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Agenda 

Weather and Climate Risk 
•  A review of weather and climate events of 2011 
•  Attributing the risk of weather events 
•  Quantifying future climate risk 
•  The international political dimension 
•  Summary 
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La Niña influences weather worldwide 
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Source: NOAA, 2012 
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Global climate change 
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Drought in East Africa 2011 
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Rains failed in fall 
2010 – only ¼ usual 
moisture delivered to 
the region – and in 
spring 2011. 

Drought in East Africa, with social 
& political factors, led to food 
insecurity in parts of Ethiopia & 
Kenya and famine in Somalia.  
 
Worst drought in 60 years (UN 
Food and Agriculture 
Organization) 

Link to La Niña and 
warm sea surface 
temperatures in 
central and 
southeastern Indian 
Ocean. 

Source: Funk, 2012, BAMS 
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Drought in southern United States 2011 
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In Texas, growing season 
(March-August) and summer 
(June-August) were hottest and 
driest on record (back to 1895). 
 
Texas agriculture producers lost 
$7.62bn. Costliest drought in the 
state’s history. 

The 100-yr return 
period March-
August 
precipitation is 
now 25-yr return 
(taking into account 
La Niña conditions) 

The 100-yr return 
period March-
August heat event 
is now 5-yr return. 

Source: Rupp et al., 2012, BAMS 
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Thai floods 2011 
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Storms and heavy rain from July-
October contributed to worst 
flooding since 1942.  
 
Cost global insurance business 
$12bn (highest insured loss ever 
for freshwater flooding).  
Total damage estimated $45bn 
(World Bank). 

Monsoon season for Chao Phraya basin 
wettest on record. Estimated 140-yr return time.  
 
Likely influence of La Niña, but no clear climate 
change trend. Models indicate future increase 
in mean & variability of precipitation (but 
much uncertainty). 

Source: van Oldenborgh et al., 2012, BAMS 
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UK weather winter 2010/11 and spring 2011 
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Coldest December in UK in the 
last 100 years (but global 
average was warm). Estimated to 
have cost UK economy £1.2bn 
per day. 
 
Followed by warmest spring in 
100 years. 

Source: 
NASA-
GISS 

Source: NSIDC, 2012 

Possible link 
between cold 
winter in UK 
and Arctic sea 
ice decline? 
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Hurricane Irene 2011 
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August 2011: first US landfalling 
hurricane since 2008.  
 
50m estimated to live in its path. 
Disrupted power to more than 7m 
homes and businesses. Caused 
45 deaths. Estimated $19bn 
property damage. 

Future projections 
uncertain. It is more 
likely than not that 
frequency of most 
intense storms will 
increase in some 
ocean basins. 

Source: Knutsen et al, Nat Geosci, 2010 
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Attributing the risk of weather events 
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Impact of climate change on extremes 

Risk of extreme weather can be 
altered by: 

•  Shifted mean 
•  Increased variability 
•  Changed symmetry 

12 
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Source: IPCC SREX report, 2012 
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Increasing vulnerability, exposure or severity/
frequency of climate events increases disaster risk 
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Weather	  &	  
Climate	  
Events	  

DISASTER	  
RISK	  

Source: IPCC SREX report, 2012 
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European heatwave summer 2003 
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uncertainty in the anthropogenic warming. Averaged over the
region of interest (Fig. 1 inset), summer temperatures in 2003
exceeded the 1961–90 mean by 2.3 K (Fig. 1, black star). To quantify
changes in risk, we need an objective definition of the event in
question. Using 2.3 K itself is problematic for three reasons: first,
relying too closely on the details of what actually occurred when
defining what we are looking for introduces a selection bias in our
attribution procedure; second, temperature anomalies in 2003 may
have been amplified by soil-moisture feedbacks2 or interactions
with the North Atlantic20, both of which may be under-estimated,
although we do observe similar magnitude spikes in model summer
temperatures in Fig. 1; third, given the length of model-simulated
variability we have available, inferring the statistics of temperature
excursions over 2 K requires extrapolation of extreme value distri-
butions, which introduces further uncertainties. 2003 was the first
year to reach or exceed a threshold of 1.6 K (2001 being the second-
warmest European summer, at 1.5 K). We therefore consider
how the probability of exceeding this threshold has changed, by
comparing this estimated late-twentieth-century probability with
the estimated probability of exceeding the same absolute threshold
if there had been no anthropogenic influence on climate. Increasing
this threshold to any value up to 2.3 K strengthens our conclusions
regarding attributable risk; hence using a threshold that only just
exceeds the second warmest summer is relatively conservative.
Assuming that sub-decadal continental-scale variability is station-

