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7.1 Introduction 
 
In order to evaluate the population dynamics and to make the regional population 
projections, we focus on demographic rates for fertility, mortality and migration. 
These estimates are useful to determine if the population size is growing or 
declining, and to evaluate alternative patterns of demographic variables in the 
future. In terms of estimation methods used, as described in Chapters 2 and 3, the 
indirect and direct methods have been utilized to estimate demographic variables in 
Indonesia. Employing census data, for example, the Brass and the Trussell methods 
are used for estimating fertility and infant mortality rates, respectively. The survey 
data, e.g. the IDHS data, allow a direct estimation of those variables. However, 
demographic models that have been developed to improve the estimation of 
demographic variables (e.g. models on age patterns of fertility, mortality and 
migration rates) have not been applied.  

This chapter attempts to apply demographic models for estimating 
demographic variables and constructing base input data for population projections. 
Assuming that the demographic variables are characterized by regularities in age 
patterns, we confine our estimation by using the age model schedules of fertility, 
mortality and migration. These models are needed in order to smooth patterns of 
irregularities that are often found in observed data and to develop population 
projection for single-year periods and single-year age groups. The estimations here 
relied on four data sources, as discussed in Chapter 4. These are population census, 
the Intercensal Population Survey (SUPAS), the Indonesia Demographic and Health 
Survey (IDHS), and the National Social and Economic Survey (SUSENAS). Table 7.1 
shows selected data sources and variables that are utilized for estimating 
demographic variables. Basic population characteristics (i.e. age, sex, and current 
residence) are derived from the census and the intercensal survey. Information on 
place of previous residence (5 years ago) and place of birth are used to estimate 
migration. Meanwhile, IDHS data—which provides data on live births, child 
mortality, and women exposed to risk of child bearing—will be used for estimating 
base data on fertility and infant mortality. Lastly, since the SUSENAS data have 
recorded the number of people who died at any age (including child and adult 
mortality), the data will be used for estimating adult mortality. In those selected data 
sources, however, all demographic events are collected retrospectively. Only those 
who were alive (survived) at the time of census or surveys are asked about their past 
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experiences. People who died or emigrated before the enumeration took place are 
excluded from the observation (censoring case, see Chapter 5). 
 

Table 7.1. Data sources and variables utilized for estimation of demographic variables 
 

 Variables Census IDHS SUSENAS 

  & SUPAS    

a.  Base Population    
 1. Interview date (month & year)    
      - month  CBLN   
      - year CTHN   
 2. Current residence (province)  P101   
 3. Sex P503   
 4. Age at survey P504   
 5. Date of birth (month & year)    
      - month P505A   
      - year P505B   
     

b.  Base Migration     
 1. Place of birth (province) P509A   
 2. Residence 5 years ago (province) P514A   

     
c.   Base Fertility    

 1. Date of survey (CMC*)  INTC  
 2. Place of residence (province)  PROV  
 3. Mother’s birth date (month and year)   Q105   
 4. Age at survey of mother (CMC)  Q105C  
 5. Sex of child  Q214  
 6. Child’s birth date (CMC)  Q215C  

    
d.   Base Mortality, children    

 1. Sex  Q214  
 2. Life status  Q216  
 3. Age at death (year)  Q219  
     12 months or less (in days or month)   

      Base Mortality, adult    
 1. Place of residence (province)   P101 
 2. People who are still alive    
     - Sex   P404 
     - Age at survey   P405 
 3. People who died within 1 year prior to 
survey 

   

     - Sex   P4B4 
     - Age at death   P4B5 
     

Note: *CMC = Century Month Code. 
 

Two approaches are applied in this chapter in order to estimate the base data. 
These represent direct and indirect measures. Fertility and infant mortality rates are 
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measured directly, whereas adult mortality and migration rates are measured 
indirectly. In fertility analysis, for example, time occurrences of events (e.g. births) 
affecting women were recorded retrospectively in the IDHS data. In infant mortality 
analysis, information was obtained from mothers about when the event (child death) 
occurred or the age of their child’s death. Therefore, it is possible to calculate directly 
the fertility and infant mortality rates based on the number of events (birth or death) 
and the exposure time. In the second approach, migration is measured indirectly by 
comparing the region of residence of a person at the time of enumeration with the 
region of residence at some previous point in time (five years ago). For adult 
mortality rates, an adjustment method (indirect estimation) is required to transform 
the observed mortality rates, which are underestimates, into a better estimate of true 
mortality conditions. Furthermore, since the research deals with the population 
projection, all demographic variables are derived from period-cohort observation 
plan (see Chapter 5). 

Before turning to empirical analysis, section 7.2 will discuss extensively the 
demographic models that relate to regularities in age patterns which allow the 
estimation of base population, base fertility, base mortality and base migration data 
in the following sections. The development of base population data and ensuing 
problems, such as error statement and age heaping, are discussed in section 7.3. The 
fertility measures in section 7.4 are calculated directly from the birth history data. 
Section 7.5 elaborates the estimation of infant and adult mortality rates. Section 7.6 
attempts to measure the migration rates. Finally, section 7.7 closes this chapter by 
drawing some conclusions. 

 

7.2 Demographic Models 
 
One of the characteristics of demographic research is a search for empirical 
regularities, particularly in the age-schedules of rates of birth, death, and migration. 
The model schedule attempts to capture empirical regularities in age patterns, ideally 
with a small number of parameters. Regarding the fertility. The regularities in 
fertility schedules have stimulated more research on their graduation. A variety of 
curves have been shown to provide excellent fits to the single-year age specific 
fertility distribution (i.e. Beta and Gamma distributions). These include, for example, 
the Coale-Trussell function (Coale and Trussell, 1974, 1978 and Hoem et al., 1981), the 
double exponential function and its modification (Coale and McNeil, 1972; Kim, 
1986; Liang, 2000). Similarly, the regularities in mortality schedules prompted Coale 
and Demeny (1966) to develop model life tables, Brass (1971) to design simple 
models relating survival probabilities of a population to a standard survival function, 
and Heligman and Pollard (1980) produce a parameterized description of the 
mortality curve. In addition, regularities in migration schedules led Rogers and 
Castro (1981) to develop model migration schedules. 

Those models are not intended to be final products or ends in themselves. 
Instead, the quality of a model depends on how usefully it can be exploited for 
empirical research. The empirical regularities embodied in a demographic model 
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permit an evaluation of the quality of demographic data. These models can be used 
to smooth irregularities in observed data, to interpolate to single years of age data 
that are reported in wider age intervals (i.e. 5-year age groups), and to assess the 
reliability of reported data. The irregularities will be greater in some sets of 
observations than in others, but most empirical experiments mentioned above 
indicate that with many sets of observation, as the quality of data improves, the 
irregularities tend to become less. 

Several studies have demonstrated that a parameterized approach to the 
demographic models can be used for projection purposes. Consider mortality, for 
example. McNown and Rogers (1989) used the parameters of the mortality schedule 
from the Heligman-Pollard model for mortality forecasting. The parameters were 
estimated on the basis of the U.S. age-specific mortality data for each year in the 
period 1900-1980, which resulted in a time series of parameter estimates. These time 
series were modeled using a multivariate time series model of the ARIMA (Auto-
Regressive Integrated Moving Average). The model was then used to predict the 
parameters for the period 1980-2000. The Heligman-Pollard curve was used to 
transform the parameter predictions into future age-specific mortality rates. It is 
argued that this approach is better than a straightforward extrapolation of a single 
aggregate variable, e.g. the infant mortality rate (IMR) or life expectancy at birth. The 
extrapolation of univariate time series would ignore information contained in the age 
distribution of demographic phenomena and it may not be suitable if applied to time 
periods with stagnating mortality (e.g. famine or war period). In short, the 
parameterized approach can capture better the dynamics patterns of age-specific 
mortality rates over time.  

In the case of the Indonesian data, the irregularities have provided sufficient 
reason to use some of the models for smoothing these irregularities (e.g. see Chapters 
4 and 5). The application of the graduation series should not only smooth the 
irregularities, but it should also be consistent with the observed data. The following 
subsections describe selected demographic models, which will be utilized to estimate 
the demographic variables of the projection model. 

 

7.2.1 Model Fertility Schedule 
 
Modeling fertility curves has attracted the attention of demographers for many years. 
A number of curves have been shown to provide excellent fits to age-specific fertility 
rates. These fertility models differ in the purpose of the curve fitting. For example, 
the Gompertz relational model developed by Brass (1977), measures the deviation of 
observed fertility to a standard chosen. It has been pointed out in the literature that 
the cumulative distribution function of the ASFR closely follows a Gompertz curve, 
with a fit that is good over the central range of childbearing ages but less satisfactory 
over the tails (Brass, 1980; Murphy and Naghur, 1972). The density function of the 
Gompertz model is a double exponential function similar to that used by Coale-
McNeil (1972) for first marriages and Rogers and Castro (1981) for migration 
schedule. The density function has one less parameter than the more general double-
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exponential function used for first marriage and migration schedules. Kim (1986) 
used the parameters from the Gompertz model for fertility projection purposes.  

Nevertheless, Zaba (1979) argued that the three parameters of the Gompertz 

relational fertility model (TFR defining the level, α to define the location on the axis 

relative to the standard and β defining the spread relative to the standard) cannot 
readily be interpreted in terms of underlying demographic meaning. Furthermore, 
the double exponential function and its modification are also utilized as the fitter 
curves (see e.g. Rogers, 1986; Liang, 2000). Rogers (1986) used the parameters of the 
double exponential function for projection purposes. In a more recent study, Liang 
(2000) used the convolution theory to reveal that the demographic behaviors (i.e. 
education of women and fertility behaviors) could be used to explain the parameters 
from the double exponential function in the Coale-McNeil model. 

For curve fitting purposes, Hoem et al. (1981) compared several methods of 
smoothing fertility distributions by using the Danish fertility data. The examined 
methods included: (a) cubic splines, (b) the Hadwiger function, (c) Gamma density, 
(d) Beta density, (e) the Brass polynomial, (f) the Gompertz funtion, and (g) a 
combination of these models, e.g. Coale-Trussell procedure (Coale-Trussell, 1974). 
Hoem et al. (1981) concluded that the cubic spline provided the best fit for the Danish 
fertility data. The Coale-Trussell procedure, Gamma density, and Hadwiger function 
offered second-best fits, while Beta density, the Brass polynomial, and the Gompertz 
function were less accurate. Following the conclusion from that study, Scherbov and 
van Vianen (1999) applied the Coale-Trussell procedure and the Gamma model to fit 
the Russian fertility data. They found that these methods fitted the observation data 
well. In addition, Suwarno (1997) found the Coale-Trussell model fitted the 
Indonesian nuptial data well (i.e. age at first marriage). 

In this study, the Gamma and the double exponential models were selected 
for fitting the Indonesian fertility data since these models have proved promising in 
previous studies. The Gamma model used here is: 

 

f x a
x c

b

x c

a

d

( )
( )

( )
exp( )=

−
−

−
−1

Γ
      (7.1) 

 
where: f(x) = age-specific fertility rate 

x   = age of women  
a, b, c, d = parameters 

 
for x>c, where c is the length of pre-reproductive period, a is level of fertility 

(measured as total fertility rate, TFR), Γ(b) is the gamma function and the parameter d 
has no particular demographic interpretation. In the analysis, the gamma function is 
referred to by a single parameter, say B. The double exponential model used for 
estimating age-specific fertility rates is expressed as follows: 
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where: f(x) = fertility rate of women aged x 

αi and µ = parameters 
 
The fit of the model considered is tested using the period-cohort data by 

single-year age groups (see section 7.4). The fertility data were obtained from the 
1991, 1994 and 1997 Indonesia Demographic and Health Survey (IDSH) data by 
using the direct method. The parameters of these models are estimated using a non-
linear least square by minimizing the sums of squared deviation between the 
observed and the estimated rates by single year of age. In order to assess the 
goodness-of-fit of the model, we use R-squared values, which show the proportion of 
variation in the dependent variable explained by the model. It ranges in value from 0 
to 1. Small values indicate that the model does not fit the data well. A statistical 
package such as SPSS (i.e. non-linear function) is utilized for estimating the 
parameters of the models used. 

Table 7.2 and Figure 7.1 show that both the Gamma and the double 
exponential models fit the Indonesian data for all periods. Table 7.2 shows the 
proximity of the goodness-of-fit values in both models. Fertility rates derived from 
the 1991, 1994, and 1997 IDHS data, respectively, yield values of 0.98, 0.98 and 0.97 
for both the Gamma and double exponential models. The TFR values estimated by 
the Gamma curves, however, are usually higher than the observed values, and even 
higher than those estimated by the double exponential model. In the observed data, 
see Figure 7.1, there is some fluctuation in the middle age group (i.e. ages 20-30), 
probably due to age heaping. Although the extrapolation of fertility rates to a higher 
age of the double exponential model is acceptable and close to the observed rates, the 
Gamma distribution is not realistic. Figure 7.1 also shows that the peak ages in the 
Gamma model remain stable at a particular age (i.e. 26 years), whereas it changes 
over time in the double exponential model, for example at age 26 in the periods 1989-
1991 and 1995-1997, and at age 27 in the period 1992-1994. Based on these 
considerations, the double exponential model will be used in our fertility estimation.  

 
Table 7.2. Parameters from the Gamma and the double exponential distributions 
 

 Data  TFR  Parameters  Goodness- 

 Source Obs. Pred.  α1 α2 µ α3 α4  of-fit 

Double exponential         

 IDHS 91 3.21 3.22  0.5275 0.0899 21.73 0.1869 -0.0423  0.9822 

 IDHS 94 2.84 2.89  0.4393 0.1783 31.83 0.1121 -0.0143  0.9771 

 IDHS 97 2.79 2.81  0.5080 0.1371 24.80 0.1661 -0.0155  0.9675 

 

Gamma curve    a Γ(b) c d    

 IDHS 91 3.21 3.25  4.431 530.036 15.158 3.335   0.9782 

 IDHS 94 2.84 2.91  4.318 1325.784 14.211 3.694   0.9774 

 IDHS 97 2.79 2.83  3.979 2723.713 13.449 4.104   0.9725 

            

Note: Goodness-of-fit values are derived from R-squared values. 
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Figure 7.1. Observed and predicted age-specific fertility rates for Indonesia, 1989-1997  
(predicted by using the Gamma and double exponential models) 
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Sources: calculated from the 1991, 1994, and 1997 IDHS 

 

7.2.2 Model Mortality Schedule 
 
A large number of demographic functions have been developed to capture 
regularities in mortality data. One of the commonly used models in mortality 
analysis is the Heligman-Pollard function. It has eight parameters of gradation, 
which are collapsed into three additive components: (1) early childhood ages, (2) 
adult ages, and (3) mortality at higher ages. The sum mortality curve, qi(x), is 
expressed below as: 
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where: q(x) = probability of a person dying at age x  

A, B, C, D, E, F, G, H = parameters 
  e  = base of natural logarithm (2.718) 
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The fit of the model is tested using the period-cohort mortality data by 5-year 
age groups. For the analysis, we use the UNABR procedure provided in the MortPak 
package. The parameters of these models are estimated using non-linear least square 
by minimizing the sums of squared deviation between the observed and the 
estimated probabilities. In order to assess the goodness-of-fit of the model, we use 
the following function:  
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where x is the 5-year age groups, q’(x) is the predicted mortality probability and q(x) 
is observed probability. Small values (i.e. close to zero) in S-squared indicate that the 
model does fit the data well. In other words, the ratio of estimated mortality 
probabilities must approximate the observed probabilities over the age groups.  

McNown and Rogers (1989) used the Heligman-Pollard model for mortality 
projection. It was argued that although the model is complex and involves a large 
number of parameters, their flexibility is necessary to capture the full curvature of 
the mortality profile and the changes in this profile over time. Other model 
schedules, which nominally seem to employ fewer parameters, ignore some features 
of the age curve mortality or adopt a ‘standard’ which then is shaped to fit a 
particular application with the aid of a few parameters (e.g. Brass, 1971). In addition, 
Kostaki (1991) and Birg et al. (1998) showed how the Heligman-Pollard model could 
be used as a tool for expanding an abridged life table (i.e. 5-year age groups) into a 
complete life table (i.e. single-year age groups). Birg et al. (1998) applied this model 
for obtaining single year of age-specific Indonesian mortality from the Coale-
Demeny life tables of the West model. 

