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6.1 Introduction 
 
Under the description of population dynamics in Chapter 2, it has been shown that 
Indonesia as a geographically fragmented country has considerable variation in its 
regional demographic characteristics. In reality, demographic processes, i.e. fertility, 
mortality, and migration, jointly determine the growth and age structure of the 
population in a multiregional system. Nevertheless, population projections for 
Indonesian regions have usually been done separately, i.e. uniregional (see Chapter 
3). The past projections often considered interdependent regional populations in 
terms of net internal migration, irrespective the direction of migration. As an 
alternative, the present study attempts to apply a multiregional approach, in which 
regions are represented as components of a larger and interconnected system. The 
principal argument of this approach is that it is not enough simply to examine a 
single regional population when studying its evolution. Other regional populations 
that are interacting with this region have also to be considered. 

The study adopts the Multiregional Demographic Analysis (MUDEA) model 
for the projection method. The model, developed by Willekens and Drewe (1984), 
requires period-cohort data and occurrence/exposure rates from the demographic 
variables, i.e. fertility, mortality, and migration. Meanwhile, data for Indonesian 
migration that derived from information on the residence at two points in time (i.e. 
migrant data) is not directly adequate to provide the migration rates (see Chapter 5). 
Thus, an alternative approach has been developed to derive the migration rates in 
the MUDEA model for Indonesia from the migrant proportion (proportion being 
recorded as a migrant). 

This present chapter focuses on a regional projection approach that considers 
the evolution of spatially interdependent regional populations (i.e. multiregional). It 
starts with an overview of four different approaches utilized in the regional 
population projection (section 6.2). Section 6.3 describes the multiregional projection 
model. This section discusses the development, characteristics and some basic 
methodological issues in designing the model. Section 6.4 elaborates the methods for 
constructing multiregional life tables. It also gives an overview of LIFEINDEC, a 
multiregional life table program adopted from Willekens (1979). Under the projection 
model for Indonesian data in section 6.5, a method for deriving migration rates from 
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the migrant proportions will be elaborated and illustrated. This chapter ends with 
some conclusions in section 6.6. 

 

6.2 Approaches to Regional Projection 
 
The rationale for modeling a system of regions instead of a set of independent 
regions is threefold. First, the recognition of the regional identity: regions behave 
differently and models should be able to fully represent these differences. Second, 
interregional dependence: regions do not exist in a closed system, they are 
interconnected with other regions, which they influence and by which are 
influenced. Third, the need for consistency in regional projections and impact 
assessments: for each variable, the value for the nation must equal the sum of 
regional values (stock variables) or must be weighted averages (rate variables). 
Several ad hoc procedures, that have been used to impose consistency, are no longer 
acceptable on scientific grounds. The current approaches to modeling the system of 
regions reflect the response to these requirements. 

A variety of approaches can be used to project regional populations. At least 
four different approaches have been distinguished (Willekens, 1983). These are: (i) 
the top-down approach, (ii) the bottom-up approach, (iii) the hybrid approach, and (iv) 
the multiregional approach. All these approaches are described in the subsequent 
subsections. 

 

6.2.1 Top-Down Approach  
 
The aim of the top-down approach is to decompose given national population 
figures into regional figures by an allocation procedure. The allocation procedures 
may range from extremely simple methods, such as the fixed-ratio technique, to 
more elaborate distribution functions, and complex allocation algorithms involving 
optimization techniques. Under this approach, a national population projection is 
first made and then the result is disaggregated according to assumed shares of the 
total population of each region. 

This approach is convenient from a practical point a view since there is no 
problem of inconsistency. The top-down approach ensures the consistency of the 
regional and national projections. It may also be defended on a theoretical basis. 
What happens in a region is very much determined by what happens in the nation. 
This statement underlies for instance the economic base theory which claims that 
regional growth is driven by basic sector producing for the national or even 
international market. The economic base multiplier denotes the impact on total 
regional employment of changes in basic sectors. The validity of the economic base 
theory has been questioned recently, mainly because of its pure demand orientation 
and ignorance of the supply constraints of production factors. 

 Nevertheless, the top-down approach has two drawbacks. First, it does not 
relate population size and composition to the demographic processes that lead to it. 
Second, it does not account for particular features of a region. The given regional 

i.exe
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differences are disregarded. National projections or indicators are produced by 
assuming “average” values of model parameters and initial conditions. Regional 
differences are only introduced at a secondary stage in which national projections are 
distributed. 

 

6.2.2 Bottom-Up Approach 
 
The bottom-up approach to regional population projection is to apply a projection 
model to each region separately, under the assumption of an absence of interregional 
migration. It is done usually by applying a series of corrections to account for the net 
effect of interregional migration. This uniregional perspective gives maximum 
weight to regional characteristics and it is therefore attractive when it emphasizes 
regional differences rather than consistency or interdependence. This is the case, for 
instance, when attention is limited to a single region or when supply conditions 
largely determine regional change.  

A major weakness of the bottom-up approach is the inconsistencies it may 
generate. The value of a national variable is the sum of regional variables and there is 
nothing to assure nothing assures that this sum equals the national control total. 
National population and regional population are generated independently. 
Moreover, the phenomenon of regional interdependencies cannot be deciphered 
adequately in this approach. Such a system mainly assumes the changes in a regional 
population by means of births and deaths, undisturbed by migration. Excluding the 
effect of territorial movement (spatial mobility) on population growth and 
redistribution is, however, unrealistic.  Interactions with other regions of the same 
system may be accounted for through variables representing net exchange (i.e. net 
migrant). There is no assurance that all migrants can be drawn from other regions or 
that they will have a place to go. 

 

6.2.3 Hybrid Approach 
 
The hybrid approach is a first attempt to combine the advantages of the top-down 
approach (consistency) and the bottom-up approach (explicit consideration of 
regional differentials). As it combines features of the other two approaches, it is 
denoted as the hybrid approach. The idea is simple: the values of regional 
parameters and variables may vary freely as long as they satisfy given national totals. 
The predetermined national totals are regionally independent, while other totals, 
which are obtained by simply summing the regional variables, are regionally 
dependent. The movement away from the pure top-down approach is a response to 
the need for more realism in models of a system/regions. Regions do not always 
follow national developments; they have their own internal dynamics and may also 
generate national change. To ensure consistency, the concept of migrant pool was 
introduced. For each region, the number of out-migrants is calculated independently 
by applying fixed region specific out-migration rates. The national total of out-
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migrants is obtained by summation, from the migrant pool. This concept was 
adopted in a few countries, such as the USA, Canada, and Sweden. 

To arrive at the number of inmigrants in each region, the migrants in the pool 
are allocated to the regions by using a single distribution function. The choice of this 
procedure rests on theoretical and empirical bases. Theoretically, inmigration rates 
should not be calculated since the base population is not the population at risk of 
migrating. Empirically, in-migrants to a region constitute out-migrants from other 
regions. As the out-migrants have been determined, then the in-migrants may also be 
derived.  

 

6.2.4 Multiregional Approach 
 
In the previous three approaches, the emphasis was on consistency with national 
totals and on regional differences. In the multiregional approach, the concern for 
consistency and regional differences is augmented by a concern for correctly 
representing and projecting interregional dependencies. Regions are linked to one 
another by internal migration. Thus, this approach may be viewed as an extension of 
the migrant pool approach. Under the migrant pool approach, a single distribution 
function is used for all out-migrants irrespective of region of origin. Under the 
multiregional approach, the distribution function depends on the region of origin.  

The dominant feature of this approach is that it studies and projects all regions 
of the multiregional system simultaneously. The simultaneous projection of all 
regional demographic variables assures not only internal consistency (see e.g. 
Keilman, 1988), but also at the same time enables the introduction of regional 
differences and the representation and projection of linkages that exist among 
regions. The multiregional perspective enables an integrated study of the impact on 
regional population growth and composition of migration and regional differentials 
on fertility and mortality.  

Although the techniques and models of multiregional demography are no 
doubt an improvement on the conventional uniregional analytical instruments, the 
quality and quantity of input data required pose a serious problem, especially in 
Third World countries. In many developing countries, which today are apparently 
experiencing rapid population growth, reliable basic demographic data, such as age-
specific mortality rate and migration schedule, are not available. Therefore, 
estimation techniques are in great demand in order to bridge the gap between data 
availability and requirements. Doeve (1984) used indirect methods for estimating 
demographic variables in preparing base data for Thailand. Nair (1982) and 
Ramachandran (1988) focused on the incomplete data problems for migration data in 
the context of India. 

