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CLIMaTE RISKS   

Tsunami in Japan, tornadoes in the USA, earthquakes in New-Zealand, 
or major flooding in many parts of the world: 2011 was an extremely 
adverse year in term of natural catastrophes. The resulting fatalities 
have been numerous. As far as economic losses are concerned, 2011 
was a record-breaker.
But, is there an upward trend in natural extreme events? Can we 
identify what the source of this increase in losses is? Is there simply 
a densification of exposure in risky areas? Or is our climate system 
changing and making extreme weather events more frequent, more 
intense, if not both?
While some aspects of the consequences of climate change are 
still actively debated within the science community, some facts and 
trends have been recently confirmed. In particular, a recent report[1] 

specifies that some extreme climate patterns (e.g. temperature 
extremes, rainfall and flooding events) have changed since 1950.
This paper aims to discuss the risks associated with the climate 
and their potential evolution from an insurance perspective. It covers, 
first, the latest scientific evidence on observed climate evolution, as 
well as available projections. Climate change and the associated 
modification of natural catastrophe patterns are a key challenge for 
the sustainability of the insurance industry. Insurers have to monitor, 
therefore, even more than they did in the past, climate risks.
As natural disasters are extreme in intensity, space and time, this 
monitoring requires specific modelling and simulation techniques. 
Initially developed by the climate community, these techniques are 
increasingly used within the insurance industry. The paper looks into 
some of them. 
Finally, are also discussed the levers the insurance industry, building 
on its strong expertise, may use in order to play its economic and 
societal role and, ultimately, help tackle climate change.
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Note: the notes within the brackets refer to the numbers mentioned on page 35.
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1. ClImATE CHANgE:
FaCTS and PRojECTIonS

Understanding the Earth’s climate and its evolutions is 
a markedly vast and challenging field of research, inves-
tigated by thousands of scientists worldwide for more 
than four decades. In 1988, the World meteorological 
Organization and the United Nations Environmental 
Program jointly created the Intergovernmental Panel on 
Climate Change (IPCC) in an effort to provide decision 
makers with a clear scientific view of what is happening 
to the climate. This scientific body publishes an assess-
ment report every six years or so, gathering the latest 
research to which thousands of scientists contribute, all 

While the climate has always experienced evolutions, scientific studies have consistently 
identified greenhouse gases emissions as the main factor of this change in recent years.   
As these emissions are on an increasing trend, we can expect further climate change to occur.  
The role of global warming in a change of extreme weather events patterns can  
no longer be discarded.

over the world. With such a broad material to deal with, 
the scientific information review process is naturally a 
core activity within the IPCC organization.

This section compiles basic scientific findings from the 
past assessment reports, and also gives an update on 
the latest research since the last 2007 IPCC report. 
Climate evolutions already observed are first focused on 
before presenting the wide range of currently available 
climate projections. The end of the section emphasises 
the potential consequences on extreme weather events. 

Figure 1. Variations over 420,000 years of the CO2 concentration (a) and the mean annual surface temperature (b) derived from an Antarctica 
ice core. Age expressed in years before present (1999), older in right. Variation of temperature as a difference from a reference surface 
temperature value of -55.5°C. Source: Petit et al. (1999)[2]

variations over 420,000 years of the Co2 concentration and the mean  
annual surface temperature
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1.1 – Past climate evolutions
In order to understand today’s climate, it is critical to 
take a step back and assess how climate has evolved 
in the past. To do so, we mainly focus on the Earth’s 
mean surface temperature, as a climate-representative 
variable that can be fairly well reproduced over a long 
period of time.

Paleo-climatic temperature reconstruction
The oldest and most reliable climate records we have 
come from ice cores drilled in Antarctica, out of which 
atmospheric concentrations of chemical elements 
can be measured over a long period of time. A first 
record from 1999[2] was proven to be reliable in its 
upper 3,310 m, providing data over 420,000 years. 
The atmospheric concentration of carbon dioxide (CO2), 
one of the most active greenhouse gases(1), could be 
obtained along the period. In parallel, the Earth’s mean 
annual surface temperature could be inferred from the 
ice core’s snow deuterium content, thanks to a strong 
correlation between temperature and this element’s 
concentration. The resulting past evolution of the two 
variables is shown in Figure 1.  

The data reported in Figure 1 demonstrate a strong 
natural variability of our climate (although somewhat 

weaker on the global level compared to this Antarctic 
data), with long-lasting glacial periods which end with 
abrupt transitions towards warm phases. The four cli-
mate cycles show an overall amplitude of the surface 
temperature of approximately 12°C.

A second major finding of the data is the strong cor-
relation between atmospheric greenhouse gas con-
centrations (methane variations not shown) and the 
average temperature over the Antarctic. This is a fairly 
well understood process governing the Earth’s overall 
carbon cycle. Climate shifts(2), initiated by variations 
in the planet’s orbit around the sun that modulate the 
solar input, primarily lead to temperature changes. When 
the temperature rises (respectively, drops), a release 
(respectively, a storage) of carbon dioxide by the ocean 
takes place, due to a perturbed transfer of carbon from 
the atmosphere to the deep ocean. This in turn ampli-
fies the warming (respectively, the cooling) through the 
greenhouse gas process. Paleo-climatic records indicate 
that the variations of carbon dioxide follow the varia-
tions of temperature with a lag of about 800 years, a 
time-scale compatible with the deep ocean circulation.
The temperature and carbon dioxide concentration 
deviations feeding one another is commonly referred 
to as a positive feedback mechanism. It takes place 

(1) See Focus 1. (2) These climate shifts are also referred to as milankovitch cycles.
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FoCUS 1

Radiative Forcing

Species 2005 
(W.m-2)

Change since 
1998 (%)

Carbon 
dioxide(CO2)

1.66 +13

methane (CH4) 0.48 –

Nitrous oxide (N2O) 0.16 +11

Halocarbons 0.337 +1

total llghgs 2.63 +9

What is the greenhouse effect?  
What are the most contributing gases?

Since the middle of the 18th century, human activity has resulted in an 
increased concentration of the four main greenhouse gases. Gases with 
distinct Global Warming Potentials. 

In response to the incoming solar energy, 
the Earth’s surface radiates, on average, 
the same amount of energy back to 
space. However, much of this radiation 
is absorbed by the atmosphere and 
re-emitted back to Earth. The resulting 
“greenhouse effect” is a warming of the 
Earth’s climate, without which life would 
not be possible.

Water vapor is the most important 
greenhouse gas due to its spectroscopic 
property and its abundance in the 
atmosphere. In addition, human activity, 
since the pre-industrial era (1750), has 
resulted in an increased concentration 
of four main greenhouse gases: carbon 

dioxide, methane, nitrous oxide, and 
halocarbons (Figure 2)(3). 

Radiative forcing

The “climate change potential” of an 
atmospheric element can be measured 
by its associated radiative forcing, a 
measure of the net irradiance income 
in the Earth’s system implied by 
the presence of the element in the 
atmosphere (through the greenhouse 
effect). Radiative forcing, when positive 
(respectively, negative), is closely linked 
with an energy income (respectively, 
outcome) in the system, and results in 
surface warming (respectively, cooling). 

Given their inner radiative forcing 
capacities, nitrous oxide and methane 
are much more efficient greenhouse 
gases than carbon dioxide is—they 
have a Global Warming Potential, as 
defined in IPCC AR4[3], respectively 298 
and 25 times higher. Carbon dioxide, 
however, is significantly more abundant 
in the atmosphere, making it the primary 
radiative forcing factor, as shown in 
Figure 2. The figure also shows that 
human activity largely dominates natural 
processes as a radiative forcing driver. 
In fact, the natural component of the net 
result is limited to a slight increase in the 
solar irradiance since 1750. 

