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Construction of Abridged Life Tables
and Indirect Estimation of Some
Mortality Measures of Bangladesh in
2005

Mad. Rafiqul Islam

Abstract. The aim of the present study is to estimate some mortality
measures such as the age specific death rates (ASDRs), infant
mortality rate (IMR) and life table crudz deach rate (CDR) for male,
Jemale and both sexes of Bangladesh in 2005. For this purpose, two
abridged life tables, one for male and other for female were
constructed using the corresponding secondary data on life
expectancy at birth of Bangladesh in 2005 raken from Islam (2003).
These were compared (o the values in 1991 and it was observed that
these rates were showing decreasing trend during [991-2005.
Moreover, a mathematical model was fitted to the number of
persons surviving af an exact age x (I;) only for male of Bangladesh
in 2005, Model validation fechnigue, cross validity prediction
power (CVPP) and F-test, showed that the mathematical model was

valid and hence, fit is well. Instantaneous force of mortality (1L , )
only for male of Bangladesh in 2005 was estimated. And it was
Jound that 1, exhibited decreasing trend up fo age 20-24 and
increasing in the remaining age group but rapidly increasing after
age 50 years fo infinity.

Keywaords: Life expectancy at birth, Linear interpolation, Life table
Modeling Cross validity prediction power (CVPP), t-test, F-test,
Bangladesh.

1. INTRODUCTION

Bangladesh is located in southern Asia, borders the Bay of
Bengal, between Burma and India and occupies a total of 1,44,000 square
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kilometers. It is situated latitudinally between 21°5" and 26%4' North and
longitudinally between 88°5’ and 92°5’ East. The country has a tropical climate
with cool, dry weather conditions from October to March. Summers are hot
and humid. The monsoon season is characterized by heavy rainfall from June
to October. It is sometimes affected by natural disasters such as floods,
cyclones, and droughts. Bangladesh is hilly in the Southeast consisting mostly
of flat alluvial plains. In Bangladesh, approximately 73 percent of the land is
arable. The landscape has an extensive network of rivers that are very
important in improving the socioeconomic conditions of the nation. Among
them are the Ganges-Padma, Brahmaputra-Jamuna, and the Megna.

Bangladesh is one of the most developing countries with accelerated
pepulation growth in the world. In Bangladesh, the population increased from
42 million in 1941 to 129.25 million in 2001 (Bangladesh Bureau of
Statistics--BBS, 2001). Bangladesh is one of the most densely populated
country containing 129.25 million citizens of which 65.84 million are males
and 63.41 millions are females (BBS, 2001). It is the ninth most populous
counfry in the world having population density 834 persons per square km.
The gross domestic product (GDP) in the country was $175.5 and the gross
national product (GNP) per capita was $360. The population grew at a rate of
1.47 percent per year (Mitra and Associates, 2001).

Like many other developing countries, Bangladesh has not started to
complete Vital Registration System (VRS) until now. Though Bangladesh
Demographic Health survey (BDHS) collected data on sampling basis but it
did not provide sufficient mortality information of the country. Information on
mortality was obtained from censuses as well as other sources using some
sophisticated indirect techniques. A lot of work on fertility has been carried
out but mortality works are done in a very limited scale in Bangladesh. For
this reason, an effort has been given to estimate indirectly some mortality
measures of Bangladesh from very simple information of data. In this study,
firstly, two abridged life tables were constructed. It should be noted that life
table is a very sophisticated and mathematical tools in population science, in
particular, in demography in the modern age. Life table is used to estimate
various demographic parameters such as the IMR, CDR, ASDRS, nct
reproduction rate (NRR), survival rate, and replacement index. It is also so
much applicable to enumerate migration rate. It is also broadly used in life
insurance companies.

Ali (1990) reported that two abridged life tables, one for male and
other for female had been constructed applying Widowhood Method on
marital status data for female and male of 1981 census of Bangladesh. Then,
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ASDRs for male, female and both sexes were also calculated from the
constructed abridged life tables that were showed the tradition U-shape
pattern. In this study the crude death rate (CDR) was aliso calculated using the
age structure and ASDRs. Ali (1994) reviewed the relationship of total
scparation rates and separation rates due to death with their ape variable and
found a semi log function of the type log, y =0 +fx. In Islam and Ali
(2004), it was found that the age specific fertility rates (ASFRs) followed
slightly modified biquadratic polynomial model where as forward and
backward cumulative ASFRs followed quadratic and cubic polynomial model
respectively in the rural area of Bangladesh. The age structure, age specific
death rates (ASDRs) and the number of persons surviving at an exact age x
(I} in life table for male population of Bangladesh in 1991 followed modified
negative exponential model, 4" and 3™ degree polynomial model, respectively
(Islam, et al, 2003). In (Islam, 2004}, it was shown that the ASFRs and
proportion of married women of Bangladesh in the reproductive span
followed 3™ degree polynomial model where as forward cumulative ASFRs
followed quadratic polynomial model respectively of Bangladesh.