ary and adequately represented by HadCM3, we estimate possible
distributions of temperatures in individual summers in the presence
and absence of anthropogenic influence. We do this by adding
HadCM3 control variability to reconstructions of 1990s decadal-
mean temperatures both with all external factors included, and with
anthropogenic factors removed, allowing for uncertainty in these

decadal-mean temperatures from the detection analysis (Fig. 3b).
Figure 4a shows the estimated likelihood of the risk (probability) of
exceeding a 1.6K threshold in the presence of anthropogenic climate
change (red line) and in the absence of anthropogenic change (green
line), expressed both as a frequency (number of occurrences per
thousand years, bottom axis) and as a return period (top axis). The
clear shift from the green to the red distribution implies that an
appreciable fraction of the risk of such hot summers can be attributed
tohuman influence on climate. Even in the presence of anthropogenic
warming, we conclude that the estimated probability of exceeding
1.6K appears to be low (best estimate is a 1 in 250 year event (Fig. 4a,
red curve) but this risk may be increasing rapidly).

The fraction attributable risk (FAR) is estimated in Fig. 4b (see
Methods). In certain circumstances, the figure of relevance in estab-
lishing possible liability for compensation has been FAR ¼ 0.5,
corresponding to a doubling of risk over natural conditions21 (mean-
ing that one event in twowould have happened naturally). According
to our calculation, there is a greater than 90%chance that over half the
risk of European summer temperatures exceeding a threshold of 1.6K
is attributable to human influence on climate. Although there is a
large spread, reflecting the remaining uncertainties in the effects of
climate change on this spatial scale, the anthropogenic FAR could be
substantially greater than 0.5. Also marked on Fig. 4b is a vertical line
representing an overall ‘best estimate’ of the human contribution to
the increased risk of these very hot European summers7, given the
information that we have available at present. On this basis, human
influence is to blame for 75% of the increased risk of such a heatwave.

Our analysis shows that European summers are warming owing
to anthropogenic climate change. Under un-mitigated emissions
scenarios, summers like 2003 are likely to be experienced more

 

 

Figure 3 Estimated likelihood functions for anthropogenic and natural contributions to
European summer temperature changes. The curves show estimated distributions of

anthropogenic (red) and natural (green) scaling factors on model-simulated responses (a).
1990s summer temperatures (relative to pre-industrial climate) including all external

drivers of climate change (red) and with anthropogenic drivers removed (green) (b). A
scaling factor of zero (horizontal solid line in a) implies no contribution to observed 1990s
temperatures from this driver, while unity (horizontal dashed line in a) implies no
systematic under- or over-estimate by the model of the observed response to this driver.

The width of these distributions reflects the uncertainties for these probabilities.

 

Figure 4 Change in risk of mean European summer temperatures exceeding the 1.6 K

threshold. a, Histograms of instantaneous return periods under late-twentieth-century
conditions in the absence of anthropogenic climate change (green line) and with

anthropogenic climate change (red line). b, Fraction attributable risk (FAR). Also shown, as
the vertical line, is the ‘best estimate’ FAR, the mean risk attributable to anthropogenic

factors averaged over the distribution.
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Return period of 
heatwave with and 
without climate 
change 
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The width of these distributions reflects the uncertainties for these probabilities.

