¢ ENTHUSIASTIC

® INTERNATIONAL JOURNAL OF APPLIED STATISTICS AND DATA SCIENCE
O Volume 3, Issue 1, April 2023, pp. 16-24

Forecasting Population Mortality Rates Using Generalized Lee-
Carter Model

I Gusti Nyoman Yudi Hartawan ®'*, I Gusti Ngurah Pujawan 2, Kadek Mardika Pranata
a3 Kadek Jayanta **

*Faculty of Mathematics and Natural Sciences Universitas Pendidikan Ganesha, JIn. Udayana, Singaraja-Bali, Singaraja and 8111,
Indonesia

! yudi.hartawan@undiksha.ac.id*; > ngurah.pujawan@undiksha.ac.id; * mardikapranata5S0@gmail.com; *jayanta@undiksha.ac.id

* Corresponding author

ARTICLE INFO ABSTRACT

ﬁ‘wm’{ ds ) The demographic process cannot be inseparable from the mortality rate.
Gonoralioed Lee.Carter The appropriate models for forecasting mortality rates are essential in
ARIMA assisting governments, companies, and other agencies in formulating

policies or making decisions. As one of the countries with the highest
death rate, Japan is influenced by several factors. This research uses the
Generalized Lee-Carter Model), which is one of the developments of
the Lee-Carter (LC) model. The Lee-Carter model was prevalent by Lee
and Carter (1995) as an alternative that is suspected to predict the
mortality rate of an area. The first step in this research is to formulate
the Generalized Lee-Carter function. Through the function formula, the
estimator value of the Generalized Lee-Carter model will be searched
in the second stage. And the third stage, through the Generalized Lee-
Carter model, will find the RMSE value and then use it in the fourth
stage, namely forecasting the future period using ARIMA. The data in
this study is facilitated through www.mortality.org, which is one of the
Japanese population data. The result of the study showed that the RMSE
value for females was 0.01670 and 0.016292 for males. So, it concluded
that the Generalized Lee-Carter Model is great for forecasting mortality
rates.

1. Introduction

Mortality is one of the three components in the demographic process that influences population
structure. Mortality occurs due to age, health, and unpredictable natural factors [1]. The mortality
rate is one of the critical factors in influencing the analysis of companies and governments. The
mortality rate is presented in the form of a mortality table; the mortality table provides an overview
of the life of population groups from birth to death according to time [2]. In forecasting, the mortality
table is essential to be paid attention to.

Japan is one of the developed countries that have demography problems. The birth rate in Japan
has shown a declining rate, and this is due to the rapid growth of the elderly population. So that this
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incident resulted in the demographic structure in Japan, showing the condition of an aging society.
The low birth has put Japan in the spotlight of some demographic observers [3].

The death rate in Japan is caused by several factors, such as suffering due to illness, economic
hardship, family problems, depression, and others [4]. In addition to these factors, many people in
Japan choose not to marry. It is due to the increasing needs of life and individual culture [5]. Several
Japanese government policies have been implemented to increase the birth rate, but this is not optimal
because the death rate in Japan is still high. After all, Japan is ranked third as the country with the
cases the highest number of suicides.

The study of mortality rates is an interesting topic to pay attention to. Human life expectancy has
increased and decreased in every country. Stochastic is a suitable model for estimating the estimated
value and life expectancy [6]. Lee-Carter is one of the good models used in forecasting [7], [8]. Lee
and Carter introduced the Lee-Carter model in 1992. In the Lee-Carter model, the mortality index is
a matter of concern because it describes the trend from time to time. Still, the Lee-Carter model is
limited to past trend patterns, so it does not pay attention to other aspects, such as the environment
and health [9]. Based on this, the Lee-Carter model has developed.

The development of the LC model was used to add a factor to reduce the mortality rate [10]. The
thing that underlies the difference is the estimated time used in the two models—the factor known.
In the GLM approach, it is better able to capture the trend of death by age in the data [11].

In addition to the approach with the GLM model, the cohort effect is added to its development.
The addition of this cohort effect provides a better fit and the addition of this cohort effect because
the age of the period in the Lee-Carter model does not match the empirical data [12].effect cohort,
and the GLM approach used by the Lee-Carter Model becomes generalized to the Generalized Lee-
Carter Model. Hence, from this description, researchers will investigate whether the Generalized
Lee-Carter Model, which is the general form of the Lee-Carter model, is suitable for forecasting
population mortality rates in Japan.