-2 -1 0 1 2
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Figure 2. Summary of the principal components of 
the radiative forcing of climate change. The values 
represent the forcings in 2005 relative to the start  
of the industrial era (about 1750). Positive forcings lead 
to climate warming and negative forcings to a cooling. 
The black line represents the range of uncertainty  
for the value.  
Source: IPCC AR4 (2007)[3]

(3) A common misconception is that because water vapor 
is 200 times more abundant than carbon dioxide at sea 
level, its effect largely outweighs that of carbon dioxide 
which is therefore negligible. This reasoning omits the fact 
that water content is highly variable and that its abundance 
at about 10 km, where the green-house effect is the most 
effective, is just equal to that of carbon dioxide.
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over the period. Having the greenhouse gas effect in 
mind, one could infer from the raised carbon dioxide 
concentration observed over the last few decades a 
perturbed climate system and a likely warming of the 
Earth’s surface over the period. To confirm the latter, we 
will now have a further look at the temperature evolution 
through a more recent window of the climate time-scale.    
 
Temperature evolution over the last 2,000 years
Temperature records over the last 2,000 years, built 
using a range of state-of-the-art reconstruction tech-
niques, a thorough comparison and validation frame-
work, and the latest data, have been made available 
in 2008[5]. 
The records, reported in Figure 3, show a clear warm-
ing trend in the Northern Hemisphere since pre-indus-
trial times, in particular from the mid-19th century. 
Furthermore, the study shows the anomalous nature of 
this warming given the long-term record of reconstructed 
temperature values. A recent disruption of the climate 
towards a warming trend seems then to be confirmed, 

when a system responds to a disruption by increas-
ing its magnitude. This amplification process can thus 
result in small deviations causing big changes to the 
system. The climate system is characterized by a num-
ber of positive feedback mechanisms, translating into 
threshold-like behaviors (see focus 3 on tipping points). 
In particular, it explains the abrupt climate changes that 
can be observed on Figure 1.

The latest scientific findings, based on a more recent 
Antarctic ice core drilled in 2008[4], confirm the climate’s 
natural variability, within the same amplitude range, as 
well as the correlation between the carbon dioxide con-
centration and the average temperature over an extend-
ed 800,000 year record.

In light of this climate record, today’s situation appears 
as brand new. The present-day atmospheric carbon diox-
ide concentration (390 ppm as of end 2011), indeed, is 
unprecedented during the past 800,000 years and is 
nearly one third higher than the maximum level reached 

Figure 3. Comparison of various Northern Hemisphere temperature reconstructions, with estimated 95% confidence intervals shown.
Source: Mann et al. (2008)[5]
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a conclusion that is aligned with what can be deduced 
from the greenhouse gas concentration increases. 
Some credibility is added, therefore, to the statement 
that the natural climate variability is perturbed today, 
with changes occurring at a much smaller time-scale 
than the natural one.

Another reliable indicator of a global warming would be 
the sea-level rise. The reason is twofold: first, warmed 
water implies a thermal expansion of oceans; second, 
ice melting would feed oceans with an extra amount 
of fresh water. It is therefore of interest to analyse the 
sea-level evolution over the recent past.

Sea-level rise
measures of sea level have gained considerable preci-
sion and accuracy since the release of satellites data 
beginning in the mid-90s. Previous estimates were 
based on tide gauges at different coastal places around 
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Figure 4. See level change during 1970-2010. The tide gauge data are indicated in red and satellite data in blue. The grey band shows the projections  
of the IPCC Third Assessment report for comparison. Source: Adapted from Allison et al. (2009)[6] 

the world. A compilation of this sea level instrumen-
tal data over the past 40 years was made available 
in 2009[6] and is shown in Figure 4. Indicated in the 
figure are also the projections made in the IPCC Third 
Assessment Report (2001)[7], whose best estimate at 
that time was a 1.9mm rise per year over the 1990-
2010 period. The actual rise of 3.4mm per year over the 
same period is 80% higher and lies in the upper bound 
of the IPCC 2001 estimate.

The IPCC Fourth Assessment Report (2007)[3] evidenced 
a recent increase compared to the observed mean rate 
of 1.4mm per year since 1870. This acceleration is sta-
tistically proven to be correlated with the global surface 
temperature: the higher the temperature, the higher the 
sea level rise rate. This is in good agreement with the 
sea-level rise physical process, stemming from both the 
water thermal expansion and the additional inflow of 
fresh water from snow/ice melting.

sea level change during 1970-2010
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FoCUS 2

Figure 5. Temperature changes relative to the 
corresponding average for 1901-1950 (°C) 
from decade to decade over the Earth’s entire 
globe. Observed temperature change (black line) 
and combined range covered by 90% of recent 
model simulations (coloured bands) are shown. 
Simulations include either natural and human 
factors (red), or only natural factors (blue). 
Source: IPCC AR4 (2007)[3]

Where does science stand regarding  
the causality between greenhouse  

gas emissions and climate change?

The current climate evolution is occurring much faster than the natural 
evolution over the past. Continuously enhanced climate models explain this 
recent global warming. 

A strong positive correlation between 
the atmospheric CO2 concentration 
and the global surface temperature 
has been demonstrated. Paleo-climatic 
records show successive shifts of the 
planet climate between glacial era and 
inter-glacial ones, initiated by changes 
in external solar forcings (due to orbital 
changes), and amplified by the positive 
feedbacks inherent to the global carbon 
cycle. As a result, the variations of 
carbon dioxide follow the variations of 
temperature with a lag of about  
800 years.
The present-time situation is very 
different as carbon dioxide is no longer 
part of a feedback mechanism but is 

directly injected in the atmosphere as 
a result of the human extraction and 
combustion of fossil fuels(4). This event 
has no precedence on Earth. 

Adjustement time

The rate of injection is about 8 GT 
(gigatons) per year, nearly half of it 
remaining in the atmosphere, while 
the rest is essentially dissolved in the 
upper layer of the ocean or stored by 
vegetation. The temperature then rises 
with no feedback from the deep ocean, 
or not yet, because its adjustment time is 
long compared to the present evolution 
of carbon dioxide which doubled in less 
than a century. The deep ocean cannot 

react rapidly to damp the rise of  
the carbon in the atmosphere and the 
upper ocean[8].

A couple of degrees Celsius in one 
century

One could still argue that the current 
mean global temperature has already 
been experienced at the Earth’s surface, 
as indicated by the ice core records (see 
Figure 1). However, the graph shows a 
rate of temperature change of not more 
than a couple of degrees Celsius in 
5,000 years, while the latest indications 
suggest a similar change to come 
in nearly one century. The change is 
therefore occurring today at a pace ~50 
time faster than at any time within the 
climate natural variability.

Furthermore, very strong evidence that 
the recent global warming cannot be 
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13C/12C which exposes the fossil fuel origin.
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solely explained by climate natural 
variability is provided by continuously 
enhanced and tested climate models. 
By numerically solving the physical 
equations governing the atmosphere, 
and incorporating an increasingly 
sophisticated parameterization of 
local scale climate processes, these 
models stand as credible computer 
representations of the Earth. Tremendous 
efforts have been made by the scientific 
community to validate the models’ 
outputs, mainly through a confrontation 
of past runs with historical data. While 
uncertainties and variability remain 
within the models, they have proved 
themselves to be valuable and reliable 
tools to reproduce our planet’s climate. 
The conclusion on the reproducibility of 
the current warming trend by models 

is given in the IPCC Fourth Assessment 
Report (2007)[3] and illustrated in 
Figure 5. Models can simulate the 
observed 20th-century temperature 
only if they include external factors, like 
human influences, on top of variations  
in solar outputs and volcanic activity.

Effects for several centuries

Making the distinction between time  
scales ie between deep ocean 
circulation or glacial cap dynamics 
and the almost instantaneous (on 
a geological scale) human-induced 
transformations is important because 
it implies an irreversible effect on the 
human time scale. Hence expecting a 
rapid recovery when effective measures 
to stop carbon emissions are taken later 
during this century is not a valid option. 

The accumulated carbon will stay in 
the atmosphere for several centuries[9] 
unless effective geo-engineering 
methods are discovered to accelerate 
its removal. This latter possibility is too 
speculative to be reliable and the most 
likely hypothesis is that numerous future 
generations will have to face long lasting 
effects of climate change.

The mean temperature change is 
therefore occurring today at a pace 

than at any time within the climate 
natural variability 

50  
faster
time
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The attribution question
As presented above, a global-scale climate change sig-
nal is clearly visible, over the past few decades, from the 
temperature and sea level rise records. Strong evidence 
has also been given that the global surface tempera-
ture is closely linked to the atmospheric carbon dioxide 
concentration through the greenhouse gas effect. The 
question of mankind responsibility in the Earth’s warm-
ing is then inevitable, given the massive increase in the 
atmospheric CO2 concentration recently observed, which 
is unequivocally induced by human activity. 

