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ABSTRACT
This paper focuses on the use of an indirect estimation method with Indonesian census
data. It shows that the mobility propensities of infants can be used to infer the corresponding
propensities of all other age groups. However, the promise of this method is reduced in instances
of inadequate data, and great care must be taken to identify outlying values in the data and to

correct obviously erroneous patterns. Future work will be directed at this issue.
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INDIRECT ESTIMATES OF AGE-SPECIFIC INTERREGIONAL MIGRATION FLOWS IN
INDONESIA BASED ON THE MOBILITY PROPENSITIES OF INFANTS

1. INTRODUCTION

This paper evaluates a method of indirect estimation using data drawn from Indonesian Census
reports from 1971-2000. Specifically, we evaluate the ability of birthplace-specific infant
population stocks to predict infant migration and with it migrations at all other ages. First, we
describe the history of migration in Indonesia in Section 2, and then we examine the data in
Section 3. The regression-based model is described next, in Section 4, and applied to the data.
The paper is concluded, in Section 5, with a discussion of the “infant migration” method of

indirect estimation and of future directions for research.

2. BACKGROUND ON MIGRATION IN INDONESIA

In terms of population mobility or migration, Indonesian people have traditionally been in
constant movement over time. Migration within and across the regions has been both voluntary
and involuntary. Some communities are well-known as the highly mobile ethnic groups, such as
Minangkabau and Batak in Sumatra, Bugis and Makassarese in Sulawesi, Banjarese in
Kalimantan, and Madurese in Java. Through transmigration policy, many Indonesian families
who resided in the densely settled regions (in particular Java and Bali) were resettled to lower
population density regions (i.e. islands of Sumatra, Kalimantan, Sulawesi, Papua and other
islands). Indonesian policies of forced migration spanned nearly a century, over both colonial
and post-colonial eras. Above and beyond, as Indonesia’s geographic position between two

continents (the Asian mainland and Australia) and two oceans (the Indian and Pacific), this



archipelago country' has had numerous visitors over the centuries. Some remained and/or
integrated with the local community while the others continued on their way.

Moreover, as a response to the changes in fertility, mortality, and morbidity and the
concomitant developments in the country’s economic situation during the last few decades, there
has been a considerable change in migration patterns, triggering a high level of population
mobility. Regarding the demographic changes, Table 1 shows that the total fertility rate (TFR)
was 5.6 children per woman in the period 1967-1970 and it declined to 2.6 in the period 1997-
2000. Similarly, the infant mortality rate (IMR) declined from 145 deaths per thousand live
births in the period 1968-1971 to 46 by the period 1997-2000. Together with corresponding
improvements at other ages, life expectancy improved substantially from 46 years in 1971 to
64.3 years in 1995. As a result, the population growth rate has also declined from 2.1% in the
period 1961-1971 to around 2.0% in the period 1980-1990 and hovered around 1.4% in the
period 1990-2000. The decrease in the population growth rate is marked by changes in the
population age structure. The number of people, however, has continuously increased. In 2000,
it was 206.3 million (ICBS, 2000), which accounts for about 3.5% of the global population and
made Indonesia the fourth most populous country in the world after China, India, and the United
States of America. This population size is double the size in the 1970s, which reached over 100
million. The population pyramid for Indonesia has changed from the broad-based shape in 1961
and 1971 toward a bell shape in 1990 and 2000. For that reason, the child dependency ratio

(ratio of population below 15 to population 15-64) has decreased and conversely the old

1 It consists of 17,000 islands that stretch over more than 5,000 miles. Compared to the United States, it covers
approximately the same area from California to Bermuda. It can be categorized into eight major islands groups,
namely (1) Sumatra, (2) Java-Bali, (3) Kalimantan, (4) Sulawesi, (5) Papua, (6) Maluku, between Sulawesi and
Papua, and (8) Nusa Tenggara, east of Bali.



dependency ratio (ratio of population 65 and over to population 15-64) has increased. See Table
1.

The observed fertility reductions can be partially explained by an increase in schooling
levels, a higher female labor participation rate coupled with postponements in marriage and
births, and increasing use of contraceptives. The median age at first marriage increased from
17.7 years in 1991 to 18.6 years in 1997 (IDHS, 1997), in which the marriage age in urban areas
is higher than in rural areas (i.e. 20.4 years and 17.9 years in 1997, respectively). In the
meantime, mortality changes and the concomitant changes in life expectancy could be attributed
to advancements in health care systems, particularly use of health care services and
improvements in the quality of life.