Nevertheless, the multiregional approach has been adopted in several 
countries, e.g. 17 member countries of the International Institute for Applied System 
Analysis, IIASA (Rogers and Willekens, 1986)1, Mexico (Partida-Bush, 1982; Medina, 

                                                           

1 The 17 countries involved in the IIASA project on Migration and Settlement Study were (in 
alphabetical order): Austria, Bulgaria, Canada, Czechoslovakia, Finland, France, Federal Republic of 
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2000), India (Nair, 1982; Ramachandran, 1988), Belgium (Wijewickrema and Bulte, 
1983), and Thailand (Doeve, 1984). In Indonesia, Jacques Ledent started to promote 
the multiregional approach in the early 1990s. Ledent and Termote (1993a, 1993b) 
examined population dynamics in Indonesia in terms of the characterizations of two 
regions, namely Jakarta and the rest of Indonesia. In more recent studies, Chotib 
(1999), Putera (1999) and Prihastuti (2000), respectively, applied this approach for 
study in Jakarta and the rest of Indonesia, North Sumatra and the rest of Indonesia, 
and Java-Bali and the rest of Indonesia. The development of this approach in 
Indonesia will be elaborated in section 6.5. The multiregional demographic model 
that will be discussed in the next section belongs to this approach. 

 

6.3 Multiregional Demographic Analysis  
 
The origin of the multiregional method in demographic analysis dates back to the 
late 1960s and early 1970s. It was introduced by Andrei Rogers, i.e. see Rogers (1968, 
1975). The works from Rogers generalized conventional single-region demographic 
concepts and models (e.g. life tables, projection models, model of stable population 
or a population in dynamic equilibrium) by including the migration variable–in 
addition to fertility and mortality–in demographic analysis. It focused on analyzing 
interregional mobility with migration flows by direction instead of net migration 
figures. As the regional dimension is attached to the life tables, a multiregional life 
table is introduced. It explains the population changes by spatial patterns. Moreover, 
the method has been used to link regional fertility and mortality, i.e. origin-
dependent life table (Rogers, 1995:140). It follows the evolution of birthplace- specific 
populations over time and space. In this sense, terms of native-born (local born) and 
foreign-born (non-local born) populations have been introduced in the analysis. The 
application of matrix algebra is utilized for solving the simultaneous equation in the 
multiregional method. 

The method has developed rapidly, particularly after the Migration and 
Settlement Study organized at the IIASA in the late 1970s (Rogers and Willekens, 
1986). However, there was some confusion in this application because, very often, the 
method did not match the data employed. Ledent and Rees (1980, 1986) found that 
many of the multiregional life tables constructed and population projections carried 
out in the Migration and Settlement Study are “hybrid” in character because they 
used transition data in a movement model. In fact, earlier studies from Rogers (1975) 
and Willekens and Rogers (1978) had proposed three methods (Options 1, 2 and 3) for 
dealing with different types of migration data (i.e. movement and transition). Option 1 
and Option 3 deal with movement data, while Option 2 deals with transition data. In 
the meantime, Ledent (1982) proposed two other methods namely Approach A and 
Approach B to deal with the transition data. Recently, Rogers (1995) has addressed 
two methods, namely Option 1 and Option 2. The first method is adopted from Option 
3 as described in Willekens and Rogers (1978), while the second method is modified 

                                                                                                                                                                                        

Germany (FDG), German Democratic Republic (GDR), Hungary, Italy, Japan, the Netherlands, 
Poland, Soviet Union, Sweden, United Kingdom, and the U.S.A.  
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from Approach B as discussed in Ledent (1982). Rogers (1995) compiled a 35-year 
effort in the development of multiregional demographic models, and addressed 
regional population analysis and projection. These different methods will be 
discussed further in section 6.4 on the multiregional life table. 

The problem of incomplete data on the migration variable has also been 
addressed in the study of multiregional demography. As the mobility figures by age 
and direction are necessary in multiregional analysis, methods have been developed 
for estimating the incomplete migration data. Following the notion of the Coale-
Demeny model regional life table, Rogers and Castro (1981, 1986) produced model 
migration schedules based on the selectivity of migration with respect to age. The 
models attempt to smooth irregularities in observed data, to interpolate to single 
years of age data that are reported in wider age intervals, and to assess the reliability 
of reported data. However, unlike model schedules of fertility and mortality, the 
model migration schedules have not been used as building blocks for developing 
simple techniques of estimating basic demographic parameters in populations in 
developing countries with inaccurate or incomplete data (Coale and Trussel 1996). 
Moreover, there has been little research on migration schedules in developing 
countries. Other methods have also been proposed in order to solve the problem of 
incomplete data. Willekens (1999) summarized several methods that have been 
proposed to recover information on migration flows from incomplete data. The 
model considered, for example, are spatial interaction models (i.e. log-linear model, 
gravity model, and entropy maximization) and an unobserved heterogeneity model 
(i.e. mixture model). 

Following earlier works of Rogers in 1968 and 1975, Rees and Wilson (1975, 
1977) introduced an accounting system for multiregional demography in order to 
enhance the implementation of the model in a real situation with its typical data 
limitations. Further studies by Ledent and Rees (1986) and Rees and Willekens (1986) 
allowed both the Rees and Wilson’s accounting system and Rogers’ modeling 
approach to be integrated. Suggestions that the model should consider explicitly 
observation plans for describing features of the data and the relation of the data to 
the model have encouraged the development of multiregional model. Several 
scholars have proposed some models and implemented it into computer programs, 
such as the LIfestyle PROjection (LIPRO), the DIALOG2, the MUltiregional 
DEmographic Analysis (MUDEA), and the Spatial Population Analysis: Colorado 
Extention (SPACE). Willekens (1998) overviewed the specifications of the first three 
models, while the fourth model was reviewed by Rogers (1995). The main difference 
among these models lies in the assumptions of the event distribution (e.g. linear and 
exponential). Within observation interval and projection interval, the events are 
assumed to be linearly or uniformly distributed (in the case of linear models), or 
exponentially distributed (in the case of constant instantaneous rates of transition). 
The piecewise linear model is applied in the MUDEA model (Willekens and Drewe, 

                                                           

2 The name ‘Dialog’ is not an abbreviation unlike the other packages. It refers to the main feature of 
this package, which is that the user can interact or ‘dialog’ with the program through scenario-setting 
(personal communication with Dr. Sergei Scherbov, University of Groningen). 



CHAPTER 6: METHOD OF REGIONAL POPULATION PROJECTION 
 

 199 

1984; Willekens 1998:47-56) and SPACE model (Rogers, 1995: 217-219). The piecewise 
exponential model is applied in LIPRO (van Imhoff, 1990; Willekens, 1998:56-58), 
while DIALOG is intermediate (Willekens, 1998:44; Scherbov, 1997). 

LIPRO was developed in the late 1980s, under the project on ‘the impact of 
changing living arrangements on social security expenditures in the Netherlands’. 
Though it was originally made for household projection, LIPRO can also be used for 
any kind of multidimensional projection (van Imhoff and Keilman, 1991). The model 
deals with the problems that arise because the behavior of various individuals 
belonging to the same households is interrelated. In the model therefore the 
population is also defined according to household types, instead of only basic 
population characteristics, i.e., age, sex, marital status and geographical location. 
Detailed descriptions about the LIPRO model are discussed extensively in van 
Imhoff (1990) and van Imhoff and Keilman (1991:59-61). The model has been applied 
in several European countries for the projection of households. 

DIALOG was used in the scenario analysis for Russia under the project on 
‘demographic prospect of Russia’ (Andreev et al., 1997). The model adopted the 
standard multistate projection model given in Rogers (1975, 1980) and implemented 
in the computer program by Sergei Scherbov (see Scherbov et al., 1986; Scherbov, 
1997). The model has also been used in the fields of health and social security3.  

SPACE has been developed based on the SPA model that was proposed in the 
IIASA study, as overviewed in Willekens and Rogers (1978). The model was written 
into a computer package by Jani Little (Rogers, 1995). It has been mainly used for 
education purposes, i.e. included in Rogers (1995) on the principles and methods of 
multiregional demography. The SPACE model deals with two alternatives for 
estimating migration rates, i.e. movement data (Option 1) and transition data (Option 
2). It also accommodates region-birth-specific data and produces corresponding 
results that reflect origin dependence. Nevertheless, the SPACE program still 
operates using a single-sex model of population dynamics. 

MUDEA was developed in the early 1980s. The model is an improvement of 
the model used in the IIASA study in the late 1970s. The development, characteristics 
and complete description of the model are elaborated further in the following 
subsections. 
 

