
the damage that is incurred

The specifics of what is covered and to what
degree is stated in the terms and conditionsof
the contract In the book it is defined via

a function H sub that claim H Damage

Same important related concept
Deductible The part of the damage that isTady the insured Wyndibles
Limit mard harand i.e that the behaviour

of the insured changes with insurance

With deductibles an insured still has a financial

stake in preventing the damage skin in thegame
Claim handling cart money Deductibles make

reporting very small claims painteen
maximum loss that is covered

www.tmnence company Why
Sets a clear limit for the liabilityof an invrance
company
Example marine insurance and ail spill

can be very expensive

Efffft
an which are not covered at all



Risks which are very difficult to insure on

not inverable at all

Example War

Can came a lot of large claims forproperty
on life with high probability
Im paville to send a claim adjuster to
assess the damage and construction team
to repair it

the deductible um inured and exclusions
must be taken into account when modelling
claim frequency and severity However madellin

in practice usually occurs on the historical
claim data not the damage data

This can be a problem in real life appropriates

of data but from now on we assume we

work on claim data and we ignore such
cavent

Examples
Property inurance
Deductible hoookn
Sume inured 10 000 000 Kr
Exclusions Grail negligence GN war

Claim min max Damage 4000 0
10000000 1 NonWanNanGN

Pet incurance medical expenses
Deductible 20 defences but at least 1500 Kr
sums inured 30 000 Kr

Exclavians Medical expenses not causedbyillness aaccidal
Claim min max Damage max 0.2 Damage1500 0 3000015 am



Etitattompanies might want to inure

same risks but then move some part of the
risk cedes the risk to another company

reinsurance company
there are big global companies that are the
same type of argument LLA to reinvure
and diversify risks that regular or small
inurance companies do not want to keep

In practice insurance companies cedes a

part of premiums by paying a reinsurance

premium to a reinsurance company while
reinsurance companies compensate the
insurance companies for all the claims that
qualify
Reinsurance can occur either for event or

per portfolio That is the reinsurance can

take over a part of risk for single event e.g
large claims in a portfolio or a partof
general risk in a portfolia e.g the portfolio
has generated too much laces in total
Same examples on risk that are usually reinsured

Catastrophe risk Bath Natcat Natural catastrophes
on Man Made

Nan Cat large claims

It is also common to find reinsurance between

companies within a group internal reinsurance



this can be explained by management tax

optimization perspective
Same important definitions and notation

premiums whichlive.IE aiitiancecompns
Reinsurancepreming what the Inurance

company pays to
the reinsurance company

which neurally coincides with the premium ceded

E uinmaeprem.me partof the reinvenance
premium due to the amount needed to cover

expected lanes and loss adjustment egence
but excluding overhead cat administrative fees
on profit margins for the reinurer

Riskretained the risk left to the insurance

company after the reinsurance contract

II time of dim air

Jany it respamille for
Titillation amount beforeafter

premiums before after

ELETEIimim.Natatian
letX E.it be a run of claim amount

before reinvance

let Herent be a function which calculates reimera
recoverable for a contract per event Then

In Herent ti is the sum of reinvance



recoverally from the contract I
let Hatalabe a function which

calculates

reinsurance recoverable for a portfolio
then Hotlia Et t is a sum of
reimmnance recoveralles from the portfolia
Net claims are then denated as X X

typeranrunmrancefIT.int

company can a peasant
percentage of each premium from a specific

line of business to the reinsurance company
and the reinsurance company pays the
same percentage of each claim
Herent x Hattlio x Xx

this method is useful when a
company

does

not have enough capital to write new business

It is alia useful for capital optimisation
within a group smaller daughter companies
are less diversified than the parent company
and therefore requires more capital Reinvence
can move the risk to the parent

YIItmt.tn variations of this methodbut
in principle is used to transfer tail risk



to the reinsurance company I
This is done to protect capital from the
impact of large rare events or cumulation

of rare events You get to optimize the

capital reserved by the invrance company
and reduce the volatility
Examples

FeealpereventflayerAXBJ.In
mance company pays a fixed premium

and reinsurance company pays the
amount

exceeding A but up to B for each claim

Iitcant.at works on the portfolio level
Reininner carer all the claims regardless
site when the total amount of claims
so far has exceeded a predefined threshold
I unally of premiums
Example We have written 100million Kr
in premiums and we have 110 stop lacs

contract then the reinsurance company
will cover all new claims from the moment
our cumulative claims reach the level
110 million Ka