2. Method

This study examines the Generalized Lee Carter model in predicting the death rate of the
population. In this case, the expected population death rate in Japan. The research method used in
this research is the literature review. In the study, the data used is the death data of the Japanese
population from 1990 to 2019. Secondary data is sourced from the Human Mortality Database,
which can be accessed at www.mortality.org. The data contains the death rate by age, year, and
gender. The subjects in this study were residents of Japan from 1990 to 2019. The stages analysis
carried out were: 1) Finding an estimator of the Generalized Lee-Carter Model parameters. 2) Finding
the error value of the Generalized Lee-Carter model through RMSE by comparing the actual with
the estimated results. 3) Forecasting for several future periods with ARIMA.

2.1.Model Generalized Lee-Carter
Renshaw and Huberman first presented this model in a study 2006 as follows:

® (0)
In mx,t = Ay + Bx kt + ﬁx le—x (1)
where m,; is the estimated mortality rate at age x and years ¢, @, is the average death rate by age

over time, /3,50) and ﬁ,gl) are parameters that measure the interaction in age with changes in k; and

le_y, K¢ 1s the period effect seen in years ¢, and ;_, is the cohort effect.

To get the results of each parameter in (1) is done using the approach Poisson and the M model
[8], [12], [13]. By using the maximum likelihood estimation of the model parameters M, the updated
parameters are obtained as follows.

St1} _ (h} |, Ze @xe(dye—daxe)
a =a + = 2
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By considering several sub-structures of equation (1) by setting ﬁ,go) = 1[14],[15] then (1) changes

to (7).

n My = Oy + ﬁ)El)kt + li—x

(7

So that the model becomes a simpler structure. Forecasting mortality in this model is done using time
series estimates, based on the results of the parameters k; and (,_, generated using the ARIMA
process with the assumption of independence between periods and cohort effects.

3. Results and Discussion

3.1.Results

This study used data from Japan. Data obtained from the site www.mortality.org. the following

data were obtained.

Table 1. Japanese Population Death Data

Years
Age 1990 1991 2019

Female Male Female Male Female Male

0 249451 3128.46 2504.27 2919.39 762.39 893.7
1 439.27 548.96 396.2 480.73 140.07 138.26

2 221.14 330.57 222.11 292.44 77.04 80.15

3 166.1 295.52 156.08 236.36 60.03 68.13

4 132.08 236.41 129.06 198.29 51.03 51.1

5 133.08 210.37 138.07 167.26 46.02 44.09
96 2310.39 939.63 2489.26 978.47 21502 6386.13
97 1613.97 605.05 1674.84 706.06 18205.3 4648.83
98 1091.66 397.69 1212.62 431.65 14954.6 3429.51
99 657.4 224.39 734.37 264.4 11474.9 2458.67
100 460.27 159.28 465.24 164.24 7827.99 1497.85

From these data, it can be seen that the death rate of the Japanese population is as shown below.
From year to year the death rate of the Japanese population has increased and decreased. From Fig.
1, it can be seen that the male mortality rate is higher than the female from year to year.
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Fig. 1 Death rate by sex.

The parameter estimation results from the Generalized Lee-Carter Model are presented in Table

2 and Table 3:
Table 2. Parameter Estimation of Generalized Lee Carter
A Female Male
ge
a, 5‘1) 20) a, 9) J(60)
0 -5.458177623 0.003522304 1 -5.383879681 0.004283465 1
1 -7.326512785 0.004272541 1 -7.250931184 0.005207919 1
2 -7.911710852 0.002624809 1 -7.835864963 0.003253536 1
3 -8.263254251 0.002410035 1 -8.187213185 0.002998998 1
4 -8.509810681 0.002866741 1 -8.433574761 0.003534735 1
97 -0.871855224 0.031470374 1 -1.181137699 0.029488999 1
98 -0.725177558 0.031525295 1 -1.058340799 0.029338795 1
99 -0.581734885 0.031739668 1 -0.939417091 0.029366037 1
100 -0.41250818 0.032536128 1 -0.799725074 0.029992484 1
Table 3. Parameter Estimation of Generalized Lee Carter
v Female Male
ear
k. Lex k. Lex
1990 35.95941651 -0.117401105 30.12009652 -0.196057649
1991 32.30947811 -0.096252653 27.07754161 -0.174838377
1992 29.67623554 -0.138203225 24.97219202 -0.216825463
1993 27.1533492 -0.16707776 22.94691801 -0.245681031
1994 23.27915872 -0.197729595 19.620067 -0.275996969
2015 -19.19748247 -0.751181631 -16.14786961 -0.824802112
2016 -20.60952874 -0.686199375 -17.36180653 -0.759698948
2017 -21.4423159 0 -18.04057589 0
2018 -22.49845921 0 -18.9134046 0
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2019 -23.63479673 -19.88749318 0

The data in Table 2 and Table 3 can be transformed into graphs, as presented in Fig. 2 and Fig. 3.
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Fig. 2 Estimation results of female parameters.
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Fig. 3 Result of male parameter estimation.

