
Cause-of-Death Mortality: A Study of a
Heterogeneous Portfolio Dynamics

Héloïse Labit Hardy

PhD Student, University of Lausanne, Switzerland

2016 ASTIN Colloquium, Lisbon, Portugal
June 2, 2016

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 1/22



Table of contents

1. Introduction

2. Portfolio dynamics model

3. Application

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 2/22



Context

●

●
●

●
●

●
●

●●
●●●●

●
●●●

●●●

●
●●

●
●

●●●
●●

●●●
●

●●
●

●●
●

●●●
●●

●●

●●
●

●●●
●

●●●

●●
●●●

●
●

●●●

1950 1960 1970 1980 1990 2000 2010

65
70

75
80

85

Life expectancy at birth in England from 1946 to 2013

Year

e0

Source : The Human Mortality Database (HMD)

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 3/22



Context

0 20 40 60 80 100

−
10

−
8

−
6

−
4

−
2

0

English death rates between 1930 and 2010

Age

ln
 m

u

1930
1950
1970
1990
2010

Source : The Human Mortality Database (HMD)

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 4/22



Context

0 20 40 60 80

−
10

−
8

−
6

−
4

−
2

0

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

Age

ln
 m

u

1960
1970
1980
1990
2000
2007

0 20 40 60 80

−
10

−
8

−
6

−
4

−
2

0

English death rates for males between 1960 and 2007 
 for cancers

Age

ln
 m

u

1960
1970
1980
1990
2000
2007

Source : The World Health Organization (WHO)

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 5/22



Context

0 20 40 60 80

−
10

−
8

−
6

−
4

−
2

0

English death rates for external causes in 2007

Age

ln
 m

u

Men
Women

0 20 40 60 80

−
10

−
8

−
6

−
4

−
2

0

English death rates for cancers in 2007

Age

ln
 m

u

Men
Women

Source : The World Health Organization (WHO)

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 6/22



Context
−

10
−

8
−

6
−

4
−

2
0

English death rates for external causes in 2007 (males)

Age

lo
g(

m
u)

25
−

29

30
−

34

35
−

39

40
−

44

45
−

49

50
−

54

55
−

59

60
−

64

65
−

69

70
−

74

75
−

79

80
−

84

85
+

most deprived: $
least deprived: $$$$$

−
10

−
8

−
6

−
4

−
2

0

English death rates for cancers in 2007 (males)

Age

lo
g(

m
u)

25
−

29

30
−

34

35
−

39

40
−

44

45
−

49

50
−

54

55
−

59

60
−

64

65
−

69

70
−

74

75
−

79

80
−

84

85
+

most deprived: $
least deprived: $$$$$

Source : The Office for National Statistics (ONS)

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 7/22



Objective

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

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

ä 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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1. Introduction
2. Portfolio dynamics model

3. Application

2.1 Closed Portfolio
2.2 Opened Portfolio

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

g ε(t) =
ymax∑
ymin

g ε(y , t) =
ymax∑
ymin

m∑
j=1

g ε
j (y , t)

. g ε(t) is the total number of policyholders at time t with
gender ε

. g ε(y , t) is the total number of policyholders at time t
with gender ε and year of birth y

. g ε
j (y , t) is the total number of policyholders at time t

with gender ε, year of birth y and socio-economic status j

ä Model the heterogeneous cohort dynamics and the aggregated
cohort death rate : g ε(y , t), d ε(y , t)
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1. Introduction
2. Portfolio dynamics model

3. Application

2.1 Closed Portfolio
2.2 Opened Portfolio

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

dg ε
j (y , t)
dt

= g ′εj (y , t) = −µεj (y , t)g ε
j (y , t). (1)

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

dg ε(y , t)
dt

= g ′ε(y , t) = −d ε(y , t)g ε(y , t) (2)

⇒ d ε(y , t) =

∑m
j=1 µ

ε
j (y , t)g

ε
j (y , t)∑m

j=1 g ε
j (y , t)

. g ε
j (y , t) : survivors from the initial sub-cohort

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 11/22



1. Introduction
2. Portfolio dynamics model

3. Application

2.1 Closed Portfolio
2.2 Opened Portfolio

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

dg ε
j (y , t)
dt

= g ′εj (y , t) = −µεj (y , t)g ε
j (y , t) + Bε

j (y , t). (3)

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

dg ε(y , t)
dt

= g ′ε(y , t) = −d(y , t)g ε(y , t) + Bε(y , t) (4)