Table 7.3 and Figure 7.2 show the estimation of age-specific mortality patterns 
for Indonesian males, females and the total, derived from the 1996 SUSENAS data. 
These patterns have similar regularities as the general mortality rates and can be 
generated by the Heligman-Pollard model. The goodness-of-fit of the model, based 
on the S-squared values, shows that the model fits very well (i.e. close to zero) with 
the observed data. Therefore, the Heligman-Pollard model will be employed in our 
mortality estimation (see section 7.5).  

 
Table 7.3. Parameters from the Heligman-Pollard model for Indonesian mortality 
 

Sex Childhood  Adult stage  Elderly  Goodness- 

 A B C  D E F  G H  -of-fit 

Male 0.0710 1.8276 0.3901  0.0012 8.45 19.75  0.0002 1.0755  0.108 

Female 0.1386 3.0875 0.4992  0.0013 0.97 28.38  0.0000 1.0896  0.058 

Total (M+F) 0.0890 2.2386 0.4243  0.0010 4.51 20.33  0.0002 1.0748  0.045 

             

Note: Goodness-of-fit values are derived from S-squared values. 
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Figure 7.2. Observed and estimated Indonesian age-specific mortality, 1996 

0.001

0.010

0.100

1.000

0 1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Age group

ln
 m

(x
) 

ra
te

Male (obs.)

Male (est.)

Female (obs.)

Female (est.)

 
                      Source: calculated from the 1996 SUSENAS. 

 
 

7.2.3 Model Migration Schedule 
 
Studies on internal mobility focus on individual countries or localities within 
countries. Studies that have compared characteristic of migrants within developed 
countries generally stress similarities, reporting that age-specific rates of internal 
migration exhibit remarkable persistent regularities. Young adults in their early 
twenties generally show the highest migration rates and young teenagers the lowest. 
These regularities in migration schedules in various countries motivated Rogers and 
Castro (1981) to summarize the regularities by means of mathematical expressions 
called model migration schedules and to derive ‘typical’ migration profiles. Using more 
than 500 recorded migration profiles in a considerable number of countries (mostly 
developed countries), they found that although levels of migration vary substantially 
from region to region, the shape of age-specific migration curves are quite similar 
across a wide range of communities (Rogers and Castro, 1981, 1986).  

The complete model migration schedule has four components; (a) pre-labor 
force stage (child), (b) labor force stage (adult), (c) post labor force stage (elderly), 
and (d) constant curve. The model uses 11 parameters to describe the age profile of 
migration rates. Elimination of the retirement peak yields a reduced form of the 
model with only seven parameters. It can be expressed below as: 
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where: m(x)= migration rate at age x  
N1 = pre-labor force (child), N2 = labor force stage (adult) 
N3 = post-labor force stage (elderly), c = constant 

αi and µ i = parameters 
x =  0, 1, 2, ..age  
 
Unlike model schedules of nuptiality, fertility, and life table, model migration 

schedule has not been used as building blocks for developing simple techniques of 
estimating basic demographic parameters in developing countries with inaccurate or 
incomplete data (Coale and Trussel 1996). Moreover, there has been little research on 
migration schedules in the developing countries. In order to introduce the notion of a 
model migration schedule in the context of a developing country, model schedules 
are utilized in this study to express the regularities in inter-region migration in 
Indonesia. The analysis will allow the development of a model to predict future 
migration flows.  

Observed migrant proportion and migration rates by five-year age groups for 
males in Java and the rest of Indonesia during 1985-1990 are given in Figure 7.3. The 
data are derived from the 1990 population census by comparing places of residence 
at the census time and 5 years prior to the census time. Figure 7.3 shows a common 
shape for the model migration schedule. The schedule for proportion of migrants, 
however, differs from the conventional migration schedule, which relates to the 
migration rates, in that it does not start with a relatively high level of migration 
during pre-labor force stage (early childhood).  

Nevertheless, when the proportion of migrants is converted into migration 
rates by linear approximation (see Chapter 6 and section 7.6), the schedules of 
migration rates in Java and the rest of Indonesia are similar to the conventional 
migration schedule, which starts with high levels during early childhood. This is 
because the total number of years lived by children aged 0-4 years at census time do 
not completely span the 5-year interval periods. For example, children aged 1 at 
census time have just spent one year of their lives in the current residence. On the 
other hand, children aged 4 at census time may already have spent 4 years in the 
current residence. Therefore, on average, children aged 0-4 years might live 2.5 years 
at their residence during the last 5 years prior to census/survey time, instead of the 
full 5 years of the interval period.  

With regard to the migration profiles, Figure 7.3 shows that the migration 
rates in Java and the rest of Indonesia start at high levels during early childhood. It 
decreases at age 10-14 years, then increases until it reaches a high peak at age 20-24 
years, and then decreases again up to the age of retirement (i.e. 60-64 years). At the 
elderly ages, however, the migration rates seem to increase and then decrease again. 
This phenomenon contradicts the actual situation in Indonesia in terms of 
urbanization and employment in the formal sectors. In fact, urbanization in 
Indonesia is still relatively low, e.g. 17.1 percent in 1971, 23.4 percent in 1980, and 
30.9 percent in 1990 (Firman, 1997). In addition, fewer Indonesians work in the 
formal sectors, which may offer pension schemes, as compared to those who work in 
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the informal sectors. Most Indonesians still work in the agricultural sector. Among 
those who were employed in 1971, 1980, and 1990, about 65.9 percent, 55.9 percent 
and 43.9 percent respectively, worked in the agricultural sector. Therefore, the 
migration phenomenon at the oldest age is considered an overestimation.  

 
Figure 7.3. Observed proportions of migrants and migration rates for males in Java 

and the rest of Indonesia, 1985-1990 
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                Source: calculated from the 1990 census  

 

In summary, the migration schedules resulting from both the proportion of 
migrants and the migration rates have only two components: pre-labor force and 
labor force stages. Its such, the model migration schedule that will be applied in this 
research is a model without the retirement peak. This is similar to equation 7.5, but 
without the post-labor force factor, N3(x). As for fertility analysis, the non-linear 
function in the SPSS package is applied for estimating the parameters from the 
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migration schedules. The goodness-of-fit of the model is shown by R-squared values. 
Table 7.4 shows the parameters of model migration schedule for Java and the rest of 
Indonesia. It indicates that the fit of the model with the migration data in these 
regions is reasonably good (i.e. the R-squares are 0.928 and 0.861 for Java and the rest 
of Indonesia, respectively).  
 

Table 7.4.  Parameters of the model migration schedules for males in Java and the 
rest of Indonesia, 1985-1990  

 

Region Parameters  Goodness- 

 a1 a2 α1 α2 µ λ c  of-fit 

Java 0.0018 0.0054 0.1088 0.0979 21.34 0.2136 0.0002  0.928 

Rest of Indonesia 0.0016 0.0070 0.1673 0.0726 17.5183 0.3063 0.0007  0.861 

          

Note: Goodness-of-fit values are derived from R-squared values. 

 

7.3 Base Population Data 
 
In order to develop the base population data, data from the 1990 population census 
and the 1995 intercensal survey are used because the main purpose of these data 
sources is to estimate the number of population in a particular period (i.e. 1990 and 
1995) and a particular region (i.e. Indonesian provinces). In these data sources, 
however, there are problems of irregularities arising from age misreporting or 
over/underenumeration of persons in certain ages. Hence, error measurements and 
adjustment methods are considered relevant. 

In the previous chapter it was pointed out that the Indonesian population 
data, derived from census and survey, by single-year age distribution apparently 
concentrate on some particular digits (see Chapter 4). For a comparison of the two 
data sources utilized here, the Whipple and the Myers indexes are used to gauge the 
extent of heaping at the most preferred terminal digits. The Whipple index is applied 
to measure heaping at age 0 and 5, within the convenient age range of 23 to 62 years. 
The Myers index has been calculated over the age range of 13-82 years.  

Table 7.5 shows the Whipple and Myers indexes for the Indonesian males and 
females population from the 1990 census and 1995 SUPAS. According to the United 
Nations’ grading (UN, 1960; cited in Ariaga et al., 1994) used in the Whipple index, 
the age accuracy of Indonesians in general may be classified as ‘rough’ for the 1990 
census data and ‘approximate’ for the 1995 SUPAS data for both sexes. The Myers 
index for Indonesia decreases from 20.3 and 22.2 in 1990 to 12.0 and 12.8 in 1995 for 
males and females, respectively. Both the Whipple and the Myers indexes 
demonstrate that the quality of Indonesian population data with regard to digital 
preference improved from 1990 to 1995. The age heaping problem has, somehow, 
decreased over time. In the 1990 census, the age heaping problem was greater than in 
the 1995 SUPAS. This table also indicates that the degree of age accuracy varies 
among Indonesian regions.  
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Table 7.5.  Measurement of digital preference by Whipple’s and Myers’ indexes in 
the 1990 census and the 1995 survey for Indonesia and its provinces 

 

  Whipple’s Index  Myers' Index 

Region/Province Census 1990  Survey 1995  Census 1990  Survey 1995 

 Male Female  Male Female  Male Female  Male Female 

 

            

Indonesia 141.7 145.6  116.2 117.0  20.3 22.2  12.0 12.8 

Sumatra            

 

Dista Aceh 161.4 170.6  138.2 144.3  28.4 32.7  20.6 21.8 

 

North Sumatra 123.2 128.0  112.1 113.8  15.7 17.7  14.0 14.0 

 

West Sumatra 156.3 157.2  132.2 130.1  25.3 27.2  18.8 20.1 

 

Riau 153.5 154.6  122.5 117.3  24.9 25.8  15.6 15.9 

 

Jambi 157.0 161.5  136.5 145.2  25.3 28.3  19.0 21.8 

 

South Sumatra 150.7 154.5  130.0 128.8  23.0 25.1  15.8 17.6 

 

Bengkulu 171.6 170.6  130.2 131.2  30.4 32.1  18.8 18.7 

 

Lampung 154.2 162.6  139.3 133.7  22.8 27.1  17.2 18.2 

Java            

 

Jakarta 110.8 108.9  112.1 107.0  12.6 14.6  12.6 14.2 

 

West Java 158.6 161.1  130.0 131.7  26.1 28.3  15.2 16.4 

 

Central Java 142.6 149.9  109.2 110.8  19.1 22.7  11.7 9.8 

 

Yogyakarta 108.9 114.5  92.3 107.2  10.5 12.1  14.1 9.6 

 

East Java 130.6 135.5  98.0 99.7  16.1 18.0  10.9 8.9 

Nusa Tenggara            

 

Bali 153.9 163.6  124.3 133.5  26.7 29.5  16.3 17.9 

 

West N.Tenggara 106.3 105.7  93.8 96.6  13.6 11.9  15.0 13.3 

 

East N.Tenggara 117.5 121.5  108.2 110.4  15.7 16.4  15.3 14.1 

 

East Timor 128.2 137.2  122.4 121.8  19.7 21.6  15.3 16.2 

Kalimantan            

 

West Kalimantan 140.1 145.7  116.8 121.5  20.5 23.4  13.8 17.3 

 

Cetral Kalimantan 174.5 171.5  138.3 130.1  30.2 30.8  18.8 18.4 

 

South Kalimantan 187.7 190.3  119.9 119.4  35.2 38.0  13.4 12.1 

 

East Kalimantan 130.4 130.9  102.2 100.0  17.0 17.7  15.0 16.3 

Sulawesi            

 

North Sulawesi 103.5 105.2  108.3 113.3  12.8 12.4  12.3 12.1 

 

Central Sulawesi 140.1 139.4  123.0 125.9  20.4 21.2  15.5 16.2 

 

South Sulawesi 164.4 164.2  120.8 122.9  29.2 30.0  14.7 15.2 

 

Southeast Sulawesi 144.7 154.1  121.2 122.3  22.7 25.4  14.5 18.3 

            

 

Maluku 121.5 120.5  122.3 110.8  16.8 16.0  17.4 14.8 

 

Irian Jaya 130.8 125.0  111.2 105.7  19.2 20.5  14.7 15.5 

 

            

Notes: a. The full grading given for Whipple’s Index are (1) Highly accurate = less than 105; (2) Fairly 
accurate = 105-109.9; (3) Approximate = 110-124.9; (4) Rough = 125-179.9; and  (5) Very rough= 
greater than 179 (UN, 1960). 

 b. The Myers index is calculated in terms of percentage deviation of 10 percent by using the 
‘blended’ method for starting ages of 13 to 23 and ending age at 82 in all cases. 
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Based on the Whipple index, provinces in Sumatra show a rough degree of age 
accuracy (112.1) for males and a very rough degree (113.8) for females, except for 
North Sumatra in the 1995 SUPAS. The degree of age accuracy of the data in Java 
provinces varies from rough to highly accurate. The age data accuracy of the province 
of West Java is the weakest. It was classified as rough for the two data sources. The 
age data accuracy of the province of East Java improved from a rough classification in 
the 1990 census to highly accurate in the 1995 SUPAS. The age accuracy of the 1995 
SUPAS data for the rest of the Indonesian provinces can be mostly classified as rough, 
except for West Nusa Tenggara, East Kalimantan, and North Sulawesi which are 
classified as fairly accurate and even highly accurate for West Nusa Tenggara.  

Table 7.6 shows a more thorough measure of the Myers index, for a 
comparison of the degree of preference or dislike for each and every one of the ten 
terminal digits. The Myers index is the sum of the deviation of 10 percent, which 
gives an overall measure of the general accuracy of age statement over the chosen 
age range. A somewhat similar pattern of age misreporting is exhibited among the 
Indonesian population in the two data sources. There is considerable ‘heaping’ at 
digits 0 and 5 in the 1990 data, while only at digit 5 in the 1995 data. In other words, 
there is a high preference for digits 0 and 5, and a dislike for other digits, especially 
digits 1 and 2. Over-reporting of persons at ages ending in zero appears to be from 
those at the next successive digit (digits 1 and 2) rather than at the preceding one 
(digit 9). Conversely, over-reporting of persons at ages ending in five seems related 
to digit 4 rather than digit 6. This phenomenon inexplicably occurs in almost every 
region in Indonesia. 

 
Table 7.6.   Measurement of digital preference by Myers index in the 1990 census 

and the 1995 survey for Indonesia 
 

 Census 1990  Survey 1995 

Digit of Age Male Female  Male Female 

Deviation from 10%      
0………… 3.19 4.17  0.06 0.70 
1………… -3.85 -4.22  -2.99 -3.12 
2………… -3.05 -3.30  -2.14 -2.47 
3………… -0.93 -1.08  0.60 0.50 
4………… -1.01 -0.92  -0.21 -0.35 
5………… 5.79 6.20  4.07 3.88 
6………… -0.44 -0.74  0.42 0.59 
7………… 0.30 -0.07  0.62 0.45 
8………… 0.88 0.71  0.24 0.26 
9………… -0.88 -0.76  -0.68 -0.45 

      
Myers index 20.3 22.2  12.0 12.8 

      

 
As the age distribution in the Indonesian regions is distorted by age 

misreporting, smoothing techniques for correcting this problem are required. Manual 
X from the United Nations (1983) describes three techniques for adjusting distorted 
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age distributions, which can be applied to a single age distribution: (1) fitting a stable 
population, (2) reducing the effects of age heaping, and (3) comparing with a 
standard age distribution. The concept of a stable population, which assumes that 
fertility and mortality will remain constant for a sufficiently long time, as ultimately 
an unchanging age distribution is not true of the current Indonesia population. 
Therefore the technique associated with a stable population will not be considered 
here. Working with the population data from Bangladesh, the UN (1983) found that 
the second method (i.e. reducing the effects of age heaping) yielded smoothed age 
distribution that was closer to the reported age distribution than the third method 
(i.e. comparing with a standard age distribution). The technique used for reducing 
the age-heaping effect expressing the cumulated age distribution as polynomials. 
Another method, namely the Feeney method, is also used to correct age distribution 
for heaping in multiples of five (Saxena and Gogte, 1993). For the purpose of this 
study, both the UN (1983) method on reducing the age heaping effect and the Feeney 
method for correcting age distribution for heaping in multiples of five are used. 

