
 

 
 

IFPRI Discussion Paper 01271 

June 2013 

Population Density, Migration, and the Returns to 
Human Capital and Land 

Insights from Indonesia  

Yanyan Liu 

Futoshi Yamauchi 

Markets, Trade and Institutions Division 



 

INTERNATIONAL FOOD POLICY RESEARCH INSTITUTE 

The International Food Policy Research Institute (IFPRI), established in 1975, provides evidence-based 
policy solutions to sustainably end hunger and malnutrition and reduce poverty. The Institute conducts 
research, communicates results, optimizes partnerships, and builds capacity to ensure sustainable food 
production, promote healthy food systems, improve markets and trade, transform agriculture, build 
resilience, and strengthen institutions and governance. Gender is considered in all of the Institute’s work. 
IFPRI collaborates with partners around the world, including development implementers, public 
institutions, the private sector, and farmers’ organizations, to ensure that local, national, regional, and 
global food policies are based on evidence. IFPRI is a member of the CGIAR Consortium. 

PARTNERS AND CONTRIBUTORS 
IFPRI gratefully acknowledges the generous unrestricted funding from Australia, Canada, China, 
Denmark, Finland, France, Germany, India, Ireland, Italy, Japan, the Netherlands, Norway, the 
Philippines, South Africa, Sweden, Switzerland, the United Kingdom, the United States, and the World 
Bank. 

AUTHORS 
Yanyan Liu, International Food Policy Research Institute 
Research Fellow, Markets, Trade and Institutions Division 
y.liu@cgiar.org 
 
Futoshi Yamauchi, World Bank 
Senior Economist 
fyamauchi@worldbank.org 

Notices 

IFPRI Discussion Papers contain preliminary material and research results. They have been peer reviewed, but have not been 
subject to a formal external review via IFPRI’s Publications Review Committee. They are circulated in order to stimulate discussion 
and critical comment; any opinions expressed are those of the author(s) and do not necessarily reflect the policies or opinions of 
IFPRI. 

Copyright 2013 International Food Policy Research Institute. All rights reserved. Sections of this material may be reproduced for 
personal and not-for-profit use without the express written permission of but with acknowledgment to IFPRI. To reproduce the 
material contained herein for profit or commercial use requires express written permission. To obtain permission, contact the 
Communications Division at ifpri-copyright@cgiar.org.

mailto:fyamauchi@worldbank.org


 

iii 

Contents 

Abstract v 

Acknowledgements vi 

1.  Introduction 1 

2.  Data 3 

3.  Empirical Framework 5 

4.  Empirical Results 7 

5.  Conclusions 17 

Appendix: Supplementary Tables 18 

References 19 



 

iv 

Tables 

2.1—Average population density over districts, 2000 and 2006 3 

2.2—Average population density over subdistricts, 2000 and 2006 4 

4.1—Determinants of population density change from 2000 to 2006 8 

4.2—Determinants of individual migration decisions 10 

4.3—Regression results of household outcomes, household fixed effects with province-specific  
trends 13 

4.4—Regression results of household outcomes, household fixed effects with community-specific  
trends 14 

4.5—Changes in farm landholding at the household level 15 

4.6—Farm profitability 16 

A.1—Summary statistics of sample households, 2000 and 2007 18 

A.2—Individual migration rate by age cohort 18 



 

v 

ABSTRACT 

Rapid population growth in many developing countries has raised concerns regarding food security and 
household welfare. To understand the consequences of population growth on in the general equilibrium 
setting, we examine the dynamics of population density and its impacts on household outcomes using 
panel data from Indonesia. More specifically we explicitly highlight the importance of migration to urban 
sectors in the analysis. Empirical results show that human capital in the household determines the effect 
of increased population density on per capita household consumption expenditure. The effect of 
population density is positive if the average educational attainment is high (above junior high school), 
while it is negative otherwise. On the other hand, farmers with larger holdings maintain their advantage in 
farming regardless of population density. The paper concludes with some potential lessons for African 
countries from Indonesia’s more successful rural development experiences.  