A synthesis of the scientific evidence making human 
greenhouse gas emissions responsible for the recent 
climate change is made in Focus 2.

1.2 – Climate projections
The previous section investigated past climate evolu-
tions and identified the greenhouse gas emissions as 
the principal driver over the recent period. Since these 
emissions are on an increasing trend, we might foresee 
a further climate change to come. 

Once carefully tested and validated, climate models 
presented above have long been used to simulate what 
could be our future climate under changed external 
conditions. Climate change projections are essentially 
produced by feeding climate models with greenhouse 
gas emission scenarios, standardised and based on 
different assumptions of economic growth, demogra-
phy patterns, or political strategies on environmental 
issues (IPCC, 2001)[7]. These emission baselines are 
taken as external factors by the models, influencing 
radiative transfer calculations in the models and thus 
leading to changes in their outputs. The latest find-
ings with respect to these modified climate runs are 
briefly presented in this section. A focus is made on 
temperature, sea-level rise, and the hydrological cycle 
successively.  
 

Figure 6. Reconstructed global-average temperature relative to 1800-1900 
(purple) and projected global-average temperature out to 2100.  
The envelopes B1, A2, A1FI refer to the IPCC 2007 projections using those 
scenarios. Source: Allison et al. (2009)[6]
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Temperature projections
A global temperature dataset from both a reconstruction 
project and IPCC 2007 climate future runs has been 
recently compiled[6], as shown in Figure 6. Three differ-
ent emission scenarios are considered, from the most 
“optimistic” one (B1) to one of the most severe ones 
(A1F1). The projections’ envelopes capture the volatility 
of all of the model runs performed for each emission 
scenario. 
 
The upper bound estimates (A1F1), based on a busi-
ness-as-usual economy for the next decades, indicate 
a 4 to 7°C warming, by far exceeding the 2°C thresh-
old, commonly agreed upon, beyond which damaging 
climate change is foreseen. A warming limited to the 
lower bound of 2 to 3°C would only be achieved if global 
greenhouse gas emissions peak in the early 2020s and 
then drop rapidly thereafter.
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Sea level rise projections
global mean sea level rise projections were made in 
the IPCC 2007 report using climate models including 
both an atmospheric and oceanic component, the two 
systems being linked together through the simulation of 
physical processes taking place at the sea-air interface. 
At that time, those coupled models indicated a [18 – 
59] centimeters range as for the mean sea level rise 
to be expected by 2100. This range did not include any 
contribution from accelerated glacier melt, as no reliable 
estimate of this was available. latest updates and the 

Figure 7. Source: Allison et al. (2009)[6] 

development of improved models which include glacier 
melt, suggest significantly more severe projections. An 
updated view on these projections[6] is presented in 
Figure 7, showing an accelerating trend over the next 
decades and a rise most likely exceeding the one meter 
threshold at some point within the 22nd century. 
As an indication, Figures 8 shows the changes in land 
boundaries that should be expected over Northern 
Europe and Southeast Asia in case of sea level rises of 
1 meter and 3 meters respectively.
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Hydrological cycle 
At the time of the 2007 IPCC report, the Earth’s hydro-
logical cycle was anticipated to be more active under 
a warmed climate, mainly through an increase in the 
water vapor content. However, the impact of a growing 
temperature on the water vapor content was not strongly 
confirmed by the available observational data. Stronger 
evidence for this has been found since then.[11] This sup-
ports the existence of a strong positive feedback: warm-
ing leads to increased water vapor content which adds 
to the greenhouse gas effect, thereby increasing the 

warming. The feedback essentially doubles the direct 
radiative effect of CO2.
Uncertainties pointed out in 2007 regarding the cause 
of the observed change in the rainfall pattern over the 
last 50 years have also been reduced. There is stronger 
evidence for the link between the recent shift in regional 
precipitation characteristics and human-induced climate 
change.[12] The amplifying nature of climate change has 
also been confirmed, with rainfall intensity rising in 
already-rainy areas.[6]

Figures 8. Indication of inundated areas over Northern Europe (left) and Southeast Asia (right), in case of 1 meter (top) and 3 meter (bottom) sea level rises. 
Source: Center for Remote Sensing of Ice Sheets – Haskell Indian Nations Univ.[10] 
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Conclusion on projections
As a general trend, the latest science, while progres-
sively resolving the uncertainties pointed out in the lat-
est 2007 IPCC report, reinforces the 2007 message 
of an accelerating climate warming.[6] Indeed, there is 
evidence that the climate is showing a higher sensitiv-
ity to greenhouse gas concentrations than previously 
believed. 

With climate projections having been updated towards a 
more adverse direction, a global warming not exceeding 
the 2°C temperature increase threshold may already no 
longer be achievable. Indeed, a global temperature rise 
of 3 to 4°C this century compared with pre-industrial is 
beginning to look possible. At this level of global tem-
perature rise, large changes in climate and severe socio-
economic disruption can be expected in many regions. 
Such non-linear behaviour in the climate system is fur-
ther discussed in the following box. 
 
1.3 – Impacts on weather extremes
This section gives some insights on the main foresee-
able consequences the previously described climate 
projections may have on extreme weather events.

First, following the same approach as for the tempera-
ture variable, one may gain indications on the extreme 
weather event patterns that could result from climate 
change by looking at the recent historical period. munich 
Re, one of the largest reinsurance companies, regularly 
releases and updates worldwide natural catastrophe 
statistics from its database. The latest compilation, 
showing data up to 2011, is reported in Figure 10, 
page 16. 

While a clear upward trend arises from the figure with 
respect to the number of reported natural events, the 
attribution of this rise to a climate change signal should 
be investigated very cautiously. Indeed, the two following 
key limitations may be emphasized:

> First, the reporting itself might be biased because of 
an events counting that would be more accurate and 
comprehensive today than 30 years ago. It is likely, how-
ever, that this bias would concern all kinds of events, 
including geophysical ones. As the latter does not show 
such a trend, we can reasonably consider this bias as 
not particularly material.

> Second, the demographic growth may explain a sub-
stantial part of the trend, as natural catastrophes in 
this database are defined in relation with the number 
of people affected or killed. Using an independent data-
base (Em-DAT), it has been shown[14] that the exposure 
increase is actually a significant driver of the rise in 
the number of reported natural disasters –the rise in 
the number of weather-related events falling down from 
3.4 events per year  in the non-normalised data to 2.1 
events per year in data adjusted for population growth. 
The normalised trend remains statistically significant. 

Such a figure only indicates that an overall rise in the 
number of weather-related natural catastrophes due 
to a climate change having occurred over the last 30 
years cannot be rejected. Nevertheless, there is strong 
evidence that this factor is currently dominated by the 
growth in exposure.

The remaining of this section gives further details 
with respect to the potential climate change impacts 
on weather extremes. Tropical and extra-tropical 
cyclones, as well as hydrological events, are focused 
on. Indications are given on both the observed changes 
since the mid-nineties and on the foreseeable projec-
tions. Some of the findings given here are drawn from 
a recent report of IPCC (2011) investigating the risk of 
extreme events on an adaptation purpose.[1]
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FoCUS 3 Climate tipping elements or the threat  
of abrupt changes

Nine climate tipping elements could reach their “specific threshold”  
during the 21st century. A tipping point amplifying the initiated changes.

Climate tipping elements refer to 
specific regional components of the 
Earth system that can be subject to 
an abrupt change once an inherent 
threshold (the tipping point) is exceeded. 
This threshold nature is associated with 
some underlying positive feedback in the 
system that amplifies a change initiated 
by an external forcing. Recent studies[13] 
identified nine candidates, among tipping 
elements, which could pass their tipping 
point during the 21st century (Figure 9). 
The most concerning ones are:[6]

Arctic sea ice: the tipping point for the 
total loss of summer sea ice may be 
imminent. Record Arctic summer sea ice 
loss was recently observed. 