 

Figure 4 Change in risk of mean European summer temperatures exceeding the 1.6 K

threshold. a, Histograms of instantaneous return periods under late-twentieth-century
conditions in the absence of anthropogenic climate change (green line) and with

anthropogenic climate change (red line). b, Fraction attributable risk (FAR). Also shown, as
the vertical line, is the ‘best estimate’ FAR, the mean risk attributable to anthropogenic

factors averaged over the distribution.

letters to nature

NATURE |VOL 432 | 2 DECEMBER 2004 | www.nature.com/nature612 ©  2004 Nature  Publishing Group

100 300 900 
Increase in risk % 

9 in 10 chance 
that more than 
100% increase 
in risk of 
heatwave 

Death toll in Europe estimated at 
30,000. Deadliest natural 
disaster in Europe in 50 years 
(UNEP). 
 
Very likely climate change 
doubled the odds of heatwave. Source: Stott et al, 2004 
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Source: Pall et al, 2011 

9 in 10 simulations 
showed more than 
20% increase in risk 
of flood 

2 in 3 simulations 
showed more than 
90% increase in risk 
of flood 

Cost  Autumn 2000 was wettest on 
record in England and Wales. 
Flooding estimated to have cost 
£3.5bn. 
 
Likely climate change doubled 
the odds of the flooding. 



Colour palette for PowerPoint presentations 

Actuarial Bright Green 
R148  G166  B31 

Actuarial Slate 
R32  G44  B52 * 

Secondary Olive Green 
R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 
R0  G147  B127 

Secondary Turquoise 
R0  G138  B176 

Secondary Aqua Blue 
R26 G160  B170 

Secondary Pastel Green 
R126  G205  B195 

Secondary Light Purple 
R123  G149  B174* 

Secondary Purple 
R97  G107  B156 

Secondary Ecru 
R186  G163  B171 

Secondary Yellow 
R215  G176  B18 

Secondary Orange 
R213  G135  B43 

Secondary Red 
R238  G52  B36 

Secondary Rubine Red 
R226  G1  B119 

*This colour reference is for screen presentations only 

Quantifying future climate risk 

16 
© 2011 The Actuarial Profession � www.actuaries.org.uk 



Colour palette for PowerPoint presentations 

Actuarial Bright Green 
R148  G166  B31 

Actuarial Slate 
R32  G44  B52 * 

Secondary Olive Green 
R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 
R0  G147  B127 

Secondary Turquoise 
R0  G138  B176 

Secondary Aqua Blue 
R26 G160  B170 

Secondary Pastel Green 
R126  G205  B195 

Secondary Light Purple 
R123  G149  B174* 

Secondary Purple 
R97  G107  B156 

Secondary Ecru 
R186  G163  B171 

Secondary Yellow 
R215  G176  B18 

Secondary Orange 
R213  G135  B43 

Secondary Red 
R238  G52  B36 

Secondary Rubine Red 
R226  G1  B119 

*This colour reference is for screen presentations only 

Projected temperature change 

17 
© 2011 The Actuarial Profession � www.actuaries.org.uk 

2°C 

Source: IPCC, AR4, 2007 
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International Dimensions of Climate Change 

32

Figure 2.4: Projected time-mean relative sea level rise for 2040, relative to the 1980-1999 
average level. Modelling carried out by Met Office Hadley Centre for this Report79

Significant increases in sea level are expected for many coastal areas by 2040 (Figure 2.4). By 2100, under 
the medium emissions scenario, projections suggest that the average sea level rise will be between 0.23m 
and 0.43m, with extremes of over 0.6m projected by two models80. However, projections from the 
aggressive mitigation scenario indicate that about one-fifth of the mean rise could be avoided81. Regional 
variation in sea level rise is due in part to the fact that the surface of the oceans is not ‘flat’ as it is 
affected by concentrations of mass in the Earth’s interior, as well as local topography82. Regional sea levels 
may also be affected by large-scale currents and regional sea temperatures83. 

