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Capital Requirement and Extreme Risk

This paper aims to describe a methodology for the modeling and the
analysis of flood risk in Europe, in terms of Solvency Capital

Requirement, and then transferring risk through two techniques,
reinsurance and cat-bond.
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Risk Management

Risk management is the process by which the risk is identified,
evaluated and governed.

Managing risk means implementing all the measures necessary to
* Control the uncertainty factors

* Limit the effects of potential adverse events, minimizing and
monitoring the impact of risks and losses.
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Risk Management and Solvency Il

Risk management is the process by
which the risk is identified, evaluated
and governed.

Pillar | Pillar Il Pillar 1l

Capital Risk Disclosure

requirements management

The correct ability to manage risk

SCRMCR Governance SFCR
Calculation models ORSA RSR
ALM QRT

internally has become fundamental

with the introduction of the European

Solvency Il Directive.
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Solvency Capital Requirement

Solvency Il obliges companies to
maintain sufficient capital to
cover all of the material risks to
which insurance and reinsurance
undertakings are exposed
(Solvency Capital Requirement),
included catastrophe risks.
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Solvency Capital Requirement

In general, the SCR is calibrated
using the Value at Risk (VaR) of
the Basic Own Funds, subject to a
confidence level of 99.5% over a
one-year period.
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Catastrophes

A disaster is a major adverse event with low frequency that causes
disastrous effects partially out of control, in terms of loss of lives and

damaged properties (high impact).
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Catastrophes

A disaster is a major adverse event with low frequency that causes
disastrous events partially out of control, in terms of loss of lives and
damaged properties (high impact).

Catastrophes represent significant financial hazards to an insurer,
including the risk of insolvency, an immediate reduction in earnings
and statutory surplus, the possibility of forced asset liquidation to
meet cash needs, and the risk of a rating downgrade.
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SCR (non Life-CAT)

For the purpose of our analysis, we consider only the sub-modules for
non-life catastrophe risk (Non-Life CAT) of the Standard Formula.

SCR?'LI,r:at - \/(SCer-tC'AT 2 SCR?'Lppraperty)z g SCR?,””CAT =+ SCR?

other
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SCR (non Life-CAT)

The overall capital requirement for the non-life catastrophe risk is
calculated aggregating the capital requirements for natural, man-
made and other catastrophe risks.

Non-Life CAT
Nonproportional
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Cat Task Force

Regarding the submodules natural and man-made disasters,

a working group consisting of reinsurance representatives, brokers,
catastrophe modeling agencies and CEIOPS created the so-called
"Cat Task Force" (CTF) in August 2009, which had the task of defining
standardized scenarios for the entire European Economic Area (EEA).

Scenarios are provided gross of reinsurance and all other mitigation
measures (for example, national pool arrangements or cat-bond)
unless otherwise indicated.
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Natural Catastrophe Risk

The natural catastrophe scenarios are divided according to the type
of danger: tornado, flood, earthquake, hail, and subsidence.
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Natural Catastrophe Risk

To include dependencies between all the possible levels and the heterogeneous
nature of Nat CAT risks, the Cat Task Force chose a step-by-step aggregation
approach in two levels: CRESTA zones or countries, and then perils.
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Dataset

EMDAT (International Emergency Events Database)

Data: FLOODS in Europe from 1964 to 2017
(197 observations)

Variables: year and insurance loss in millions of S

© EM-DAT: The Emergency Events Database - Université catholique de Louvain (UCL) -
CRED (Centre for Research on the Epidemiology of Disasters), D. Guha-Sapir - www.emdat.be, Brussels, Belgium.
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The steps of the project

Florence

Distribution of Distribution of
Compound model claims entity claims number
(Pareto-gamma mixture) (NH Poisson)

Capital requirement

Cat-bond Risk transfer (flood risk)

Excess of Loss

contract
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Compound model

Claims entity: positive skewness and heavy tail (Pareto-gamma mixture)

22 g_f;(QZ_l) e—)\:r aq 0 a1+1
fx(@) = p =y -n G ()

It's a mixture of a heavy-tailed distribution (Pareto) and a light-tailed
one (gamma).
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Compound model

Claims frequency: non-homogeneous
Poisson process (piecewise-constant
approximate intensity function).

* We could see how in the last decades
there's been a higher number of claims to
refund.

* Therefore, we could not consider the
number of claims in each year as
constant.

[Ts]

o

NHPP piecewise constant
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Extreme Value Theory

We carried out a more detailed analysis using the Extreme Value
Theory, in particular the Peaks-over-Threshold (POT) method.

This approach is usually applied to a data model exceeding a known
threshold value, sufficiently high and fixed a priori.

Yi=Xi—u with u=chosen threshold
(Yi | Xi > u) is modeled as a Generalized Pareto Distribution

[ ]

(11

ul).V:¥ AFIR-ERM (E ? ()A
Finance, Investment & ERM IS



Extreme Value Theory

We carried out a more detailed analysis using the Extreme Value
Theory, in particular the Peaks-over-Threshold (POT) method.