6.3.1 Background and Development of MUDEA 
 
The development of the MUDEA model started in the early 1980s when the 
Netherlands Committee for Regional Population Forecast (CORBEP) commissioned a 
research aimed at adapting multiregional method for preparing population forecasts 
for provinces in the Netherlands. There were several criteria which had to be 
adapted in the model proposed. These were consistency between regional and 
national populations, capability for annual forecasting, segmentation by age and sex, 
reliability, theoretical implication of monitoring, and usefulness as an explanatory 

                                                           

3 Lutz and Scherbov (1989), Rusnak et al. (1992), and Prinz and Keilman (1995) cited in Willekens 
(1998:3). 
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model which allows the migration parameter (i.e. migration by origin and 
destination) to be established endogenously.  

Under contract with the Netherlands Physical Planning Agency (RPD), a new 
multiregional projection model, namely MUDEA, was developed (Willekens and 
Drewe, 1984; Willekens, 1985). It was based on insights into multiregional 
demography as introduced by Rogers (1975). The model is a two-sex female 
dominant model, which allows for international migration and which devotes special 
attention to the projection of the population in the first and last age groups. It also 
distinguishes different observation plans; the method used to estimate the transition 
probability (survivorship proportion) depends on the observation plan. The 
transition probability estimator is derived from accounting equations. Moreover, 
consistency of results of the multiregional model at the national level with the official 
population projection is assured (Keilman, 1988).  

To date, the MUDEA model has been applied in many countries. Willekens 
(1995) mentioned that several countries in the European Union (EU) have adopted 
this model during the last decade. There was a collaboration project between the 
Population Research Centre, University of Groningen and the EUROSTAT (Statistical 
Office of the European Union, Luxemburg) for the development of demographic 
scenarios for the European Community countries. The teams developed the long-
term scenarios for 12 countries of the European Community (EC)4 in 1991 and for 7 
countries of the European Free Trade Association (EFTA) in 1992. The 15 countries of 
the European Union (including the first 12 countries) were studied later in 1995 
(Eding, Willekens, and Cruijsen, 1996). MUDEA was used to produce population 
projections for 1994-2025 for monitoring and planning purposes. The projections 
focused on the impact of aging on pensions and other expenditures. It is important 
since aging is a major concern for countries of the European Union. 

The MUDEA model was also applied in other countries, such as in Italy (i.e. 
regions of Emilia-Romagna) and in Spain (i.e. 18 Comunidades Autonomas or 
autonomous communities and its province). The Department of Statistics and 
Applied Mathematical Economics of the University of Pisa, Italy (Prof. Bonaguidi) 
and the Institute of Demography in Madrid, Spain conducted these projects, 
respectively. The model used has succeeded in describing the specific demographic 
characteristics of each region and underlining the interdependence between the 
regions. Furthermore, MUDEA was adopted for projection in Brazil in terms of five 
main regions, i.e. North, Northeast, Southeast, South, and Center West (Machado, 
1993). He found that the major problem faced in applying this model was in 
obtaining the period-cohort rates of fertility, mortality and migration. Machado also 
mentioned that the approach has offered consistency and much scope for 
interpretation of the results for each region under study. In a more recent study, 
Medina (2000) used the MUDEA model for population projection in Mexico. He 
made a link between education and population issues by estimating the flow of 
students through levels in the schooling system (i.e. lower to upper level) and 

                                                           

4 In 1995, the European Union (EU) was officially established. Some member countries of the 
European Community (EC) are also members of the EU.  
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introducing Literate Life Expectancy (LLE) for human resources indicators. Again, the 
model has contributed toward the planning and monitoring purposes. 

 

6.3.2 Characteristics of the MUDEA Model  
 
This section describes general characteristics of MUDEA, which is based heavily on 
Willekens and Drewe (1984:312-330) and Willekens (1998:44-53). The major features 
of this model are the following: 
 

(1) the model is purely demographic, it contains only demographic variables 
(fertility, mortality, and migration) and no behavioral equations; 

(2) in its basic form, the model is two-sex,  female dominant; 
(3) the length of the age interval is free but equal to the length of a unit projection 

period (one year or five years); 
(4) number of regions is open, up to user; 
(5) the model is deterministic and time discrete; 
(6) external migration is taken into account; 
(7) model parameters: occurrence/exposure rates (central rates) of regional 

fertility, mortality, emigration and inter-regional migration; 
(8) model structure and estimators of the parameters are derived from a set of 

accounting equations. 
 

The model incorporates advances in the design of the demographic accounts 
and observation plans, the estimation of transition probabilities from these accounts, 
the modeling of time series of occurrence/exposure rates and the production of 
regional projections that are consistent with the national projections. The projection 
model is identical to the model for period-cohort data (see Chapter 5). For projection 
purposes, the period-cohort observation is the ideal one. This is because persons in a 
particular cohort will move from one age group at the start of a time interval to the 
next at the end of that time interval. 

Table 6.1 illustrates why the classification of period-cohort data is needed in 
the projection system. As MUDEA is rather flexible, we consider age groups of 5 
years, from age 0 to 85+, and the interval period of projection is also 5 years. 
Children aged between 0 and 4 years at the beginning of projection time (t) from the 
first initial cohort in column (1) will be aged between 5 and 9 years at time t+5, in 
column (4). Children who are born during the projection period will be aged 0-4 
years at the end of the interval period, final cohort 19 in column (6). People aged 80-84 
years old at time t will be in the population age group of 85-89 years 5 years later. 
People in the highest age group (aged 85+ years) will be aged 90+ at time (t+5). As 
the definition of the highest age group is 85+, persons from age group 90+ have to be 
grouped into the younger generation that was aged 85-89 years at the end of 
projection period and the older generation that was aged 90+ years at the end of 
projection period. This issue will be elaborated later in the section below. 
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Table 6.1. The period-cohort classification used in the MUDEA model 
 

Initial 
cohort 

number 

 
Initial 

population 

Demographic events within interval 
period (death, migration, birth) 

            From                        To 

 
Final 

population 

 
Final cohort 

order  
(1) (2) (3) (4) (5) (6) 

  Born (00)       
1 0- 4 0- 4   0- 4 0- 4 19 
2 5- 9 5- 9   5- 9 5- 9 1 
3 10-14 10-14 10-14 10-14 2 
4 15-19 15-19 15-19 15-19 3 
5 20-24 20-24 20-24 20-24 4 
6 25-29 25-29 25-29 25-29 5 
7 30-34 30-34 30-34 30-34 6 
8 35-39 35-39 35-39 35-39 7 
9 40-44 40-44 40-44 40-44 8 

10 45-49 45-49 45-49 45-49 9 
11 50-54 50-54 50-54 50-54 10 
12 55-59 55-59 55-59 55-59 11 
13 60-64 60-64 60-64 60-64 12 
14 65-69 65-69 65-69 65-69 13 
15 70-74 70-74 70-74 70-74 14 
16 75-79 75-79 75-79 75-79 15 
17 80-84 80-84 80-84 80-84 16 
18 85+ 85+ 85-89 85+ 17+18 

     90+   
      

 

6.3.3 Model Description 
 
The MUDEA model is basically based on the standard multistate projection model 
developed by Rogers (1975) and programmed on the computer by Willekens and 
Rogers (1978). MUDEA was first presented by Willekens (1983) and Willekens and 
Drewe (1984) and later changes were described in Willekens (1998:44-53). 

The starting point for the process of model construction is the identification of 
stock and flow variables. The number of persons in each population category 
(denoted by a particular combination of the dimensions of age, sex, and the time) 
defines the set of stock variables. Suppose the age interval is one year, and 
let

s i
K x t( , ) denote the number of people of sex s and age x to x+1 (age in completed 

years x) in region i at time t. The number of regions is N (i=1,2,…, N); the number of 
age groups is z+1 (x=0,1,2,…z), where the last age group is open-ended; and s=1 or f 
for females and s=2 or m for males. At a certain point in time, all persons described 
by the model can be represented by a column vector: 

 K
i N

T
x t K x t K x t K x t( , ) ( ( , ), ( , ),......, ( , ))=

1 2
 

 
in which N is the region of residence of a person. For convenience, the age dimension 
has been singled out in this notation.  
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Furthermore, flow variables measure the number of events that occur in the 
unit of projection interval, i.e. between time t and t+1. The event involves changes in 
place of residence, for example, living in region i to living in region j, alive in i to 
death, from alive in region i to living abroad (emigration). The following flow 
variables are considered: 
 

s ijO x t( , )=  Number of migrations from region i to region j in period (t,t+1) by people of sex s 

and age x; 

s id
O x t( , ) = Number of residents in region i of sex s and age x dying in the interval (t,t+1); 

s ib
O x t( , )= Number of children of sex s born in the interval (t, t+1) to mothers of age x 

residing in region i; 

s io
O x t( , )= Number of emigrants of sex s and age x from region i in interval (t,t+1); 

),( txI
mis

= Number of immigrants of sex s and age x into region i in interval (t,t+1). 

