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Climate change risk and insurance sustainability

A common belief is that climate change may be already affecting insurance
companies, with the potential of damaging their solvency and even making
them non-profitable businesses.
For instance, in the USA some lines of business like fire in California are
being abandoned by the insurance companies.
Insurance companies are trying to assess the risk of climate change to study
the sustainability of their businesses in the coming years:

How this change will affect their premiums, SCR, profits, etc?
This is the topic of our research.
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Objectives of our Research Project

We aim to study the sustainability of Spanish insurance lines of business
facing the climate change risk.
To this aim, we need to find an objective measure of climate change to check
(a) if there is any and (b) how it affects the lines.

We need an actuarial climate index playing as a proxy for climate change,
hoping that it may be related to the evolution of insurance figures like
severities, premiums, SCR, etc. of different lines of business.
So we can make conclusions on its past and future influence on the insurance
business and its sustainability.

We must choose a line of business and achieve two kinds of studies:
Has climate change, represented by the actuarial climate index, influenced in
the past the insurance business?
How is climate change going to influence it in the future? Will the insurance
business be sustainable?
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Our progress: Iberian Actuarial climate Index (v 0.1)

We have built the so-called Iberian Actuarial Climate Index (IACI) (see [1]).
In its first version it consists of an imported American Actuarial Climate
Index©, fed with Iberian data taken from ERA5-Land reanalysis dataset ([2])
and tide gauge data from the Permanent Service for Mean Sea Level
(PSMSL) ([3])
This index is made of six components: warm temperature, cold temperature,
precipitation, drought, wind speed, and see level.

These components are standardized to a period of 30 years from 1961 to 1991.
So we can check if the IACI has been growing or decreasing through the next
period 1992 to 2022

IACI =
1

6
(T90std − T10std + Pstd +Dstd +Wstd + Sstd). (1)
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Our progress: Iberian Actuarial climate Index

Figure: Iberian Peninsula: 5-year moving averages, IACI, and its 6 components
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Our progress: Insurance lines of business and IACI:

Crop insurance, Hail risk in wine grapes

We are now studying a line of business in Spanish crop insurance: wine
grapes all over Spain, facing the daunting hail risk which is very challenging
because of:

Its extreme violence that causes profound damage to the crops.
Its extreme irregularity both in time and space.
Its extreme locality

We aim to study hail risk and try to explain to what extent it is related to
climate change...
... to assess the future sustainability of the line of business.
This is done in a first step by modeling extremes of hail risk, related to the
number of claims, severities, etc, because we think that extreme figures will
surrender their relationship to climate change (embodied by our IACI)
better than common ones.
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Hail risk in wine grapes: database

Our database supplied by the Spanish crop insurance coinsurance pool
Agroseguro consists of

7,547,292 registers with 18 columns...
...describing 893,144 policies...
...over 33 years from 1990 to 2022...
...49 provinces...
...and 240 districts...

...giving a fine complete description of the Spanish market during the last 33 years.
Very relevant for our extremes analysis are the following columns:

Severities (€)
Value of Production (Insured sum) (€)
These two give rise to the Loss Cost: Severities/VP.
Production (t.)
VP/Production= Indemnity /t.
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Yearly Claim Number

Figure: Yearly normalized claim numbers, 1990-2022
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Monthly Claim Numbers

Figure:Monthly claim numbers, 1990-2022

We can conclude that, when studying yearly figures of hail risk, we should
better seasonalise the AICI to the months running from April to September.
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Monthly Claim Numbers vs Monthly IACI

Figure: (Normalized) Monthly claim numbers versus Monthly IACI 1990-2022

This proves that IACI is somewhat explaining the monthly hail claim numbers.
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Monthly Claim Numbers vs Monthly IACI

Figure:Monthly claim numbers versus Monthly IACI 1990-2022: linear (red) and quantile
regressions Q90(orange), 95(green), 99(cyan)
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Yearly Loss Costs Histograms
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Loss Costs: Proportion of 1’s

Figure: Proportions (relative to total) of LC=1
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Loss Costs: monthly Proportion of 1’s vs Monthly IACI

Figure:Monthly Proportions (relative) of LC=1 vs Monthly IACI

This proves that the IACI is somewhat explaining the monthly number of
LC=1.
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Scatterplot of Monthly Number of LC=1 vs Monthly IACI

Figure:Monthly number of LC=1 versus Monthly IACI 1990-2022: linear (red) and
quantile regressions Q90(orange),95(green),99(cyan)
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Quantiles of Loss Cost
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Figure: Quantiles 0<LC<1, 99(indianred), 95(red), 90(pink), 85(gold), 80(green),
75(blue), 1990-2022
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Loss Cost: Sample Mean Excesses Q75, 80, 85, 95, 97.5,

99

0 5000 15000

0.
00

0.
10

0.
20

0.
30

SME LCs 2011

Nº points right of the threshold

m
ea

n 
ex

ce
ss

 o
ve

r 
th

re
sh

ol
d

0 4000 8000

0.
00

0.
10

0.
20

0.
30

SME LCs 2012

Nº points right of the threshold

m
ea

n 
ex

ce
ss

 o
ve

r 
th

re
sh

ol
d

0 10000 20000 30000

0.
00

0.
10

0.
20

0.
30

SME LCs 2013

Nº points right of the threshold

m
ea

n 
ex

ce
ss

 o
ve

r 
th

re
sh

ol
d

0 5000 15000 25000

0.
00

0.
10

0.
20

SME LCs 2014

Nº points right of the threshold

m
ea

n 
ex

ce
ss

 o
ve

r 
th

re
sh

ol
d

0 10000 25000

0.
00

0.
10

0.
20

0.
30

SME LCs 2015

Nº points right of the threshold

m
ea

n 
ex

ce
ss

 o
ve

r 
th

re
sh

ol
d

0 4000 8000

0.
00

0.
10

0.
20

0.
30

SME LCs 2016

Nº points right of the threshold

m
ea

n 
ex

ce
ss

 o
ve

r 
th

re
sh

ol
d

0 5000 15000 25000

0.
00

0.
10

0.
20

0.
30

SME LCs 2017

Nº points right of the threshold

m
ea

n 
ex

ce
ss

 o
ve

r 
th

re
sh

ol
d

Figure: Examples of Sample Mean Excesses 2011-2017. Thresholds at Quantiles
99(indianred), 95(red), 90(pink), 85(gold), 80(green), 75(blue) 0<LC<1
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Loss Cost: Q95 GPD fit (Weibull)