Greenland ice sheet: total melting 
could take several centuries but the 
tipping point that could see irreversible 
change might occur in a shorter term. The 
impacts will likely take the form of a large 
and global sea level rise.

West Antarctic ice sheet: it is currently 
assessed, with uncertainty, as being 
further from a tipping point.

El Niño (ENSO): the southern Pacific 
current may be affected by warmer seas, 
resulting in far-reaching climate change.

Indian monsoon: relies on a temperature 
gradient between land and sea. An 
atmospheric “brown cloud” of pollutants 
has already begun disrupting this 
gradient by causing the heat of the 

atmosphere rather than the land. 
Projections include a potential doubling 
of drought frequency within a decade.

West African monsoon: a northward 
shift of the monsoon could be the 
result of a forecasted weakened Atlantic 
thermohaline circulation (also known 
as Gulf Stream). As a consequence, a 
greening of the Sahara region could 
occur. 

Amazon rainforest: the rainforest could 
shrink and be ultimately replaced by 
savannah, under the anthropogenic 
lengthening of drought episodes. The 
impacts could be far reaching given the 
sink of carbon role of the forest.

Figure 9. major tipping elements in the Earth’s climate system.
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Tropical cyclones
North-Atlantic hurricanes are primarily fuelled by the 
heat and moisture taken from the ocean. Therefore, 
a higher sea surface temperature induced by climate 
change may intensify the hurricane (or tropical cyclone) 
activity. However, uncertainty remains around this 
apparently direct link. First, a warmer ocean would also 
mean a reinforced wind shear in the atmosphere that 
works against the development of cyclones. Second, 
an intensified hurricane activity over the last decades 
is hardly detectable in climate data. The reason for 
this may lie in a strong dependence of this activ-
ity with known climate oscillating patterns (e.g. the 
Atlantic multi-decadal Oscillation, the El Niño Southern 
Oscillation, or the North Atlantic Oscillation) that per-
tain to the climate natural variability. 

As a result, there is low confidence today in any 
observed multi-decadal trend characterizing the tropical 
cyclone activity. Nevertheless, a correlation between an 
increase in the sea surface temperature and an intensi-
fied tropical cyclone activity, resulting in stronger hur-
ricanes, has been evidenced. There is, consequently, 
a reasonable probability to see tropical cyclone maxi-
mum wind speeds increase in the future, although not 
in all basins.[1] Results are less clear with respect to the 
events frequency, that should either decrease or remain 
unchanged.[1, 15]

Extra-tropical cyclones
The European region is of particular interest when it 
comes to the impact of climate change on extra-tropical 
cyclones. Recent findings show that a pole-ward shift in 
storm tracks has likely taken place in the recent past,[1] 
as a result of a perturbed temperature gradient between 
the equator and the poles, modifying in turn the average 
position of the high-latitude airflows (usually referred to 
as the jet stream) fuelling and driving the spatial devel-
opment of windstorms. 
The pole-ward shift in storm tracks, in both hemispheres, 
is likely to further develop in the future. This may lead 

to an intensified storm activity at higher latitudes. In 
addition, an overall decrease in the number of European 
windstorms under a warmed climate has been con-
firmed. In the same time, extreme European windstorms 
will very likely be more numerous, and the overall volatil-
ity of events increased.[16, 17] 

Precipitation and flooding
It is now evidenced that climate change will result, in 
general, in heavier precipitation and flooding events. 
This is stemming from an intensified hydrological cycle 
under a warmed environment in which, basically, the 
increase of water vapour makes more water available 
to condensate and produce intense precipitation and 
flooding events. This is already confirmed by obser-
vations over the recent past. Statistically significant 
trends, indeed, are to be observed in some regions[1]. 
However, strong variations in these trends are to be 
noted at the local scale. It is worth mentioning, in 
addition, that a sea level rise may increase the risk of 
flooding in densely populated areas even if precipita-
tion patterns remained unchanged.

As far as projections are concerned, the frequency of 
heavy precipitation events is likely to increase over many 
areas[1]. Details at the local scale, again, will be diverse 
and are highly uncertain to date. Worth noticing, also, 
are intensified heavy rainfalls associated with tropical 
cyclones under a warmed environment. generally speak-
ing, climate models are of a too coarse resolution, today, 
to be able to fully capture local phenomena such as 
flooding events following a rise in rainfall amounts[15].  

Conclusion on impacts on weather extremes
As we have seen, some indications from the last 2007 
IPCC report, with respect to the impact of climate change 
on weather events, have been recently confirmed: tropi-
cal cyclones are likely to become more intense, but not 
more frequent; extra-tropical cyclones are expected to 
be shifted pole-ward in both hemisphere and to become 
less frequent, although the extreme ones may be more 
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numerous in proportion; heavy rainfalls and flooding 
events are likely to be intensified in the future over many 
regions of the globe.

Those broad projections having been drawn, the tre-
mendous research effort around the implications of a 
changing climate on the natural disasters’ frequency 
and intensity has not concluded, today, on unequivo-
cal quantifications. This is mainly the consequence of 
yet not fully understood physical mechanisms, and of 
numerical simulation tools of a still too coarse, although 
increasing, resolution. 

Deriving statistically significant projections on small 
spatial-scale phenomena like tornadoes and hail storms 
is an even bigger challenge. In the case of tornadoes, 
nevertheless, indications exist that the role of climate 

change in the rise of the number of observed events 
and induced costs should not be discarded.[18] Overall, 
while a lot of uncertainty with respect to the impacts 
on weather extremes is yet to be resolved, a higher 
volatility in extreme patterns is to be expected under a 
warmed climate.

The currently limited understanding of extreme weather 
under the projected climate change means that fur-
ther efforts are needed to develop climate science, in 
particular towards a downscaling of climate change at 
regional and local scale with models able to resolve 
the small-scale features. This task must be conducted 
in parallel with the improvements devoted to the large-
scale circulation since local events are pre-conditioned 
by the large-scale flow. Rising the scientific expertise will 
help to better evaluate the risk and manage it.

1980

Geophysical events
(Earthquake, tsunami,
volcanic eruption)

200

400

600

800

1,000

1,200

Number

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Meteorological events
(Storm)

Hydrological events
(Flood, mass
movement)

Climatological events
(Extreme temperature,
drought, forest fire)

Figure 10. Number of natural catastrophes worldwide from 1980 to 2011. geophysical events are in purple, while weather events are grouped in three 
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The increase in global temperature caused by future 
increases in greenhouse gases will be very sensitive 
to the properties of clouds, water vapor and particles 
in the atmosphere and how these properties change. 
Despite good progress there is still some uncertainty 
and debate in this area. Observations and theory are 
being used to improve understanding and the repre-
sentations of these phenomena in climate models. 

Another focus for the current scientific debate is around 
the number and intensity of extremes in weather and 
climate, whether these are increasing and, if so, to 
what extent this can be attributed to climate change. 
In the last few years there have been numerous floods, 
droughts and heat waves, and even record cold spells. 
The number of record monthly temperatures at a fixed 
number of weather stations around the world rose four-
fold over the 20th century. Climate models can be run 
many times for pre-industrial greenhouse gas levels 
and again for late 20th century levels leading to the 
ability to say that, for example, some heat wave is four 
times more likely due to climate change. However the 
reliability of these results depends on the realism with 
which the model used represents the extreme weather 
event and this is often marginal at present and needs 
to be improved. 

global weather forecast models, in their quest to 
improve their forecast skill, have moved to using much 
more detailed representation of the atmosphere than 
is employed by climate models, For example this is 
needed for skillful representation of extreme weather 
events. Consequently there is a strong push for climate 
models to move in this direction. This will require provi-
sion of major new super-computing capacity dedicated 
to the climate problem.

many important adaptation decisions have to be made 
looking forward on time-scales of years and decades. 
Previously climate models were run with a view to 
simulating the century time-scale impact of increasing 
greenhouse gases, and there was no attempt to predict 
the behavior of the climate system on these intermedi-
ate time-scales beyond a season or two. The extent to 
which the climate system may actually be predictable 
and how to realize this predictability is another focus 
for current research.