 
As MUDEA adopts the principle of period-cohort data, then age is always 

measured as age at the beginning of interval time. In practical, age is an important 
dimension in the model. The measurement of age therefore is an important issue in 
model design. Age may be measured in different ways and the measurement affects 
the design of the model. The specification of the projection model and the estimation 
of its parameters are influenced by the way time (and age) is measured in recording 
demographic events. The model presented in this section assumes that event is 
measured following the period-cohort observation plan, consequently age is the age at 
the beginning of the period in which the events occur. To derive the model 
equations, it is convenient to distinguish between the first age group, the intermediate 
age groups, and the last open-ended age group.   

 
6.3.3.1 Model equations for ages x with 0≤  x≤  z-1 
 
The accounting or balancing equations express the population aged x+1 in completed 
years at time t+1 in terms of the population aged x in completed years at time t and 
the events that occur during period (t, t+1). For ages 0≤ x≤ z-1, the accounting 
equation for region i is as follows:  
 

K x t K x t O x t O x t O x t O x t I x ti i id ij
j i

ji
j i

io mi( , ) ( , ) ( , ) ( , ) ( , ) ( , ) ( , )+ + = − − + − +

≠ ≠

∑ ∑1 1  (6.1) 

The definition of occurrence-exposure rates is obtained by dividing the 
number of events that occur in the observation interval by person-years lived. The 
mortality ratem x t

id
( , ) , the rate of internal migrationm x t

ij
( , ) , and emigration 

ratem x t
io
( , ) are given by the rate equations as follows: 

 
M x t O x t L x t

id id i
( , ) ( , ) / ( , )=        (6.2) 

 
M x t O x t L x tij ij i( , ) ( , ) / ( , )=        (6.3) 
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M x t O x t L x t
io io i
( , ) ( , ) / ( , )=        (6.4) 

 
where Li(x,t) denotes the number of person-years lived in region i by persons aged x 
during the interval (t,t+1). The rates that are estimated are period-cohort rates. The 
period cohort migration rate Mij(x,t), for instance, is the rate at which persons aged x 

to x+1 at time t (i.e. age in completed year) migrate during the interval (t,t+1). An 
occurrence-exposure rate is not calculated for immigration since the population at 
risk is the population of the rest of the world. The number of immigrants Imi(x,t) will 
be an exogenous variable in the final form of the model. 

To estimate the occurrence-exposure rates, we need an estimate of the person-
years lived Li(x,t) during the observation interval by the person at risk of 
experiencing the event of interest. It is equal to the total length of all lifelines in the 
observation interval (see Chapter 5). Therefore, if the interval is one year, the person-
years lived is: 

L x t K x t d
i i
( , ) ( , )= + +

=

=

∫ τ τ τ

τ

τ

0

1

 

 
Nevertheless, demographic data derived from census and survey are 

provided in discrete data. The individual lifelines are often not known and 
information on the exact timing of events is not available. Hence, the number of 
person-years lived must be approximated. It is assumed that all events are uniformly 
distributed over the observation interval. This assumption is equivalent to the 
assumption that all events occur in the middle of the interval. For region i, the 
number of person-years lived is given by the person-years equation: 

 

[ ]L x t K x t K x t
i i i
( , ) ( , ) ( , )= + + +

1

2
1 1       (6.5) 

 
Substituting equation 6.2-6.5 into the accounting equation 6.1 gives: 

 

K x t K x t M x t M x t M x t L x t

M x t L x t I x t

i i id ij
j i

io i

ji j
j i

mi

( , ) ( , ) ( , ) ( , ) ( , ) ( , )

( , ) ( , ) ( , )

+ + = − − −










+ +

≠

≠

∑

∑

1 1

  (6.6) 

and  

1 05 05 05 1 1 05 1 1+ + +








 + + + + +

≠ ≠

∑ ∑. ( , ) . ( , ) . ( , ) ( , ) . ( , ) ( , )M x t M x t M x t K x t M x t K x tid ij
j i

io i ji j
j i

 

= − − −








 + +

≠ ≠

∑ ∑1 05 05 05 05. ( , ) . ( , ) . ( , ) ( , ) . ( , ) ( , ) ( , )M x t M x t M x t K x t M x t K x t I x tid ij
j i

io i ji j mi
j i

 

 
The equation applies to region i. If the equation is written for all regions, a 

system of N linear equations is obtained. The system of equation can be simply 
written as a matrix equation, as follows: 

[ ( , )] ( , ) [ ( , )] ( , ) ( , )I M K I M K I+ + + = − +0 5 1 1 0 5. x t x t . x t x t x t
m

   (6.7) 
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where: 

K ( , )

( , )

( , )

.

.

( , )

x t

K x t

K x t

K x t
N

=























1

2

 and   

 

M ( , )

( , ) ( , ) . . ( , )

( , ) ( , ) . . ( , )

. . . . .

. . . . .

( , ) ( , ) . . ( , )

x t

M x t M x t M x t

M x t M x t M x t

M x t M x t M x t

N

N

N N NN

=

− −

− −

− −























11 21 1

12 22 2

1 2

 

 
where M x t M x t M x t M x tii id ij io

j i

( , ) ( , ) ( , ) ( , )= + +

≠

∑  over time t. The multiregional 

population projection model for the intermediate ages as given in equation 6.7 may 
also be written as: 

K I M I M K I M I( , ) [ ( , )] [ ( , )] ( , ) [ ( , )] ( , )x t . x t . x t x t . x t x t
m

+ + = + − + +
− −1 1 0 5 0 5 0 51 1  

 

K P K F I( , ) ( , ) ( , ) ( , ) ( , )x t x t x t x t x t
m

+ + = +1 1      (6.8) 

 
withP I M I M( , ) [ ( , )] [ ( , )]x t . x t . x t= + −

−0 5 0 51  and F I M( , ) [ ( , )]x t . x t= +
−0 5 1 . The matrix P(x,t) 

contains the period-cohort transition probabilities. 
 

P( , )

( , ) ( , ) . . ( , )

( , ) ( , ) . . ( , )

. . . . .

. . . . .

( , ) ( , ) . . ( , )

x t

P x t P x t P x t

P x t P x t P x t

P x t P x t P x t

N

N

N N NN

=























11 21 1

12 22 2

1 2

     (6.9) 

 
An element Pij(x,t) represents the probability that a resident of region i, aged x 

to x+1 at time t survives till t+1 and at that time is a resident of region j. The period-
cohort transition probabilities Pij(x,t) are also referred to as survivorship proportions 
in Rogers (1975:78 and 1995:92). In this respect, matrix P differs fundamentally from 
the matrix M containing occurrence-exposure rates. An element fij(x,t) of F(x,t) 
denotes the probability that an immigrant to region i, born in year (t-x-1, t-x), will be 
in region j at the end of the interval.  

From equation 6.8, it can be seen that the duration of exposure may be related 
to the population at time t and the number of immigrants. Recall equation 6.5 that 

[ ]L K K( , ) ( , ) ( , )x t x t x t= + + +

1

2
1 1  

 
The person-years lived by persons who are resident in region i comprise the 

person- years of residents at time t (1L) and the person-years of immigrants during 
interval time t to t+1 (2L):  
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L L L( , ) ( , ) ( , )x t x t x t= +
1 2

 

where: 
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1

1

1
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While the person-years lived by immigrants is 

 
[ ]

[ ] ),(),(5.05.0

),(),(5.0),(

1

2

txtx

txtxtx

m

m

IMI

IFL

−

+=

=

 

 
In a more general equation: 

 

L I M K I( , ) [ . ( , )] [ ( , ) . ( , )]x t x t x t x t
m

= + +
−05 051      (6.10) 

 
This equation can be interpreted as follows: the assumption of uniform 

distribution of immigration over the interval (t, t+1) is equivalent to assuming that 
half of the immigrants may immigrate exactly at time t and half may immigrate at 
time t+1. A migrant who immigrates at time t+1 does not contribute to the person-
years lived in any region of the multiregional system during the interval time (t,t+1). 
A migrant who immigrates at time t contributes the same person-years as a resident 
at time t. This equation will be used further in the following discussions on the first 
age group and the last age group.  

 
6.3.3.2 Model equation for the first age group 
 
The accounting equation for the first age group relates the number of births during 
the interval (t,t+1), the number of children aged 0 year at time t+1, and the number of 
children who immigrate in their year of birth. In this subsection, we first determine 
the number of births and then continue with the number of 0-year old children at 
time t+1. 
 

a. Number of births in observation interval 
 

Recall that O x t
bi
( , ) represents the number of children born during the interval period 

(t,t+1) in region i to mothers who are x years of age at time t (beginning of interval). 
The total number of births is:  

O t O x t
b ib

x

( ) ( , )= ∑         (6.11) 

 
The age-specific fertility rate in region i is: 
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M x t O x t L x tib ib f i( , ) ( , )/ ( , )=        (6.12) 

 
where fLi(x,t) is the person-years lived in region i between time t and t+1 by women 
aged x years (in completed years) at the beginning of interval (t,t+1). The person-
years are approximated in the usual way, as defined in equation 6.5. 