Figure 7.4 shows the adjusted population for Indonesian males in 1990 by 
reducing the effect of age heaping (UN’s method) and correcting age distribution for 
heaping in multiples of five (Feeney’s method), then comparing the results to 
observed Indonesian male in 1990. As can be seen from this comparison the UN 
method did not yield a close approximation to the observed population for the 
younger age population. For the population above 10 years of age, however, the 
results are acceptable and they provide a close approximation to the observed 
population. Better results and closer approximation to the observed data is obtained 
through Feeney’s method. Hence, the present research will rely on the Feeney 
method for correcting and adjusting the age heaping problem. 

 
Figure 7.4. Observed and adjusted male population, Indonesia, 1990  
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In order to obtain single-year age groups distribution of the Indonesian 
population in every region, the method of interpolation of grouped data is utilized. It 
is assumed that the pattern of distribution of grouped data is a valid indication of the 
pattern of the distribution within groups. The method used here is the moving 
average of Sprague’s fifth-difference formula as described in Shryock and Siegel 
(1973). This method uses a linear equation with five different coefficients of 
multipliers that are applied to the given data. As the data are grouped in five-year 
age groups, thus sets of multipliers based on the Sprague formula allow for 
subdividing the intervals into fifths (single-year of age groups). 

The Sprague components consider five different sets of multipliers that can be 
applied to different age groups. These different sets of multipliers are fully described 
in Saxena and Gogte (1993). For example, the formulas for calculating the population 
size at single-year age group (Pi) are as follows: 
 

 P PG P G P G P G
i x x x x
= + + +

+ + +11 5 12 10 13 15 14
 ; x(age) = 0-4    (7.6a) 

 

 P P G P G P G P G
i x x x x
= + + +

− + +5 21 22 5 23 10 24
 ; x(age) = 5-9   (7.6b) 

 

P P G P G P G P G P G
i x x x x x
= + + + +

− − + +10 31 5 32 33 5 34 10 35
     (7.6c) 

; x(age) = 10-14 (up to the next last open-ended age group) 
 

P P G P G P G P G
i x x x x
= + + +

− − +10 42 5 43 44 5 45
 ; x(age) = next to last age group  

   (7.6d) 

P P G P G P G P G
i x x x x
= + + +

− − −15 52 10 53 5 54 55
 ; x(age) = last open age group  

    (7.6e) 
 
Consider the following calculation of the population aged 7 years old based 

on the Sprague multipliers: 
 

Age groups (years) Population 
0 – 4 10,204,134 
5 - 9 11,349,671 

10-14 10,425,429 
15-19   9,635,492 

 

Age 7 is the ‘third fifth’ of the age group 5-9. The set coefficient based on the Sprague 
formula yields the following values: 

(G21, G22, G23, G24) = (-0.0160, 0.1840, 0.0400, -0.0080) 

 

Using equation 7.6b and the four population groups above (P0-4, P5-9, P10-14, P15-29), 
then population aged 7 can be calculated as: 

 

-0.0160(10204134) + 0.1840 (11349671) + 0.0400 (10425429) - 0.0080 (9635492) 
=  2,286,492  
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The same methods have been applied to the population in all Indonesian 
regions to generate the population data by single year of age, sex (male and female) 
and region (27 regions). Figure 7.5 shows the observed and adjusted population 
derived from the 1990 census and the 1995 SUPAS data for the Indonesian 
population at national level. It shows that the 1995 SUPAS data is saddled with fewer 
age heaping problems compared with the 1990 census data. However, considering 
the fact that the 1995 SUPAS data are basically estimated data, the 1990 census data is 
more appropriate as the base population data for projection. The estimated 1995 
SUPAS data will be used for checking the actual population in 1995.  

 
Figure 7.5. Observed and adjusted population, Indonesia 1990 and 1995 
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The procedures applied for estimating and constructing the base population 
data are summarized in Diagram 7.1. The unclassified age group data have been 
uniformly distributed within the population aged 60 and above. It is assumed that 
most of the unclassified population belongs to the elderly population (aged 60+). 
 

Diagram 7.1.  Summary of estimation and construction procedure of base population 
data 

 

 
 
 
      
 
                                                            Unclassified age group 
                                                             (unknown) 
                                           Age heaping 
 

 
 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

7.4 Fertility Estimation 
 
Prior to the 1990s, effort had been made to indirectly estimate Indonesia’s fertility 
rates. The own children (OC) method has been applied mostly to estimate the TFR 
from censuses and surveys (e.g. Cho et al. 1976; Mamas et al., 1991). Other methods 
like the last live birth (LLB) was applied to the 1980 census and the 1985 SUPAS data 
(Dasvarma and Hull, 1984; 1987). However, the OC and the LLB methods have 
frequently yielded inconsistent results, particularly for subnational levels outside of 
Java and Bali. It has been found that estimates of the TFR by the LLB method are 
usually lower than the OC method.  

Assessing fertility levels by the direct method has been utilized in connection 
with the 1987 National Indonesia Contraceptive Prevalence Survey (NICPS) and the 
Indonesia Demographic and Health Surveys (IDHS, 1991, 1994 and 1997). The 

Uniformly distributed within population
aged 60+ (assumed that those of
unclassified age are the elderly)

Adjust population data: 
- Correcting age distribution for heaping in 

multiples of five (Feeney’s method) 

Interpolate grouped data into single 
years of age (moving average with 
Sprague multipliers) 

Base population data 

(adjusted and classified by single year of age, sex, and region) 

Data tabulation by age,  
sex and region 

Data assessment 

Measure the digital preference (Myers’s and 
Whipple’s indexes) 
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following attempts to estimate fertility rates for single-year age groups by using the 
direct method. The section starts with the method applied and data used followed by 
empirical results. In addition, based on the discussion of the fertility model in the 
previous section, the double exponential function is used.  
 

7.4.1 Method 

 
Age-specific and total fertility rates will be calculated for Indonesia and its 27 
provinces from the IDHS data for three series in 1991, 1994 and 1997. The fertility 
rates will directly be estimated from the birth history by determining the number of 
live births and women exposed to risk during the most recent period prior to the 
survey. This is because the IDHS is a retrospective survey, which is susceptible to 
recall problems among the respondents. Such problems are expected to be less 
serious for more recent periods. Therefore, the event and duration of risk in more 
recent periods are better for the analysis. 

It is worthwhile mentioning that at the beginning of this analysis we 
considered the observation period for the last 12 months prior to the survey time, 
including the month of survey (0 month prior to survey). At national level, we found 
enough observations for the analysis. Nevertheless, at subnational level, few 
observations were made for that period in some provinces. Therefore, in order to 
obtain enough observations for the fertility analysis at the subnational level, the 
observation window period had to be extended from 12 months into 36 months prior 
to the survey.1 This period starts from 1 to 36 months prior to the survey time and 
excludes the month which the survey took place, due to under-representation. In 
some provinces hardly any births occurred at the survey time, e.g. the province of 
Yogyakarta in the 1994 IDHS.  

Instead of using the fertility levels (i.e. total fertility rate) that have been 
estimated in the IDHS reports, the present study will recalculate the fertility levels. 
The IDHS reports used the period data for the period 1-36 months prior to the survey, 
and assumed that events (births) occurred at the end of the month (Muhidin, 1999). 
Although this type of the period data has been mostly utilized in the fertility 
projections for Indonesia, it is different from the type of data needed for projection 
purposes. Thus, in this section, we consider the rates derived from the period-cohort 
data. For a discussion of data type and the distinction between period and period-
cohort observation plans, please refer to Chapter 5.  

In the IDHS, events are recorded retrospectively from women who were alive. 
There is no information on women who were not alive at the time of survey. 
Information recorded includes date of interview, birth date of women and birth date 
of children. The exact date of events, however, is not known. Hence, it is assumed 
that events occurred in the middle of the month. The time is expressed in months 
and it is mostly calculated in the Century Month Code (CMC)2. From the 1994 IDHS, 

                                                           

1 Before expanded into 36 months prior to survey, the period of observation window was also tested at 
24 months prior to survey.  
2 CMC is the number of the months since the start of century (e.g. 1 = January 1900).  
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for example, complete interviews were obtained from 28,168 women aged 15-49 at 
the time of survey. The interview was conducted between July and November 1994 
(i.e. 1135 and 1139 in CMC, respectively). The date of birth of the oldest woman was 
recorded as 536 in CMC, which means she was born in August 19443. The youngest 
woman recorded has a birth date in September 1979 (i.e. 957 in CMC). A full birth 
history was obtained from each woman, and information on name, sex, month and 
year of event (birth) for each live birth was collected. The youngest child was born in 
September 1994 (i.e. 1137 in CMC) and the oldest in January 1957 (i.e. 685 in CMC).  

To measure the fertility rates, numerators are calculated by summing the 
number of live births that occurred in the period of 1-36 months prior to the survey 
time. It is determined by the date of interview (in CMC) and the date of birth of the 
child (in CMC). The births are classified by the age of the mother at the time of birth 
and at survey time. The age of the mother was determined by the mother’s date of 
birth. The denominators are the number of woman-months lived in each of the 
specified age groups, again during the period of 1-36 months prior to the survey 
time. The birth data are tabulated by the calendar month of the occurrence and by the 
mother’s age at the time of survey. The age of the mother at the time of survey is 
derived from the equation as follows: 
 

BWSSW
DDAGE −=          (7.7) 

 

where: AGESW = Age of woman (months) at survey time  
D

S
  = Date of interview (CMC)   

BW
D = Date of birth of woman (CMC) 

 

Each birth is classified according to the calendar month in which it occurred. 
The age of the children at survey time can be derived as follows: 

 

BCSSC
DDAGE −=           (7.8) 

 

where: AGESC  = Age of children (months) at survey time  

BC
D  = Date of birth of child (CMC) 

D
S

   = Date of interview (CMC) 
  
 

7.4.2 Empirical Estimation 
 
Using equation 7.7 we obtain the number of women interviewed in the IDHS. Table 
7.7 shows that, by using weighted numbers, about 38,331 women aged 15 to 49 years 
at the time of survey were observed in the 1994 IDHS. In this case, the weighted 
number is necessary in order to permit an accurate comparison of regions within a 
country (IDHS manual, 1987). For Indonesia, whose geographical coverage is 

                                                           

3 CMC = 536, year = 1900+truncate (536/12) = 1944; month = 536 – (44*12) = 8 or August. 
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expansive, a large sample is more difficult to manage and supervise. The availability 
of funds is also another limiting factor. Hence, caution is called for in allowing an 
inflated (weighted) sample size.  

During the entire period before the survey, observed women had 95,087 
children with an average of about 2.48 live births. Out of 1,625 women aged 15 years 
at the survey time, 1,382 of them had no children and 244 women had 1 child during 
the entire period before the survey. The second part of Table 7.7 shows the data 
aggregated into 5-year age groups. There were about 7,579 women aged 15-19 at the 
time of survey. In this age group, 4,696 women had no child. The total number of 
children ever born during the entire period before the survey was 3,166 children.  

From equation 7.8, the number of children is obtained by the current age of 
children. Since the month of the interview is excluded, it means the children were at 
least 1 month old at the survey time. The month prior to survey is determined by 
using the age of the children. In order to obtain the period-cohort data, these data are 
tabulated with the age of the mother at the time of survey. Since the IDHS is a 
retrospective survey, then it has been assumed that the number of women by their 
cohort in every period remains similar to the number of women at survey time.  
 

Table 7.7.  Number of women and children born alive, the 1994 IDHS 
 

Age of Number of women  Children ever 
Women Un-  Number of children ever born**  born 

(years*) weighted Weighted 0 1 2 3 4 5 6+ Total Average 

            

15            53 1,625   1,382      244           244  0.15 

16            81 1,544   1,151      381         12     405  0.26 

17          209 1,527      853      611         63     737  0.48 

18          303 1,535      763      682         81            8   878  0.57 

19          437 1,347      546      709         88           2          0           2  903  0.67 

… … … … … … … … … … … … 

47          550 562         15         30         63         56         78         77      242 2,912  5.18 

48          731 685         16         57         62         75      109         87      279 3,417  4.99 

49          570 528         19         31         40         60         65         54      259 2,884  5.46 

Total     28,168 38,331   6,701   9,487   7,031   5,270   3,399   2,231   4,212 95,087  2.48 

            

Age group          

15-19      1,083 7,579   4,696   2,626      245           2           8           2          0 3,166  0.42 

20-24 3,894 6,563   1,074   3,655   1,408      353         61           9           2 7,836  1.19 

25-29 5,535 6,342      378   1,836   2,182   1,196      510      172         68 13,119  2.07 

30-34 5,618 5,964      220      605   1,646   1,575      920      527      470 18,046  3.03 

35-39 5,051 5,018      115      363      807   1,171      944      606   1,013 19,534  3.89 

40-44 3,736 3,754      126      195      453      613      529      528   1,309 17,430  4.64 

45-49 3,251 3,111         92      206      289      360      427      387   1,349 15,955  5.13 

Total 28,168 38,331   6,701   9,487   7,031   5,270   3,399   2,231   4,212 95,087  2.48 

 

Notes: * Age of women is age at the time of survey.  
             ** Children ever born are all children who were born in the entire period before the survey. 
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Table 7.8 presents the number of events (live births) recorded in the 
observation period (1-36 months prior to the survey). During the first month prior to 
the survey, 315 children were born to women aged 15 to 49 years, while, in the 36th 
month, 293 children were born. Thus, by adding the number of births in the 
observation period it can be seen that 10,248 children were born during the period 1 
to 36 months prior to survey. Table 7.8 also shows the person-months lived by the 
women which is obtaining by estimating the duration of exposure to the risk of having 
a live birth. It is calculated from the number of women by their ages at the time prior 
to survey and tabulated by age of the women and the time period prior to survey. It 
has been assumed that births occurred in the middle of the month. Therefore, the 
person-months lived by the women aged x in the period (t,t+1) is determined by the 
number of women and events (e) that occurred within that period.  
 

Table 7.8. Number of all children born alive by age of women at survey time and 
months-lived by women (period-cohort data), IDHS 1994 

 
Age of          Total Months- 

Women Time prior to survey (month) and number of children born  children born lived 

(Years)* 1 2 3  … 34 35 36  1 to 36 1-36 

15 0 0 1  … 0 0 0  8      58,511  
16 0 1 1  … 0 0 2  27      55,579  
17 11 11 14  … 0 0 1  113      54,925  
18 9 15 9  … 8 4 1  198      55,165  
… … … …  … … … …  … … 
47 4 0 0   4 0 0  15 20,214 
48 0 0 0  … 0 1 4  9      24,656  
49 0 0 0  … 0 0 0  3      19,013  

Total 315 308 256  … 272 308 293  10,248 1,374,786  
            
Age group            

15-19 35 47 36  … 9 5 3  626    272,549  
20-24 78 91 71  … 67 81 62  2,635    234,942  
25-29 85 82 67  … 75 94 71  2,904    226,855  
30-34 59 60 47  … 53 69 77  2,237    213,581  
35-39 36 18 27  … 47 32 55  1,267    180,028  
40-44 16 8 9  … 17 24 20  505    134,881  
45-49 5 0 0  … 5 4 6  75    111,949  
Total 

 
315 308 256  … 272 308 293  10,248 1,374,786  

Note:  * Age of women (years) is age at survey time.  
 

To obtain person-months lived, the following equation is used: 

t x t x t x
L W E= − 0 5. *         (7.9a) 

 
Where:

t x
L = Person-months lived by women age x (completed years) at time t 

t x
W = Number of women aged x at time t 

t x
E = Number of birth (events) of women aged x at period t 
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Regardless of the fecundity of the women, it is assumed here that all women 
are at risk during the entire period, even those women who may have just had live 
births or those who have been sterilized. In other words, the number of women aged 
x at time t (

t x
W ) remains constant for every month of the observation period. 