Sea level rise has the potential to lead to the inundation of low-lying coastal areas. About 1.2 billion 
people live within 100km of the coast and 100m of sea level84, but it is far from clear what proportion of 
these communities would be at risk from long-term sea level rise. 

2.4.3 Precipitation and glacial melt

Projections of global-scale patterns of circulation and precipitation have higher levels of confidence than 
regional-scale projections for several reasons: first, rainfall records in many parts of the world (e.g. Africa 
and the Middle East) are sparse, particularly for intense events, and identifying current trends is 
challenging. Secondly, most climate models do not resolve monsoon events and their associated rainfall 

79 R:3 (Annex B refers).
80 2080-2099 relative to the 1980-1999 average, using the HadCM3C and HadGEM2-AO models.
81 R:3 (Annex B refers).
82 The European Space Agency’s Gravity field and steady-state Ocean Circulation Explorer (GOCE) mission is currently mapping the 

Earth’s gravitational field, and will provide the most accurate measurements to date as to the shape of this global “flat” surface, or 
geoid. For more information, see http://www.esa.int/SPECIALS/GOCE/index.html (last accessed 21/06/11).

83 For more information, see the website of the Permanent Service for Mean Sea Level, a body funded by the UK Natural 
Environment Research Council, available at: http://www.psmsl.org/train_and_info/faqs/ (last accessed 21/06/11).

84 Small, C. & Nicholls, R.J. (2003), A global analysis of human settlement in coastal zones. Journal of Coastal Research, 19: 584-599

Projected sea level rise for 2040 
(relative to 1980-99).  
 
Source: Foresight report on Migration, 2012 

more than 30 cm Sea level: fear that rise by 2100 
may be up to 1 m 
 
People at risk: about 150 million 
people in Asia exposed to coastal 
flooding; could more than double 
with 30 cm rise 
 
Cities and infrastructure at risk: 
London, Rotterdam, New York, 
Tokyo, Shanghai, Bangkok, Dhaka 
at risk of flooding 
 
Sources: IPCC 2007; APN 2011; 
Foresight 2011 
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More intense and longer droughts Greater risk of flooding 

Source: IPCC SREX report, 2012 
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Managing the risks: flash floods in Nairobi, Kenya 

22 

!  rapid growth 
of informal 
settlements 

! weak building 
construction 

! settlements built 
near rivers and 
blocked drainage 
areas  

!  reduce poverty 

! strengthen 
buildings 

!  improve drainage 
and sewage 

! early warning 
systems 

Nairobi, Kenya 

Projected: likely increase in heavy precipitation in East Africa 

Risk Management/ 
Adaptation 

Risk Factors 

Risk of flash floods in 
Kenya  
 
Interconnected: health & 
sanitation, infrastructure 

Climate-risk to 
infrastructure 
 
Interconnected: 
energy and water 
supply Managing the risks: drought in the context of food 

security in West Africa 

24 

Risk Factors 

! more 
variable rain 

! population growth 

! ecosystem 
degradation 

! poor health and 
education systems 

!  improved water 
management 

! sustainable 
farming practice 

! drought-resistant 
crops 

! drought 
forecasting 

Projected: low confidence in drought projections for West Africa 

Risk Management/ 
Adaptation Risk of drought in West 

Africa 
 
Interconnected: food & 
water security, health 

Urban flood risk 
 
Interconnected: 
health, 
infrastructure, 
economy 
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The great acceleration 

Source: New Scientist 2008 from Steffen et al 2004 
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Knowledge 
about 
probabilities 

Knowledge about outcomes (impacts) 

Risk 
 
e.g. probabilities of global 
average temperature to 
2100 

Ambiguity 
 
e.g. future emissions; 
who, where, what 

Uncertainty 
 
e.g. “tipping points” 

Ignorance 

Based on: Stirling 2007 
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Rela8ve	  likelihood	  