Keywords:  population growth, migration, income growth, education, landholding, rural economy, 
Indonesia 
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1.  INTRODUCTION 

Economic growth is often accompanied by social mobility. Migration to high-growth centers promises a 
pathway out of poverty by improving economic returns on human capital investments (see, for example, 
Harris and Todaro 1970; Foster and Rosenzweig 2008; Yamauchi 2004). Thus, population pressures on 
farmland in rural areas can be relaxed through human mobility to urban sectors, an idea that contrasts 
with the argument centering around poverty traps driven by population growth (Malthus 1826).1 
Population pressures, if not released through the migration process and absorbed into nonagricultural 
sectors, can alter relative factor prices, which induce technological and institutional innovations (Hayami 
and Ruttan 1985) and intensifications in agricultural production to accommodate the pressures (Boserup 
1965, 1981). Therefore, the issue of population density in agrarian economies cannot be analyzed apart 
from the dynamics of nonagricultural sectors, that is, more generally, the country’s development stages. 

High population density can certainly have negative effects through increased population 
pressures on scarce resources such as farmland,2 but higher densities can also be associated with higher 
intensity of economic activities through agglomeration economies (Fujita, Krugman, and Venables 1999; 
Krugman 1996). The concentration of economic activities in cities is a manifestation of these 
agglomeration economies. Even in rural areas, high population density can support the evolution of 
nonfarm industries, often closely linked to urban markets. More generally, whether increased population 
density exhibits positive or negative effects depends on the magnitude of demand-driven migration 
inflows versus supply-driven natural growth. In this paper, we examine the relationships between 
population density and rural households’ consumption, income, and labor allocation dynamics using two 
unique datasets from Indonesia, household panel data and village census data. 

Population growth is endogenous. First, natural growth of population is a consequence of fertility 
and mortality dynamics (see Schultz 2008 for a review).3 Second, migration also plays an important role 
in determining population growth. Large migration from rural to urban areas not only reduces population 
pressures in rural areas but also contributes to industrialization by supplying low-cost labor to urban 
sectors, as argued centrally by Lewis (1954). Improved transportation to urban centers supports greater 
mobility of labor.  

Indonesia provides an interesting empirical context. With its combination of high- and low-
density areas, the country is in some regards structurally similar to many African countries. High-density 
areas are concentrated in the island of Java, whereas other macroregional islands, such as Kalimantan, 
Sulawesi, and Sumatra, have lower densities. Having already achieved a Green Revolution mainly in rice 
production (concentrated in Java), Indonesia today is at a relatively advanced stage of structural 
transformation, in which human capital formation and migration out of agriculture are the most important 
means of adapting to small farm sizes. More recently, an overall increase in real wages not only 
encourages the above labor transition but also promotes mechanization to substitute for labor in 
agriculture, mostly among large farmers who can further increase their operational farm size (Yamauchi 
2012).  
  

                                                      
1 Labor shortage is becoming a serious issue in agriculture in many Asian countries. Using country-level panel data, Otsuka, 

Liu, and Yamauchi (2013) recently showed evidence that increased real wages due to labor shortage causes a decline of land 
productivity among small farmers and of self-sufficiency at the country level. Yamauchi (2012) showed household-level 
evidence from Indonesia to support the hypothesis that rising real wages led large farmers to introduce machines, diverging 
productivity between large and small farmers.  

2 See Geertz (1963) for an early study of Indonesia. 
3 For example, an increase in returns to schooling weakens the incentive to have a large number of children, reducing 

fertility rate through the quality–quantity tradeoff (Becker and Lewis 1973). Reduced mortality is more closely related to the 
development of modern medical science. 
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Our data show that about 13 percent of the residents aged 15–25 in the sample households in 
2000 migrated out of their villages, and most of these were relatively educated. In addition, we found that 
although urban areas have much higher population density, they still attract people from rural areas, thus 
perpetuating urbanization.4  

The analysis pays particular attention to the distributional impacts of population growth. 
Increased population density in the local economy can have heterogeneous impacts on households if it 
alters returns to human and physical capital.5 If entry into the urban labor market is easier for educated 
workers, households with more education will choose to move away from agriculture (see, for example, 
Fafchamp and Shilpi 2003, 2005). With higher demand for skills, returns to schooling rise in urban 
sectors, but the inflow of migrants can intensify competition in the labor market, which may ultimately 
decrease wages and, thereby, the returns to schooling.  