Therefore, equation 7.9a can be expressed as follows: 
 

t x t x t x

n

L n W E= − ∑05
1

. *        (7.9b) 

 
where n is the length of the observation period (i.e. 36 months in this case). 

 
From the 1994 IDHS data, in terms of person-months lived by women, Table 

7.8 shows that the 38,331 women had a duration of exposure of 1,374,786 women-
months lived (36x38,331 - 0.5x10,248)4, an average of 35.9 months 
(=1,374,786/38,331). Though the observation window is 36 months (i.e. 1-36 months 
prior to the survey), the average value obtained is not exactly 36 months because of 
the weighted values used in calculation of the months lived by the women and the 
number of births, which resulted in the rounding of the decimal numbers. This risk 
exposure is contributed by the women aged 15 to 49, of whom about 1,625 women 
were aged 15 years and 528 women were aged 49 years at time of survey.  

The same methods are employed in Table 7.9 to calculate the number of 
children by age at time of survey and age of mother for the 1991 and 1997 IDHS data 
using period-cohort data. Table 7.9 shows that there were 8,827, 10,248 and 9,886 
births, respectively, occurred within the period 1-36 months prior to the 1991, 1994 
and 1997 IDHS. 31,027 women were observed in the 1991 IDHS, and 38,620 women 
in the 1997 IDHS. During the observation period of 1-36 months prior to the surveys, 
these women were exposed to risk for approximately 1,112,648 months in the 1991 
IDHS and 1,385,394 months in the 1997 IDHS. The average duration of exposure of 
women during the observation period is not exactly 36 months, but 35.9 months 
(=1,112,648/31,027 and 1,385,394/38,620) for both the 1991 and 1997 IDHS. The same 
explanation used for the 1994 IDHS data is also relevant for the 1991 and 1997 IDHS 
data, i.e. because of the accumulation of rounding decimal number in weighted 
values.  

With the number of events (births) and the exposure (months lived) obtained, 
the fertility rates can be estimated. Table 7.10 shows the estimation of TFR for 
Indonesia and its 27 provinces by using the period-cohort data derived from the 1991, 
1994, and 1997 IDHS. Compared with the TFR estimated by using the period data as 
reported in ICBS (1992, 1995, 1998), the TFR results are very close.  
 

                                                           

4 The months lived by women, i.e. 1,374,786 is obtained by considering the two decimal numbers of 
weighted values in the number of women (38330.82) and the number of children born (10247.79). Once 
the decimal number is omitted, then it is equal to 1,385,040=36*38,331 – 0.5*10,248, an average of 36 
months. 
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Table 7.9.   Number of women, births and women-months lived, and age-specific 
fertility rates Indonesia, 1989-1991, 1992-1994 and 1995-1997  

 

Age of Number of women  Number of births*  Women-months lived 
Women* IDHS91 IDHS94 IDHS97 IDHS91 IDHS94 IDHS97  IDHS91 IDHS94 IDHS97 

15 1126 1625 1593  9 8 17  40530 58511 57343 
16 1364 1544 1488  24 27 31  49085 55579 53559 
17 1422 1527 1566  84 113 96  51150 54925 56333 
18 1273 1535 1424  181 198 222  45726 55165 51167 
19 1169 1347 1236  250 279 276  41973 48370 44358 
20 1546 1507 1499  503 511 484  55423 53999 53708 
21 1038 1297 1172  425 479 448  37168 46437 41970 
22 1103 1303 1318  541 531 572  39435 46640 47170 
23 974 1179 1250  478 533 504  34817 42189 44757 
24 879 1277 1128  472 581 510  31414 45678 40338 
25 1479 1596 1515  727 708 603  52891 57104 54231 
26 1070 1120 1251  510 505 600  38276 40066 44734 
27 1021 1087 1325  486 566 629  36511 38844 47394 
28 986 1280 1243  500 559 580  35244 45794 44468 
29 856 1259 1029  408 566 437  30627 45048 36829 
30 1400 1555 1224  597 677 499  50113 55644 43816 
31 830 1129 1040  362 472 430  29705 40414 37219 
32 856 1213 1300  333 424 463  30636 43457 46561 
33 718 931 1024  284 303 320  25702 33360 36704 
34 648 1136 1090  209 360 385  23226 40706 39053 
35 1204 1380 1416  359 396 408  43155 49469 50780 
36 734 953 956  228 271 230  26314 34159 34284 
37 662 974 1135  183 244 233  23736 34931 40756 
38 674 859 927  150 194 209  24188 30817 33257 
39 501 854 895  94 161 159  17996 30652 32123 
40 970 1047 1022  163 181 155  34836 37616 36719 
41 477 764 731  70 99 100  17133 27463 26270 
42 467 778 884  56 109 104  16790 27969 31756 
43 442 610 781  27 74 55  15915 21912 28092 
44 288 554 702  21 41 31  10375 19920 25262 
45 810 818 970  41 36 55  29126 29418 34904 
46 505 518 634  21 12 12  18179 18648 22820 
47 407 562 671  13 15 16  14640 20214 24156 
48 645 685 702  12 9 6  23224 24656 25282 
49 483 528 478  7 3 5  17386 19013 17221 

ALL 31027 38331 38620  8827 10248 9886  1112648 1374786 1385394 
            

15-19 6320 7579 7308  547 626 643  227259 272549 262760 
20-24 5548 6563 6367  2419 2635 2518  198535 234942 227943 
25-29 5421 6342 6363  2631 2904 2847  193849 226855 227656 
30-34 4442 5964 5678  1784 2237 2097  159002 213581 203352 
35-39 3784 5018 5328  1014 1267 1239  135721 180028 191200 
40-44 2652 3754 4120  338 505 446  95303 134881 148100 
45-49 2859 3111 3456  93 75 95  102890 111949 124383 
ALL 31027 38331 38620  8827 10248 9886  1112648 1374786 1385394 

            

Note:  * Events (births) occurred within 1-36 months prior to survey and age of women is age 
at survey time.  
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Table 7.10. Total fertility rate (TFR) from period data (reported) and period-cohort 
data (estimated), Indonesia, 1989-1997  

 

  IDHS Report (period data)  Predicted (period-cohort data) 

 Region/province 1989-91 1991-94 1994-97  1989-91 1991-94 1994-97 
  IDHS91 IDHS94 IDHS97  IDHS91 IDHS94 IDHS97 

         
Indonesia 3.02 2.86 2.78  3.05 2.84 2.79 
Sumatra        
 Dista Aceh 3.76 3.30 3.00  3.82 3.28 3.02 
 North Sumatra 4.17 3.88 3.72  4.20 3.80 3.76 
 West Sumatra 3.60 3.19 3.40  3.71 3.22 3.48 
 Riau - 3.10 3.20  3.80 3.05 3.36 
 Jambi  - 2.97 3.42  3.23 2.83 2.90 
 South Sumatra 3.43 2.87 2.64  3.46 2.87 2.73 
 Bengkulu - 3.45 2.97  4.32 3.46 3.05 
 Lampung 3.20 3.45 2.91  3.20 3.45 2.93 

Java        
 Jakarta 2.14 1.90 2.04  2.10 1.89 2.06 
 West Java 3.37 3.17 3.02  3.39 3.16 2.95 
 Central Java 2.85 2.77 2.63  2.82 2.81 2.63 
 Yogyakarta 2.04 1.79 1.85  2.01 1.76 1.86 
 East Java 2.13 2.22 2.33  2.11 2.23 2.34 

Nusa Tenggara        
 Bali  2.22 2.14 2.12  2.17 2.15 2.15 
 West N.Tenggara 3.82 3.64 2.95  3.58 3.57 2.91 
 East N.Tenggara - 3.87 3.45  4.30 3.69 3.51 
 East Timor - 4.69 4.43  4.45 4.71 4.44 

Kalimantan        
 West Kalimantan 3.94 3.34 3.35  3.55 3.37 3.31 
 Central Kalimantan - 2.31 2.72  2.09 2.25 2.69 
 South Kalimantan 2.70 2.33 2.57  2.34 2.32 2.59 
 East Kalimantan - 3.21 2.85  4.15 3.10 2.85 

Sulawesi        
 North Sulawesi 2.25 2.63 2.60  1.98 2.62 2.61 
 Central Sulawesi - 3.08 3.04  2.46 3.05 2.99 
 South Sulawesi 3.01 2.92 2.88  3.12 2.94 2.95 
 Southeast Sulawesi - 3.52 2.92  2.93 3.42 2.86 
         

Maluku - 3.70 3.31  3.01 3.61 3.41 
Irian Jaya - 3.15 3.38  1.77 3.19 3.41 

         

Sources: the 1991, 1994, and 1997 IDHS and calculated by author.                 

 
7.4.3 Regional Fertility Models 
 
It has been demonstrated in the previous section that age-specific fertility rates by 
single-year of age groups can be obtained from the IDHS data. In the three data sets, 
however, some irregularities (distortion) were found in the age distribution of 
women. There was age heaping (particularly at ages ending in 0 and 5), which 
distorted the number of births (events) reported by these women and the women-
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months lived (exposure). In addition, it contributed to a distortion of the curve of 
age-specific fertility rates. Since the focus of this analysis is fertility rate, then the 
smoothing procedure is applied only to the irregularities in fertility rates. In this case, 
the double exponential model was utilized.  

Figure 7.6 shows that for the 1991, 1994 and 1997 IDHS data, the double 
exponential model fits the Indonesian fertility curves very well. Comparing the 
curves of the 1991 and 1994 IDHS data, these two distributions appear to coincide 
with the postponement in the age of having a child. However, the 1997 data shows 
that when all women of different ages reduced their fertility, the curve shifts to the 
previous pattern at a lower level. Apart from fitting the fertility curves of Indonesian 
fertility over time, the parameters of the double exponential model appear to offer 
some demographic interpretation. The increasing values of the parameters in the 
double exponential model for Indonesia and its regions over time suggest changes in 
the timing and level of fertility in Indonesia are captured by this model. The changes 
in the median age of motherhood in the country and its regions over time are also 
reflected.  

 
Figure 7.6. Age-specific fertility rates predicted by the double exponential model, 

Indonesia, 1989-1991, 1992-1994 and 1995-1997 
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Figure 7.7 presents the fertility patterns (i.e. age-specific rate and its 
percentage distribution) for the Indonesian regions in the period 1991-1994 (the 1994 
IDHS). In terms of age-specific fertility rates, the fertility patterns seem to depend on 
the TFR. Where the regional TFR is higher than the national TFR, the regional fertility 
patterns are drawn on top of the national curve as can be seen in most provinces in 
Sumatra, East Timor, Maluku and Irian Jaya. Conversely, the regional fertility 
patterns are found below the national curve when the regional TFR is lower than the 
national TFR (i.e. provinces in Java and Bali). The fertility patterns for most provinces 
in Kalimantan and Sulawesi are close to the national pattern. The percentage 
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distributions of fertility rates, in addition, vary among the Indonesian regions. The 
percentage distribution does not seem to depend on the TFR, for example, the 
provinces of East Java and Bali. Though the TFR for these two provinces are slightly 
different (i.e. 2.23 and 2.15, respectively), the percentage distribution of their fertility 
rates is totally different.  
 

Figure 7.7. Age-specific fertility rates predicted for Indonesian regions, 1992-1994  
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Bali, Nusa Tenggara and Kalimantan  

0.00

0.05

0.10

0.15

0.20

0.25

0.30

15 20 25 30 35 40 45

Age of women

fe
rt

ili
ty

 r
a

te
s

Indonesia

Prov_51

Prov_52

Prov_53

Prov_54

Prov_61

Prov_62

Prov_63

Prov_64

East Timor P_54

Bali P_51

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

15 20 25 30 35 40 45
Age of women

P
ro
p
o
rt
io
n

Indonesia

Prov_51

Prov_52

Prov_53

Prov_54

Prov_61

Prov_62

Prov_63

Prov_64

 

 



THE POPULATION OF INDONESIA 
 

 250 

Sulawesi, Maluku and Irian Jaya 
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Diagram 7.2 summarizes the procedure for estimating and constructing the 
base fertility data for the 1991, 1994 and 1997 IDHS data. Although the regional total 
fertility rates (TFR) can be estimated from these data sources, the age-specific fertility 
rates from the 1991 IDHS are not fully representative of some Indonesian regions (i.e. 
parts of Sumatra, Kalimantan, and Sulawesi). Therefore, only the 1994 and 1997 
IDHS are used as data sources for estimating and constructing the base fertility data.  

 
Diagram 7.2. Summary of estimation and construction of base fertility data 
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Adjust fertility data: 
- Extend the observation period from 12 months to 36 months prior to the survey 

time and not including the month of survey.  
Calculate age-specific fertility rate (period cohort rate): 
- Obtain number of events (births) and exposure (women-months lived) 

Smooth age-specific fertility rates by using the double exponential model and convert 
grouped data into single-year age group in every region 

Base fertility data 
(classified by single year of age of women, i.e. 15-49 years, and region) 

Data tabulation 
Number of births and women 

by age, sex and region 
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Models for regional fertility schedules, using the double exponential, are 
presented in Table 7.11. It shows that the goodness-of-fit of these models on the 
average is good, above 0.80. In some provinces, however, there is less goodness-of-fit 
of the model and the R-squared values are below 0.80, e.g. the provinces of 
Yogyakarta, Central and East Kalimantan, Central Sulawesi, and Irian Jaya. 
 
Table 7.11.  Parameters of the double exponential model for Indonesian fertility, 

1992-1994  
 

 

 Parameters  Goodness- 

Region/province α1 α2 µ α3 α4  of-fit  

 

        

Indonesia 0.4393 0.1783 31.83 0.1121 -0.0143  0.98 

Sumatra        

 

Dista Aceh 0.3226 0.2300 36.50 0.1029 -0.0048  0.90 

 

North Sumatra 0.6196 0.2011 31.62 0.1327 -0.0056  0.93 

 

West Sumatra 0.2368 0.2520 39.28 0.0985 0.0010  0.91 

 

Riau 0.5308 0.1772 27.79 0.1557 0.0000  0.90 

 

Jambi  0.4421 0.1160 24.52 0.1627 -0.0123  0.81 

 

South Sumatra 0.4431 0.1265 23.09 0.2182 -0.0024  0.88 

 

Bengkulu 0.5921 0.1520 24.52 0.1951 0.0000  0.86 

 

Lampung 0.4723 0.0737 20.79 0.1889 -0.0426  0.89 

Java        

 

Jakarta 0.3406 0.1850 28.11 0.1564 0.0000  0.93 

 

West Java 0.5356 0.1077 25.76 0.1301 -0.0320  0.92 

 

Central Java 0.4842 0.1415 22.31 0.2885 0.0000  0.89 

 

Yogyakarta 0.3266 0.1579 25.43 0.1891 0.0000  0.76 

 

East Java 0.3221 0.1202 20.53 0.2701 0.0000  0.86 

Nusa Tenggara        

 

Bali  0.3805 0.1607 20.69 0.3329 0.0012  0.88 

 

West N.Tenggara 0.5710 0.1633 28.41 0.1435 0.0000  0.81 

 

East N.Tenggara 0.5540 0.1686 31.63 0.1204 0.0000  0.83 

 

East Timor 0.7849 0.1428 25.12 0.2194 0.0000  0.85 

Kalimantan        

 

West Kalimantan 0.5034 0.1799 30.93 0.1178 -0.0100  0.85 

 

Central Kalimantan 0.1856 0.0628 18.58 0.7513 0.0000  0.69 

 

South Kalimantan 0.2075 0.2576 33.65 0.1152 0.0127  0.81 

 

East Kalimantan 0.4877 0.1326 25.76 0.1584 0.0000  0.72 

Sulawesi        

 

North Sulawesi 0.4636 0.1508 26.33 0.1605 -0.0032  0.80 

 

Central Sulawesi 0.3337 0.1008 21.36 0.4025 0.0065  0.78 

 

South Sulawesi 0.4496 0.1886 31.04 0.1310 -0.0013  0.86 

 

Southeast Sulawesi 0.4436 0.1135 22.31 0.2968 0.0055  0.86 

 

        

Maluku 0.6184 0.1446 26.34 0.1670 0.0000  0.80 

Irian Jaya 0.4656 0.1642 29.20 0.1274 0.0000  0.72 

        

Note:  Goodness-of-fit values are derived from R-squared values. 
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7.5 Mortality Estimation 
 
It has been noted previously that the mortality data available in Indonesia are mostly 
information on infant and child mortality. These data are on the proportion of 
children who died at a certain age of the mother. Using the indirect methods (e.g., the 
Brass method or its modifications), it is therefore possible to convert the data into 
measures of infant and child mortality. Meanwhile, the direct estimation method is 
also utilized with the availability of the IDHS data. It is not surprising that past 
Indonesian mortality analyses emphasized infant and child mortality with little 
known about actual mortality rates at other ages. Life tables from Coale-Demeny, 
particularly the West Model, have been used to describe the Indonesian mortality 
conditions and life expectancy as well. A few studies (see Chapter 2), which focused 
on estimating the Indonesian adult mortality, have shown that the pattern of 
Indonesian mortality differs from the West Model of the Coale-Demeny life tables.  