A
therefanienacantat

So far we have alumed a compound Paisian
model either on portfolio baris or on a policy
baris and we calculate the pure premium
based on it

To madel at policy level we assume that
the intensity of the Pailer process and the

parameters of the claim severity distribution

may depend on the policy
Have in this dependency
Arrame we suspect that same variable can

determine the frequency of claims e.g a

young driver tends
to drive faster than an

older one on cannes more accidents We
call such a variable age in thisexample
a risk factor
Risk differentiation is a process to determine
such risk factor and divide the portfolio
into small groups

with similar risks
there groups

will get the same pure premium
think differentiation can be done bath for
the claim frequency an claim life

We will focus on claim frequency

mtinhtff.at family of ditilation
that is the distribution discrete and continuous



for which the probability function can be
written as

foly hly exp h G y A GI

where o the parameter of the family h
k T and A are known function
Many known distribution can be written in

this form
If R and T are the identity function then

the family is called a natural exponential

family We avene from more on that 1101 0and7191

Moreover if fo then the moment

generating function is given by
Mx Al exp A Gtt A GI

ET X dM ft Mx t A Gtt
to

ME A G

E X df t.co Mx t A Ott

Mx Al A t A
a

A t A G

and Van XT ETX EX A G

For the pailian distribution



Px k 7 it keyexplklagext x
and we get
hly O lag x and ACG et

TA that am frequency depends
on some risk factory Xe Xe Xn
Example Can invrance Xe Xn can be age
of the driver power of the engine
In regular regrenian we want to madel

Et I Xer Xn do the Xet αnXm

but this can yield negative numbers
However since for the Painor we know that

ETY 1 Xe Ym A 01xe Xn explolxe.vn

and can take all real values we can

model with linear regrevan
Therefore
Et X 1 Xe Xm exp fix im expldottetut txnX

One can armme the following model

EEN X Xn exp not dexet tank

exp x expkete explanXn

where N Pail X expla is a bare frequency

and exp x X are loading factors saying
have much the actual frequency will fall increase



compared to the base frequency for a particular
value of the risk factor Xi

Easy to interpret and to check reasonableness

of the model

typial risk factors
Can inurance age of driver power of the

engine age of can experience of the driver
number of claims in the part valueofthe car __

Property insurance age of building number
of storeys areal contraction type
type of roof number of starey underground
number of people in the household
location numberof claims in the part
rented or not

Similar regression can be made for average
claim severity Depending on the claim

site distribution we may have different
link between regressors X2 Xn and

E ZL X2 Xn

Then we can provide a premium given
the value of the risk factors Xe Xm

TC xe x Et X 1 Ye Xn ETET IN te nl tenXn

EENEIIY E



Et N te Xn Et 221 Xe Xn

where we have armmed that conditionally
on Xe Xn N 22 Z are't net pendent and

Zi are i i d

Ingggiaafthcompandpamcla.im
Zi N n v with values 2ft

and bi i i d independent of N

Umally we assume that Nn Pairs X and
that we knew X
What happens if X is unknown We getthen
a model of a C P with intensity uncertainty
1 7 2

2 Zi ii d

3 X is a n o independent of Zi and given
Are conditional love of N Pain 1

4 N is still independent of Z
We proved in the previous lecture that if
N 22 122 are independent Ahler

Et X EEN E Zn

and
Van X EEN Vantz VaEN Etzes



Since N given 1 in Pails X1 Δ

E NIX X Var IN X X
and

EEN EE EENI X E X

Vantar E VanENIX Van EENIX

ETX Van X
Hence

EEX EEX E Ze

Van X EEX Van Ze E X Vantx EEZ

Vartan EEZ ETA Ze Vantx

ET ZI EEX Etzes Van X

Assume now that J prT where pr is a r.co sah
that X satisfies the previous model hypothesis Then

VIX f FEI.fi tgette
FFi EEF

Nate that when J 30 CV X CV p
In this model the risk per unit expanse
can be decomposed into

a diverrifiable risk which can be reduced
to Flaring the numberofpolicies I
an undiverrifiable risk which cannot beeliminate

an Ilinkedtothe uncertainty on the intensity

parameter X


