global warming by effectively turning carbon sinks into 
carbon sources.

The irreversibility of certain climatic changes makes global warming distinct from many other 
environmental problems such as, for example, local pollution caused by oil spills. This is 
because local pollution issues do not trigger global, self-sustained feedback loops and can 
normally be addressed by eliminating the source of the problem (ie, the source of pollution). 

Several studies have identified major tipping points in our climate system that could 
potentially be crossed either by directly forcing them (anthropogenic emissions) or by 
triggering positive feedbacks that eventually lead to irreversible change. Among the most 
significant tipping points are the collapse of Antarctic and Greenland ice sheets, the 
thawing of arctic permafrost, Amazon and boreal forest dieback, an amplitude increase 
for El Niño – Southern Oscillation (ENSO), a shutdown of Atlantic thermohaline 
circulation (eg, Gulf Stream), and shifts in monsoon patterns (Lenton, et al., 2008, and 
Kopp, et al., 2014).11 12 All these will dramatically change the global risk landscape. For 
example, studies estimate that the breakdown and melting of the West Antarctic ice 
sheet can lead to an additional 5m of sea-level rise, while the Greenland ice sheet melting 
can cause an increase of 2m to 7m (Lenton, et al., 2008).13 While sea-level rise this 
century is expected to be lower than that (Bamber, Oppenheimer, Kopp, Aspinall, & 
Cooke, 2019),14 it will nevertheless severely alter coastal flood risk (Marsooli, Lin, Feng, & 
Kerry, 2019).15 Furthermore, the additional fresh water entering the Atlantic Ocean can 
affect or even stop circulations such as the Gulf Stream, with severe consequences for 
the climate in Northern Europe. 

The dieback of the Amazon and boreal forests constitute additional severe tipping points 
in the Earth’s climate system. These forests act as immense natural CO₂ sinks and 
dampen the impact of anthropogenic greenhouse-gas emissions by absorbing 
atmospheric CO₂. A dieback of these forests would not only lead to the destruction of 
highly valuable and sensitive natural ecosystems, but would also amplify global warming 
and influence rainfall patterns (Solomon, Plattner, Knutti, & Friedlingstein, 2009).16

8 CRO Forum (2019): The heat is on: Insurability and Resilience in a Changing Climate
9 Schuur, E. A., McGuire, A. D., Schädel, C., Grosse, G., Harden, J. W., Hayes,  D. J.... Vonk, J. E. (2015): 

Climate change and the permafrost carbon feedback. Nature.
10 Abatzoglou, J. T., & Williams, A. P. (2016): Impact of anthropogenic climate change on wildfire across 

western US forests. Proceedings of the National Academy of Sciences.
11 Lenton, T. M., Held, H., Kriegler, E., Hall, J. W., Lucht, W., Rahmstorf, S., & Schellnhuber, H. J. (2008): 

Tipping elements in the Earth’s climate system. Proceedings of the National Academy of Sciences.
12 Kopp R. E., Horton R. M.,Little C. M.,Mitrovica J. X., Oppenheimer M., Rasmussen D. J., Strauss B. H.,& 

Tebaldi C. (2014). Probabilistic 21st and 22nd century sea-level projections at a global network of  
tide-gauge sites. Earth’s Future.

13 Lenton, T. M. (2011): Early warning of climate tipping points. Nature Climate Change.
14 Bamber, J. L., Oppenheimer, M., Kopp, R. E., Aspinall, W. P, & Cooke, R. M. (2019): Ice sheet contributions to 

future sea-level rise from structured expert judgment. Proceedings of the National Academy of Sciences.
15 Bamber, J. L., Oppenheimer, M., Kopp, R. E., Aspinall, W. P., & Cooke, R. M. (2019): Ice sheet contributions to 

future sea-level rise from structured expert judgment. Proceedings of the National Academy of Sciences.
16 Solomon, S., Plattner, G. K.,  Knutti, R., & Friedingstein, P. (2009): Irreversible climate change due to 

carbon dioxide emmissions, Proceedings of the National Academy of Sciences.
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A more sustainable economy and opportunities for re/insurers
To avoid the worst impacts of climate change, the world must transition to an economy 
with net-zero greenhouse-gas emissions by the middle of the century. Such transition will 
require drastic changes to land use, energy production, consumption, industry, 
construction, transport systems and the development of cities. The transition to a low-
carbon economy will introduce new risks on both the asset and liability sides of an 
insurance company’s balance sheet. On the liability side, new and less-understood risk 
types such as renewable-energy technologies, add uncertainty in risk quantification. 
Meanwhile, changes in legal systems that promote transition could lead to more 
insurance-relevant litigation cases. On the asset side, shifts in policy, technology and 
market environments could lead to devaluations of investment portfolios and potentially 
stranded assets. 

Nevertheless, transitioning to a more sustainable economy also provides opportunities. 
Demand for traditional insurance products will increase with higher awareness and 
exposure to weather-related risks. New and innovative insurance solutions, such as 
parametric covers and products driven by public-private partnerships offer growth 
potential. In-depth risk knowledge will play a key role to help insure large and complex 
investments in new technology and climate-resilient infrastructure. The scale of such 
investments is expected to be substantial given their projected benefits. A recent study 
by the Global Center on Adaptation (2019)17 found that investments of USD 1.8 trillion 
in climate resilience over the next decade would yield an overall net benefit of more 
than USD 7 trillion. According to Swiss Re Institute calculations, the global insurance 
industry currently has assets under management of close to USD 30 trillion, capital that 
could be used for greater investment, in sustainable infrastructure for the future. 

Conclusions
Today, climate change is a manageable risk for re/insurers. The industry typically updates 
its risk assessments and appetite annually to reflect observed climatic changes and to 
monitor loss developments. However, the focus today should be  on grasping the mix of 
climate change and other risk trends, and secondary perils. For peak perils like hurricanes 
and typhoons, the effects of climate change are still less clear and subject to ongoing 
research. Potential trends are difficult to detect because of large natural variability. To this 
end, the industry needs to improve its risk modelling and benchmarking capabilities to 
better assess the increasing importance of secondary perils such as wildfires, torrential 
rainfall, heat waves and droughts in property and agricultural insurance. This is more so 
the case in areas where factors such as population growth and urbanisation may 
exacerbate the losses experienced as a result of climate change and associated more- 
frequent occurrence of secondary perils. For life & health insurance with its long-tail risk, 
the long-term impacts of higher temperatures on mortality or spread of diseases need to 
be better understood (Swiss Re, 2019).18 

Current studies point to severe mid- to long-term consequences if climate change is not 
mitigated and global temperature increases are above 2°C pre-industrial levels, breaking 
that target of the Paris Agreement. Besides the human impact, the insurability of assets in 
highly exposed regions will be called into question. For insurability not to be threatened, 
adaptation to a profoundly changed risk landscape is required. Re/insurers can play a 
fundamental role in facilitating transition to a low-carbon economy by embedding 
sustainability as a core element in their business models, and by reducing their own 
carbon footprint. Besides shifting towards an environmentally sustainable asset portfolio, 
re/insurers should align their underwriting policies to reduce incentives that favour 
further carbon-intensive energy production and consumption. Industry-wide 
implementation of these principles will help build the world’s resilience to a changing 
climate. 

17 Global Center on Adaptation (2019): Adapt Now: A Global Call For Leadership on Climate Resilience.
18 Swiss Re Institute (2019): SONAR: New emerging risk insights. Climate change and Life & Health.

Unmitigated climate change 
will have severe consequences 
for the global risk landscape, 
with a high impact on human 
life, health and property. 
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