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Objectives

Results: Table

1. To extend and utilize a number of new multi population mortality models
based on the Li and Lee model. We find a simpler and more reliable model
to estimate the mortality for more than one population simultaneously.
2. Using one global maximum likelihood function we fit the models and their
value is ordered based on the BIC.
Additionally:
. We deal with some non-standard identifiability problem and propose a
working solution.
. A suitable forecasting process is considered and applied for each model.

I Order of the models

Introduction
I Due to the substantial increase in the life expectancy during the last
decades a number of new models, that reflects those changes, have been
developed and are currently investigated. The focus here is based on the
multi population models, because of the meager research on this topic. We
investigate four models, derivatives of the famous Li and Lee model. A
simple and robust estimation strategy is used amongst all of the models based on the Maximum likelihood method . This inevitably leads to some
non-standard identifiability problems and a suitable solution is proposed for
them. Finally, we discuss and utilize an appropriate forecasting methods for
each model.

Order
II
III
IV
I

Models
Model 0
Model 1
Model 2
Model 3

k keffective
802 786
662 608
592 539
886 824

BIC
log-Likelihood
105264.62 -49043.71
108595.69 -51521.93
114478.65 -54778.44
104812.15 -48643.98

Model 1
RC RAC
82% 94%
84% 95%
75% 87%
39% 65%
-106% 75%
92% 94%
81% 95%

Model 2
RC RAC
82% 94%
86% 94%
73% 86%
42% 76%
-118% 34%
93% 95%
81% 96%

N
9240
9240
9240
9240

I Explanation ratios of the models
Model 0
RC RAC
Austria
76% 95%
Belgium
81% 96%
Czech Republic 72% 90%
Denmark
2% 78%
Hungary
-131% 81%
Sweden
84% 95%
Switzerland
71% 96%

Model 3
RC RAC
94% 96%
93% 96%
88% 90%
75% 81%
35% 81%
94% 95%
95% 96%

Results: Plots - Model 0

Estimated parameters

Residuals heatplots
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The models
I The Li and Lee model - Model 0
ln[m(x,t,i)] = α(x,i) + B(x)K(t) + β(x,i)κ(t,i) + ε(x,t,i)
I Variation I of the Li and Lee model - Model 1
ln[m(x,t,i)] = α(x,i) + B(x)K(t) + β(x)κ(t,i) + ε(x,t,i)
I Variation II of the Li and Lee model - Model 2
ln[m(x,t,i)] = α(x,i) + B(x)K(t) + B(x)κ(t,i) + ε(x,t,i)
I The Kleinow model - Model 3
1
2
ln[m(x,t,i)] = α(x,i) + β(x)
κ1(t,i) + β(x)
κ2(t,i) + ε(x,t,i)
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Mathematical Section
Forecasted mortality rates - ln[m(x,t,i)]
By assuming Poisson distributed deaths, we estimate the models with a
single likelihood function witch is essentially different than the proposed
strategy by Li and Lee. This substantially changes the models notation and
interpretation. For all of the models the log-likelihood function l is of the
sort:
X

m(x,t,i)
l=
D(x,t,i)(m(x,t,i)) − E(x,t,i)e
+C

Austria

CzechRepublic

Hungary

Switzerwand

x,t,i

where C is some constant. It is clear that the summation is now over the
three dimensions x, t and i. The optimization of l is done with the
Newton-Raphson method.
Additionally, based on the in-sample correlation rations of the residuals, we
utilize a suitable forecasting processes, such as the VAR(1) for Model 0,
multivariate RWD for Model 1 and 2 and multivariate AR(1) for Model 3.
Data
We’ve tested all of the models with a
suitable data. A total of seven
populations/countries have been chosen
based on their geographic location, health
care, political situation, population range
and more. This ensures that none of them
would draw the results in its favour.

Countries
Austria
Belgium
Czech Republic
Denmark
Hungary
Sweden
Switzerland

I The countries data were acquired from the Human Mortality Data website:
http://www.mortality.org/

Conclusion
I We applied new solution and interpretation to the models that significantly
changed them.
I The non-standard identifiability problems were solved by adding new
constrains.
I Those models obviously suffers from significant cohort effect.
I We found model that behaves better than the Li and Lee model.
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