In this research, an estimate of Indonesian mortality in terms of infant and 
adult mortality rates is attempted for all regions in Indonesia. The infant mortality 
rates (IMR) are calculated from the IDHS data as a ratio of the number of infant 
deaths (before reaching the age of one) to the number of children ever born in a 
particular time period. The adult mortality rates are calculated from the SUSENAS 
data as a ratio of the number of deaths (deaths which occurred within a year prior to 
the survey) to the midyear population. These mortality rates are estimated by the 
direct method. This section starts by discussing the estimations of infant mortality 
rates in section 7.5.1 and then continues with adult mortality rates in section 7.5.2. 
The final section 7.5.3 discusses the regional mortality models that have been 
developed by using regional IMR and mortality patterns estimated in the preceding 
sections.  

 

7.5.1 Infant Mortality  
 
Similar to fertility rates in the previous sections, infant mortality rates are calculated 
for Indonesia and its 27 provinces by using the Indonesia Demographic and Health 
Survey (IDHS) data for three series in 1991, 1994 and 1997. Infant mortality data are 
derived from the birth history section of individual questionnaires. The respondents 
were interviewed about their childbearing experience, e.g., the number of all children 
ever born, either living in the household or living elsewhere, and those who have 
died. For children still alive, information about his/her age at the last birthday and 
whether the child resided with his/her mother was obtained. For children who had 
died, the respondent was asked to provide the age at death. The ages and other 
important dates in the DHS survey were recorded in both months and years and 
were coded in CMC (Century Months Code).   
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7.5.1.1 Method 

 
For projection purposes, infant mortality rates are obtained from the period-cohort 
probability of dying in the first year of life (qo). The probability of dying is obtained 
by dividing the number of deaths occurring among children of relevant age, who 
were exposed to death within the interval age, to the number of children exposed to 
death (risk set) in the same age. In this research only the infant deaths of the children 
who were born in the period 0-4 years prior to survey are taken into account. For 
example, for the 1994 IDHS data, the children who were born in the period 1990-1994 
are relevant to this study. This is different from the reference period as used in the 
IDHS reports. The official report used the period data from the birth cohort of 0-9 
years prior to survey, and assumed that the events (infant deaths) occurred in the 
middle of month (Muhidin, 1999).  

It is worth mentioning here that in the beginning the data from children born 
within 12 months prior to the survey were considered to make it consistent with the 
estimation on adult mortality from the SUSENAS data, where the events (deaths) 
occurred within 12 months prior to survey. At national level, there was no problem. 
At regional level, however, there were some regions with few infant deaths. In order 
to obtain enough observations for estimating infant mortality at regional level, thus 
the observation window period was extended to 60 months prior to the survey. In 
addition, it is assumed that the IMR has not changed within that period. 

In the IDHS data, live births were classified by the calendar month in which 
the events occurred and by the age of the mother at the time of birth. The age of the 
children (in months) at survey time can be derived from the relation between the 
dates of birth of the children and the dates of the interview as shown in equation 
7.10. 

 

BCSSC
DDAGE −=           (7.10) 

 

Where: AGESC  = Age of children (months) at survey time  

 
BC

D  = Date of birth of child (CMC) 

 D
S

   = Date of interview (CMC) 

 
In order to estimate infant mortality, the dates of death have to be obtained. 

For children who died at age below one month, the event was recorded in days, 
whereas for those who died at ages between one month to two years old, it was 
recorded in months. To determine the probability of dying in the first year of life, 
months will be used as the unit of time. We follow the live status of children, who 
were born within 5 years prior to survey time, from 0 to 11 months of their life. The 
probabilities of surviving through the subintervals are calculated first by subtracting 
the probability of dying from one (see equation 7.11). The subinterval probabilities 
included within the age limit (0 to 11 months) are then multiplied with each other. 
Finally this product is subtracted from one to give the probability of dying within the 
first year of life.  
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Where: 
011

q = the probability of dying in first year of life  

 q[x] = the sub-interval probabilities of dying  
 
Some remarks need to be made in this analysis: (1) Different entry dates are 

put together so as to yield an overall picture concerning the experiences of a cohort 
with a common entry date.5 (2) The population is assumed to be homogeneous, and 
that the censoring and failure mechanisms are independent. (3) The events are 
recorded in months, and the choice of the unit of time is also in months. (4) The 
calculation of the probability of dying (q) is based on an assumption that the event 
occurred in the middle of the month, which includes censored cases at various time 
intervals. 

 
7.5.1.2. Empirical Estimation 
 

To illustrate the estimation process, the 1994 IDHS data is used. A number of 
observations included in this example are shown in Table 7.12. About 16,985 children 
were born during 0-4 years prior to survey. About 179 children aged 0 month were 
recorded at the time of survey. During this time, 3 of them died in the same month, 
while 176 children were still alive at the time of survey. Table 7.12 also shows that 
507 children died at age 0 month during the entire period of 0-4 years prior to the 
survey, while about 89 children died at age 1 month during this period. 

The above data include a number of censored observations, i.e. children who 
have not been exposed to the risk of death in the full period of interest. For example, 
children who were born within a year of the survey will not have been exposed to 
the risk of death for a full year and hence will only experience incomplete exposure 
to the probability of dying in the first year of life. Infant mortality is calculated based 
on a life table and censoring data are taken into consideration.  

Table 7.13 illustrates the life table for estimating infant mortality in Indonesia. 
Children’s age is recorded in completed months. Entries are of children who 
survived at the beginning of an indicated age interval (i.e. xth). The first cell of 
entries is of children who were born during 0-4 years prior to survey, 16,985 children. 
The number of censored cases is the number of children who were still alive at the 
time of survey and aged x month at that time. Deaths are the number of children who 
died during the age interval. Risk set is calculated by assuming censoring occurred in 
the middle of month.  

 
 
 
 

                                                           

5 The entry dates in this case are dates of births of children who were born during 0-4 years preceding 
the survey. From the 1994 IDHS, they were born between July-Nov in 1990 to July-Nov in 1994. 
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Table 7.12.  Number of children by age at time of survey and survival status (IDHS 
1994) 

 

Age of*                
Children Still  Age of children at death (in months)** Total 

(months) Alive Death 0 1 2 3 4 5 6 7 8 9 10 11 Children 

                
0 176 3 3            179 
1 302 13 13 0           315 
2 297 11 10 1 1          308 
3 249 7 6 0 0 0         256 
4 280 19 17 2 0 1 0        300 
5 237 13 5 4 1 2 0 0       250 
6 257 14 9 0 1 1 2 0 1      271 
7 299 25 15 0 7 1 1 0 0 2     324 

… … … … … … … … … … … … … … … … 
56 207 23 7 2 1 1 1 0 3 3 0 0 0 0 230 
57 221 19 7 1 1 0 0 0 0 0 1 0 0 0 240 
58 225 20 1 4 4 0 0 0 0 5 0 0 0 0 244 
59 258 44 15 0 4 0 4 1 7 0 0 0 0 0 302 

Total 
 

15,882 1,104 507 89 69 49 31 22 45 43 21 14 11 8 16,985 

 Notes: * Age of children (months) is age of children at the time of survey.  
             ** Age of children (months) at death is directly obtained from the variable of imputed dates at 

death.  
 Number of child deaths were weighted and rounded in this table.  

 

 

Table 7.13.  Infant mortality from period-cohort data, 1994 IDHS  
 

Age Entries Censored Deaths Exposure Prob. of  Per 100,000 
(month)  cases  to risk* dying  alive dead 

         
0 16,985 176 507 16,897 0.03002  100,000 3,002 
1 16,302 302 89 16,151 0.00549  96,998   533 
2 15,912 297 69 15,763 0.00439  96,465   424 
3 15,545 249 49 15,421 0.00318  96,041   306 
4 15,247 280 31 15,107 0.00206  95,736   197 
5 14,936 237 22 14,817 0.00145  95,539   139 
6 14,677 257 45 14,548 0.00309  95,400   294 
7 14,375 299 43 14,225 0.00299  95,106   284 
8 14,033 262 21 13,902 0.00148  94,821   141 
9 13,750 267 14 13,617 0.00103  94,681    98 

10 13,469 286 11 13,326 0.00080  94,583   76 
11 13,172 239 8 13,053 0.00059  94,507   55 

         
Probability of dying at first year of life = 0.05549 

 
 Note:  Exposure to risk (risk set) was calculated by assuming that censoring occurred in the middle of 

the month. 
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During the entire period of 0-4 years prior to survey, out of the 16,985 children 
who were born in this period, 507 children died at age of 0 month and 176 children 
were still alive as infant aged 0 month at the time of the survey. Fewer children, 43 
children out of 14,375 children who reached exact age 7 months (i.e. they were born 
at least seventh months before the survey) died when they were 7 months old. Thus, 
299 children were still alive at completed age of 7 months at survey time. About 
16,897 children were exposed to the risk of death at the age of 0 month before they 
reached the exact age of 1 month. In contrast, 13,053 children who reached 11 months 
were exposed to risk of death before they completed their first year (12 months). 
Using equation 7.11, infant mortality in Indonesia during the period 1990-1994 was 
55 deaths per 1,000 live births.  

Muhidin (1999) utilized two assumptions on the time of the occurrence of 
censoring in estimating infant mortality from the 1994 IDHS data. He assumed that 
the censoring occurred at the beginning or at the end of the month interval. Based on 
those assumptions, respectively, the probability of dying in the first year of life was 
0.05549 and 0.05511. In other words, the probability of dying increases when the 
censoring was assumed to occur at the beginning of the month. On the other hand, 
the probability of dying would decrease when the censoring occurred at the end of 
the month. Therefore, having complete information on the time of occurrences is 
important.  

Applying the assumption that censoring cases occurred in the middle of the 
months provided by provincial data, we obtain the probability of dying in the first 
year of life for every province in Indonesia. Table 7.14 shows the representative 
probabilities derived from the 1991, 1994, and 1997 IDHS for the period 1989-1997. 
Nevertheless, the IMR from the 1991 IDHS is not fully representative of some 
Indonesian regions. Thus, only the 1994 and 1997 IDHS data are considered as base 
data for estimating the IMR at the national and regional levels.  
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Table 7.14. Infant mortality rates from the period-cohort data for Indonesia, 1987-1997 
 

  1987-1991  1990-1994  1993-1997 

 Province Male Female  Male Female  Male Female 

          
Indonesia 70.24 62.20  61.00 49.64  52.23 37.97 
Sumatra         
 Dista Aceh 48.31 87.38  59.79 29.62  57.00 37.16 
 North Sumatra 77.13 53.67  54.20 43.56  42.96 56.75 
 West Sumatra 61.39 51.52  71.92 71.72  81.62 54.31 
 R i a u 28.38 29.27  74.16 56.46  58.32 42.93 
 Jambi 59.29 70.65  74.76 43.00  54.03 45.24 
 South Sumatra 31.24 47.73  61.29 40.13  58.38 15.73 
 Bengkulu 72.25 86.70  84.25 89.19  78.16 56.27 
 Lampung 50.06 44.16  33.16 48.74  56.61 29.03 
Java         
 Jakarta 42.89 39.23  33.32 16.48  30.11 19.65 
 West Java 108.61 104.11  71.80 78.74  69.44 48.68 
 Central Java 49.62 32.96  41.50 26.22  33.51 34.21 
 Yogyakarta 39.71 30.81  36.67 4.58  22.53 14.00 
 East Java 49.30 50.80  56.79 31.04  42.39 15.98 
Nusa Tenggara         
 Bali 59.46 42.51  66.30 23.52  37.51 26.96 
 West N. Tenggara 137.88 97.42  93.18 107.20  81.32 59.89 
 East N. Tenggara 54.27 82.00  92.84 39.55  68.39 37.24 
 East Timor 87.67 47.45  39.21 32.42  27.54 20.77 
Kalimantan         
 West Kalimantan 104.59 99.72  86.15 96.53  37.46 77.17 
 Cetral Kalimantan 49.46 36.06  26.49 4.37  65.52 32.47 
 South Kalimantan 74.89 56.02  65.66 66.25  69.61 52.37 
 East Kalimantan 63.64 81.32  58.99 51.76  53.48 50.06 
Sulawesi         
 North Sulawesi 64.39 26.16  59.39 55.79  49.10 27.53 
 Central Sulawesi 97.55 105.97  91.92 68.81  100.23 75.16 
 South Sulawesi 68.23 58.21  78.80 48.24  51.20 42.88 
 Southeast Sulawesi 94.73 48.59  61.30 70.31  64.78 20.30 
         
Maluku 82.37 29.57  73.82 44.88  46.73 25.15 
Irian Jaya 90.96 98.69  70.27 65.15  43.77 44.78 

          

Sources: Calculated from the 1991, 1994 and 1997 IDHS for birth cohort 0-4 years prior to 
surveys.  

 

7.5.2 Adult Mortality  
 
Instead of using the existing regional model life tables (i.e. the West model from 
Coale-Demeny, 1966), adult mortality rates in this section are estimated by using the 
Indonesian mortality data that derived from the 1996 SUSENAS.6 This nationwide 
survey was conducted in January 1996 with a sample size of 206,240 households. 

                                                           

6 The scarce of the data is limited to this year due its accessibility and availability.  
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Information on mortality includes the number of household members who died 
within 12 months prior to the survey, their name, age at the time of death, sex, 
relationship to the head of the household, marital status, and any criminal 
circumstances surrounding their deaths.  

The SUSENAS is one of the largest sample surveys in Indonesia (see Chapter 
4) and it has been conducted since the 1960s. The survey aims mainly to collect 
information which relates to social and economic aspects. Nevertheless, the survey 
also collects basic demographic information, such as the characteristics of the 
population (age, sex, and relation to the head of the household), number of children 
ever born, infant and adult mortality. It is not surprising, therefore, that many 
scholars are interested in this survey, especially economists and demographers. For 
example, the 1967 SUSENAS data were used for projection purpose, i.e. estimating 
initial fertility and infant mortality rates (ICBS, 1973). The 1964 SUSENAS data were 
used for estimating the distribution of fertility rates by age groups (Iskandar, 1976).  
 

7.5.2.1. Method 

 
As projection analysis is the focus of this study, the period-cohort mortality rates will 
be estimated for all the Indonesian regions. The mortality rate of a person aged x 
who resides in region i [Mid(x)] is calculated as follows: 
 

M x
Event

Exposure

Death x

Midyear pop x
id
( )

( )

_ ( )
= =      (7.12) 

 

In order to calculate the age-specific death rates (ASDR) for projection 
purposes, the period-cohort data of event and exposure are needed. In fact, the 
events (deaths) provided by the SUSENAS are categorized as period data (see 
Chapter 5). A relevant question asked in this survey was: “is there any household 
member who died in the last 12 months?” If the answer was affirmative then personal 
information (i.e. age at death, sex, relation to the head of the household and marital 
status of the person) was collected. The time of occurrence of the event, i.e. within 12 
months prior to survey, was recorded in terms of completed years of age. People 
who attained completed age x years in the interval period (t,t+1) may represent 
summation over two cohorts, i.e. cohort ct-x-1 and cohort ct-x. For example, people who 
died when they were 10 years old between January 1995 and January 1996 (i.e. 12 
months prior to the survey time) might belong to two different cohorts (i.e. born 
within February 1984-January 1985 and February 1985-January 1986). Therefore, it is 
assumed that half of the events belongs to the younger cohort, while the other half 
belongs to the older cohort. In other words, the events occurred in the middle of 12 
months prior to survey time (i.e. in the 6th month). Using the estimated event data, 
the period-cohort data can be obtained. 