 

f i f i f iL x t K x t K x t( , ) . [ ( , ) ( , )]= + + +05 1 1  

 
Thus, the number of births from women aged x in all regions during interval time 
(t,t+1) is: 

O M K Kb b f fx t x t x t x t( , ) . ( , )[ ( , ) ( , )]= + + +05 1 1     (6.13) 

 
Using equation 6.10, equation 6.13 can also be expressed as follows: 

  

O M I M K Ib b f f f mx t x t x t x t x t( , ) ( , )[ . ( , )] [ ( , ) . ( , )]= + +
−05 051  

 
where Mb(x,t) is a diagonal matrix of age-region-specific fertility rates Mib (x,t), fIm(x,t) 
is the vector of female immigrants, and fM(x,t) is the occurrence-exposure rates for 
female population, which consist of death rates Mid(x,t), internal migration Mij(x,t), 
and emigration Mio(x,t). The equation shows that the number of births is related to 
the female population at time t and the female immigrants during period (t,t+1). 

 
b. Number of children aged 0 year old at time t+1 

 
The number of people aged 0-year old at time t+1 depends on the number of births, 
child deaths or survivors, and child migrants during interval (t,t+1). The patterns are 
indeed sex-specific, therefore, the variables considered (i.e. births, survivors, and 
migrants) should also be distinguished by sex. Consider the sex ratio (i.e. the number 
of male to female births, say g). The sex ratio is assumed to be independent of age 
and region of residence of the mother. The share of girls in the total number of births 
is f S g= +1 1/ ( ) , while the share of boys is 

m
S g g= +/ ( )1 . 

To estimate the population aged 0 year at time t+1, the model adopts the 
accounting equation as in equation 6.1. The equation relates the number of 0-year-old 
children at time t+1 to the number of births during the interval (t,t+1) and the 
number of events experienced (death and migration) by the newly born children in 
the year of birth:  

 
K t O t O t O t O t O t I ti ib id ij

j i
ji

j i
io mi( , ) ( ) ( , ) ( , ) ( , ) ( , ) ( , )0 1 00 00 00 00 00+ = − − + − +

≠ ≠

∑ ∑  (6.14) 

where 00 refers to children born in the interval time (t,t+1). It considers not only the 
number of children born (Oib), but also the number of deaths (Oid) and migration (i.e. 
internal Oij and Oji and international Oio and Imi) of newly born children during the 
year of birth. 
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As discussed before, MUDEA considers the period-cohort observation. The 
occurrences of births are assumed in the middle of interval and the distributions of 
events in the observation interval are assumed uniformly distributed. Hence, the 
person-years in the interval (t,t+1) by the children born during the interval is:  

 

L t O t K t
i ib i
( , ) . [ ( ) ( , )]00 0 25 0 1= + +       (6.15) 

 

In this case, 0.25 is defined as the proportion of the year (age) lived by 
children who were born during the period (t,t+1) before entering the risk period in 
the first year. In other words, the average exposure time of newly born children 
during their first year of life is 0.25 year or 4 months. This value may vary in another 
study. A study of the labor market by Yamaguchi (1991:99), for example, used a 
value of 1/3 or 0.35 for the population who entered the risk set at time x (0<x<1, first 
year) during the age of employment.  

With regard to the MUDEA model, the occurrence-exposure rate of dying in 
the year of birth is: 

 

M t O t L t
id id i
( , ) ( , ) / ( , )00 00 00=  

 
Therefore, the accounting equation 6.14 may be rewritten as: 

 

K O M O K I

I M I M O I M I

P O F I

( , ) ( ) . ( , )[ ( ) ( , )] ( , )

[ . ( , )] [ . ( , )] ( ) [ . ( , )] ( , )

( , ) ( ) ( , ) ( , )

0 1 0 25 00 0 1 00

0 25 00 0 25 00 0 25 00 00

00 00 00

1 1

t t t t t t

t t t t t

t t t t

b b m

b m

b b b m

+ = − + + +

= + − + +

= +

 

With P(00,t) = [I + 0.25M(00,t)]-1[I - 0.25M(00,t)] and F(00,t) = [I + 0.25M(00,t)]-1 
 

 

6.3.3.3 Model equation for the highest, open-ended age group 
 
The highest age group is open-ended. The age group is denoted by its lowest age z. 
The period-cohort observation plan allocates to this age group all events experienced 
between time t and t+1 by persons who are at least z years old at the beginning of the 
interval (time t). These people are born before time t-z. Figure 6.1 shows the period-
cohort observation interval. It is delineated by the lifelines of the persons born at t-z 
and by the lines corresponding to time t and time t+1. 

At time t+1, the group of (z+)-year-old persons consists of two groups. The 
first group, K(z,t+1), consists of persons who are z-1 to z years old at time t. They are 
between z and z+1 years old at time t+1 (aged z in completed years). The second 
group, K(z+1+,t+1), consists of survivors who belong to the highest age group at time 
t. They are at least z+1 years old at time t+1. 

 
 



CHAPTER 6: METHOD OF REGIONAL POPULATION PROJECTION 

 

 209 

Using equation 6.1, the accounting equations for K(z,t+1) and K(z+1+,t+1) are: 

 

K z t K z t O z t O z t O z t O z t I z ti i id ij
j i

ji
j i

io mi( , ) ( , ) ( , ) ( , ) ( , ) ( , ) ( , )+ = − − − − − + − − − + −

≠ ≠

∑ ∑1 1 1 1 1 1 1   

K z t K z t O z t O z t O z t O z t I z ti i id ij
j i

ji
j i

io mi( , ) ( , ) ( , ) ( , ) ( , ) ( , ) ( , )+ + = + − + − + + + − + + +

≠ ≠

∑ ∑1 1   

In order to estimate the occurrence-exposure rates, the person-years lived in 
the time interval (t,t+1) are needed. Information on the number of people aged z-1 
and z+ at time t: K(z-1,t), K(z+,t), and the number of people aged z and z+1 at time 
t+1 K(z,t+1) and K(z+1+,t+1) is required. The last two measures imply that, when z+ 
is the highest open-ended age group, information on population must be provided 
for two age groups: (z,z+1) and (z+1,z+1+). For instance, if z=90, then information on 
the number of people aged 90 and 91+ years must be given separately (see Figure 
6.1.).  

Figure 6.1. Period-cohort observation plan for the highest age group 
 

 

 

 
Assuming a uniform distribution of events over the observation interval, the 

person-years lived in the interval (t,t+1) by persons of age z-1 at time t is: 
 
L z t K z t K z t
i i i
( , ) . [ ( , ) ( , )]− = − + +1 05 1 1  

The person-years lived by persons of age z+ (i.e. at least z years) at time t is: 

 

Age discrete 
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L z t K z t K z t
i i i
( , ) . [ ( , ) ( , )]+ = + + + + +05 1 1  

 

The model equation for the highest, open-ended age group is: 

 

K I M I M K

I M I M K

I M I I M I

P K F
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− −

+ + + + + +

1 1I

P K F I

 

 

If age details of the population in the highest age group is not available, then 
we must assume that the occurrence-exposure rates of persons aged z+ at time t are 
equal to those of the persons aged z-1 at time t. The migration rates that result are: 

 

M z t
O z t O z t

K z t K z t
ij

ij ij

i i

( , )
( , ) ( , )

. [ ( , ) ( , )]
− + =

− + +

− + + + +

1
1

05 1 1
 

 

Where z-1+ denotes that the open-ended age group starts at age z-1. This model 
completes the description of the MUDEA model. 
 

6.4 Multiregional Life Table 
 
In this study, multiregional life tables will be generated. It is considerably practical 
for a country like Indonesia with regional differences obvious. A multiregional life 
table is a model for evaluating the demographic implications of applying a particular 
set of mortality and migration schedules to a multiregional birth cohort. Thus, it can 
be utilized to describe survival probabilities and number of years lived by a person 
in Indonesian regions. However, because MUDEA does not produce life tables, 
LIFEINDEC (as proposed in Willekens, 1979) has been applied for constructing 
Indonesian multiregional life tables. 