Concerning migration in Indonesia, over time the volume of migration tends to increase
with the rate of development in the country. According to the 1971 census, around 5% of the
total population lived in provinces other than their place of births. This figure increased to 10%
based on the 1995 intercensal survey (ICBS, 1997b). In the meantime, the general pattern of
regional migration changed during the last two decades. Between the 1960s and mid-1980s, Java
was the most favored destination from other islands in Indonesia. This situation however has
shifted after the mid-1980s; the net out-migration from Java to other islands, between the periods
1970-1980 and 1980-1990, markedly declined from 137% to only 16% (Hugo, 1997).
Tirtosudarmo (2000) argued that the change reflected, particularly after the mid-1980s, an
increasing role of pull factors in Java and a decreasing role of the transmigration policy as a

major push factor behind out-migration from Java.



Based on the concept of mobility transition,” as discussed in Zelinsky (1971) and Skeldon
(1990), Indonesia has entered the fourth phase of mobility transition (i.e. the late transitional
society). This is characterized with the massive rural to urban migration, with the largest cities
as the targets. Short-circuited migration is centered on the intermediate cities. Mega-cities
appear and the number of rural population starts to decline. National figures show that the rural
population in Indonesia has declined in absolute terms. From 1971 to 2000, the percentage of
the population living in urban areas rose from 17% to nearly 42%.

At the regional level, however, the levels of population mobility vary strikingly. Some
regions are already in the relatively late stages of mobility transition, while others are still in the
early stages. For example, Jakarta has emerged as one of the world mega-cities and has showed
the characteristic of the early advanced society (fifth phase), which is indicated by a slowing
rural to urban movement and urbanization has reached 50% or more. Table 2 shows that by the
year 2000, five provinces in Indonesia had entered the fifth phase, with urbanization rates of
50% and over, these are Jakarta (100%), West Java (50%), Yogyakarta (58%), Bali (50%), and
East Kalimantan (50%). This stage is also indicated with rising commuting, especially among
male population.

International migration, on the other hand, has also increased significantly. Recent
numbers of immigrants recorded in the census increased from 21,542 in the period 1975-1980 to
89,345 in the period 1990-1995 (ICBS, 1983a and 1997b). Indonesian workers also migrate to
other countries as overseas documented and undocumented migrant workers. During the first

five-year development program (Pembangunan Lima Tahun, PELITA) in the period 1969-1973,

2 The mobility transition reflects the condition of population mobility which is determined by some indicators, such
as urbanization and circulation. It consists of seven phases: (1) pre-transitional, (2) early transitional, (3)
intermediate transitional, (4) late transitional, (5) early advanced, (6) late advanced, and (7) future super-advanced.
For details see Zelinsky (1990).



about 5,624 people were registered as overseas migrant workers. This number increased to
1,461,236 during the sixth PELITA in the period 1994-1999 (Bandiyono and Alihar, 1999;
Hugo, 2001). Most of them were unskilled workers and went to the Middle East, Southeast Asia
(i.e. Malaysia and Singapore), and East Asia (i.e. Korea, Taiwan and Japan) countries (Muhidin,
2002). In the meantime, foreign workers from various countries also came to Indonesia.
Between 1990 and 1997, the Ministry of Labor issued about 308,582 work permits for the
foreign workers (Tjiptoherijanto, 1998).

In short, migration within and across Indonesia and its neighboring countries would
likely become an important issue in the near future. It has become more complex with respect to
the variety of types of movement taking place. The significance of female migration has
increased. Some important shifts in the spatial patterning of population movement have been
observed: in particular, increased levels of rural to urban movement and a reversal of the trends
over the periods. Explanations provided for this trend may be explained by socioeconomic and
political changes, globalization processes, transportation and communication improvements, and
the proliferation of migration networks. Since the demographic changes have influenced and
will continue to have major implications in the socioeconomic development of the country in the
near future, human resource planning will continue to be quite important for the overall social

and economic maintenance of the country.

3. DATA
In this analysis, we use migration data from the 1990 and 2000 Indonesian population
censuses. All data sets were prepared initially from the raw censuses data, with an exception for

the 2000 census. The 2000 migration data were prepared based on the primarily report of the



2000 census published by Indonesian Central Bureau of Statistics (CBS). The censuses were
carried out in the whole territory of Indonesia with few exceptions in the 1971 and 2000
censuses. In the preliminary report of the 2000 census, 3 out of 27 provinces as commonly
stated in the 1980 and 1990 censuses were not available. These are the provinces of Aceh (in
Sumatra) and Maluku (between Sulawesi and Papua) due to security reasons; political and ethnic
turbulence occurred in 2000, and East Timor (neighbor to Bali) as this region became an
independent nation in 1999.