For infant death, however, a different assumption is applied. Using the infant 
mortality data derived from the 1991, 1994 and 1997 IDHS, Muhidin (1999) reported 
that two-thirds (2/3) of the infant deaths occurred within 6 months after the children 
were born. From that study, it is assumed that two-thirds of the infant deaths 
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belonged to the younger cohort and one-third to the older cohort. In general, the 
assumptions applied to the period-cohort data can be expressed as follows: 

 

D t c D x t D x tPC t x p p( , ) ( , ) ( , )
− −

= − +
1 1 2

1λ λ      (7.13) 

 

where: DPC(x, ct-x-1) = period-cohort deaths of population from birth cohort (t-x-1)  
in interval period (t,t+1) 
 DP(x,t)         = period deaths of population aged x in interval period (t,t+1) 

 λ1 and λ2     =  0 and 2/3 for the first age group (x = 0) 

 λ1 and λ2     =  1/3 and 1/2 for the second age group (x = 1) 

 λ1 and λ2     =  1/2 and 1/2 for the age group 1 < x ≤ z 

 λ1 and λ2     =  1/2 and 0 for the highest age group ( x= z+) 
 

With regard to the population exposed to the risk of death, the mid-year 
population is used as a point of reference. Since the SUSENAS data are collected 
retrospectively, then the number of population by their cohort in every period must 
remain similar to the number of population at the survey time. The population 
exposed to the risk of death is estimated using the equation as follows: 

 

L t c P x D t c
x t PC x t

( , ) ( ) . ( , )
− − − −

= +
1 1

05       (7.14) 

 

where: L(t, ct-x-1) = population exposed to risk from birth cohort (t-x-1) in  the interval 
         period (t,t+1) 

 P(x) = population aged x at time t 
 
 
7.5.2.2. Empirical Estimation 
 

Table 7.15 illustrates the estimation of mortality rates for all Indonesia (male and 
female) by single-year age group. Like the fertility data from the IDHS, data on the 
number of population and events (deaths) in the SUSENAS are also weighted. Based 
on the 1996 SUSENAS data, Table 7.15 shows 195.5 million people were alive at the 
survey time, while 1.04 million people died during the past 12 months prior to 
survey. At the time of survey, there were about 3,433,164 children aged 0 years (i.e. 0 
to 11 months old), who were born at least 11 months prior to the survey time. In 
contrast, about 175,753 infants died within the period of 12 months prior to the 
survey.  

Interestingly, it was found that some of the population could not be classified 
into any age group, i.e. those classified in the “unknown” age group, totaled 9,034 
and 1,988 were recorded deaths. The unclassified age group data are uniformly 
distributed among the population aged 60 years and above. As for the population 
base data, it is assumed that most unclassified population belongs to the elderly 
population (aged 60+). Consider the population aged 85 years old. They were 
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estimated about 111,584 and 111,816 people (i.e. 111,584 + 9038/39)7 before and after 
the adjustment of the unclassified age group population, respectively.  

 
Table 7.15. Period-cohort data derived from SUSENAS data for population 

projection 
 

 Pop. aged x Death (period)  Adjusted pop. Adjusted death Mid-year pop.  

Age at survey time at aged x  at survey time (period-cohort) Exposure ASDR 

(x) P(x) D(x,t)  P'(x) D(t,cx-t-1) L(t,cx-t-1) m(t,cx-t-1) 

        

0 3,433,164 175,753  3,433,164 117,169 3,491,748 0.033556 

1 3,483,312 54,131  3,483,312 85,650 3,526,137 0.024290 

2 3,941,643 33,463  3,941,643 43,797 3,963,542 0.011050 

3 4,278,102 20,338  4,278,102 26,901 4,291,552 0.006268 

4 3,368,481 15,800  3,368,481 18,069 3,377,516 0.005350 

5 5,044,854 12,563  5,044,854 14,182 5,051,945 0.002807 

6 4,161,725 8,068  4,161,725 10,316 4,166,883 0.002476 

7 4,477,350 10,236  4,477,350 9,152 4,481,926 0.002042 

8 4,340,201 6,916  4,340,201 8,576 4,344,489 0.001974 

9 4,545,660 7,055  4,545,660 6,986 4,549,153 0.001536 

10 5,046,970 8,518  5,046,970 7,787 5,050,863 0.001542 

11 4,581,434 2,544  4,581,434 5,531 4,584,200 0.001207 

12 5,205,326 5,123  5,205,326 3,834 5,207,243 0.000736 

… … …  … … … … 

85 111,584 7,709  111,816 5,085 114,358 0.044465 

86 46,019 3,899  46,251 5,855 49,178 0.119056 

87 39,131 3,215  39,363 3,608 41,167 0.087643 

88 20,291 902  20,523 2,109 21,577 0.097763 

89 24,310 2,524  24,542 1,764 25,424 0.069383 

90 78,745 6,928  78,977 4,777 81,365 0.058710 

91 12,828 1,046  13,060 4,038 15,079 0.267795 

92 20,435 1,757  20,667 1,452 21,393 0.067895 

93 10,720 634  10,952 1,246 11,575 0.107688 

94 8,798 828  9,030 782 9,421 0.083007 

95 22,153 3,008  22,385 1,969 23,369 0.084255 

96 11,961 1,842  12,193 2,476 13,431 0.184353 

97 76,899 6,373  77,131 4,158 79,210 0.052499 

98 0 9,050  232 12,313 6,388 1.927478 

u.k 9,034 1,988      

Total 195,524,884 1,041,003  195,524,884 1,041,003 196045386 0.005310 

        

Note:  u.k.= unknown age group, which is uniformly distributed among the population aged 
60 and beyond. The death rate for aged 98+ was more than 1 because the exposure 
population is smaller than the number of deaths 

 

                                                           

7 Value of 39 refers to interval between 60 and 98 years.  
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Using equations 7.13 and 7.14, the period cohorts of events and exposure 
population are calculated. For example, the number of deaths in the population aged 
0 and 10 years old is calculated as follows: 

 
D D

D D D

PC p

PC p p

( ) . ( ) .

( ) . ( ) . ( ) . .

0 0 175753 117169

10 9 10 7055 8518 7783

2
3

2
3

1
2

1
2

1
2

1
2

= = =

= + = + =

 

 

Exposure or mid-year populations for those age groups are: 

 

 

L P D

L P D

PC

PC

( ) ( ) . ( ) . *

( ) ( ) . ( ) . *

0 0 05 0 3433164 05 117169 3491748

10 10 05 10 5046970 05 7783 5050863

= + = + =

= + = + =

 

 

From these calculations, the period cohort mortality rate for single or five-year 
age groups can be obtained. Total death rate in Indonesia for the period 1996 was 
estimated at about 5 deaths per 1,000 (1,041,003/196,045,386=0.0053). 

Examination of the estimated mortality rates, however, reveals two main 
problems: incompleteness and irregularities. Regarding the completeness of the data, it 
has to be kept in mind that the main focus of the SUSENAS is on the socioeconomic 
aspects and that was collected retrospectively. Demographic experiences were 
recorded for only a sub-cohort. Some individuals, from the same birth cohort, may 
have been excluded from the observation due to death or migration. In addition, 
information of the events (death) was solicited from the family or mother of the 
deceased. Hence, it has been argued that the number of deaths in this survey was 
under-reported and the resulting death rate was an underestimate.8 As a result, the 
life expectancies estimated were biased upwards, i.e. 73.16 and 67.69 years 
respectively for Indonesian females and males in 1996. Therefore, an adjustment 
method is required for transforming the observed death rates into a better estimate of 
true mortality.  

Manual X from the United Nations (1983) described two methods for 
assessing the completeness of death reporting in relation to population coverage. 
These are: (1) Preston-Coale method, and (2) Brass growth balance method. The Preston-
Coale method uses the existing regional model of life table (i.e. the Coale-Demeny 
model) for adjusting the data, while the second method (Brass method) uses directly 
the observed data. Both methods assume that the population being studied is stable. 
In practice, the concept of a stable population, which assumes that fertility and 
mortality will remain constant for a sufficiently long time is not consistent with 
current Indonesian population. Considering this limitation and the fact that 
Indonesian mortality may be different from the existing regional model life tables, 
the second method appears to be better choice for assessing the completeness of 
Indonesian mortality data.  

 

                                                           

8 Comments from Dr. Soeharsono Soemantri and. Dr. Soewarta Kosen (the Ministry of Health, 
Indonesia), personal communication through e-mail. 
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The Brass growth balance method is based on the following equation: 
 
P x P x r D x P x( ) / ( ) *( ) / ( )+ = + + +       (7.15) 

 
where P(x) is the number of people aged x years, P(x+) is the number of people aged 
x years and over, D*(x) is the number of deaths occurring to persons aged x and 
above, and r is the growth rate. It is assumed that instead of the real death data 
D*(x+), the observed death data are only a proportion of the real data, i.e. D(x+), in 
which: 
 

D x C x D x( ) ( ) *( )+ = +         (7.16) 

 

where C(x) is a factor representing the completeness of the observed death data at 
age x and over.  Since the completeness of the death data is assumed to remain the 
same at all ages, at least over age 5 or 10 years, then C(x) can be replaced with a 
constant C. Using K=1/C and equation 7.16, equation 7.15 can be expressed as 
follows:  
 

 P x P x r K D x P x( ) / ( ) . ( ) / ( )+ = + + +   

 
By plotting a line which fits 15 points representing estimated data (5-year age 

groups, from age 5 to 75 years), Figure 7.8 shows that the lack of completeness of 
mortality data in the 1996 SUSENAS. The completeness of data for males is higher 
than for females, 41 percent (=1/2.4453) and 33 percent (=1/3.0647), respectively.  

 
Figure 7.8. Plot of partial birth rates, P(x)/P(x+), and death rates, D(x+)/P(x+), for 

females and males, Indonesia, 1996 
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The completeness factors obtained are utilized to estimate the adjusted age-
specific death rates. It is assumed that the completeness of reporting of deaths is the 
same at all ages. In this research, however, the child mortality data (aged 0-9 years) 
are not adjusted because the data observed approximate the child death data 
estimated from the IDHS. From the 1997 IDHS, for example, the estimated IMR in the 
period 1993-1997 are 38 and 52 deaths per 1,000 live births, respectively, for females 
and males, while, these are estimated at 32 and 36 from the 1996 SUSENAS, which 
refers to the period of 12 months prior to survey, instead of 5-year period. Table 7.16 
shows the mortality data before and after the adjustment has been done.  

 
Table 7.16.  Observed and adjusted age-specific death rates, Indonesia, 1996 
 

 Observed ASDR  Adjusted ASDR 

Age Male Female Total  Male Female Total 

[0,1) 0.036005 0.031681 0.033897  0.036005 0.031681 0.033897 
[1,5) 0.011108 0.010908 0.011010  0.011108 0.010908 0.011010 

[5-10) 0.002530 0.002408 0.002470  0.002530 0.002408 0.002470 
[10,15) 0.001280 0.001241 0.001261  0.002963 0.005149 0.003236 
[15-20) 0.001776 0.001324 0.001554  0.004109 0.005493 0.003986 
[20,25) 0.001986 0.001492 0.001718  0.004597 0.006191 0.004409 
[25-30) 0.001860 0.001683 0.001765  0.004303 0.006983 0.004529 
[30,35) 0.002036 0.002190 0.002117  0.004712 0.009087 0.005432 
[35-40) 0.002082 0.002007 0.002044  0.004819 0.008328 0.005246 
[40,45) 0.003954 0.002710 0.003358  0.009150 0.011245 0.008618 
[45-50) 0.005865 0.003530 0.004714  0.013572 0.014649 0.012096 
[50,55) 0.008204 0.004434 0.006305  0.018984 0.018400 0.016179 
[55-60) 0.011068 0.006925 0.008972  0.025612 0.028736 0.023021 
[60,65) 0.016988 0.009962 0.013417  0.039312 0.041339 0.034427 
[65-70) 0.023774 0.012651 0.018139  0.055016 0.052494 0.046545 
[70,75) 0.030039 0.020406 0.025172  0.069514 0.084674 0.064592 
[75-80) 0.041718 0.036020 0.038854  0.096539 0.149464 0.099700 
[80,85) 0.061290 0.046241 0.053039  0.141831 0.191875 0.136098 
[85+) 0.126143 0.091713 0.106242  0.291909 0.380565 0.272617 
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With regard to the problem of irregularities, Figure 7.9 shows that the 
Indonesian mortality rates (in logarithmic scale) are subject to distortions, 
particularly for the single-year age groups. Therefore, using the mortality data for the 
five-year age groups, the model mortality schedule proposed by Heligman-Pollard 
(1980) is utilized for smoothing those distortions. The model is also applied to 
produce single-year age-specific death rates for Indonesia, both at the national and 
regional levels.  
 

Figure 7.9. Observed age-specific death rates and death probabilities by single-year 
and five-year age groups, Indonesia 1996 
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At the national level, there was no problem categorizing the mortality data by 

sex and age (i.e. single- or five-year age groups). At the regional level, however, some 
problems appeared. It was found that the number of events (deaths) classified by sex 
and age (even five-year age groups) was too small in some provinces to estimate age- 
specific death rates. This may be due to the small size of the sample covered in those 
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provinces. Thus, we clustered the 27 provinces into groups of provinces. After 
clustering into 8 main regions and classifying by five-year age groups, the age 
patterns obtained were relatively good. The 8 regions clustered are: 1. Northern 
Sumatra (Aceh, North and West Sumatra, and Riau), 2. Southern Sumatra (Jambi, 
South Sumatra, Bengkulu and Lampung), 3. Western Java (Jakarta and West Java), 4. 
Eastern Java (Central and East Java, and Yogyakarta) and Bali, 5. Nusa Tenggara 
(West and East Nusa Tenggara, and East Timor), 6. Kalimantan, 7. Sulawesi, and 8. 
Maluku-Papua. These regions are grouped according to their geographical position 
(see map of Indonesia, Figure 2.1, Chapter 2).  