Two important issues have to be considered in constructing a life table. First is 
the type of observation plan and second is the method of estimation of transition 
probabilities. In dealing with these matters, sections 6.4.1 and 6.4.2, respectively, give 
an overview of the observation plan and the methods of estimation of transition 
probabilities, i.e. using occurrence-exposure rates or survivorship proportions. 
Section 6.4.3 discusses the LIFEINDEC program. 

 

6.4.1 Observation Plan for Life Table 

 
It was discussed previously in Chapter 5 that there is a difference in the 
measurement of event in the observation plans for projection and life table analyses. 
For projection analysis, a period-cohort observation plan is the ideal one (recall Figure 
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5.5, as Figure 6.2). This is because persons in a particular cohort will move from 
being in one group of completed age at the start of a time interval (exact time t) to being 
in the next at the end of a time interval (exact time t+1).  

 
Figure 6.2. Period-cohort data for projection analysis 
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Figure 6.3. Cohort data for life table analysis 
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On the other hand, the age-cohort observation plan is to be preferred in life 
table analysis (recall Figure 5.4, as Figure 6.3). The life table provides information on 
the status of cohort members at consecutive exact ages (i.e. ages x and x+1) at 
completed times (i.e. t and t+1). Nevertheless, in the case of retrospective data collected 
in Indonesian census and survey, the age-period observation plan often serves as an 
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approximation to the age-cohort observation plan. Therefore, in this study the age- 
period data will be assumed as the age-cohort data.  

 

6.4.2 Estimation of Life Table Probabilities 

 
Literature on multiregional demographic analysis (i.e. Rogers, 1995) states that the 
techniques and models of multiregional life table are basically an improvement on 
the conventional uniregional life table instruments. It has probabilities of dying and 
surviving. However, to construct a multiregional life table, data on both migration 
and mortality are required, instead of only mortality data. The age-specific mortality 
and migration rates are utilized for estimating the age-specific transition 
probabilities. Once the data on migration and death are available, then the life table 
(transition) probabilities are simply estimated from the occurrence-exposure rates, 
Mij(x), in which: 
 

M( )

( ) ( ) . . ( )
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where M x M x M xii id ij
j i

( ) ( ) ( )= +

≠

∑ . It consists of death rates Mid(x) and migration rates 

Mij(x). Following Rogers (1995:96), matrix transition probability P(x) can be 
expressed in terms of matrix M(x), which contains occurrence-exposure rates. 
 

P I M I M( ) [ ( )] [ ( )]x x x
h h= + −

−

2

1

2
       (6.16) 

 
where h is the width of interval time, I is the identity matrix, and matrix P(x) 
contains the transition probabilities as follows: 
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11 21 1

12 22 2

1 2

                              (6.17) 

 

It is important to note here that matrices M(x) and P(x) above are the age-
cohort matrices, which differ from the period cohort matrices M(x,t) and P(x,t) in 
equations 6.8 and 6.9 for projection analysis. In addition, they have different 
interpretations. P x tij ( , ) in equation 6.9 is defined as the probability that a resident of 

region i, completed age x, at exact time t will survive till completed age x+1 at exact 
time t+1 and at that time is a resident of region j. Meanwhile, P xij ( ) in equation 6.17 is 

defined as the probability that individuals in region i at exact age x within interval 
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time (t,t+1) will survive to exact age x+1 at interval time (t+1, t+2) and reside in 
region j. 

Transitional probabilities here already include region-specific mortality rates 
and several destination-specific migration rates. This method has been considered as 
the Option 1 method in Rogers (1995:96-97) as adopted from Option 3 in Willekens 
and Rogers (1978:49-51) and the revised version of Option 1 in Rogers (1975:82-84). 
The revision concerned assumptions about multiple transitions. In the earlier Option 
1 (Rogers, 1975), multiple transitions were not allowed and it was assumed that an 
individual only makes one move during a unit time period, i.e. one year or five years. 
The later Option 1 (Rogers, 1995) permitted multiple transitions. It is assumed that 
the rates in life table are equal to the observed rates, m(x) = M(x).  

Alternatively, there is another method that relates to the calculation of 
transition probabilities from census and survey data that often treat mobility as 
transition (migrants) data. It defines migration as a change in regions of residence at 
two fixed moments in time. In the case of Indonesian data, for example, the fixed 
time is 5 years. The method focuses on the observed conditional age-specific and 

origin-destination-specific survivorship proportion, S( )x , in which:  

 

S x h K x K xij ij ij
j

( ) ( ) ( )− = ∑  i,j = 1,2,…, N     (6.18) 

where S x hij ( )−  is the proportion of the population aged x-h who resided in region i 

at time t-h, and survive to the end of interval time t (at census or survey time) and 
residing in region j. It is conditional with respect to mortality. Kij(x,t) is defined as the 
number of migrants aged x at time t, recorded in region j at time t and who resided in 
region i at time t-h (i.e. h=5 years). Because of the fact that the changes in residence 
took place at some (fixed) time prior to the census or survey, then the observed 
survivorship proportions refer to the age groups that were younger than the age 
reported when the census was conducted. For example, the survivorship proportion 
of population aged 5-9 years at census time refers to the survivorship proportion of 
population aged 0-4 years 5 years ago (i.e. fixed time is 5 years).  

The unconditional transition probabilities are defined as follows (Rees and 
Wilson, 1977, cited in Rogers, 1995:98): 

 

 P P P( ) ( ). ( )x x x=
σ

= 1

2
[ ( ) ( )] ( )S S Px h x x− +

σ
     (6.19) 

 

where P( )x is a matrix of conditional transition probabilities, which is derived from 

the matrix of conditional survivorship proportions S( )x . P
σ
( )x  is a diagonal matrix 

of transition probabilities that unconditionalizes the conditional transition probability 

matrix P( )x . Such a method was proposed in Rogers (1995:97-98) and Ledent 

(1982:364-376) as Option 2 and Approach B, respectively. In addition, an earlier study 
from Rogers (1975:85-88) proposed a similar method (Option 2). However, the 
method has a different definition of the relationship between transition proportion 
and transition probabilities. In short, it is assumed that the survivorship proportions 
in the life table are equal to the observed survivorship proportions, s(x) = S(x).  
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6.4.3 LIFEINDEC 

 
The LIFEINDEC is a program for constructing multiregional life tables that was 
proposed in Willekens (1979). It is a modified version of multiregional life table 
analysis as utilized in the Migration and Settlement Studies at IIASA in 1978 (i.e. Spatial 
Population Analysis, known as SPA program). The method and the program of 
LIFEINDEC are extensively reviewed, respectively, in Willekens and Rogers (1978) 
and Willekens (1979). The difference between these two programs lies in several 
variables: radix, age interval, and the method used for estimating transition 
probabilities. In the earlier program, the number of cohorts is equal to the number of 
states/regions (multiradix situation). The age interval had to be the same for all age 
groups (i.e. one year or five years). The transition probabilities are calculated by 
using the Option 1 method as proposed in Rogers (1975). 

On the other hand, LIFEINDEC allows the number of radices or cohorts to 
differ from the number of states/regions, for example, in constructing multiregional 
life tables for marriage and the labor force (Willekens, 1979). In such a case, the initial 
population is from the same birth cohort (uniradix) but may consist of a group of 
people in different states, e.g. marital status may consist of three states: single, 
married, and divorce. With regard to age interval, in the later program it may be 
unequal. In addition, the transition probabilities are calculated using occurrence-
exposure rates as described in the Option 3 method (proposed by Willekens and 
Rogers, 1978).  

Since LIFEINDEC applies the Option 3 method, then the transition 
probabilities matrix P(x) is estimated from the occurrence-exposure rates matrix M(x) 
as expressed in equation 6.16. The occurrence-exposure rates can be derived directly 
from input rates data or calculated in the program from the event data. In case the 
input data are the number of events, additional data on the total population in the 
middle of the period (mid-year population) are needed. Thus, the occurrence- 
exposure rates are calculated in the program by using the following equations:  
 

 M x O x L x
id id i
( ) ( ) / ( )=  

 

 M x O x L xij ij i( ) ( ) / ( )=  

 

where Mid(x) is the mortality rate and Mij(x) is the migration rate for a population 
aged x who reside in region i. Li(x) is defined as the exposure population and 
estimated from the mid-year population. Once the transition probabilities have been 
obtained, the construction of multiregional life tables continues with the computation 
of each entry in the survivorship column l(x), life tables’ person-years lived L(x), and 
expectation of life e(x).  

In terms of radix used, multiregional life tables for Indonesian regions are 
based on multiradix life tables. The initial cohort here is allocated to several regions. 
Meanwhile, in the uniradix life table the initial cohort is only concentrated in one 
region or state (i.e. single or never married). Furthermore, LIFEINDEC generates two 
types of life table measurements. These are population-based and status based life 
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tables. The population-based measure deals with the expected duration in different 
regions (states) of the entire population irrespective of initial region (state). On the 
other hand, the status-based measure depends on the region (state) of the person for 
whom the measure is calculated. Hence, the number of survivors, person- years lived 
and expectation of life generated in the life table here also follow the population-
based and status-based life tables. Extended discussions on population-based and 
status-based life tables are overviewed in Willekens and Rogers (1978). 