What is your vision of today’s scientific debate 
around climate change and climate risks?

aCademiC insight
by Sir Brian Hoskins, Director of the Grantham 
Institute for Climate Change (Imperial College 
London) and member of the Scientific Board  
of the AXA Research Fund
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2. mODEllINg ClImATE RISkS 
In InSURanCE  

Insurers have developed dedicated tools and modelling techniques to monitor  
natural catastrophe risks. The use of academic climate models is increasing and allows 
 for simulating physically realistic extreme events.

The rising amount of losses from natural disasters 
borne by the insurance industry, as illustrated by the 
evolution of the industry claims database over the last 
30 years shown in Figure 11, makes the assessment 
of such natural risks increasingly critical to the sustain-
ability of the insurance business. 

As a result, modelling efforts have been continuously 
pushed forward by the industry, in order to get a reliable 
estimate of the capital needed to ensure its solvency. 
This section aims at pointing out the specificities of 
climate risk models used in insurance, and showing 
how the connection with academic climate models is 
progressively achieved. The discussion is limited to 
climate risks but insurance modelling techniques pre-
sented below remain valid for all kinds of natural risks.

2.1 – From historical to exposure-based 
methodologies
Simple probabilistic models have long been used by 
insurers to model the risks threatening their property 
business. The structure of such models essentially 
combines a frequency component, accounting for the 
annual number of losses, and a severity distribution, 
modelling the loss amount in case of an event occur-
rence. These two parameters are traditionally calibrat-
ed against historical claims data.
 
Natural catastrophes are often depicted as low fre-
quency and high severity events. Due to their extreme 
nature, the historical loss modelling techniques that we 
just introduced proved to be of limited use. Two main 
elements critically endanger their accuracy:
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Figure 11. Worldwide natural disasters 1980-2011. Overall (green) and insured (blue) losses with trend.
Source: Munich Re, 2012.
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> Extreme events do not have, by definition, a suffi-
ciently large and reliable historical loss experience to 
reach a robust model calibration.

> The assumption that the past is representative of the 
future is implicit in the model, but the Earth’s system 
encloses complex interactions, non-linear processes, 
feedback mechanisms that make it highly non-station-
ary. This limitation will be all the more important when 
climate change will be accounted for in the modelling 
of future losses.

To circumvent these technical pitfalls, exposure-based 
approaches specifically adapted to the catastrophe 
loss modelling have been developed in the late eight-
ies. The methodology was mainly innovative in combin-
ing a physical modelling of the hazard and its related 
intensity (e.g. wind speeds, water depths, number of 
dry days, etc.), with the construction of vulnerability 
functions, translating the hazard intensity into a dam-
age on buildings. A significant step was made towards 
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Figure 12. generic structure of catastrophe models used within the insurance industry to evaluate loss distributions associated  
with a natural risk over an exposure portfolio. Source: adapted from EQECat[19].

a physical assessment of the risk, giving birth to the 
catastrophe models widely used today. The general 
structure of such tools is shown in Figure 12, with the 
following three main components involved:

• The Hazard Module defines the spectrum of likely 
events (also called event catalogue) that might have 
occurred historically or could happen in the future. Each 
event is characterized by its period of recurrence or fre-
quency and its key physical risk drivers (e.g. wind speed, 
translation, direction, pressure, etc. for a windstorm). 
• The Vulnerability Module converts the physical inten-
sity (e.g. wind speed) into damage on an infrastructure 
(industrial plan, residual house, etc.) at a specific loca-
tion. This is where the geo-localised exposure portfolio 
is integrated.
• The Financial Module applies insurance conditions 
to the raw damage perspective in order to assess the 
Insurer’s net loss. Falling into these insurance condi-
tions are coinsurance shares, deductibles, limits, fac-
ultatives or per-risk programs. 

generic structure of catastrophe models
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One of the core function—and challenge—of a natural 
catastrophe model is to integrate a reliable catalogue 
of likely events in its hazard module, able to project 
a limited historical time period to a broader event set 
encompassing the whole spectrum of likely extreme 
events. A further description of such a modelling tech-
nique is proposed below. 

 2.2 – Extrapolation of historical data
Essentially, natural catastrophe models can be seen as 
extrapolation tools filling the gaps between sparse his-
torical data. In other words, they allow for considering 
synthetic yet non-observed events, while keeping those 
extremes in a plausible range. As a result, complete 

loss distributions can be derived, that can feed in turn 
traditional risk-management models (capital frame-
work, reinsurance optimization, etc.).

A number of natural catastrophe models initially used 
simple hazard modules describing the physical risk 
with a reduced number of parameters. Those were 
well adapted to simply-structured meteorological sys-
tems. For instance, hurricanes can be fairly accurately 
represented by a few variables, including the central 
pressure, the radius to maximum wind, or the forward 
velocity. Events are thus generated through a statistical 
sampling of these parameters, whose distributions may 
be assessed via historical data. 
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Purely statistical extrapolation techniques, however, 
enclose some limitations, essentially related to an 
inadequacy between the simplicity of the statistical 
model and the complexity of weather systems poten-
tially involved. As an example, a few physical param-
eters are unable to capture the full three-dimensional 
structure of an extra-tropical cyclone and the physi-
cal processes involved in its development. There is a 
true risk, therefore, that the statistical extrapolation 
results in a non-exhaustive or even biased event set. 
Statistical techniques, in other words, do not necessar-
ily guarantee the physical accuracy of the hazard cata-
logue. New and more sophisticated techniques were 
then needed. Climate models, for long being developed 
by the scientific community to better understand the 
Earth’s system, came into play.  

 
2.3 – Emergence of physically-based  
hazard modules
The limitation of statistical extrapolation has been pro-
gressively addressed through the use of global climate 
models in the construction of the hazard event set. 

As presented in section 1, climate models are comput-
er copies of the planet, solving, over time and space, 
the few equations governing the atmosphere and the 
oceans. Used in traditional mode, they offer credible 
and three-dimension time series of the Earth’s physical 
variables. Figure 13 illustrates the 3D structure of a 
climate models, together with their resolution enhance-
ments over time. long runs of more than one hundred 
years were progressively made available along with the 
development of computer performances, allowing for 
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Figure 13. geographic resolution characteristic, shown over northern Europe, of the generations of climate models used in the IPCC Assessment Reports: 
1990 (FAR), 1996 (SAR), 2001 (TAR), and 2007 (AR4). Vertical resolution has increased comparably, beginning typically with a single-layer slab ocean and 
ten atmospheric layers in the FAR and progressing to about thirty levels in both atmosphere and ocean.
Source: L. Fairhead – Laboratoire de Météorologie Dynamique, Institut Pierre-Simon Laplace, Paris, and IPPC (2007)[3]

the climate projections discussed in the previous sec-
tion. Used in another mode, at highly enhanced time 
and spatial scales, they take the form of Numerical 
Weather Prediction (NWP) tools, capable of capturing 
local-scale meteorological systems. 

Both modes revealed to be of tremendous help in 
designing hazard modules related to complex meteo-
rological extremes. In NWP mode, the models allow for 
re-constructing physically realistic events from initial 
meteorological conditions, therefore enhancing the his-
torical database. In climate mode, they give access to 
an enlarged view of the risk, enriching a typical 30 to 
40-year observation period with a number of physically 
plausible simulated years. The targeted extrapolation 

function is therefore achieved, and a complete event 
set can be built. The main advantage, here, is the pres-
ervation of the physical accuracy of this event set. 
Furthermore, the challenge of modelling climate risks 
(windstorms, floodings, hail storms, droughts, heat 
waves, etc.) under a warmed environment can also 
be addressed with the integration of climate models. 
When forced with increased greenhouse gas concentra-
tions, the long-term runs can produce climate-change-
representative extreme events. Specific hazard mod-
ules adapted to the future Earth’s environment could 
thus be created, and climate-change impact studies 
performed. The use of climate models may therefore 
become even more systematic in the modelling of 
insurance catastrophe risks.