Table 7.17 presents the parameters of model mortality schedules for Indonesia 
and the 8 main regions categorized by sex. In some regions, however, the model 
schedule fails to fit the mortality data of males and/or females, particularly for 
females in Southern Sumatra, Western Java, Sulawesi, and Maluku-Papua. 
Consequently, the mortality data for another group of regions (i.e. the islands of 
Sumatra, Java-Bali, and Sulawesi-Maluku-Papua) with and without the sex variable 
is considered. Based on the values of goodness-of-fit, the models generally fit well for 
the Indonesian male and overall data, but less for the female data. In practice, the 
present research requires mortality data categorized by region and sex (male and 
female). Thus, in some cases, regional mortality patterns for both sexes 
(males+females) serve as the pattern for females or males. For example, the mortality 
patterns for females in Southern Sumatra, Nusa Tenggara and Kalimantan are 
derived from their total patterns. In addition, the mortality patterns of a wider group 
of regions may also be used to present the mortality patterns at the subregional level 
as in the case of Sulawesi and Maluku-Papua. The mortality patterns of these regions 
are derived from the mortality patterns of Sulawesi-Maluku-Papua. Figure 7.10 
shows the mortality patterns for the regions considered.  
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Table 7.17.  Parameters of the Heligman-Pollard model for Indonesian mortality, 1996  
 
 Regions Children  Adult  Elderly  Goodness 

  A B C  D E F  G H  -of-fit 

Male              

 Indonesia 0.1158 2.4619 0.4894  0.0033 4.35 17.60  0.0004 1.0780  0.111  

 Northern Sumatra 0.0414 1.1805 0.3223  0.0045 7.38 19.05  0.0003 1.0791  0.847  

 Southern Sumatra 0.9389 10.7811 1.6324  0.0040 2.00 12.64  0.0001 1.0920  0.790  

 Sumatra 0.0770 1.9014 0.4065  0.0038 4.41 17.04  0.0003 1.0835  0.676  

 Western Java 0.7305 7.5405 1.1662  0.0051 3.76 15.90  0.0007 1.0666  0.848  

 Eastern Java + Bali 0.0866 2.3682 0.4760  0.0024 11.07 20.73  0.0003 1.0798  0.220  

 Java+Bali 0.1466 3.0481 0.5436  0.0031 4.69 18.48  0.0003 1.0795  0.186  

 Nusa Tenggara 0.8717 6.0375 1.6113  0.0105 0.04 0.30  0.0005 1.0672  1.616 * 

 Kalimantan 0.0687 1.3912 0.3959  0.0053 14.09 16.23  0.0001 1.0972  1.259 * 

 Sulawesi 0.0737 1.5410 0.3904  0.0037 6.29 15.52  0.0003 1.0782  0.410  

 Maluku+Papua 

(MaPa) 

0.0718 0.9059 0.4652  0.0035 0.01 0.31  0.0001 1.0881  7.504 * 

 Sulawesi+MaPa 0.0971 1.8613 0.4446  0.0041 6.78 15.59  0.0005 1.0716  0.233  

 

Female 

             

 Indonesia 0.7630 5.7407 1.3588  0.0376 0.00 n.s  0.0001 1.0980  1.042 * 

 Northern Sumatra 0.0988 2.1903 0.4721  0.0043 4.90 16.45  0.0002 1.0817  0.419  

 Southern Sumatra 0.8593 7.8314 1.4376  0.0025 27.26 17.80  0.0037 1.0294  4.637 * 

 Sumatra 0.0648 0.9719 0.4291  0.0038 0.00 0.01  0.0001 1.0895  3.329 * 

 Western Java 0.0352 1.0200 0.2605  0.0097 3.74 29.44  0.0000 1.1139  1.101 * 

 Eastern Java + Bali 0.4923 5.7548 0.9422  0.0016 2.77 14.14  0.0002 1.0805  0.598  

 Java+Bali 0.1412 1.9003 0.6160  0.0001 -0.01 0.00  0.0000 1.1037  1.325 * 

 Nusa Tenggara 0.1331 2.7840 0.4393  0.0131 5.78 18.44  0.0002 1.0820  1.446 * 

 Kalimantan 0.0411 0.6451 0.3073  0.0000 -0.02 0.00  0.0000 1.1156  3.616 * 

 Sulawesi 0.2814 2.7796 0.8348  2.1927 0.00 n.s  0.0001 1.0894  1.109 * 

 Maluku+Papua 

(MaPa) 

0.2239 4.9975 0.5730  0.0031 3.33 15.63  0.0009 1.0419  3.504 * 

 Sulawesi+MaPa 0.6632 5.5538 1.1729  0.0047 0.36 18.17  0.0001 1.0884  0.985  

 

Male+Female 

             

 Indonesia 0.3835 4.9487 0.7938  0.0030 2.02 17.25  0.0003 1.0778  0.048  

 Northern Sumatra 0.0598 1.5817 0.3817  0.0040 5.56 17.94  0.0003 1.0800  0.453  

 Southern Sumatra 0.9862 17.0606 1.9413  0.0040 3.26 15.77  0.0005 1.0727  0.546  

 Sumatra 0.1542 3.0305 0.5365  0.0040 4.78 17.06  0.0004 1.0756  0.356  

 Western Java 0.7610 5.2753 1.3844  0.0048 0.03 17.41  0.0001 1.0904  2.229 * 

 Eastern Java + Bali 0.0999 2.5862 0.4955  0.0017 4.56 19.32  0.0002 1.0817  0.217  

 Java+Bali 0.5971 6.8265 1.0021  0.0025 1.60 18.51  0.0003 1.0802  0.103  

 Nusa Tenggara 0.1835 2.9334 0.5342  0.0084 3.63 18.14  0.0006 1.0676  0.558  

 Kalimantan 0.0658 1.5284 0.3841  0.0037 6.62 16.52  0.0002 1.0911  0.298  

 Sulawesi 0.7689 4.8260 1.4699  0.0064 0.25 3.27  0.0003 1.0788  2.276 * 

 Maluku+Papua 

(MaPa) 

0.9889 13.5698 2.1151  0.0052 3.13 14.52  0.0019 1.0506  2.199 * 

 Sulawesi+MaPa 0.8958 7.6372 1.5858  0.0043 0.96 11.42  0.0004 1.0738  0.909  

               

Notes: *Estimated values are less likely to fit with the observed data. Goodness-of-fit values are  
derived from S-squared values. n.s. = value of this parameter is small.  
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Figure 7.10. Age-specific death probabilities of Indonesia by sex and region, 1996 
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7.5.3 Regional Mortality Models 
 
Parameters of the mortality schedule models for Indonesia and its regions based on 
the IMR values for the period 1990-1994 (i.e. estimated from the 1994 IDHS) are 
presented in Tables 7.18 and 7.19, respectively, for females and males. The model 
schedules are utilized in order to obtain mortality data by single-year age group, 
which needed in the population projections by single-year periods and single-year 
age groups. Several studies (e.g. Kostaki, 1991; Birg et al., 1998) have shown that the 
model schedule can be used for generating mortality data in single-year age groups.  
 

Table 7.18.  Parameters of the Heligman-Pollard model for Indonesian female, 1990-
1994 

 

  Child    Adult   Elderly Goodness 

Region/province A B C  D E F  G H -of-fit 

              

Indonesia 0.139 3.088 0.499  0.001 0.97 28.38  0.0000 1.0896  0.058 

Sumatra             

 Dista Aceh 0.038 1.168 0.322  0.001 9.04 18.27  0.0001 1.0829  0.001 

 North Sumatra 0.140 2.490 0.476  0.002 7.31 18.18  0.0001 1.0742  0.004 

 West Sumatra 0.399 4.791 0.714  0.004 6.28 17.95  0.0002 1.0697  0.010 

 R i a u 0.123 2.306 0.444  0.003 10.01 20.14  0.0002 1.0718  0.005 

 Jambi 0.169 3.289 0.482  0.002 16.68 20.44  0.0003 1.0644  0.005 

 South Sumatra 0.046 1.605 0.329  0.001 22.14 20.35  0.0001 1.0747  0.004 

 Bengkulu 0.134 2.067 0.378  0.005 29.15 21.31  0.0003 1.0759  0.029 

 Lampung 0.116 2.661 0.427  0.002 18.12 20.43  0.0003 1.0672  0.001 

Java             

 Jakarta 0.010 0.523 0.207  0.001 8.98 32.41  0.0000 1.1108  0.009 

 West Java 0.141 2.432 0.392  0.007 8.46 30.15  0.0000 1.0928  0.009 

 Central Java 0.169 3.400 0.559  0.001 2.88 16.76  0.0001 1.0767  0.001 

 Yogyakarta 0.005 0.564 0.231  0.000 7.41 15.55  0.0000 1.1021  0.053 

 East Java 0.056 1.942 0.403  0.000 3.98 16.81  0.0001 1.0814  0.000 

Nusa Tenggara             

 Bali 0.074 2.236 0.435  0.000 3.65 16.85  0.0001 1.0800  0.000 

 West Nusa T. 0.274 3.452 0.538  0.007 7.12 21.21  0.0006 1.0557  0.500 

 East Nusa T. 0.077 2.018 0.354  0.003 9.78 20.43  0.0001 1.0824  0.001 

 East Timor 0.171 3.272 0.460  0.005 8.96 20.32  0.0001 1.0774  0.001 

Kalimantan             

 W. Kalimantan 0.264 3.375 0.500  0.006 28.47 30.33  0.0001 1.0871  0.046 

 C. Kalimantan 0.051 1.542 0.326  0.001 41.13 30.69  0.0000 1.1052  0.000 

 S. Kalimantan 0.145 2.494 0.418  0.003 32.67 30.51  0.0001 1.0942  0.019 

 E. Kalimantan 0.111 2.198 0.390  0.003 34.78 30.57  0.0000 1.0970  0.010 

Sulawesi             

 North Sulawesi 0.019 0.355 0.200  0.002 25.13 30.46  0.0001 1.0766  0.000 

 Central Sulawesi 0.050 0.631 0.242  0.005 20.12 30.15  0.0003 1.0680  0.007 

 South Sulawesi 0.023 0.389 0.205  0.002 24.10 30.42  0.0001 1.0751  0.000 

 S.East Sulawesi 0.022 0.387 0.205  0.002 24.16 30.42  0.0001 1.0752  0.000 

              

Maluku 0.018 0.428 0.199  0.001 15.13 29.10  0.0001 1.0793  0.000 

Irian Jaya 0.043 0.743 0.240  0.003 12.19 28.85  0.0002 1.0724  0.002 
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These regional mortality models are constructed by using the regional IMR 
estimated previously in section 7.5.1 and the mortality patterns estimated in section 
7.5.2. Standard procedures of BESTFT and UNABR provided in the MortPak package 
are applied. The BESFT procedure is utilized for fitting the IMR estimated to the 
regional mortality patterns (i.e. as a user-defined model life tables). The UNABR 
procedure is operated to produce the mortality schedule model for every Indonesian 
region.  
 

Table 7.19.  Parameters of the Heligman-Pollard model for Indonesian males, 1990-
1994 

 

  Child    Adult   Elderly Goodness 

Region/province A B C  D E F  G H -of-fit 

              
Indonesia 0.071 1.828 0.390  0.001 8.45 19.75  0.0002 1.0755  0.108 
Sumatra             
 Dista Aceh 0.195 2.916 0.526  0.003 14.38 21.01  0.0003 1.0677  0.010 
 North Sumatra 0.127 2.362 0.457  0.003 14.92 21.03  0.0002 1.0712  0.004 
 West Sumatra 0.348 3.960 0.656  0.004 13.49 20.96  0.0005 1.0625  0.020 
 R i a u 0.256 3.356 0.581  0.004 13.99 20.99  0.0004 1.0653  0.015 
 Jambi 0.103 1.726 0.364  0.003 32.91 21.26  0.0002 1.0801  0.011 
 South Sumatra 0.090 1.608 0.349  0.003 33.18 21.26  0.0002 1.0816  0.008 
 Bengkulu 0.158 2.152 0.420  0.004 31.92 21.26  0.0003 1.0750  0.023 
 Lampung 0.052 1.207 0.296  0.002 34.42 21.25  0.0001 1.0878  0.001 

Java             
 Jakarta 0.076 2.068 0.414  0.001 5.43 17.70  0.0002 1.0680  0.001 
 West Java 0.998 20.756 2.408  0.003 2.60 15.82  0.0006 1.0557  0.248 
 Central Java 0.593 6.959 0.951  0.002 17.38 20.97  0.0003 1.0702  0.006 
 Yogyakarta 0.305 4.712 0.704  0.001 17.52 20.98  0.0002 1.0749  0.001 
 East Java 0.943 12.536 1.557  0.003 17.49 20.95  0.0005 1.0646  0.017 

Nusa Tenggara             
 Bali 0.972 14.269 1.744  0.003 17.55 20.95  0.0005 1.0636  0.019 
 West Nusa T. 0.118 1.506 0.393  0.003 23.22 27.25  0.0010 1.0476  0.004 
 East Nusa T. 0.102 1.382 0.374  0.003 24.34 27.21  0.0009 1.0490  0.003 
 East Timor 0.018 0.503 0.225  0.001 36.29 26.77  0.0002 1.0646  0.008 

Kalimantan             
 W. Kalimantan 0.188 2.703 0.529  0.002 12.51 17.80  0.0002 1.0790  0.005 
 C. Kalimantan 0.085 1.769 0.407  0.001 14.72 18.08  0.0001 1.0849  0.001 
 S. Kalimantan 0.247 3.147 0.585  0.002 11.85 17.68  0.0002 1.0772  0.008 
 E. Kalimantan 0.144 2.337 0.482  0.002 13.26 17.91  0.0001 1.0808  0.004 

Sulawesi             
 North Sulawesi 0.087 1.633 0.393  0.002 11.08 16.58  0.0002 1.0737  0.001 
 Central Sulawesi 0.489 4.726 0.784  0.004 8.77 16.01  0.0006 1.0623  0.015 
 South Sulawesi 0.142 2.145 0.463  0.002 10.41 16.47  0.0003 1.0700  0.003 
 S.East Sulawesi 0.130 2.042 0.449  0.002 10.52 16.49  0.0003 1.0706  0.003 
              

Maluku 0.144 2.253 0.477  0.002 10.64 16.83  0.0004 1.0657  0.002 
Irian Jaya 0.123 2.060 0.451  0.002 10.91 16.88  0.0003 1.0668  0.001 
              

Note: Goodness-of-fit values are derived from S-squared values. 
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Diagram 7.3 summarizes the procedure for estimating and constructing the 
base mortality data. It starts with the estimation of IMR from the IDHS and the 
construction of adult mortality patterns from the SUSENAS data. Some adjustments 
were made to the data estimated based on the assessment results. Then, the IMR 
estimated and the mortality patterns constructed were utilized for constructing 
mortality base data at the national and regional levels.  

 
Diagram 7.3. Summary of estimation and construction of base mortality data 
 

 

 
                 
 
 
 
 
             
                             
 
 
                    Exceptional cases during 12 months               Exceptional cases for single-year  
                    observation window                          age groups in some provinces  
 
 
 
 
 

 
 
 
  
 
 
 
 
 
 
                                                        Under-reported cases & 
                                                                                      irregularities in age patterns 
 
 
 
      

 

 
 
 
 
 
 
 
 
 

Adjust infant mortality data: 
- Extend the observation period from 12 months to 60 months prior to 

the survey time and including the month of survey.  
Calculate infant mortality rate (period-cohort rate): 
- Obtain number of events (deaths) and children born alive 

Completeness: adjusted with the Brass growth balance 
method. Regularities: smooth age specific mortality rates by 
using the Heligman-Pollard model and grouped data into 
single years of age  

Base mortality data 
(classified by single-year age groups and region/province) 

Data tabulation (IDHS) 
Number of infants alive and dead 

Data assessment: 
Observation period was  

12 months prior to survey 

Data tabulation (SUSENAS) 
Number of population alive and dead 

Data assessment: 
Observation period was  

12 months prior to survey 

Adjust mortality data: 
-  Group single-year data into 5-year age groups 
-  Aggregate provincial data into regional/island data 
Calculate age-specific mortality rates (period-cohort data) 
-  Obtain number of events (deaths) and exposure  

Using BESFT procedure in the MORTPAK to obtain provincial mortality data.  
Input data comprise provincial infant mortality rates and regional mortality patterns as 

user-defined life table. 
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7.6 Migration Estimation 
 
The present research considers both internal and external (international) migration. 
Migration data are needed in terms of age-sex specific and origin-destination 
formats. This section focuses on estimating the migration data. Subsection 7.6.1 
elaborates a method for estimating internal migration data and illustrates its 
application in terms of two regions. Subsection 7.6.2 elaborates an estimation of 
international migration.  
 

7.6.1 Internal Migration 
 
Evaluation of demographic data sources in Indonesia (see Chapter 4) reveals that the 
census and the intercensal survey have been primarily used for estimating internal 
migration. Although the intercensal survey provides similar migration data as the 
census does, it is limited in terms of the number of samples (see Chapter 2, section 2.5 
and Chapter 4). In this research, therefore, only the census (i.e. the 1980 and 1990 
censuses) will be considered as data sources for deriving internal migration data. 

Information on migration, which is provided in the census, is derived from the 
question “where person lived 5 years ago,” comparison of the address or place of 
residence at the time of census (destination) with the location 5 years ago (origin), 
indicates whether a person is a migrant or not and the direction of migration. 
Principally, these data are referred to as migrant data (Rees and Willekens, 1986), 
instead of migration data. Migrant data are appropriately expressed in term of 
proportion, the proportion of people with different regions of residence at two 
consecutive points in time. Using these migrant data and the methods described in 
section 6.5 (see Chapter 6) on the estimation of migration rate in the proportion of 
migrants, internal migration rates are obtained and estimated. These migration rates 
are period-cohort rates.  
 