There have been changes in mortality levels in Bangladesh. There had
no work on mortality since the previously mentioned works.

Therefore, the objectives of this study are:

i) to construct life tables and hence to estimate the IMR, CDR, ASDRs
of Bangladesh in 2005,

ii) to estimate instantaneous force of mortality (u,) only for male of
Bangladesh in 2005.

2. DATA AND METHODOLOGY

The life expectancy at birth for male which was 62.05 and for
female which was 61.39 were taken from Islam (2003) and used in this study
as raw materials. ’

fx,}—f(x,)
X, - X,
(UN, 1983) was applied to estimate Ix values for corresponding life
expectancy at birth using South Asian Model Life Tables from the United
Nations Model Life Tables for Developing Countries (UN, 1982),

The linear interpolation y=f(x)=f(x,)+ (x — x,) technique
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2.1 Model Fitting
- IYappedrs from- thie scattered plot of the number of persons
surviving at an exact age x () for male by age groups (Figure 1) that ] can be
distributed by polynomial model for different ages. Therefore, ann™ degree
polynomial model was treated and the structure of the model was given by:
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y=a0+za:‘ X" +U (Montgomery and Peck, 1982), SR
1=1

where, x is age group; ¥'is15; a ;1§ the constant; a_’is the coefficient of X' (i
=1, 2, 3,. n) and u is the €rTor, term. of the model. Here we had to select a
smtable n such that the error sum of 5 square is mmlmum Usmg the soﬁware
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where; n is.the pumber:of cases, k. is the number -of predictors :in_tie model
and the cross:validated Riis.the correlation between observed and predicted
yalues of the.dependent - var,iﬂble Theishrinkage of.the. model. is the.absolute
value of the’ difference’ of- p and R %; Morcovcr 'the stabﬂlty of R2 of the
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2.3 F-test

The F-test is applied to the model to verify the measure of the
overal! significance level of the model as well as the significance of R>. The
formula for F-test was stated as
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rR2/ ,
Fo Sk =1)  with (k-1, n-k) degrees of freedom (d.f.)
(1 _ R 2 )’/I,’_u
/{n-k)

where k = the number of parameters to be estimated, n is the number of
classes and R ? = the coefficient of determination in the model (Gujarati,
1998).

3. RESULTS AND DISCUSSION

In this study two abridged life tables one for male and other
for ferale were constructed and presented in Table 1 and Table 2. The
ASDRs for male and female of Bangladesh in 2005 were estimated and
presented in the respective tables. The ASDRs for both sexes of Bangladesh in
2005 were also estimated and presented in the last column of Table 2. If these
were plotted in graph paper it can be seen that they followed a traditional
pattern or as usual pattern, that was, a U-shape pattern. It should be noted here
that traditional pattern of ASDRs is U-shape pattern (Misra, 1995). To study
the trend of the ASDRs during 1991-2005, the ASDRs of Bangladesh in 1991
were taken from Islam (2003) and presented in Table 3. It is observed that the
ASDRs for male, female and both sexes in 2005 are strictly lower at every
ages than the ASDRs for male, female and both sexes in 1991 except for the
last age group. This indicates the mortality levels in Bangladesh declined in
1991-2005.

The CDR and IMR for male, female and both sexes of Bangladesh in
2005 were estimated using the information from the estimated abridged life
tables and presented in Table 4. To estimate CDR for both sexes in 2003, life
expectancy were estimated as 61 years from the constructed life tables. To
see the trend of CDR and IMR during 1991-2003, these were been taken from
Islam (2003) and presented in Table 4. Here, it was observed that the CDR
and IMR for male, female and both sexes in 2005 declined trend during 1991-
2005.
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Table 3
ASDRS FOR MALE, FEMALE AND BOTH SEXES GF BANGLADESH IN 1991