0.00 0.04 0.08 0.12

0.
0

0.
4

0.
8

Q95 Fitted GPD Year 2011

x

F
n(

x)

0.00 0.05 0.10 0.15
0.

0
0.

4
0.

8

Q95 Fitted GPD Year 2012

x

F
n(

x)

0.00 0.05 0.10 0.15

0.
0

0.
4

0.
8

Q95 Fitted GPD Year 2013

x

F
n(

x)

0.00 0.10 0.20 0.30

0.
0

0.
4

0.
8

Q95 Fitted GPD Year 2014

x

F
n(

x)

0.00 0.04 0.08 0.12

0.
0

0.
4

0.
8

Q95 Fitted GPD Year 2015

x

F
n(

x)

0.00 0.10 0.20

0.
0

0.
4

0.
8

Q95 Fitted GPD Year 2016

x

F
n(

x)

0.00 0.05 0.10

0.
0

0.
4

0.
8

Q95 Fitted GPD Year 2017

x

F
n(

x)

Figure: GPD fit threshold Q95
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Loss Cost: Q95 GPD fit (Weibull) estimation and KS test

year umbral95 xi95.pwm beta95.pwm p.value.pwm Reject.pwm
1990 0.65 -1.46544875592543 0.248170581487054 0 REJECT
1991 0.4163 -0.413674040738434 0.228559967799281 0.30173
1992 0.71 -1.15652425649822 0.151280289500379 3.5e-05 REJECT
1993 0.6 -1.07309360321229 0.245883812223042 2.7e-05 REJECT
1994 0.4642 -0.553837052283552 0.228508122534426 0.849768
1995 0.5269 -0.630815003576852 0.210256432333941 0.247735
1996 0.574 -0.568257605204079 0.182024793528587 0.256607
1997 0.59 -0.811280662509331 0.209346315482224 0.151059
1998 0.668 -1.33398914032729 0.207986237084787 0.046389
1999 0.5702 -0.701921502497346 0.201566183021964 0.616235
2000 0.672 -0.686066604163168 0.143189835487887 0.369396
2001 0.645 -0.866368736902906 0.171282552781591 0.986532
2002 0.5462 -0.708346243055975 0.205948334014132 0.218194
2003 0.7069 -0.91345139860357 0.130794185078013 0.786963
2004 0.6308 -1.06865550468177 0.208105088846583 0.027149 REJECT
2005 0.621 -0.590483265594092 0.146690693052717 0.212956
2006 0.6528 -0.98391806158506 0.179238782065469 0.442257
2007 0.9063 -0.811738910155709 0.0368214458135687 0.409379
2008 0.6957 -1.22642712218663 0.164375822857294 0.000788 REJECT
2009 0.6515 -1.07106208168404 0.198132664639635 0.01942 REJECT
2010 0.666 -0.621920124312438 0.139172175488472 0.092904
2011 0.7845 -0.784178216139079 0.0954918282826129 0.206492
2012 0.688 -0.836680079246663 0.13319427396131 0.565594
2013 0.7148 -1.0518018315307 0.140925924407017 0.033881 REJECT
2014 0.5457 -0.755789664800543 0.223053724387618 0.304598
2015 0.7554 -1.01959574083368 0.124302944521672 0.212135
2016 0.6173 -0.728239997741395 0.166362869317639 0.421745
2017 0.7205 -1.29575054902485 0.162688072647408 0.247742
2018 0.6702 -0.932362358615414 0.162935753883393 0.015165 REJECT
2019 0.6611 -0.930597365483386 0.158508524510063 0.080074
2020 0.7571 -1.03497972320945 0.130767517955038 0.259004
2021 0.7874 -0.872123406502152 0.093211767734822 8e-06 REJECT
2022 0.7288 -0.695434139617782 0.108299048693977 0.294509

Figure: Q95 threshold GPD fit. Estimation and KS test
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Yearly Severities > 0: Quantiles 99, 97.5, 95, 90, 85, 80,

75
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Figure: Yearly quantiles of severities > 0: Q99(indianred), 97.5(cyan), 95(red), 90(pink),
85(gold), 80(green), 75(blue)
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Yearly Severities > 0: Sample Mean Excesses coloured

thresholds Q75, 80, 85, 95, 97.5, 99
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Figure: Thresholds Quant 99(indianred), 95(red), 90(pink), 85(gold), 80(green), 75(blue)
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Yearly Severities > 0: Q95 GPD fit (Fréchet)
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Figure: GPD fit threshold Q95
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Yearly severities > 0: Q95 GPD fit (Fréchet) estimation

and KS test
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Work still in progress...

Once the severity extremes are modeled, we want to calculate yearly risk
measures for those GPD: quantiles, CVaR at some probability levels.
Then run models to check if these figures are explained by the Seasonal
(April to September) IACI...
...as done with the monthly number of hail claims and the monthly number
of Loss Costs =1.
We also have to run the same program for Monthly severities > 0.
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