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Introduction

Why should we look at mortality by cause of death?

●

●

●

●
●

●
●●●

●
●
●
●

●

●

●

●

●

●

●●●●●

●

●
●

●
●
●

●●
●●●

●

●●

●●●
●
●●

●
●

●●
●
●
●●

●
●
●●

●
●

●●●
●
●●

●●

●●
●
●●

●
●●

●
●●

●
●●

●●
●●

●●
●
●
●●

●
●●

●●
●

●

●

●

●●

●

0 20 40 60 80 100

−
8

−
6

−
4

−
2

0

age

lo
g((

q x
))

(a) 1950
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Figure: Log-mortality over ages, females, Switzerland
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Introduction

Why should we look at mortality by cause of death?
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(b) Circulatory system

Figure: Log-mortality over ages, females, Switzerland, 1955
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Introduction

Why should we look at mortality by cause of death?

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
●

●

●

●

●
● ●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

● ●

●
●

●
●

●

●

1950 1960 1970 1980 1990 2000

0.
16

0.
18

0.
20

0.
22

time

P
er

ce
nt

ag
e 

of
 d

ea
th

(a) Cancer

●

●
●

●
●

●

● ●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●
●

●

● ●

●

●

●

●

● ●

1950 1960 1970 1980 1990 2000

0.
36

0.
38

0.
40

0.
42

0.
44

time

P
er

ce
nt

ag
e 

of
 d

ea
th

(b) Circulatory system

Figure: Percentage of deaths by cause, ages 65 and over, females,
Switzerland
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Introduction

Why is nobody interested in causes of death?

Many problems arise:

I ...

I Causes of death = competing risks → a dependance exists.

I ...
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Introduction

Aim

What? Get a better understanding of mortality by cause of death
→ especially the dependance

How? By developing a model which takes into account the main
causes of death. The model will capture common features
among countries and/or causes
→ Improve the forecasting performance
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Data

Data

Countries:

I USA (1950 - 2007)

I Japan (1950 - 2009)

I France (1952-2008)

I E & W (1950 - 2009)

I Italy (1951 - 2003)

I Australia (1950 - 2004)

I Sweden (1951 - 2010)

I Switzerland (1951 - 2007)

I Singapore (1955 - 2009)

I Norway (1951 - 2009)

Causes of death:

I Diseases of the circulatory
system

I Cancer

I Diseases of the respiratory
system

I External causes (mainly:
accidents)

I Infectious & parasitic
diseases
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Theoretical Background

The model

VAR(p)

yt = c + Φ1yt−1 + Φ2yt−2 + · · ·+ Φpyt−p + εt

with

E (εt) = 0

E (εtεl) =

{
Ω for t = l
0 for t 6= l

→ Need a stationary process

→ What should we do with non-stationary variables?
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Theoretical Background

Non-stationary variables

Possible answers

I Work on the first difference

I Use cointegrated relations

→ Variables with common trends

→ Long-run equilibrium relationships
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Theoretical Background

Model selection

Figure: Steps to follow in a VECM analysis
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Applications

Results

Lag order

Figure: Number of past values to take into consideration in a VECM
analysis
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Applications

Results

Stationarity

Figure: Stationarity of the five main causes of death in 10 countries
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Applications

Results

Cointegrated relations

Figure: Number of cointegrated relations among the five main causes of
death in 10 countries
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Applications

Results

Cointegrated relations

Figure: Should we include a trend in the cointegrating relations?
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Applications

Results

Cointegrated relations

Figure: Long-run equilibrium relationships
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Applications

Forecasts

Next step

Can we use these models for forecasting?
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Applications

Forecasts

Respiratory diseases
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(a) ARIMA
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(b) ARIMA, no trend
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(c) VECM

Figure: Death rate forecasts, females, Switzerland
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Applications

Forecasts

Infectious and parasitic diseases
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(b) ARIMA, no trend
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(c) VECM

Figure: Death rate forecasts, females, Switzerland
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Applications

Forecasts

Summary statistics

(a) Females, Switzerland (b) Males, E&W

Figure: Mean absolute percentage error
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Conclusion

Concluding remarks

VECM capture key features of the cause-of-death data

I Improves our understanding of the dependance between these
competing risks

→ Long-run equilibrium relationships exist

I Forecasted cause-of-death mortality rates seem more reliable

→ Becomes superior as the forecast interval is extended
→ Data over longer time horizon are required

→ Models incorporating this information need to be further
developed
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Conclusion

Thank you for your attention!
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