Age (x) ASDRs(m)  ASDRs (f) ASDRs (b}

0 0,09323 0.10766 0.10040
1 0,04843 0.05528 0.05183
2 0.02083 0.02309 0.02195
3 0.00974 0.01036 0.01004
4 0.00566 0.00586 0.00575
5 0.00318 0.00327 0.00323
10 0.00180 0.00191 0.00186
15 0.00159 0.00180 0.00170
20 0.00184 0.00212 0.00200
25 0.00228 0.00250 0.00241
30 0.00305 0.00302 0.00305
15 0.00431 0.00373 0.00403
40 0.00652 0.00480 0.00567
45 0.01044 0.00691 0.00870
50 0.01703 0.01108 0.01403
55 0.0282] 0.01845 0,02314
60 0.04220 0.02764 0.03446
65 0.05519 0.03642 - 0.04503
70 0.08483 0.06542 0.07417
75 0.16745 0.1566 0.16140
30 D.30532 0.31157 0.30861
Table 4

LIFE TABLE CRUDE DEATH RATE (CDR) AND INFANT MORTALITY RATE
(IMR) FOR MALE, FEMALE AND BOTH SEXES OF BANGLADESH
IN 2005 AND 1951

Year CDR (per thousand) IMR (per thousand)
Male Female Both Male Female  Both Sexes
Sexes
1991 18.14 17.91 18.03 o1 104 o8
2005 16.31 16.48 16.39 80 38 84

The fitted model of 1, values for male of Bangladesh in 2005 is:

¥=93128.04-666.392x+23.81004x%-0.324233x° ... o
t-stat (81.98) (-4.266) (5.04) (-8.58948)
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providing coefficient of determination R?is 0.991518 and pZ, =0.987829.

The information on model fitting were presented in Table 5. From this
table it can be seen that the fitted model is highly cross-validated and its
shrinkage is only 0.003689. This implies that the fitted model will be stable
for more than 98%. Moreover, from this table, it can be seen from the
statistical view that the parameters of the fitted model are highly significant,
explaining more than 99% of variance, From t-statistics, it is found that all the
parameters of the model are also significant. In this model, the stability of R*
is more than 99%.

The calculated value of F-test of the model (i) is 701.38 with (3, 18)
d.f. where as the corresponding tabulated value is only 5.09 at 1% level of
significance. Therefore, it seems from the statistics that the overall measure of
the fitted model and its R? are highly statistically significant.

From the above equation (i), the rate of change of y with respect to x,
i. e. the velocity curve were estimated and sketched in Figure 2 which reveals
that the curve increased up to age 25 years and decreased up to last age group.

The instantaneous force of mortality ( yt, ) calculated from the fitted
model of i, values for male population of Bangladesh in 2005 were presented
in the graph paper shown in Figure 3. From the figure, it can be seen that the
force of mortality declined up to age group 20-24 and strictly increased. in
the whole range but rapidly increased after the age interval 50+,

Table 5
INFORMATION ON MODEL FITTING
Model =n k R? pz Shrinkage  Parameters Significant
st Probability (p)
(i) 22 3 0.991518 0.987829 D.003639
2 0.000
a4 0.000
a, 0.00009

dj 0.00000
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Figure 1
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OBSERVED AND FITTED LX VALUES FOR MALE OF BANGLADESH IN 2005

Modd: y=aleal "x+a2 2 2+33° K3
Y=(97128,041H-£65,392) xH{23, 81004102 H{-0. 224233 ) %~3
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THE VELOCITY CURYE FOR MALE OF LX VALUES OF BANGLADESH IN 2005

(X=AGE GROUP, Y= VELOCITY)
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Figure 3
THE FORCE OF MORTALITY FOR MALE OF BANGLADESH 1IN 2005.
(X= AGE GROUP, Y=FOQRCE OF MORTALITY)

5

In this study the ASDRs, life table CDR and IMR for male,
female and both sexes of Bangladesh in 2005 were estimated from the
constructed abridged life tables. It can be seen that these rates showed
decreasing trend over time during 1991-2005. It was found that the /_ values
for male followed 3" degree polynomial, i.e. cubic polynomial model. It was
observed that force of mortality (11, ) decreased in the age interval 0 to 24 and
increased in the remaining age interval 24 to last age group. It is hoped that
the latest findings on mortality would encourage the government and non-
government organizations, researchers and planners to plan to boost the socio-
economic development and health care program in the country. Life insurance
companies may help from the updated information of life tables in this study
to bolster their plan of insurance.
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