⇒ d ε(y , t) =

∑m
j=1 µ

ε
j (y , t)g

ε
j (y , t)∑m

j=1 g ε
j (y , t)

. g ε
j (y , t) : survivors from the initial sub-cohort

+ survivors from arrivals
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1. Introduction
2. Portfolio dynamics model

3. Application

3.1 Data
3.2 Closed Portfolio
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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1. Introduction
2. Portfolio dynamics model

3. Application

3.1 Data
3.2 Closed Portfolio
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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1. Introduction
2. Portfolio dynamics model

3. Application

3.1 Data
3.2 Closed Portfolio
3.2 Opened Portfolio

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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1. Introduction
2. Portfolio dynamics model

3. Application

3.1 Data
3.2 Closed Portfolio
3.2 Opened Portfolio

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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1. Introduction
2. Portfolio dynamics model

3. Application

3.1 Data
3.2 Closed Portfolio
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)

1980 1985 1990 1995 2000 2005

−
8

−
6

−
4

−
2

0

Year

D
ea

th
 r

at
es

most deprived: $
least deprived: $$$$$
heterogeneous cohort

1980 1985 1990 1995 2000 2005

−
8

−
6

−
4

−
2

0

Year

D
ea

th
 r

at
es

heterogeneous cohort with arrivals of 10% of the most deprived ($)
heterogeneous cohort with arrivals of 10% of the least deprived ($$$$$)
heterogeneous cohort with no arrivals

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 18/22



1. Introduction
2. Portfolio dynamics model

3. Application

3.1 Data
3.2 Closed Portfolio
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)

1980 1985 1990 1995 2000 2005

−
60

−
50

−
40

−
30

−
20

−
10

0

Year

R
el

at
iv

e 
di

ffe
re

nc
e

heterogeneous cohort with arrivals of 10% of the most deprived ($)
heterogeneous cohort with arrivals of 10% of the least deprived ($$$$$)
heterogeneous cohort with no arrivals

1980 1985 1990 1995 2000 2005

−
60

−
50

−
40

−
30

−
20

−
10

0

Year

R
el

at
iv

e 
di

ffe
re

nc
e

heterogeneous cohort with arrivals of 10% of the most deprived ($)
heterogeneous cohort with arrivals of 10% of the least deprived ($$$$$)
heterogeneous cohort with no arrivals

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 19/22



Followings

ä Portfolio dynamics with arrivals and seniority of policyholders :

. g ε
j (y , t) is the sum over all seniorities :

∫ t−t0
0 g ε

j (y , t, u)du

⇒ d ε(y , t) =

∑m
j=1

(∫ t−t0
0 µεj (y , t, u)g

ε
j (y , t, u)du

)
∑m

j=1

(∫ t−t0
0 g ε

j (y , t, u)du
)

� g ε
j (y , t, u) depends on the survivors from the initial

sub-cohort and survivors from arrivals with different
death rates (µεj (y , t, u))

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

ä 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

ä 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

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 21/22



Bibliography

[1] Alai, D.H., Arnold(-Gaille), S., Sherris, M. (2015) Modelling Cause-of-Death
Mortality and the Impact of Cause-Elimination. Annals of Actuarial Science

[2] Arnold, S., Boumezoued, A., Labit Hardy, H., El Karoui., N. (2016)
Cause-of-Death Mortality : What Can Be Learned From Population Dynamics ?
in press, Insurance : Mathematics and Economics - Special Issue : Longevity 11

[3] Bensusan, H. (2010) Risques de taux et de longévité : Modélisation
dynamique et applications aux produits dérivés et á l’assurance vie. PhD
thesis, Ecole Polytechnique

[4] Bensusan, H., A. Boumezoued, N. El Karoui, S. Loisel. Impact of
heterogeneity in human population dynamics. working paper

[5] Chiang, C. L. (1968) Introduction to Stochastic Process in Biostatistics.
John Wiley and Sons, New York

[6] Villegas, A.M., Bajekalb, M., Haberman, S. Modelling Mortality by Cause of
Death and Socio-economic Stratification : Trends and Projections for England,
1981-2030 working paper

Mail : Heloise.LabitHardy@unil.ch

Héloïse Labit Hardy Cause-of-Death Mortality: A Study of a Heterogeneous Portfolio Dynamics 22/22


	1. Introduction
	2. Portfolio dynamics model
	2.1 Closed Portfolio
	2.2 Opened Portfolio

	3. Application
	3.1 Data
	3.2 Closed Portfolio
	3.2 Opened Portfolio




