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Aim and contents of the paperAim and contents of the paper

It focuses on the financial variable for It focuses on the financial variable for 
the provision evaluationthe provision evaluation

It analyses the sensitivity of the fair It analyses the sensitivity of the fair 
valuation to interest rate parametersvaluation to interest rate parameters

1.1. In a deterministic scenario, evaluation is In a deterministic scenario, evaluation is 
studied in a market perspectivestudied in a market perspective

2.2. In a stochastic scenario, sensitivity of cash In a stochastic scenario, sensitivity of cash 
flows by means of numerical applicationflows by means of numerical application
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Preliminary remarksPreliminary remarks

Life insurance risk can be divided in: Life insurance risk can be divided in: 
actuarial and financial riskactuarial and financial risk

March 2004, the International March 2004, the International 
Accounting Standards Board Accounting Standards Board 
introduces the IFRS 4introduces the IFRS 4
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Fair and market valueFair and market value

Fair value of a mathematical provision: Fair value of a mathematical provision: 
““net present value of the residual debt net present value of the residual debt 
towards the policyholders evaluated at towards the policyholders evaluated at 
current interest rate (and mortality current interest rate (and mortality 
rates)rates)““

Marking to market a cultural Marking to market a cultural 
discrepancy: mathematical discrepancy: mathematical vsvs
accounting perspectiveaccounting perspective
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A A deterministicdeterministic approachapproach

TheThe basicbasic modelmodel
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nn Duration of the policyDuration of the policy

XX Initial age insurerInitial age insurer

NNxx(r)(r) Number of survivor at Number of survivor at 
age x+rage x+r

rrppxx Survival probabilitySurvival probability

δδLLrr
Int. rate applied to the Int. rate applied to the 
reserve evaluationreserve evaluation

δδAArr Ist. rate of returnIst. rate of return
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The evaluation rate riskThe evaluation rate risk
The mathematical provision:
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The first derivative w.r.t. the evaluation rate:
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It can be derived that:
∆Rt ≅ −Rt ⋅ DR t

⋅ ∆δ L t
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A stochastic approach and a numerical A stochastic approach and a numerical 
applicationapplication
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Model SetupModel Setup

((ΩΩ,,FF‘‘,,PP‘‘) , () , (ΩΩ,,FF‘‘‘‘,,PP‘‘‘‘) and () and (ΩΩ,,FF,,PP) are ) are 
probability spacesprobability spaces

Assumption on the market:Assumption on the market:

–– FrictionlessFrictionless

–– Continuous tradingContinuous trading

–– No restrictions on borrowing or short salesNo restrictions on borrowing or short sales

–– ZCB and stocks are infinitely divisibleZCB and stocks are infinitely divisible
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Cash Flows AnalysisCash Flows Analysis
Considering a nonConsidering a non--homogeneous portfolio:homogeneous portfolio:

Vt = E X i, j
j> t
∑

i=1

m

∑ c i1 K xi , t > j{ }v t, j( )ℑ t
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rrpptt Survival probabilitySurvival probability

v(t,jv(t,j)) StoshasticStoshastic discount factordiscount factor

{{FFtt} } C C FF Information filtrationInformation filtration

mm SubSub--portfoliosportfolios

ccii n. policies n. policies ii--thth groupgroup

XXi,si,s CashCash--flow at s w.r.t. iflow at s w.r.t. i
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A numerical applicationA numerical application
Let us considering the following portfolio:Let us considering the following portfolio:
–– 100 immediate 10100 immediate 10--year temporary life annuities, with year temporary life annuities, with 

unitary annual payment, each one issued to a male unitary annual payment, each one issued to a male 
insured aged 40insured aged 40

–– 100 6100 6--year temporary life annuities, 3year temporary life annuities, 3--years deferred, years deferred, 
each one issued to a male aged 40, with periodic level each one issued to a male aged 40, with periodic level 
premiums, paid at the beginning of the first three yearspremiums, paid at the beginning of the first three years

–– 80 immediate 880 immediate 8--year temporary unitary life annuities, year temporary unitary life annuities, 
each one issued to a male insured aged 50each one issued to a male insured aged 50

Survival probabilities are deduced by 
using the Lee-Carter method. The term 
structure is derived from the CIR model
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LeeLee--Carter ModelCarter Model
A model for human mortality forecasting, A model for human mortality forecasting, 
main assumption:main assumption:

txxtxtx ebkam ,, )ln( ++=

Central death rateCentral death rate

Simple average of Simple average of ln(mln(mx,tx,t))

Sensitivity parameterSensitivity parameter

Time mortality indexTime mortality index

Error termError term

txm ,

xa

xb

txe ,

tk
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Term structure of interest ratesTerm structure of interest ratesTerm structure of interest rates
rr00 1,72%1,72%

γγ 4,5%4,5%

φφ 0,970,97

σσαα 0,52%0,52%

κκ 0,0260,026

σσ 0,52%0,52%
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Sensitivity Analysis of the reserve Sensitivity Analysis of the reserve 
fair valuefair value

The reserve fair value is represented as function of 
the time t and the interest rate volatility s:
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SensitivitySensitivity analysis: dependenceanalysis: dependence on kon k

The reserve fair value is represented as function of 
the time t and the drift parameter k:
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Conclusions and further remarksConclusions and further remarks
The paper propose an assessment The paper propose an assessment 
methodology based on an integrated methodology based on an integrated 
evaluationevaluation

The intermediation portfolio is regarded as The intermediation portfolio is regarded as 
a set of casha set of cash--flowsflows

The analysis is conducted year by yearThe analysis is conducted year by year

The methodology can be applied to any The methodology can be applied to any 
kind of life contractkind of life contract
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