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Context

English death rates between 1930 and 2010
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Context

English death rates for males between 1960 and 2007 English death rates for males between 1960 and 2007
for external causes for cancers
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Context

English death rates for external causes in 2007 English death rates for cancers in 2007
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Context

English death rates for external causes in 2007 (males) English death rates for cancers in 2007 (males)
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Objective

» What could be impacts of mortality changes following the
socio-economic composition ? for an insurance portfolio 7

= Study impacts of changes in cause-of-death mortality on an
insurance portfolio composed with different socio-economic
category

» Model portfolio dynamics
> By taking into account deaths and arrivals :

. with cause-of-death rates depending on age, time,
gender and socio-economic category

> Provide a general framework to address the issue
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2.2 Opened Portfolio
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2.1 Closed Portfolio

2. Portfolio dynamics model 5% ©)semad] Faizaiie

» Let us characterized the policyholders by the gender ¢, the year
of birth y and the socio-economic status j :

Ymax Ymax m
g (t)=>_gWt)=>_> &t
Ymin Ymin j=1

> g¢(t) is the total number of policyholders at time t with
gender €

> g%(y, t) is the total number of policyholders at time t
with gender € and year of birth y

> gf(y, t) is the total number of policyholders at time ¢
with gender ¢, year of birth y and socio-economic status j

» Model the heterogeneous cohort dynamics and the aggregated
cohort death rate : g°(y, t), d*(y, t)
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2.1 Closed Portfolio

2. Portfolio dynamics model 55 O}t (Faizalite

» For a closed portfolio, policyholders in the sub-cohort with
socio-economic category j evolve only according to deaths :

dgf(y, t)

dar gy, t) = —ui(y, t)g (v, t). (1)

» In this sense, the aggregated cohort dynamics in a closed
portfolio is also defined only by deaths :

dg(y, t)

TR gy, t) = —d(v.1)g(y, ) (2)

S us(y, t)gf (v t)
Z:J"rll 45’7()/- t)

> gf(y.t) : survivors from the initial sub-cohort

= d(y,t) =
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2. Portfolio dynamics model ;; E)I::::dpsgric;g(ljio

» For an opened portfolio, policyholders in the sub-cohort with
socio-economic category j evolve according to deaths, arrivals
and cancellations (B;) :

dgf (v, t)

i & W) =—uily, gy, 1) + Bi(v ). (3)

» By summing, the aggregated cohort dynamics in an opened
portfolio is also defined by deaths, arrivals and cancellations :

% =g"(y,t) = —d(y.t)g(y, t) + B(y, 1) (4)
_ 2t 0)gf(ys )
— er‘n 1gj()/. t)

> gf(y,t) : survivors from the initial sub-cohort
+ survivors from arrivals
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3. Application
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3.1 Data
3.2 Closed Portfolio
3. Application 3.2 Opened Portfolio

English cohort death rates per socio-economic category for age 50
in 1981 with 95% confidence intervals (left for males, right for

females)
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3.1 Data
3.2 Closed Portfolio
3. Application 3.2 Opened Portfolio

Cohort death rates per socio-economic composition for age 50 in
1981 with 95% confidence intervals (left for males, right for

females)
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3.1 Data
3.2 Closed Portfolio
3.2 Opened Portfolio

3. Application

Cancer removal

Relative difference of death rate per socio-economic composition
for age 50 in 1981 with 95% confidence intervals (left for males,
right for females)
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3.1 Data
3.2 Closed Portfolio
3.2 Opened Portfolio

3. Application

Circulatory diseases removal

Relative difference of death rate per socio-economic composition
for age 50 in 1981 with 95% confidence intervals (left for males,
right for females)
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3.1 Data
3.2 Closed Portfolio
3. Application 3.2 Opened Portfolio

Cohort death rates per socio-economic composition for females of
age 50 in 1981 with 95% confidence intervals (left for closed
portfolios, right for opened portfolios)
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3.1 Data
3.2 Closed Portfolio
3. Application 3.2 Opened Portfolio

Causes removal

Relative difference of death rate per socio-economic composition
for females of age 50 in 1981 with 95% confidence intervals (left
for cancer removal, right for circulatory diseases removal)
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Followings

» Portfolio dynamics with arrivals and seniority of policyholders :

> gf(y,t) is the sum over all seniorities : fotfto g (y. t,u)du
> (./J syt u)gs (v t, U)<1U)
PRy <']bt7t° gy, t, u)(lu)

= d(y, t) =

- & (v, t,u) depends on the survivors from the initial
sub-cohort and survivors from arrivals with different
death rates (uj(y, t, u))

» Application : impacts of cause-of-death mortality changes on a
heterogeneous portfolio with medical selection
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Concluding remarks

» With a population dynamics model, we study impacts of
cause-of-death changes on a portfolio mortality comprising
different socio-economic categories :

> for a closed and an opened portfolio

= Following the portfolio structure, cause-of-death
mortality changes can have different impacts on the
aggregated mortality

» To go further

> arrivals processes
> modeling medical selection
> dependence assumptions between causes of death

> study aggregated mortality of a population composed
with different socio-economic categories
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