Migration here is defined by comparing the place of residence at the time of census with
the place of residence 5 years ago. For those aged 0-4 years old (infant children), migration is
obtained by comparing the place of residence at the time of census with the place of birth. Using
this definition and applied to the data sources, we able to obtain migration data for two periods:
(a) Period 1985-1990 and (b) Period 1995-2000.

From the data characteristics, Indonesian migration can be referred to as a permanent
inter-provincial migration. Hence, it is ideal to have all 27 Indonesian provinces’ migration data
as the geographical unit of analysis. Nevertheless, once the data were grouped by age (i.e. 5-year
age groups) and sex (male and female), problems appeared. Some cells had no value due to
small samples. It also yielded strange age migration patterns. In the present analysis, therefore,
we classified these 27 provinces into 5 groups of main regions, namely: (1) Sumatra island, (2)
Western Java island, (3) Eastern Java & Bali Islands, (4) Central Indonesia islands, and (5)
Eastern Indonesia Islands (Figure 1).

Please note that change of place of residence in the Indonesian census is defined as a
person who had been absent from home for six months or longer, or had left home for the

purpose of moving away even when the six-month limit had not been reached. On the other



hand, one who stayed for six months or more in a particular place, or even for less than six
months but intended to move is recorded as non-migrant. Table 3 briefly describes the data
sources.

4. METHOD AND RESULTS

Observed age patterns of migration rates generally exhibit strong regularities. The
highest rates occur in the early adult years, when individuals leave their parental home for
college, the military, marriage, or job-related reasons. This is reflected in a “labor-force” peak in
the proto-typical empirical migration schedule, as shown in Figure 2. Children migrate with
their parents. Because young adults exhibit higher migration rates than older adults, and since
the migration rates of children generally mirror the rates of their parents, the migration rates of
infants generally are higher than those of adolescents and young teenagers. In some particular
instances, the migration rates of those reaching retirement age show a sudden increase and
exhibit a retirement peak around age 65.

The strong regularities in patterns of age-specific migration rates are reflected in high
correlations among the rates at the individual ages and thereby make possible a method of
“indirect” estimation in which the migration rates at every age are tied to the migration rate at
any particular age, say, the rate of infant migration. The advantage of that particular choice of
independent variable is that an estimate of it is available from purely population stock data. If
such data reports both the region of birth and the region of residence of the first age group at the
time of the national census, then those data can be used to calculate the rates at which that

subpopulation migrated over the past time interval.



4.1 The Linear Relationship

Children who are 0-4 years old and residing in region j at the time of the census, and who
were born in region i, within the past five years, must have migrated during the immediately
preceding 5-year interval. Because they were, on average, born some 2-1/2 years ago, it is
unlikely that they moved more than once. Hence, backcasting them to their region of birth, and
all other infants born in the same region, one is then able to divide each i to j migration number
by the total (“surviving-to-census”) births in i, to obtain an estimate of the infant “conditional-
on-survival” migration probability, S;(-5), say.

Figure 3 illustrates the generally linear relationship between that independent variable
and the corresponding probability in the 20 to 24 age group, for example. We, therefore, can
consider a linear regression that links S;;(20) with S;(-5):

Sij (20)=a+b Sij (=5)+error term (1)

Because there are 5 regions in our spatial disaggregation of Indonesia’s national territory,
there are exactly 5(4) = 20 origin-destination-specific migration flows to represent. Each dot in
Figure 3 represents a single flow of those aged 20 to 24 years of age at the start of the 5-year
migration interval (and 25 to 29 years of age at the time of the census). Because our data set
describes 15 five-year age groups, we can calculate 14 more regressions of the kind illustrated in
Figure 3. The numerical results are presented in Table 4. The goodness-of-fits, as reflected by
the age-specific R-squares, seem to be adequate for most age groups below age 50, but they start
to decline sharply thereafter. Figure 4 illustrates how accurately the regression equations predict

observed values.



4.2 Regressions Through the Origin

Because the constant terms in the regressions presented in Table 4 are so close to zero,
one can simplify the process of indirect estimation by forcing the regression through the origin,
instead of computing the value of the intercept. Consequently, the regression analysis for the
2000 data was carried out a second time, this time through the origin (Table 5). The predicted
values were recalculated and compared to the observed values, as well as to the earlier predicted
values from the regressions computed with constant values.

Although the predicted values change very little, the R? values do decrease somewhat
from the original values. But because the predicted values vary only slightly, and because the
regression analysis through the origin simplifies the estimation process, the regression through

the origin procedure will be used on the data sets throughout the remainder of the paper.