FAR TAR

SAR AR4

geographic resolution characteristic of the generations of climate models
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Climate models are based on the laws of fluid motion 
and of thermodynamics and encapsulate our under-
standing of the processes that need to be included 
in them. The most complex should be viewed as the 
top-of-the-range of a hierarchy of models for which 
simple, perhaps analytic models provide the base. 
This hierarchy provides a direct link with the theories 
of aspects of the climate system. Simple energy bal-
ance models and the most complex climate models 
all suggest a similar sensitivity of global temperature 
to the enhancement of greenhouse gases, but the 
latter include the detailed  interaction of many more 
processes and give details of changes in local and 
regional weather and climate. Observations are used to 
evaluate the realism of processes included in climate 
models and how to improve them. They are also used 
to test the skill of the models in representing past 
climate variability and change.

Climate models can be used to do experiments in 
which aspects of the real Earth are changed so as 
to help our understanding of how the climate system 
works. For example what would be the difference in the 
climate of Europe if the Rocky mountains were half as 
high as they are? They can also be used to look at the 
likely impact of changes in for example atmospheric 
particle numbers or in solar radiation.

Simple physical arguments can be used to discuss 
whether extreme events that occur may be related to 
climate change, but it needs a climate model to make 
this quantitative. looking to the future, again we can 
use simple physical arguments to project what may be 
the evolving mixture of climate variability and change, 
but for quantitative discussion it is necessary to use 
climate models.  

Climate models and the results from them should 
always be questioned, but they are invaluable in our 
understanding of climate, both past and future.

What do you believe is the value-added of 
climate models to understand climate change?

aCademiC insight
by Sir Brian Hoskins, Director of the Grantham 
Institute for Climate Change (Imperial College 
London) and member of the Scientific Board  
of the AXA Research Fund
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Climate models are based on the laws of fluid motion 
and of thermodynamics and encapsulate our under-
standing of the processes that need to be included 
in them. The most complex should be viewed as the 
top-of-the-range of a hierarchy of models for which 
simple, perhaps analytic models provide the base. 
This hierarchy provides a direct link with the theories 
of aspects of the climate system. Simple energy bal-
ance models and the most complex climate models 
all suggest a similar sensitivity of global temperature 
to the enhancement of greenhouse gases, but the 
latter include the detailed  interaction of many more 
processes and give details of changes in local and 
regional weather and climate. Observations are used to 
evaluate the realism of processes included in climate 
models and how to improve them. They are also used 
to test the skill of the models in representing past 
climate variability and change.

Climate models can be used to do experiments in 
which aspects of the real Earth are changed so as 
to help our understanding of how the climate system 
works. For example what would be the difference in the 
climate of Europe if the Rocky mountains were half as 
high as they are? They can also be used to look at the 
likely impact of changes in for example atmospheric 
particle numbers or in solar radiation.

Simple physical arguments can be used to discuss 
whether extreme events that occur may be related to 
climate change, but it needs a climate model to make 
this quantitative. looking to the future, again we can 
use simple physical arguments to project what may be 
the evolving mixture of climate variability and change, 
but for quantitative discussion it is necessary to use 
climate models.  

Climate models and the results from them should 
always be questioned, but they are invaluable in our 
understanding of climate, both past and future.

Sir Brian Hoskins, Director of the Grantham Institute 
for Climate Change (Imperial College London)  
and member of the Scientific Board of the AXA 
Research Fund
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3.1  – The impact on human communities  
and environment
As already mentioned, the rise in natural catastrophe 
losses observed over the past decades cannot be 
exclusively attributed to a changed climate. As a mat-
ter of fact, the increase in economic exposure appears 
as the principal driver. Nevertheless, recent findings 
tend to reinforce the warning message: climate change, 
through its global and now visible pattern, could deeply 
reshape our socio-economic environment. more fre-
quent, intense and unpredictable weather extreme 
events will very likely inflict a mounting toll on human 
communities and the environment.

The increasing emissions of greenhouse gases to the 
atmosphere, as a result of human activities, are a 
challenge to environment and development. Climate 
change threatens, amongst other things, food secu-
rity and biodiversity and can have multiple impacts on 
health, crop yields, eco-systems, cooling or heating of 
the atmosphere, all with the potential to affect human 
well-being.
 
Indeed, the threats of climate change on agriculture, 
water and health rank among the greatest concerns 
of human communities around the globe. The HSBC 
Climate Vulnerability Assessment Report (2009)[20] 
stated the following:
– Agriculture: Climate change will reduce total food 
grain production in the g-20 by 4.1-8.7%, costing USD 
10-28 billion per year by 2020. Saudi Arabia, Turkey, 
Russia, the USA and India will be among the hard-
est hit. Rising population levels mean that per capita 

3. ClImATE CHANgE:  
SOCIO-ECONOmIC ImPACTS  
and ThE RoLE oF ThE 
InSURanCE IndUSTRy
Health, biodiversity, agriculture… climate change and its consequences have a radical  
impact on numerous fields. The insurance sector clearly has a role to play to mitigate  
the socio-economic impacts.

food production will fall by 12-16% across the g-20; by 
21-25% in India and by 20-24% in the USA.
– Water: Water stress as measured in terms of avail-
ability per capita is expected to rise in 16 members of 
the g-20 by 2025, notably Australia, Brazil, Indonesia, 
mexico and Turkey.
– Health: In 2009, climate change was the cause of 
less than 1% of the global disease burden, and the 
g-20 accounted for half of this. By 2020, the Disability 
Adjusted life Years from climate change could double, 
with health costs related to floods quintupling.

The economics literature suggests that damage from 
climate impacts could amount annually to 1-2% of 
world gross domestic product (gDP) by 2100 if tem-
peratures increase by 2.5°C above pre-industrial levels. 
These damage estimates rise to 2-4% of world gDP 
for a 4°C increase (Aldy et al. 2010[21]). The few stud-
ies that estimate damages for extreme warming find 
that annual losses to world gDP by 2100 could range 
from 10.2% for a 6°C warming increase (Nordhaus and 
Boyer 2000[22]) to 11.3% for a 7.4°C warming increase 
(Stern 2007[23]). While valuation is sensitive to underly-
ing assumptions about discount rates and catastrophic 
effects, it is clear that the socio-economic impacts of 
climate change are likely to be large.

The historical tendency to underestimate rates of cli-
mate change suggests that non-linear changes and 
material losses at the higher end of estimated rang-
es are possible. As such, climate change presents 
the global community with one of the most serious 
challenges to achieving development goals. Serious 
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impacts from climate change are unlikely to be avoided 
on the basis of current emission reduction pledges. 
In the medium term, progress will depend on further 
national pledges, based on individual country circum-
stances, and a wider application of current technologi-
cal and policy approaches.

3.2 – The role of the insurance Industry
A major threat to sustainable economic welfare such as 
climate change necessarily brings the insurance indus-
try to the front line. Indeed, climate change will likely 
become a powerful driver influencing insurance models, 
pricing and investment strategies. Risks and opportuni-
ties for the insurance industry are numerous; on the 
one hand, an increase of insurance claims, without a 
commensurate premium increase may jeopardise the 
activity; on the other hand, proactive players could gain a 
strong competitive advantage through an enhanced risk 
assessment and the development of effective products 
and services. In any case, insurance has also a main 
part to play in helping society manage climate risk.

Insurance as a Provider of Expertise
Insurance is equipped with a vast range of non-financial 
knowledge: geographic information, skills in meteorol-
ogy and climatology, understanding of building codes 
and their vulnerabilities for property insurance; medi-
cine, toxicology and demography knowledge for health 
and life insurance. R&D first benefits the participants 
of the insurance schemes. It also feeds society at 
large by delivering information and training, developing 
knowledge centres, and funding research.

On climate issues, insurance is the best positioned indus-
try to assess natural catastrophe risks and their evolution 
within a warmed climate. Insurers possess invaluable 
reports of loss data, together with refined models and 
tools to analyse and project those data. They know how 
to turn data on risk into preventive action.

The role of insurance is to understand and share knowl-
edge about new risks. Shedding light on poorly known, 
if not unknown, threats to society is part and parcel 
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of the industry’s mission. This is particularly true for 
climate change, as the nature and time-scale of its 
impacts are surrounded with significant uncertainties.