This approach is usually applied to a data model exceeding a known
threshold value, sufficiently high and fixed a priori.

The main difficulty of modeling is setting an appropriate threshold.
It is thus of importance of finding a suitable balance between the
variance and the bias of the model.
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Peaks over Threshold

We fixed the threshold as 320.5 million.
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Peaks over Threshold

POT-method allowed us to identify the maximum probable loss for the
total European insurance exposure, with a return time of 200 years,
which in practice represents the capital required by Solvency Il to
guarantee the solvency of the system at 99.5% level.

For a hypothetical undertaking that
"profile Likelihood" covers 9.7% of the exposure of the

T — 1M2" European insurance market

"05% confidence Interval: (5356.5146, 48B854.6434)"
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Peaks over Threshold

POT-method allowed us to identify the maximum probable loss for the
total European insurance exposure, with a return time of 200 years,
which in practice represents the capital required by Solvency Il to
guarantee the solvency of the system at 99.5% level.

"profile Likelihood"” SCR =1 billion dollars

"200-year return level: lME"

"05% confidence Interval: (5356.5146, 48B854.6434)"
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Traditional reinsurance — Excess of Loss treaty

Attachment point 620.5 million S
Layer 300 million $
Exit point 920.5 million S

One year duration

Repeatable for three years under the same conditions

The reinsurer undertakes to participate in the coverage of a part of the
first claim that exceeds the so-called attachment point (620.5 million),
up to the exit point (920.5 million).

The range of losses covered by the reinsurer is generally called layer.
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Traditional reinsurance — Excess of Loss treaty

Attachment point 620.5 million S
Layer 300 million S
Exit point 920.5 million S

One year duration

Repeatable for three years under the same conditions

Net premium 231.76 millionS  —— E[ Xi - 620.5 | 620.5 < Xi < 920.5 |
Standard deviation _
. 7.78 million S ——> 7 x p[620.5 < Xi <920.5]
loading
Total premium 239.54 million $

Capital subtracted
from the capital - 60.5 million $
requirement
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Financial reinsurance — Cat Bond

This is a kind of risk-linked security to cover the catastrophic risk.
The insurance company issues bonds through an investment bank, which are
then sold to investors who pay a nominal value amounting 300 million.

Premium (spread) _ [E:EHENN Ty Capital
Vehicle
— s >
Reinsurance Coupon (Libor + spread)” Mesion
contract B LTI TN >
Return of principal

at maturity”

Investmentl I Investment

return
Permitted " Payment subject to the insured
Investments natural disaster not occurring
during lifetime of bond
lll : ARN

‘Sa[IYN AFIR-ERM
\" AAl Finance, Investment & ERM




Financial reinsurance — Cat Bond

This is a kind of risk-linked security to cover the catastrophic risk.
The insurance company issues bonds through an investment bank, which are
then sold to investors who pay a nominal value amounting 300 million.

* No catastrophe occurred > the insurance company pays a coupon every year
to the investors and it repays the nominal value at the end of the term.

* At least one catastrophe occurred and one of the triggers exceeded >

the nominal value is partially retained and the insurance company uses this
money to pay their claim-holders.
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—

Nominal Value 300 million $
Trigger point (1) 620.5 million S -
Trigger point (2) 920.5 million $ 4

N

Three years duration

We consider only the first event > trigger point

Interest rate 2.5937 %
Coupon 7.78 million $
Capital subtracted
from the capital - 54.5 million $

requirement
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Nominal reduction of 33.33%
(-100 millions)

Nominal reduction of 90%
(-270 millions)
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Financial reinsurance — Cat Bond

-——p Nominal reduction of 33.33%

Nominal Value 300 million $
Trigger point (1) 620.5 million S
Trigger point (2) 920.5 million $ 4

(-100 millions)
N~

Three years duration

Nominal reduction of 90%
(-270 millions)

We consider only the first event > trigger point

A cat-bond is a hazardous instrument but investors are driven to
buy it because it is uncorrelated with other securities on the
market (zero-beta security) and it pays an annual coupon at a rate
of return higher compared with other ones.
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First results

A simulation was set up starting from the non-homogeneous Poisson process
and from the Pareto-gamma distribution, but the results were not satisfactory
as the time interval too long led to underestimating the number of claims
occurred in a year.