The survivorship for population-based life table is calculated by using the 
formula below: 

 l x p lij
i j

i( ) ( ) ( )
,

= ∑ 0 0   (6.20) 

where li(0) denotes initial survivors (birth cohort) in region i and li(x) denotes 
survivors in region i who survive from birth in the region at exact age x in interval 
time (t,t+1). For status based life table, it is calculated as: 

 l x p x h l x hi ki
k

j

k( ) ( ) ( )= − −

=

∑
1

 

 
The LIFEINDEC program adopts the piecewise linear model. It is assumed 

that all events are uniformly distributed over the observation interval.  Hence, the life 
tables’ person-years lived by a population in region i at age x years by a member of 
the cohort is calculated as: 

 

L x l x l x
i i i
( ) [ ( ) ( )]= + +1

2
1        (6.21) 

 

The terminal age interval in a life table is an open interval, say z years and 
over. The probability of dying in this interval is unity, i.e. li(z)=1. Thus the equation 
(6.21) cannot be used for calculating the number of years lived in the last age group.  
Another equation used is as follows: 

 

L z M z l zi i i( ) [ ( )] ( )=
−1         (6.22) 

 

It is assumed that the migration rates in the highest age group are zero. In 
other words, no migration occurs in the highest age group. In addition, regional 
expectation of life at exact age x is calculated as: 

 

e x L y l xi i
y x

z

i( ) [ ( )].[ ( )]=

=

−

∑
1        (6.23) 

 

Detailed features of LIFEINDEC are discussed extensively in Willekens (1979). 
The LIFEINDEC model can produce multistate life tables in terms of population-
based and status-based life tables. The status-based measures depend on the region 
(state) occupied at the reference age for which the measure is calculated. On the other 
hand, the population-based measure deals with the expected duration in different 
regions of the entire population irrespective of initial region. Indonesian 
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multiregional life tables are generated on regional status-based life tables, instead of 
population-based life tables. 

 

6.5 Multiregional Analysis for Indonesian Data 
 
This section focuses on the demographic analysis in Indonesia, particularly in 
adopting the MUDEA model for population projection. Section 6.5.1 overviews the 
initial development of multiregional analysis in Indonesia. Regarding the migration 
rates required in the MUDEA model, section 6.5.2 elaborates the method of 
estimation of migration rates from the proportion of migrants, which are derived 
from census and survey data. Using the case of two regions (i.e. Java and the rest of 
Indonesia), section 6.5.3 illustrates the utilization of the method. 
 

6.5.1 Initial Development of Multiregional Models in Indonesia 
 
The inception of multiregional demography in Indonesia dates back to the early 
1990s, as a result of a fortuitous encounter between the director of the Demographic 
Institute, University of Indonesia (LDUI) and a member of the Montreal 
Interuniversity Group “Urbanization and Development”5—a group of experts in urban 
development financially supported by the Canadian Development Agency (CIDA). 
This meeting eventually led to the first application of the multiregional approach to 
Indonesian data. Jacques Ledent and Marc Termote who were seeking enhanced and 
new insights into the relationship between migration, urbanization and urban 
development in the Third World decided to select Indonesia as a case study for their 
analysis. The decision was made, indeed, after being introduced to a LDUI affiliate, 
Aris Ananta, who was foresighted enough to realize the potential of the models and 
methods of this new branch of demography.6 

Therefore, with the help of Aris Ananta who arranged for the Indonesian 
Central Bureau of Statistics (ICBS) to prepare the necessary data from the 1980 and 
1990 censuses, they applied the multiregional approach to a two-region system of 
Indonesia, comprising Jakarta and the rest of Indonesia. The studies used both place-
of-birth-independent as well as place-of-birth-dependent data on migration. Indirect 
estimation methods were applied for estimating mortality and migration rates. Age- 
specific mortality rates were derived from the Coale-Demeny life tables for the East 
model, instead of the West model. Migration rates were derived indirectly by using 
an Approach B method, as described in Ledent (1982). These studies have been 
documented into several discussion papers in the Institut National de la Recherche 
Scientifique (INRS) Urbanisation, Montreal, Canada (see e.g. Ledent and Termote 
1993a and 1993b). 

                                                           

5 Dr. M. Djuhari Wirakartakusumah, who passed away in November 2000, was the director of LDUI at 
that time and Dr. Joseph Chung represented the Montreal Interuniversity Group-Urbanization and 
Development.  
6 Personal communications with Prof. Jacques Ledent and Prof. Aris Ananta (through e-mail). 
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In fact, those initial efforts have stimulated some Indonesian demographers to 
consider multiregional demography as an appropriate method for carrying out 
regional analysis in the context of a multiregional system such as Indonesia. Since 
then, multiregional demography analysis has been introduced in the LDUI and the 
graduate program on population and labor, University of Indonesia. Nevertheless, 
development of the multiregional approach in Indonesia has moved at low speed. It 
is due to the fact that the approach requires migration flows broken down by age 
groups and cross-classified by all regions of origin and destination, and if possible by 
place of birth. In fact, these data are not routinely published and cannot be produced 
easily. Information on migration provided in the census is defined as migrant (status) 
data instead of migration (event) data. Fortunately, several visits and lectures from 
Jacques Ledent at the University of Indonesia have kept the interest alive and 
growing. As a result, some studies have been done related to this topic. Studies on 
internal migration done by Ananta and Anwar (1995), Chotib and Karyana (1996), 
and Chotib (1999) are part of this development. 

Ananta and Anwar (1995) started to study the patterns and levels of internal 
migration by age and sex for 27 provinces in Indonesia over the periods 1975-1980 
and 1985-1990. They estimated both in-migration and out-migration rates for each 
province. The migration rate was calculated by dividing the number of migrants 
(those currently living in a place different from the place of residence 5 years ago) 
with the population in the middle of the period. In the case of children aged 0-4 
years, Ananta and Anwar (1995) assumed that the children accompany their 
mothers. Hence, it was assumed that the number of migrating children is 0.25 times 
of migrating reproductive women (i.e. women aged 15-49 years). The in-migration 
rate was also calculated based on the population at destination, instead of the 
population at origin. Their study attempted to describe the patterns of regional 
migration in Indonesia.  

In terms of migration patterns, Ananta and Anwar (1995) found that both the 
out-migration and in-migration profiles for Indonesian regions were left-skewed 
unimodal curves, with the peak mostly at age 20-24 years and very little in the 15-19 
year or 25-29 year age groups. Using the same concept entailed in Gross Reproduction 
Rate (GRR), they estimated Gross Migra-production Rate (GMR). They added over all 
ages the age-specific migration rates, and multiplied by five (the width of the age 
groups). The migra-production rates were obtained by summing age-specific 
migration rates to measure the level of migration that is independent of the age 
structure of the population at risk. Based on the GMR values for in- and out- 
migration in all provinces in Indonesia, their study concluded that the internal 
migration pattern in this country could be classified into 7 groups, based on the 
trends of their GMR (increasing, decreasing or combination of both). 

In 1996, Chotib and Karyana (1996) revised a previous study and extended the 
migration period into 1995, instead of 1990. This further study was done after the 
1995 population intercensal survey data had been published. The study has not yet 
turned to developing a model migration schedule. Later on, Chotib (1999) using the 
1995 intercensal survey (SUPAS) data tried to apply a migration schedule for 
Indonesia in terms of two regions (Jakarta and the rest of Indonesia). He estimated 
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out-migration probabilities, instead of rates, for the two regions studied by dividing 
the number of migrants by the initial population of the regions. He used non-linear 
least square analysis to develop the migration profile model by five-year age groups 
for those two regions.  

Furthermore, using the SPACE program described in Rogers (1995), students 
from the University of Indonesia have applied the multiregional demographic 
analysis for projecting the population of two regions. Putera (1999) and Prihastuti 
(2000) applied the approach to two regions: North Sumatra and the rest of Indonesia, 
and Java-Bali and the rest of the country, respectively. Fertility rates and infant 
mortality rates were estimated directly from the 1991 and 1994 IDHS data. Age-
specific mortality rates were estimated from the life table for the West Model by 
using the infant mortality rate (IMR). Migration rates were estimated indirectly by 
using the method proposed in Ananta and Anwar (1995). 