4.3 Outlying Observations

Migration data in developing countries are often inaccurate and limited. Some data
display the common age-specific pattern as in Figure 5A. Other data do not, as in Figure 5B,
which exhibits an irregular age-specific migration rate pattern in Indonesia from region 1 to
region 5. It is very unlikely that migration at age 60 would be higher than that at age twenty,
when individuals are just entering the labor force. Also, the peak around age 45 is unusual, since
most people are fairly settled at this point in their lives and generally exhibit declining rates of
migration.

When plotting the S;(x) values against S;;(-5) value, and fitting a regression line to the
resulting scatter of points, many points fall well above or below the regression line. These points

lower the R? value and skew the predicted values further away from the observed values.



Because these points represent errors in the data set, removing them should improve the fit of the
regression line and yield improved predicted values. These points can be removed by statistical
means, so that points are not arbitrarily omitted. To do so, confidence intervals may be used. A
95% confidence interval, for example, defines a range of values that in general will capture the
observed data points 95% of the time. In this case, the upper and lower 2.5% of the data points
will be eliminated. To remove “bad” data points, an interval first must be obtained such that the
predicted value (in this case each S;(x)), lies between a lower and upper bound a certain
percentage of the time. We have experimented with both 90% and 95% confidence intervals,
applying them to the Indonesian data set. A migration rate that lies outside this calculated range
is eliminated. The standard equation for determining such an interval is defined in most statistics
textbooks, for example in Younger (1985, pp. 203-205).

The calculations need to be carried out for each age group to give a value range within
which the predicted age-specific migration rate must fall, for each S;i(-5) value. Both 90% and
95% confidence intervals were calculated for each five year age group. For the Indonesian 2000
data set, the 95% confidence intervals eliminated 9 data points and improved the R* by 0.546, on
average. The 90% confidence intervals eliminated 21 data points and improved the R? by .1324,
on average.

Figure 6 shows the S;(0) values plotted against the S;i(-5) values for all flows. No data
points were eliminated with the 95% confidence interval for this particular age group. The two
circled points were discarded in the 90% confidence interval, however. The R* was improved
thereby, increasing from .6873 to .8924. This latter level of confidence of 90% will be used in

the rest of this paper.
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After eliminating points falling outside of the confidence intervals, the regression
analyses were carried out once again. The equations were then used to “re-predict” the migration
rates for each interregional schedule. Figure 7 shows observed and predicted values for two of
the 20 interregional flows. Figure 7A compares the 90% confidence interval predicted values
(Predicted 2 on the graph) against the original predicted values (Predicted 1). Figure 7B
contrasts the 90% confidence interval predicted values against the corresponding 95% values.
The 90% confidence intervals improved the fit of the predicted to the observed. However, in
most instances, the predicted values from the two different alternatives varied only slightly,
although the 90% intervals always increased the R Table 6 displays a list of the R values, the
values of the slope coefficients, and the t values for the 90% confidence interval regressions
fitted to the 1990 census data set.

4.4.  Indirect Estimation

We now turn to an experiment that uses the 1990 census data and corresponding
regressions to predict the 1995-2000 migration schedules on the basis of the observed year 2000
values of the infant migration rate. Only regressions through the origin with observations falling
inside of a 90% confidence interval were carried out on these data. The results for 1990 are
similar to those for 2000. The 90% confidence intervals improved the R by .1559, on average.
Table 5 displays the slope coefficients, t-values, and R statistics associated with regressions
through the origin and contrasts them with the corresponding results obtained using the 90%
confidence intervals. Figure 8 shows that the resulting predicted values, when graphed against
the observed, yield a fairly good fit and smooth out many of the irregularities that occurred due

to limited or erroneous data.
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3. DISCUSSION, CONCLUSIONS, AND SUGGESTIONS FOR FUTURE RESEARCH

If the migration rates at all ages are correlated with those of infant migration, then it
should be possible to link the former with the latter by means of regression. We have explored
this possibility in this paper and found some support for this proposition. Indeed we show that a

straight-line regression through the origin generally does a satisfactory job of representing such

relationships, especially at the young adult ages. This, of course, simply reflects the necessarily
joint migration of infants and their parents. The correlation declines from there and reaches its
lows around the ages of retirement and beyond.

Problems arose as a consequence of the inaccurate data for some age-specific migration
flows, e.g., the flow from Region 1 to Region 5 illustrated in Figure 5B. Such problems led us to
delete observations that fell outside of the 90% confidence intervals. An improvement in the
coefficients of determination was achieved by doing this, but, interestingly, the estimates of the
regression coefficients showed only modest changes. Apparently the “outlying” observations
influenced the former much more than the latter. Further study of this behavior would be useful.