In fact, the results predicted the occurrence of 3 events in three years which is

clearly incorrect: just look at the graph of the number of claims in each year.
This is a sign that over the years the insurance market has changed a lot.
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First results

In fact, the results predicted the occurrence of 3 events in three years which is
clearly incorrect: just look at the graph of the number of claims in each year.
This is a sign that over the years the insurance market has changed a lot.
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Training set (1994-2013) — 170 observations

Intensity: log-Normal Frequency: NH Poisson
E -
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© EM-DAT: The Emergency Events Database - Université catholique de Louvain (UCL) -
CRED (Centre for Research on the Epidemiology of Disasters), D. Guha-Sapir - www.emdat.be, Brussels, Belgium.
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Training set (1994-2013) — 170 observations

Intensity: log-Normal Frequency: NH Poisson
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We find the maximum probable loss for the hypothetical insurance company
considered above with a return time of 200 years - SCR = 1.4 billion dollars
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Training set (1994-2013) — 170 observations

Intensity: log-Normal Frequency: NH Poisson
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Reinsurance treaty > the premium, the loading and the capital reduction changed
because the distributions and the related parameters changed.
Cat-bond > the annual coupon was set equal to the loading for the reinsurance treaty.
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Test set (2014-2017) — 27 observations

* First year: the reinsurance paid the

entire layer and the insurance earned the Excess of Loss treaty

difference between the layer and the

reinsurance premium (300 - 238 = 62 e R oL e e
2014 530,00 2015] 5,80 2016 100,00

million ) . 2014 120,00 2015 87,00 2016 2,00
2014 294,00 2015] 111,00 2016 1300,00

e Second year: the reinsurance paid the 2014 43658 2015 2,00 2016 180,00
2014 2048,26 2015] 652,00 2016 10,00

difference between the claim cost and the 2014 8,00 2015 274,00 2016 5000

. 2014 377,00 2015] 1000,00] 2016 56,00

attachment point (652 - 620.5 =31.5 o1 83700 o1 10000

million) and the insurance lost 206.5 e oo A

million (238 - 31.5). 2017 48,00

e Third year: the reinsurance paid the
entire layer and the insurance earned 62
million.
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Test set (2014-2017) — 27 observations

We considered only the first loss of
_ _ . Cat - bond
2 billion which triggered the reduction
Of 90% Of the nominal amount' Year Loss Year Loss Year Loss
After three years, the investors had back 2014 53000 2019 580 2016 100,00
e . 2014 120,00 2015 87,00 2016 2,00
30 million and the insurance company 2014 294,00 2015 111,00 2016 130000
- 2014 436,58 2015] 2,00 2016 180,00
eda rned 270 mIIIIOn. 2014 2048,26 2015 652,00 2016 10,00
2014 8,00 2015] 274,00 2016 50,00
2014 377,00 2015] 1000,00| 2016 56,00
2014 837,00 2016 100,00
We had to remember that the further o 2200 ot 5000
losses were fully covered by the o 890
2017 48,00

insurance, and the cost related to the
issuance of cat-bonds, usually high,
were not considered.
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Application of the two contracts on simulated data (3 years)

We simulated 1000 trajectories of
NH-Poisson process and 1000 vectors
from log-normal distribution.

Excess of loss = the insurance company turned into losses in 56.23% of cases

Cat - bond - the insurance company turned into losses in 47.64% of cases
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Conclusion

* The study reveals that the most accurate results are obtained with a not too
long and quite recent time interval, because the insurance sector is evolving
fast, in terms of coverage expansion and creation of new mitigation
instruments, such as cat-bonds.

* The issue of cat-bonds enjoys complete freedom of definition, which requires
a long period of study of the contract characteristics and which entails high
subscription and transition costs. Instead, reinsurance treaties usually follow a
specific structure, widely approved and admitted as consistent with the
principles of the Directive.
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Conclusion

If there were clearer, more stable and internationally recognized regulations,
cat-bonds would be valid risk transfer tools. This is one of the reasons why
cat-bonds are now considered "dangerous" tools, which should focus more
on a mutualistic, risk-sharing and coordinated action at the community level.

For this reason, in the Anglo-Saxon countries, they created new financial
instruments called "resilience bonds" which are very similar to cat-bonds, but
a part of the coupons is used to finance risk prevention projects.

The purpose is to create less vulnerable societies, encouraging the processes
of prevention and investment in infrastructure works.
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Conclusion

For this reason, in the Anglo-Saxon
countries, they created new
financial instruments called
"resilience bonds" which are very
similar to cat-bonds, but a part of
the coupons is used to finance risk
prevention projects.

The purpose is to create less
vulnerable societies, encouraging
the processes of prevention and

investment in infrastructure works.

CAT BOND STRUCTURE

INVESTORS
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Conclusion

But the road is still long.

For example, in Italy there is a kind of e ————— |
optimism about catastrophic events, so we | mebae . ,f::“.,:,e
often prefer to pay damages rather than '
prevent it.

We can only hope that climate change and croncon corn R NvESTORS
the numerous catastrophic events lead to '

continuous innovation in the sector. _— o ]
This would bring significant benefits in q““'““'”* m"‘":
terms of human life, in addition to the .
economic and insurance earning.

Reduced Premiums i‘ Reduced Risk to Principal

Contingent
Payment

Investment
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Thanks for the attention!

/ll‘l
'== AFIR-ERM
S A

Finance, Investment & ERM

Florence