Re
la
8v
e	  
im

pa
ct
	  

Loss of Arctic 
summer sea-ice 

Disintegration of 
West Antarctic ice 

sheet Irreversible 
meltdown of 

Greenland ice 
sheet 

Increase in El 
Nino amplitude 

Collapse of 
West African 

Monsoon 

Collapse of Atlantic 
thermohaline 

circulation 

Dieback of 
Amazon 
rainforest 

Dieback of 
boreal forest 

Source: Lenton, 2011 
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Risk of rapid change 
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Larsen B ice 
shelf 

31 Jan 2002 23 Feb 2002 5 Mar 2002 

In the past, 
changes of 10°C 
have occurred in 
Greenland over a 
decade or so. 

In 2002 an ice 
sheet the size 
of Rhode 
Island state 
collapsed in a 
few weeks 

Source: Arctic Council, 2004 

Source: NASA, 2002 
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1990 2050 2100 

2°C 

te
m

pe
ra

tu
re

 

No	  mi8ga8on,	  medium	  emissions	  

Peak	  2016	  then	  5%	  p.a.	  reduc8on	  

5°C 

Source: AVOID project, 2010 
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Probability	  of	  
staying	  	  below	  
thresholds	  

7%	  
80%	  

2°C	  
0%	  

3°C	   5°C	  

No	  mi8ga8on	  

temperature 

Source: AVOID project, 2010 
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2°C	   3°C	   5°C	  temperature 

100%	  

50%	  

0%	  
7%	  

90%	  

Strong	  mi8ga8on	  

Dangerous	  climate	  change	  

Probability	  of	  
staying	  	  below	  
thresholds	  

Source: AVOID project, 2010 

80%	  

No	  mi8ga8on	  
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50% 850 
50% 

No	  mi8ga8on	  

Food	  

Millions	  of	  people	  
with	  increase	  in	  water	  
stress	  

%	  of	  flood-‐prone	  
popula8on	  with	  
increased	  hazard	  	  

Water	   Flood	  

Source: AVOID project, 2010 

decrease	  in	  crop	  
suitability	  as	  %	  of	  
cropland	  
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Food	  

Millions	  of	  people	  
with	  increase	  in	  water	  
stress	  

%	  of	  flood-‐prone	  
popula8on	  with	  
increased	  hazard	  	  

Water	   Flood	  

Source: AVOID project, 2010 

decrease	  in	  crop	  
suitability	  as	  %	  of	  
cropland	  
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e.g.	  peak	  2015-‐2020	  
	  	  	  	  	  	  	  then	  decrease	  at	  5%	  per	  year	  
	  	  	  	  	  	  	  gives	  50-‐50	  chance	  	  	  	  	  	  	  	  	  

Source: AVOID project, 2010 
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Source: AVOID project, 2010 and IEA, 2011 

Year of peak emissions Decrease after peak for 50-50 
chance of avoiding 
dangerous climate change 

2016 4% p.a. or more 
2020 5% p.a. or more 
2025 n/a 
2030 n/a 

But, IEA World Energy Outlook 2011: risk of “lock-in” – after 2017 
may have to prematurely scrap assets to avoid exceeding 2°C 
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Current carbon trajectory 
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Summary 

•  Climate change is altering return periods of some weather events 

•  Future risk of more intense and longer droughts and more flooding (coastal and river) in 
many areas 

•  Increasing vulnerability, exposure or severity/frequency of climate events increases disaster 
risk 

•  Climate risk assessment needs to include uncertainty, ambiguity & ignorance (recent past not 
a good guide to future) 

•  Risk are highly interconnected (and in ways that are not always appreciated) 

•  Can avoid dangerous climate change, but only if rapid and strong mitigation undertaken  

•  High risk some impacts cannot be avoided: adaptation will be required 

 

All this offers threats and opportunities for the risk profession 
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Questions or comments? 

Expressions of individual views by 
members of The Actuarial Profession 
and its staff are encouraged. 
The views expressed in this presentation 
are those of the presenter. 
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