Based on Table 2, Fig. 2, and Fig. 3 above, it can be seen that the average mortality rate (a,)
indicates that the death rate at the age of zero (toddlers) is quite high. At the age of toddlers and
adolescents, the mortality rate has decreased. For teenagers to adults, the death rate increases, and in
the elderly, the death rate is high. This means that the average death rate in adults to the elderly has
a higher risk of death.

From the results of Table 1, Fig. 2, and Fig. 3, the parameters ( ,El))describe the pattern of

changes in mortality rates based on age from changes in values k; and in Fig. 2 and Fig. 3, it can be
seen that the relative speed of change occurs at the age of toddlers to adolescents. in adulthood to the

elderly is relatively constant in both females and males. In Table 1, the parameter /3,50) is constant

since based on equation (7) it is determined that [)’,EO) = 1. Therefore, the change in the death rate

based on age from the change in value ¢;_, is considered constant.
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The parameter k, describes the effect of the period in year ¢. In Table 3, it can be seen that the
estimation k, results are decreasing year by year, more detailed pictures can be seen in Fig. 2 and
Fig. 3. The depiction of the period effect between females and males has a fairly small difference.
The parameter t,_, describes the cohort effect in year 7. From Table 3, it can be seen that from 1990
- 2019 the cohort effect tends to decrease which can be seen also in Fig. 2 and Fig. 3. It means that
the characteristics of the data from 2019 - 2020 are different from the existing empirical data.

From the table and figure above, it is shown that in general the estimation results obtained with
Generalized Lee-Carter are almost close to the actual value. To find out how well the model is for
estimating its parameters, RMSE the RMSE results for each were used: 0.016710 for females and
0.016292 for males. Based on the RMSE results, the Generalized Lee-Carter model can be used to
predict mortality rates.

To forecast the future, using the estimation results of the parameter k; and ,_, obtained by using
ARIMA. The time series data used is period effect and cohort effect data, namely k; and ¢;_,.

To predict the death rate in the next few years, time series data from the estimation results are
used and ARIMA is used. The results obtained using ARIMA show that the best model for k; is
ARIMA (0.2,2) for females and males. The AIC value is 83,25742 for females and for males with
AIC 79,55025. Best model of ¢;_, is ARIMA (0,1,0) for females with AIC value of -32.18762 and
ARIMA (1,0,0) for males with AIC value of -24.73325. Therefore, the forecast for the death rate of
the Japanese population for the next few years is presented in Fig. 4.
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Fig. 4 Average mortality rate in the next years.

3.2.Discussion

Based on the description above, it is known that Japan, which is a developed country, has a fairly
high mortality rate and holds the third rank as the country with the highest death rate. Many factors
affect the high mortality rate of the Japanese population, such as the economy, depression,
employment, disease, and many others. In addition to this, the low birth rate also affects, with low
births, the population rate in the elderly will be higher. As shown in Fig. 2 and Fig. 3, the parameters
that describe the average death rate show that from adolescence to adulthood, the mortality rate is
quite high. Adolescence and adulthood are the ages where there is a productive period in doing work,
the factors described previously are many in that age. In the Lee-Carter model these factors have not
been captured properly, so that the generalized Lee-Carter model, with the addition of this cohort
effect, provides a better picture in forecasting. Changes in the cohort effect occur due to differences
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in generations and lifestyles in each period. This change in pattern has an impact on the death rate
experienced by humans.

4. Conclusion

From the results of the discussion and study conducted by the Generalized Lee-Carter model as
a general form of the Lee-Carter model in forecasting, it gives good results. In a case study conducted
using Japanese population data, it gave good results. The death rate of the Japanese population as a
result of forecasting the death rate in the next few periods shows that mortality male rate is higher
than that of female.

In this study, there are still many shortcomings that need to be developed, especially in the study
of the model so that it can be studied better. In addition to this, the Generalized Lee-Carter model
can still be further developed and can be used to estimate mortality rates in other countries.
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