Insurance as a Driver of Sustainable Economies 
The insurance business consists in guaranteeing poli-
cies under which an indemnity is paid out in case of 
specified contingencies (e.g. accident, damage, loss, 
bodily injury or death). Compensation is provided to 
any participant to the scheme, in return for a premium 
amount. For the insurance policy to be fair and sustai-
nable, the premium must correctly assess the specific 
risk born by each participant to the scheme. Therefore, 
insurers act as risk managers. 

The idea, then, is to create a fund fed by participants’ 
premiums, guaranteeing loss payments should an event 
occur. The fund is designed in such a way that the likeli-
hood of an event affecting all participants at the same 
time is low. The insurer can thus be primarily seen as a 
fund holder, and, since this fund is ultimately invested, 
as an investor. 

By Investing
Since insurance schemes accumulate premium in 
return for financial compensations in case of misfor-
tune, insurers are major investment players. Their 
investments fully participate in the financing of the 
economy at large. Assets are usually associated with 
mid to long-term contracts, making them rather stable 
and persistent capital elements. 

These investments may help support climate change 
mitigation through, for example, a redistribution towards 
‘green’ stocks. In this respect, the Carbon Disclosure 
Project (CDP) is a valuable tool to identify such stocks, 
as the Project assesses the carbon footprint and 
environmental performance of participating compa-
nies. more broadly, ‘green’ investment strategies are 
increasingly common within the broader framework of 
Responsible Investment used by insurance companies 
and other long-term investors.

By Enabling Other Activities
In addition to financing the economy, insurance has 
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a lot to offer in the development of other industries. 
First, insurance acts as a project enabler. By delivering 
financial protection for risky activities, the insurance 
industry provides peace of mind to all other economic 
actors, including the energy, engineering, and construc-
tion industries. Insurance reduces the amount of capital 
these projects may require. This is particularly relevant 
since climate change will be tackled efficiently only if 
industrial innovation is pushed forward.

The benefits of insurance can also be seen in the after-
math of an adverse extreme event, a natural disaster 
for instance. In such cases, insurance schemes can 
accelerate reconstruction and the restoration of eco-
nomic activity. knowing that funds are available, the 
call for rebuilding industries is easier. In this sense, 
insurance schemes may be increasingly valuable in the 
context of a changed climate, the potential impacts of 
which may be increasingly harsh and erratic.

By Helping to Avoid Costly litigation 
In a report issued in 2009, Swiss Re compared climate 
change-related lawsuits to those that led dozens of 
companies in the asbestos industry to file bankruptcy, 
and predicted that “climate change-related liability will 
develop more quickly than asbestos-related claims”.

The recent rise in litigation involving consequences 
of climate change demonstrates that society is 
increasingly unwilling to tolerate damages which are 
the result of human activities. History shows that the 
insurance industry can be part of the solution. This 
was the case in worker’s compensation/employer lia-
bility developments, for which insurance mechanisms 
helped take charge of and manage claims efficiently. 
History also shows that frictional costs such as liti-
gation and defence expenses can consume a large 
amount of capital, which could better be spent on 
extended cover, prevention campaigns or R&D. This 
was unfortunately the case in the areas of asbestos, 
tobacco and hazardous waste.

Insurance as a Means to Change Behavior
Insurance influences the behaviour of the insured 
person. knowing that a range of hazards, should they 
occur, will be taken care of by one’s insurance policy 
decreases the anxiety of vulnerability. This provides 
peace of mind while conducting the professional or 
personal activity covered by the policy. 

Insurance can also be a powerful incentive for another 
essential behavioural change: the adoption of mea-
sures towards a reduced climate risk profile.

Insurance can help prevent two kinds of climate risks by:
> Preventing further development of climate change by 
addressing the associated risk drivers (i.e. greenhouse 
gas emissions)—this is referred to as “mitigation”.  
It is a climate-friendly option;
> Preventing adverse impacts of climate change by 
strengthening the societies’ resilience—this addresses 
the unavoidable component of the risk. It is referred to 
as “adaptation”. It is a climate-resilient option.

Prevention strategies related to climate change may 
require deep changes in consumption and living habits. 
Solutions could be all the quicker, broader and more 
efficient if the insurance sector is involved in the pro-
cess. What insurers can propose include:

> Product Development: The development of new 
products, customised to address both mitigation and 
adaptation needs. Among mitigation-oriented products 
are policies fostering renewable energies, improved 
energy performance, cleaner automobile industry and 
more rational driving habits. Such products may be pro-
moted to incline society towards ‘greener’ behaviours. 
For adaptation, a lot remains to be done in develop-
ing flood or windstorm covers incentivising prevention 
actions from individuals and communities. Insurers, 
who are also largely involved in the real estate busi-
ness, are particularly well positioned to enable the 
design of green buildings.
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> Risk-based Insurance Premium: This is a premium 
fully reflecting the risk borne by the insured. It may be 
an incentive for policyholders to include risk consider-
ation into their decisions. Being informed on the level 
of risk induced by a specific action, which translates 
into premium level, the policyholder may choose to 
adopt or reconsider the action. The risk-based pric-
ing of insurance is, in itself, a risk reduction method 
since the financial incentive of a premium reduction 
may lead the policyholder to reduce his vulnerability to 
risk. It may, for instance, prevent people from building 
in risky areas (e.g. floodable zones), make them invest 
in defence systems (e.g. walls protecting against hur-
ricanes) or choose to upgrade existing structures (e.g. 
replacing poorly resistant roofs). By sending risk-based 
pricing signals the insurance industry has the ability to 
encourage loss reduction like no other economic tool.

> Sustainable Claims Management: This is another 
way to make the policyholder more resilient to climate 
risk. For instance, an insurer committed to enforce 
risk-reducing repairs after a natural disaster will lower 
the risk undertaken by this particular policyholder while 
fostering, at the same time, risk prevention for society 
as a whole.

These simple examples illustrate how insurers may 
incentivize mitigation of greenhouse gas emissions 
and adaptation to climate change while acting as risk 
experts and managers. The insurance industry is pro-
gressively giving more weight to the adaptation com-
ponent in the protection it provides to the customer.

Insurance as a Partner for Public Authorities
A Dedicated and Valuable Partner
Climate change is more than an environmental issue: 
it is a societal issue. As such, it is one of the hardest 
political problems the world has ever had to deal with. 
At issue is the difficulty of allocating the cost of col-
lective action and trusting other parties to bear their 
share of the burden. At a city, state and national level, 
institutions that can resolve such problems have been 
built up over centuries. But climate change has been a 
worldwide concern for only a couple of decades. 
 
The mitigation and adaptation efforts of an efficient 
response to climate change often require public plans 
and incentives. While adaptation strategies can be 
designed at national or regional level, greenhouse gas 
emission cuts could only be achieved through a trans-
national reduction program. International agreements 
on mitigating climate change are negotiated in the 
intergovernmental Conferences of the Parties (COP), 
taking place, on a regular basis, under the United 
Nations Framework Convention on Climate Change 
(UNFCCC). 

In the 1990s, the UN Environment Program (UNEP), 
which acts as international coordinator on environ-
mental issues, felt that the private sector could valu-
ably contribute to protecting the environment while 
maintaining the profitability of its business. The UNEP 
Finance Initiative was then formed as a partnership 
between UNEP and the global finance sector (mainly 
banks and insurance companies) to improve envi-
ronmental and sustainability practices within global 
finance. This partnership led to the launch, in June 
2012, of the Principles for Sustainable Insurance (PSI). 
These Principles are a framework for the global insur-
ance industry to address environmental, social and 
governance risks and opportunities (see Focus 4 for 
latest developments, page 32).
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Furthermore, the insurance industry can be a major 
partner for designing public plans. This should not be 
neglected in a field where most governments find it hard 
to work out how to send business the right signals. 
Policies that are effective, efficient and politically palat-
able have proved elusive. First, the insurance industry can 
provide key data for setting up a global policy: accurate 
assessments of the costs of climate change plus robust 
estimates of the socio-economic benefits of specific 
actions. Insurance data and modelling expertise should 
be better used to assess costs and benefits, in close rela-
tion with authorities. Second, insurers have the capacity 
to downscale global government incentives (e.g. taxes, 
discounts on car replacement, etc.) on a regional or local 
level. Due to their necessarily large scale nature, such 
measures cannot be easily customised for the local risks. 