In short, the development of multiregional demographic in Indonesia still 
faces difficulties in terms of available data, particularly on mortality and migration 
data. This present research is one in a series of attempts to solve those problems by 
applying the direct method for estimating mortality rates and indirect method for 
estimating migration rates (see further Chapter 7). Next subsection elaborates the 
second issue. 

 

6.5.2 Estimation of Migration Intensities (Instantaneous Rates) from 
Migrant Proportions 

 
In Indonesia, census and survey data provide information on population mobility in 
terms of migrant (status) data: people who currently (at census time) reside in a place 
different from their residence 5 years ago. Using this information, we can derive 
migrant proportions instead of migration rates (for method, see further Chapter 7). 
People living in different regions at two points in time may have migrated several 
times and to various regions during the observation period. Moreover, people with 
the same region of residence at two different times may have never migrated or may 
have migrated to other regions and then returned to the region of origin. 
Nevertheless, such information is hardly found in Indonesian census and survey. On 
the other hand, to determine the level of migration, the migrant proportions are 
inadequate and the MUDEA model does not deal with the proportions of migrants. 
Therefore, migration rates are needed. A migration rate measures the number of 
migrations in an interval of unit length per person exposed. This section will 
elaborate the methods for calculating the migration intensity from the migrant 
proportion and it is heavily based on Willekens and Medina (1998).   

Let Nk be a random variable that defines the number of migratory moves 
made by an individual k during a unit interval and kNij  be the number of migratory 
moves from region i to region j, N Nk k ij

ij

= ∑ . The total number of migratory moves by 

all individuals in observation is N and the number of migratory moves from i to j is 
Nij. A realization of N is denoted by n.  
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The probability that individual k makes Nk migratory moves during the 
interval is given by the Poisson distribution: 

 

Pr{ }
!
exp( )N n

n
k k

k

n

k

k

k

= = −

µ
µ        (6.24) 

 

The parameter µk is the migration rate and it is equal to the expected number 

of migratory moves during the interval: E[Nk]=µk. If we assume that all individuals 
are identical with respect to their migration behavior, i.e. same migration rates and 

that they migrate independently, then we can assume that µ1 = µ2 = … =µz. Since the 

sum of independent Poisson variables with parameters µk (k=1,2,..z) is a Poisson 

variable with parameter λ=µ1 + µ2 +…+ µz = zµ, the probability of observing m 
migrations during the unit interval is: 
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where λ=µ1 + µ2 +…+ µz = zµ  (Taylor and Karlin, 1994:242, cited in Willekens and 
Medina, 1998). 

If the regional dimension (i and j) is introduced and we assume that every 
individual has the same migration rate from region i to region j during an interval 
unit, hence: λ µ µij k ij

k
ijz= =∑ . The probability of observing nij migrations from region i 

to j during the unit interval is given by the Poisson distribution: 
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and the probability of observing mij migratory moves (i=1, 2,.., I) j=1, 2,…, J), 
provided the migratory moves are independent, is the likelihood function: 
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whereλ λ= ∑ ij

ij

is the overall rate of migration. 

In the case of finite state space (regions) with infinitesimal time interval (t,t+h), 
the backward equation for the transition matrix P is expressed in a matrix form as 
follows: 

 
d h

dh
h
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which has a solution: 
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P N P( ) exp( ). ( )h h= − 0  ; with P(0) = I  

 
The equation exp(-Nh) may be evaluated by three methods: namely series 

expansion (Namboodiri and Suchindran, 1987:162), diagonalization matrix, and 
linear approximation (Rogers and Ledent, 1976).  

Since MUDEA adopts piecewise linear models (Willekens, 1998), then the 
linear approximation will be utilized. In linear approximation, migration is assumed 
to be uniformly distributed in an interval time (t,t+h). Matrix M is a matrix of 
transition (event) intensities and has a configuration (for two regions): 
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−

−
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where matrix M, off-diagonal elements are negative. Thus by using a linear model 
the relation between the transition function P and M is as follows (Rogers and 
Ledent, 1976): 
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If P is given and M must be determined, we may express M in terms of P:  
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The intensity (instantaneous rate) M is equal to the occurrence-exposure rate 

in an infinitesimal time interval. In fact, time unit in most demographic data is 
expressed in discrete time. Therefore, we need to make an assumption that the 
occurrence of an event (migration) will follow a linear or an exponential model. In 
Chapter 5 on the measurement of risk, we have discussed the property of linear and 
exponential models. In a linear model, in which the density is assumed constant, the 
instantaneous rate will equal the occurrence-exposure rate if and only if the event 
occurred at the middle interval. In the meantime, in an exponential model, in which 
the intensity remains constant, the occurrence-exposure is equal to the instantaneous 
rate.  

Since the MUDEA model is defined as a piecewise linear model (Willekens, 
1998), then the intensity as derived using the methods mentioned above is also equal 
to occurrence- exposure rate with the assumption that the events occur in the middle 
of a time interval. 
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6.5.3 Numerical Illustration  

 
Using the method discussed above and the 1995 Indonesian Intercensal Survey data 
(SUPAS, which was conducted in October 1995), this section presents an empirical 
illustration for Indonesian data. In this case, two regions are distinguished, namely: 
Java and the rest of Indonesia. In this survey, for each person interviewed, the places 
of residence at the time of survey and five years prior to the survey were recorded.  

Table 6.2 shows that the total number of inhabitants in Indonesia in October 
1995 was 194.75 million. The number of residents who lived in Java was estimated at 
114.73 million, while in the rest of Indonesia accounted for 80.02 million. In 1995, the 
number of residents in Java who lived in the rest of Indonesia 5 years earlier (in 1990) 
was 0.80 million. Consequently, the number of people in Java in 1990 who were still 
present in Java in 1995 is estimated at 113.9 million (114.7 million - 0.8 million).  

 
Table 6.2. Migration proportions and intensities, Indonesia, 1990-1995 
 

 Number of migrants 

Region of residence in 1990 

Residence in 1995          Java Rest of Indonesia Resident in 1995 

    Java  113,932,875 800,611 114,733,486 

    Rest of Indonesia 661,822 79,360,500 80,021,322 

    Total residents in 1990 114,593,697 80,161,111 194,754,808 

 

 

 

Transition proportions 

Destination      Java Rest of Indonesia Indonesia 

    Java  0.9942 0.0100 0.5891 

    Rest of Indonesia 0.0058 0.9900 0.4109 

           Total 1.0000 1.0000 1.0000 

  

Migration intensities 

Destination Java Rest of Indonesia  

    Java 0.0073 0.0126  

    Rest of Indonesia 0.0073 0.0126  

    
 

The proportion of residents of Java in 1990 living in the rest of Indonesia in 
1995 is 0.0058 (661822/114593697 = 0.0058). The proportion of residents of the rest of 
Indonesia in 1990 living in Java in 1995 is 0.0100 (800611/80161111 = 0.0100).  
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where region (1) is Java and region (2) is the rest of Indonesia. Assuming that the 
migration pattern observed during the period 1990-1995 is generated by a Markov 
process, and using the linear approximation, then the out-migration (instantaneous) 
rates can be obtained. The intensity of migration from Java to the rest of Indonesia is 
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M12 = 0.0073 and the intensity of migration from the rest of Indonesia to Java is M21 = 
0.0126. 
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6.6 Conclusion  
 
This chapter overviewed the methods of regional population projections. It has been 
shown that it is appropriate to utilize the multiregional demographic analysis in the 
context of Indonesia. It is not only because the country is categorized as a fragmented 
regional country with a multiregional system, but also the recent demographic data 
sources available in this country have supported the possibility of the applications of 
this approach. Furthermore, rapid urbanization and globalization in Indonesia have 
exerted a tremendous impact on the flow of people as well as goods and capital 
across the regional boundaries within and out of the country. It is not surprising 
therefore that some scholars have currently considered the multiregional approach in 
analyzing demographic changes in this country.  

This present study adopts the Multiregional Demographic Analysis (MUDEA) 
model as proposed and developed by Willekens and Drewe (1984) and reviewed by 
Willekens (1995). It is based on the features of MUDEA. The model uses the period-
cohort observation plan in projecting the population and considers different model 
equations for different age groups (i.e. the first age group, the last open-ended age 
groups, and the intermediate group).  

Studies on multiregional demography have been conducted in many 
countries, including Indonesia. For Indonesia, however, there are still problems in 
terms of demographic data, particularly migration data. Information on migration 
provided in the census can only be categorized as migrant (status) data, instead of 
migration (event) data. Such data are particularly appropriate for deriving migrant 
proportions, instead of migration rates as required in the MUDEA model. Therefore, 
a particular method for deriving migration rates (intensities) from migrant 
proportions has been developed in this chapter by assuming the linear model. The 
method developed will be utilized in the next chapter for preparing the base data on 
migration.  
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