7.6.1.1 Method  

 

The proportion of out-migrants aged x from a particular region (e.g., region i) is 
calculated as a ratio of migrants to the regions total population at the beginning of a 
period. The initial population is defined as those who lived in region i 5 years ago 
who are alive on the census date, and currently may live in region i or in another 
region. For children aged 0-4 years at the census time, however, information on place 
of residence 5 years ago is replaced by information on place of birth (see Chapter 4, 
section 4.5.5).  

The out-migrant proportion of the population aged x (at the time of census) 
from region i to region j is expressed as follows:  
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where:  x = completed age at the census time 
Migrantsij= number of migrants from region i to region j,  

t-5Ki= population in region i 5 years prior to the census date (t) 

Migrants.i = in-migrants to region i (∑
j

ji
M )  

Migrantsi. = out-migrants from region i (∑
j

ij
M ) 

From the migrant proportion estimated, the migration rates can be obtained 
by applying a linear approximation (i.e. as described in section 6.4.2, Chapter 6). The 
relationship between the migration rates and the migration proportion is expressed 
as follows:  

 

M I P I P= − +
−2 1

h
[ ]][              (7.13) 

 
where M is a matrix of migration rates, P is a matrix of migration proportion, and h is 
the length of the interval period. In the Indonesian census, migrant data refer to the 
transition of changing residents over a 5-year period (h=5). However, for children 
aged 0-4 years (at the census time), the interval period is 2.5 years, instead of 5 years 
(h=2.5), because the former is average number of years lived of the children over a 5-
year period. Under linear approximation, the migration rates are uniformly 
distributed over the 5-year period. In addition, there were scarce cases of individual 
single-year in the census data. This research measures migration rates by using 
migrant data for five-year age groups, instead of single-year age groups. 
 

7.6.1.2 Empirical Estimation 
 

Table 7.20 shows the calculation of migrant proportion and migration rates for males 
in Java and the rest of Indonesia for the period 1985-1990 (i.e. using the 1990 census 
data). For the population aged 5-9 years, about 27,824 people (at the census time) 
moved from Java to the rest of Indonesia in the period 1985-1990. In terms of 
proportion of migrants, it was 0.00468, which means that out of one thousand people 
who resided in Java 5 years ago (in 1985), 5 of them resided in the rest of Indonesia at 
the census time (in 1990). In terms of migration rate, it was 0.00094, which means that 
about 1 per thousand years lived those people who lived in Java will migrate to the 
rest of Indonesia within 5-year observation window.  

Nonetheless, the migration rates estimated are far from accurate. There are 
two recurring problems: irregularities and incomplete data. In order to smooth and 
to complete the age-specific migration rates, the model migration schedule is utilized 
(see section 7.2.4). The model allows the migration to be described in terms of 
parameters. To obtain the single year of observed migration rates, it is assumed the 
migration rates obtained for a five-year age interval apply to all ages in that interval. 
For example, the migration rate for a population aged 20 years is equal to the 
migration rate for the population aged 20-24 years. Then, the model migration 
schedule is applied to smooth the age-specific migration rates and to obtain annual 
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migration rates by single-year age groups. Figure 7.11 shows the observed and 
predicted migration rates for Java and the rest of Indonesia.  

 
Table 7.20. Observed migration proportion and migration rates, Indonesia, 1985-1990 
 

  Residence at t-5  Out-migrants from  Migrant proportion   Migration rate 

Sex /age Java Rest of  Java Rest of  Java Rest of  Java Rest of 

at census  Indonesia   Indonesia   Indonesia   Indonesia 

Male            

 0-4 5,708,565 4,763,020  25,728 22,688  0.00451 0.00476  0.00181 0.00191 

 5-9 5,949,830 5,177,304  27,824 28,281  0.00468 0.00546  0.00094 0.00110 

 10-14 6,709,784 5,326,537  23,899 29,182  0.00356 0.00548  0.00072 0.00110 

 15-19 5,889,526 4,381,480  33,979 48,192  0.00577 0.01100  0.00116 0.00222 

 20-24 4,814,660 3,215,052  60,368 80,503  0.01254 0.02504  0.00256 0.00510 

 25-29 4,711,214 3,075,432  62,379 58,307  0.01324 0.01896  0.00269 0.00385 

 30-34 4,405,960 2,844,628  44,465 41,571  0.01009 0.01461  0.00204 0.00296 

 35-39 4,233,587 2,812,031  24,835 32,592  0.00587 0.01159  0.00118 0.00234 

 40-44 3,579,764 2,235,403  19,717 20,927  0.00551 0.00936  0.00111 0.00189 

 45-49 2,550,903 1,620,370  8,557 13,046  0.00335 0.00805  0.00067 0.00162 

 50-54 2,373,955 1,403,082  8,819 11,628  0.00371 0.00829  0.00075 0.00167 

 55-59 1,855,896 1,076,403  2,486 3,463  0.00134 0.00322  0.00027 0.00065 

 60-64 1,474,029 826,417  1,878 3,385  0.00127 0.00410  0.00025 0.00082 

 65-69 1,115,353 582,301  734 3,249  0.00066 0.00558  0.00013 0.00112 

 70-74 787,013 403,816  935 1,681  0.00119 0.00416  0.00024 0.00083 

 75-79 354,929 180,644  743 526  0.00209 0.00291  0.00042 0.00058 

 80-84 176,137 83,420  549 843  0.00312 0.01011  0.00063 0.00204 

 85-89 55,890 32,687  0 0  0.00000 0.00000  0.00000 0.00000 

 90+ 55,606 30,175  0 0  0.00000 0.00000  0.00000 0.00000 

             
Source: calculated from the 1990 census. 

 

Figure 7.11. Observed and predicted migration rates, Java and rest of Indonesia  
1985-1990 
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Rest of Indonesia
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The parameters of the model are presented in Table 7.21. The values of R-
squared indicate that the fit of the model is reasonably good, particularly for out-
migration from Java. By comparing observed data and predicted data the models 
explain migration patterns well. The out-migration profiles from these regions show 

that they differ. The age at peak, µ, varies between the ranges of 17<µ<21 years, 
which indicate more migration at a younger age. The differences manifest themselves 
in mobility level disparities, the variance in out-migration rates of different age 
groups, or skewness. The rest of Indonesia is characterized by very high mobility rates 
for working age groups and lower mobility rates for the young and elderly age 
groups. Meanwhile Java has relatively lower migration rates than the rest of 
Indonesia, with higher rates in the younger and working age groups. According to 

the index of labor symmetry (σ2=λ/α2), Java’s migration profile is relatively 
symmetrically bell-shaped, unlike that of the rest of Indonesia. The value of this 

index is close to 2 (σ2=2.182), while for the rest of Indonesia it is bigger than 2 

(σ2=4.219).  
It would be very interesting to analyze these differences in profile in more 

detail. However, this requires substantial knowledge of the particular demographic, 
economic, sociological, cultural, or historical characteristics of every region, and as 
such it is beyond the scope of this research. Suffice to note that these intriguing 
differences would be useful in clarifying discussions and might also provide insight 
into the comparison of regional profiles. 

 
Table 7.21. Parameters of predicted model migration schedules, Indonesia, 1985-1990 
     

Regions Parameters  Goodness- 

 a1 a2 α1 α2 µ λ c  of-fit 

 Java 0.0018 0.0054 0.1088 0.0979 21.3426 0.2136 0.0002  0.928 

 Rest of Indonesia 0.0016 0.007 0.1673 0.0726 17.5183 0.3063 0.0007  0.861 

          

Note: Goodness-of-fit values are derived from R-squared values. 
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7.6.1.3 Regional Migration Models 
 
Using the methods discussed previously, we managed to obtain tabulations of 
migrant data from the 1971, 1980 and 1990 censuses. These tabulations relate to 
migration in the periods 1966-1971, 1975-1980, and 1985-1990. Those observed 
migrants are categorized by age, sex and origin-destination region. In the beginning, 
a province was considered as a unit analysis. It means the migration rates would be 
provided for a matrix of 27x27x2x19, which consists of 27 provinces (origin and 
destination) for 2 sexes (males and females) and for 19 five-year age groups (0-4 to 
90+).  

Nonetheless, there were some problems during the preparatory stages. In 
many provinces, the migrant data are inadequate or missing in spite of the fact that 
five-year age groups were being considered. As in mortality data, the 27 provinces 
under study were then clustered into bigger regions based on their geographical 
positions. These are (1) Northern Sumatra, (2) Southern Sumatra, (3) Java-Bali, (4) 
Nusa Tenggara, (5) Kalimantan, (6) Sulawesi, and (7) Maluku-Papua. In fact, the 
migration flows from these regions to the provinces in Java (i.e. Jakarta, West Java, 
Central Java, Yogyakarta, and East Java) are relatively higher. The provinces in Java 
and Bali were then not clustered into a wider region.  

Figure 7.11 shows the internal out-migration rates in Indonesia. Generally, 
female migration rates are higher than male migration rates. In Jakarta and Irian 
Jaya, however, the migration rates for males and females are relatively similar. 
Though the age profile of migration rates is quite similar in every region, the levels 
vary across the regions. The migration rates of people who reside in Jakarta are 
higher than in other regions. On the other hand, Nusa Tenggara and Maluku-Papua 
have lower migration rates. 
 

Figure 7.11. Predicted migration rates, Indonesian regions, 1985-1990 
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Continue Figure 7.11 
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Jakarta
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Nusa Tenggara
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Sulawesi
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7.6.2 External Migration 
 
The preceding chapters on population dynamics and demographic data sources 
(Chapters 2 and 4) revealed that the Indonesian data related to international 
migration are still limited. Nevertheless, some studies (e.g. Hugo, 1999; Ananta et al., 
1998) have pointed out that the number of international migrants out of and into 
Indonesia was increased over time. With this in mind the following section looks at 
international (external) migration in terms of projection analysis.  

It should be mentioned here that the population census and registrations (i.e. 
from the Ministry of Labour and the Ministry of Justice) were initially considered as 
sources of international migration data. The population census records have only 
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restricted information on immigrants from abroad, and not on emigrants. The 
registration system of the Ministry of Labor, however, focuses solely on overseas 
migrant workers. The duration of stay from these migrants may also vary, e.g., 6 
months, 1 year or 4 years. The registration system of the Ministry of Justice records 
the number of passengers going abroad from every embarkation point in Indonesia 
and the number of issued documents for travel abroad. Yet, the utility of the data 
obtained is low, particularly where region and age-sex are concerned. Table 2.25 
(Chapter 2) shows that Jakarta has the highest number of passengers and the 
immigration office there also issued more travel documents (passports and others) 
than immigration offices in other regions. This is not surprising because Jakarta has a 
big international airport and it is the center of government.  However, travelers who 
embark in Jakarta do not necessarily reside in Jakarta. In addition, the documentation 
of information provided in the registration is quite inadequate. In fact, individual 
travel documents and the embarkation card contain some relevant information on 
the characteristics of a person (including age, sex, region of origin, and country of 
destination). The information recorded, however, is limited to the total number only. 
Based on these constraints, the registration systems were not utilized as data sources.  

Information pertaining to immigrants to a particular region is derived from 
the census data. Immigrants are defined as those who were resident abroad 5 years 
prior to the census time. Using these data, the number of immigrants by age and sex 
can be obtained. Nevertheless, because of missing data and irregularities the age 
profile of immigrants in every region is assumed to be similar to the profile of 
immigrants at the national level (i.e. aggregate data).  Thus, the age-sex specific 
immigrants for the Indonesian regions are obtained by using the aggregate profile 
and the total number of immigrants to the region.  Table 7.22 shows the proportion of 
immigrants in Indonesian regions for the period 1980-1995. 

 
Table 7.22.  Percentage of immigrants in Indonesian regions, 1980-1995 
 

  Female     Male  

Region 1975-1980 1985-1990 1990-1995   1975-1980 1985-1990 1990-1995 

         

Northern Sumatra 0.1564 0.4521 0.3564   0.3022 0.7799 1.1839 

Southern Sumatra 0.1047 0.1304 0.1468   0.5488 0.1875 0.1336 

Jakarta 0.7127 1.3061 0.2711   0.9765 2.0311 0.6502 

West Java 0.2590 0.5636 0.7588   0.3609 0.3656 0.4854 

Central Java 0.3356 0.8227 1.6058   0.4478 0.2790 1.1466 

Yogyakarta 0.1946 0.4591 0.7842   0.2399 0.2646 0.2735 

East Java 0.6525 1.8987 8.3301   0.8083 2.0076 7.7268 

Bali 1.2850 0.6992 0.0000   1.0034 0.3151 0.0000 

Nusa Tenggara 1.1402 3.6078 6.3623   1.8669 7.1656 8.7556 

Kalimantan 0.3607 1.1255 1.0447   0.5311 0.9038 0.9689 

Sulawesi 1.1316 2.6977 6.3239   1.1444 2.6676 6.9814 

Maluku-Papua 3.0559 1.4664 4.1721   2.9682 1.2760 8.6934 
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With regard to emigration, it is assumed that the emigration rates are similar 
to the proportion of internal migration. It can be expressed as follows: 

 
Em x k M x

i i
( ) . ( )=  

 

where Mi (x) is the internal out-migration rates from population aged x in region i, 
and k is the proportion that derived from the ratio between the number of 
immigrants and total internal migrants. For all ages, however, it is assumed that the 
same proportion is applicable. All processes for constructing the migration data are 
summarized in Diagram 7.4.  
 
Diagram 7.4. Summary of estimation and construction of base migration data 
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Adjust migrant data: 
- Group single-year data into 5-year age groups  
- Aggregate provincial data into regional data 

Base migration data 
(classified by single year of age, sex, and region) 

Data tabulation (Census) 
Number of internal migrants  

Data assessment: 
Observation period was  
5 years prior to survey 

Data tabulation (Census & Registration) 
Number of external migrants 

Applying model migration schedule to obtain (origin-destination) migration 
rates (annual and single year of age group) by assuming: 
- Migration rates uniformly distributed over 5-year periods (to obtain 

annual migration rates).  
- Migration rates for single year age group is equal to the rates in 5-year 

age groups.  

-  Immigrants: age profile from aggregate data (national figure) 
is applied to obtain regional immigrant profile. 

- Emigration rates: age profile from internal out-migration is 
used to obtain annual emigration rates.  
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7.7  Conclusion  
 

In the past, many attempts to measure the levels and patterns of demographic 
variables in Indonesia were hampered by severe data problems. It is not surprising 
therefore that indirect methods were mostly utilized for estimation purposes. The 
preceding chapters in this book have shown that the quantity and quality of 
demographic data in Indonesia have improved over time. This situation apparently 
has encouraged demographers to present more accurate and better information of 
trends, determinants and consequences of the population dynamics in Indonesia. In 
addition, many empirical studies show that the demographic patterns follow the 
regular patterns. Those regularities have been explained by means of mathematical 
models.  

This chapter has attempted to contribute to an estimation of Indonesian 
demographic parameters by using both direct and indirect methods. Fertility and 
infant mortality rates were estimated by the direct method, while the indirect method 
was applied to estimate the adult mortality and migration rates. Nevertheless, there 
were some data problems, e.g., age heaping, incomplete data, and irregularities, 
which required other methods to solve these problems. For example, the irregular 
age pattern problem necessitated the application of model demographic schedules to 
estimate Indonesian demographic variables. The models of double exponential, 
Heligman-Pollard and Rogers-Castro are utilized for smoothing the irregular data 
and constructing the base data, respectively, on age-specific fertility, mortality, and 
migration (origin-destination). In short, the profiles of demographic indicators vary 
among regions. Some regions are similar in their demographic profiles, while others 
are not. The demographic profile at the national level in turn can be different to the 
demographic profiles at its subnational levels and across regions. The results 
obtained are intended as input base data for projection purposes in the next chapter. 
Using the demographic schedules has made it possible to produce the base input 
data in terms of single-year period and single-year age groups.  
 
 
 