This has helped combine the insurance and the gov-
ernmental views, agendas and road maps. There is 
a substantial need for additional public/private part-
nership. The insurance industry cannot, on its own, 
decide for appropriate emission reduction levels, or 
implement a regulation on building codes that could 
make societies more resilient to climate change. 
Worse, in the absence of public regulation, insur-
ance may turn inefficient or even impossible. Indeed, 
premiums necessary to guarantee a sustainable 
insurance scheme could become very expensive in 
high risk regions. This could worsen the danger of 
a world increasingly uninsured at the time of great-
est need for protection. It is up to governmental 
authorities to monitor insurability and to deploy the  
appropriate mechanisms.

Acute Severe High Moderate Low

Figure 14. global vulnerability to climate weather disasters, from low (dark green) to acute (red)
Source: Climate Vulnerability Monitor[24]

global vulnerability to climate weather disasters

Countries by overall climate 
vulnerability for weather
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Thus, adaptation measures need to be developed in 
emerging economies. In addition, mitigation strategies 
and technologies must be transferred to those emerg-
ing countries in order for the emission cuts not to 
be limited to a number of developed countries. This 
signals the high need for efficient public/private part-
nership in emerging countries.

A promising way to transfer know-how and expertise 
are the Clean Development mechanism (CDm) projects. 
Developed economies can invest in carbon reduction 
projects launched in emerging countries. They gain 
carbon credits in return. Insurance can facilitate the 
development of such projects, either by insuring the 
construction phases or a minimum energy performance 
outcome. Insurers are also well-positioned to use their 
investment lever and ease the funding of the projects. 
Finally, the involvement of insurance is likely to reassure 
banks and make them more willing to finance projects.

The insurance industry can also play a key part in the 
back-up of appropriate local adaptation schemes in 
emerging countries.

But, the insurance industry can provide a transposition 
of large-scale incentives to more local applications. Here 
again, the public/ private partnership implied is at the 
core of an efficient response to climate change.

These remarks illustrate some aspects of what insur-
ance can do to address climate change in partner-
ship with governments. These actions go obviously far 
beyond the industry’s own and immediate commercial 
interest. Addressing climate change means helping 
human communities to interact with their environment 
in a sustainable manner. It requires a global response 
and the kind of protection innovation for which insurers 
are particularly well equipped.

The Case of Emerging Countries
A statement consistently emerges from hazard and 
vulnerability studies: climate change will most severely 
impact the already vulnerable populations of emerg-
ing and developing countries. Figure 14 highlights the 
relative vulnerabilities to climate change, in terms of 
weather disasters, among countries. Vulnerability is 
assessed through a Climate Vulnerability monitor index, 
combining the current vulnerability of each country 
with its exposure to changes in weather conditions.[24]  
As can be seen, emerging or developing countries from 
Central/South America, Southeast Asia and Africa, to 
a certain extent, have a high to acute vulnerability to 
climate change.

In June 2012, at the Rio+20 
conference (20 years after the Earth 
Summit in Rio), around 30 world 
leading companies from the insurance 
industry joined a United Nations-
backed process to promote a set 
of principles that aim to green the 
sector and provide insurance tools 
for risk management in support of 
environmental, social and economic 
sustainability.

The PSI provide a holistic approach 
to managing a wide range of global 
and emerging risks in the insurance 
business, from climate change and 
natural disasters to water scarcity,  
food insecurity and pandemics.

They represent the first-ever 
sustainability framework tailored for 
the insurance industry that takes into 
account the fundamental economic 
value of natural capital, social capital 
and good governance.

The PSI also aim to position the 
insurance industry as a lever for 
a green economy and sustainable 
development.

The PSI are a result of a six-year  
global development process carried  
out by the UN Environment 
Programme’s Finance Initiative  
(UNEP FI). 

FoCUS 4 rio+20 Conference,  
20-22 june 2012
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To mitigate the impact of climate change, we must 
focus on energy demand and supply. Firstly society 
must find ways of being much more efficient in energy 
use in transport, industry and buildings. Cars that use 
less petrol/diesel are available now and much more 
is possible with the internal combustion engine if the 
pressure is there from regulation and consumers. 
Transportation of goods has grown hugely in a time in 
which the cost was relatively low: this needs to be reas-
sessed. Industrial processes need to be examined to 
see how energy usage can be reduced. Buildings need 
to be designed to use less energy for heating, cooling 
and lighting. Retrofitting of existing buildings to reduce 
energy use is possible and essential. 

increasing use of renewable energy sources
Secondly the production of energy has to be almost 
decarbonised within the next 50 years. This means 
increasing use of renewable energy sources such as 
solar photo-voltaic, wind, wave and tide in addition to 
hydroelectric. It means that the technique for removing 
the carbon from the emissions from fossil fuel power 
stations and using or storing it underground should be 
developed at scale, and modern nuclear power stations 
should replace the less efficient existing stations. The 
actual mixture of sources in any country will depend 
on their availability and the choices of that society. 

As energy becomes lower carbon so electric cars and 
vans should form an increasing fraction of the fleet. 
Industry should look to low-carbon production process-
es and capture any carbon from its fossil fuel burning.  
Residential homes can use electricity to power air or 
ground source heat pumps. 

develop resilience
There will be a necessity to adapt to a changing cli-
mate. However in many parts of the world the first 
action is to develop resilience to the extremes of 
today’s weather and climate. Particularly in poorer 
countries, heavy rainfall events and dry spells that are 
not particularly unusual can take a heavy toll on agri-
culture and society in general. looking to the future, 
there is a need to design our cities and our agricultural 
practice to cope with the higher temperatures but with-
out increasing energy use. The number of heavy rainfall 
events is expected to increase and there are already 
signs of this around the world. This implies a need 
to consider the locations of building and the drain-
age required. Rising sea levels will lead to a greater 
threat of coastal flooding that will necessitate either 
increased coastal defenses or planned retreat from 
coastal areas.

What are the key next steps society needs to address in order 
to mitigate and adapt to the impacts of climate change?

aCademiC insight
by Sir Brian Hoskins, Director of the Grantham 
Institute for Climate Change (Imperial College 
London) and member of the Scientific Board  
of the AXA Research Fund
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In its 2007 Assessment Report, the Intergovernmental 
Panel on Climate Change stated that “most of the 
observed increase in global average temperatures 
since the mid-20th century is very likely due to an 
observed increase in anthropogenic greenhouse gas 
concentration”.

The latest scientific findings have reinforced the mes-
sage of an accelerating global warming. A climate 
change limited to the 2°C temperature increase thresh-
old—the commonly accepted limit—may already no 
longer be achievable. Unforeseeable consequences 
on environment cannot be excluded.

Broad future trends likely include: more intense tropi-
cal cyclones; extra-tropical cyclones shifted pole-ward 
in both hemispheres, plus heavy rainfalls and flooding 
in many parts of the globe. Overall, a higher volatility 
in extreme patterns is expected.

Natural catastrophes represent an increasing risk for 
the world population. It is also a threat and opportunity 
for the insurance industry. The industry must play to 
the fullest extent a critical role in contributing to, if not 
initiating, a global response to climate change.

The insurance industry is, therefore, at a crossroads. 
It has the opportunity to lead with risk management 
knowledge to facilitate adaptation to and mitigation of 
the many risks of climate change. It can implement 
prevention measures well customised to needs at a 
reasonable cost. It can promote and incentivize much 
needed positive behavioural change through the prod-
ucts and services it offers. It can foster a greener 
economy in many innovative ways, namely thanks to 
green products and investments.

There is also an important role the industry can play in 
educating people about climate risks and in providing 
governments with risk expertise to inform public policy. 
In terms of adaptation strategies, the relationship with 
governments could go farther, into the development 
of new public private partnerships to deal with the 
consequences of climate change. 

The signature of the Principles for Sustainable 
Insurance in June 2012 at the UN Conference on 
Sustainable Development (Rio+20) is a clear sign from 
the industry, indicating that collective action is required 
to tackle present and future societal challenges, such 
as climate change. This is one example amongst many 
of how the insurance sector can leverage its risk exper-
tise to build a stronger and safer society.  

ConClusion:  
a CaLL FoR CoLLECTIvE 
aCTIon
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