Finally, as a test of the predictive effectiveness of this indirect estimation technique, we
present in Figure 9 the observed and predicted schedules for three interregional flows: from
Region 1 to Region 2, from Region 2 to Region 3, and from Region 3 to Region 4. Here the
1990 census regressions were applied to the 2000 census infant migration proxy to produce the
estimates of the 2000 census flows (Predicted 2). These compare favorably with those predicted
using the year 2000 census regressions (Predicted 1). The errors appear to be mostly in the

predicted levels of migration rather than the predicted age profiles. The reasons for this are

readily apparent when we plot both the 1990 and the 2000 regression slope coefficients

(regression through the origin). Figure 10 shows that the former (x-coefficients) are consistently
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higher than those of the latter. The principal result of this is the overprediction of the origin-
destination-and-age-specific migration schedules. Further analysis of this important difference is
warranted.

In future research we shall attempt to “correct” and smooth the observed data with model
migration schedules (Rogers, Castro, and Lea, 2004) prior to calculating the regression
equations. Such model schedules generally show the low point to be at the mid-teenage years (at
least for the more developed countries of the world). Thus it is surprising to find it falling below
age 10 in the Indonesian data. This calls for further study of the Indonesian data over several

cCnsuses.

13



REFERENCES

Bandiyono, S. and Alihar, F. 1999. A Review of Research Work on International Migration in
Indonesia. In Sukamdi, A. Harris, and P. Brownlee (eds.) Labor Migration in Indonesia:
Policies and Practices. Yogyakarta: Population Studies Centre, Gadjah Mada University.

Hugo, G. 2001. Effect of International Migration on the Family in Indonesia. Paper presented
at Conference on Asian Family and the Globalizing Worlds. Asian MetaCenter, Singapore,
April 14-16, 2001.

Hugo, G. 1997. Changing Patterns of Internal and International Population Mobility in
Indonesia. Paper presented at Seminar on Challenges of Indonesian Population Mobility
Towards the Globalization. Jakarta: State Ministry of Population.

Indonesia, Central Bureau of Statistics [ICBS]. 1983. Penduduk Indonesia: Hasil Sensus
Penduduk 1980 [Population of Indonesia: Results of the 1980 Population Census]. Series S2.
Jakarta: ICBS.

ICBS. 1997. Estimasi Fertilitas, Mortalitas, dan Migrasi: Hasil Survey Penduduk Antar Sensus
(SUPAS) 1995 [Estimation of Fertility, Mortality, and Migration: Results of the 1995
Intercensal Population Survey]. SUPAS Series S3. Jakarta: ICBS.

ICBS. 2000. Penduduk Indonesia: Hasil Sensus Penduduk 2000 [Population of Indonesia:
Results of the 2000 Population Census]. Series RBL1.2. Jakarta: ICBS.

Muhidin, 2002. The Population of Indonesia. Regional Demographic Scenarios Using a
Multiregional Method and Multiple Data Sources. Ph.D Dissertation. Amsterdam:
Rozenberg.

Rogers, A., Castro, L.J., and Lea, M. 2004. Model Migration Schedules: Three Alternative
Linear Parameter Estimation Methods. Working Paper WP-04-04. Boulder: Population
Program, Institute Behavioral Science, University of Colorado.

Skeldon, R. 1990. Population Mobility in Developing Countries: A Reinterpretation. London:
Belhaven.

Tirtosudarmo, R. 2000. Population Mobility and Ethnic Conflict: the Aftermath of Economic
Crisis in Indonesia. Paper presented at Workshop on the Socioeconomic Situation During
the Economic Crisis in Indonesia. Singapore, May 30-June 1, 2000.

Tjiptoherijanto, P. 1998. International Migration: Process, System, and Policy Issues. Paper
presented at Workshop on International Migration. Population Studies Centre, Gadjah Mada
University, Yogyakarta-Indonesia, March 10, 1998.

Younger, Mary S. 1985. 4 First Course in Linear Regression. Boston:Duxbury Press, PWS
Publishers, pp. 200-205.

Zelinsky, W. 1971. The Hypothesis of the Mobility Transition. Geographical Review, 61:219-
249.

14



FPhilippine
Sea

’ North
Pacific

South China
Sea

BRUNEI

Arafura Sea

. \ 3 3 * i~ ‘ : . . - 1k
0 200 400km — mer Sea
[
o 200 400 mi i
AUSTRALIA

:
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