Population growth in rural and urban areas can also have diverse impacts on agriculture. For 
some farmers, population growth can potentially increase agricultural profitability because it increases 
demand for agricultural commodities and decreases wage rates for agricultural labor. In this case, the 
returns to farmland may increase, which serves to keep such farmers in agricultural production. In 
contrast, landless households may be worse off particularly due to wage erosion (if migration to 
nonagricultural sectors is limited). 

To empirically analyze the dynamic effects of population growth at the household level, we must 
combine, by household and village locations, both household and spatial panel data over a long span of 
time with sufficiently large changes in population. In this paper, we capture the change in population 
density using subdistrict panel data (constructed from the Indonesia village census) to explain its impacts 
on household decisions.  

The paper is structured as follows. Section 2 describes the data that we use in the analysis. 
Section 3 discusses our empirical strategy to analyze population growth, migration, and household 
outcomes. Section 4 summarizes our empirical results. Section 5 provides concluding remarks. 

                                                      
4 The above process creates food security problems in urban areas if it solely depends on rural agricultural production, and it 

can change terms of trade between rural and urban sectors, likely increasing farm incomes.  
5 Yamauchi, et al. (2011) analyzed income dynamics and labor transition to nonagriculture using Indonesian household 

panel data from 1995 to 2007. They showed that improved road quality at the subdistrict level significantly increased returns to 
schooling, especially among those who had completed high school. In contrast, returns to farmland did not change. 
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2.  DATA 

Our data are from three sources: (1) the 2000 and 2007 Indonesia Family Life Survey (IFLS), (2) village 
censuses from the 2000 and 2006 rounds of Village Potential Statistics (PODES), and (3) online climate 
data. 

A prominent feature of the IFLS is that it attempted to track and interview individuals who had 
moved and split off from their original households (Strauss et al. 2009). The IFLS 2000 survey 
interviewed 5,410 rural households from 13 provinces, and the 2007 survey re-interviewed 5,059 of the 
households from the 2000 rural sample and their split households.6 The household questionnaire of the 
IFLS contains information on household demographics, income, consumption, and assets including 
landholdings. Based on this information, we constructed our key dependent variables: per capita 
consumption expenditure, income shares of wages and farming, and landholdings. We also identified the 
individuals who left the surveyed households from 2000 to 2007 due to schooling, work, marriage, and so 
on. 

PODES 2000 and 2006 are village censuses that provide information on population; area; key 
geographic characteristics; and infrastructure of transportation, education, health, finance, and 
communication. From the online climate data, we generated average annual total rainfall from 1961 to 
2011 and share of area belonging to each of the four agroecological zones (warm/semiarid, 
warm/subhumid, warm/humid, and cool/humid) at the district level.7 We used these variables to capture 
agricultural potential. 

Based on the data described above, we constructed four samples: (1) a subdistrict sample for 
analysis on population dynamics, (2) two household samples to analyze effects of population density on 
household decisionmaking, and (3) an individual sample to look at migration behavior.  

The PODES 2000 database had 4,038 subdistricts from 26 provinces, while PODES 2006 
included 5,358 subdistricts from 31 provinces, due to splits of administrative units between 2000 and 
2006. Tables 2.1 and 2.2 report population density averaged over districts and over subdistricts, 
respectively, for rural and urban areas in 2000 and 2006. Although average population density over 
districts decreased slightly in rural areas from 2000 to 2006, it increased by 77 persons per square 
kilometer in urban areas during the same period. Averaged over subdistricts, population density increased 
in both rural and urban areas, with a higher magnitude in urban areas even though the initial average 
population density in urban areas was more than 7 times that in rural areas. Thus, there was significant 
urbanization in Indonesia over the period 2000–06. 

Table 2.1—Average population density over districts, 2000 and 2006 

  Total Rural Urban 
2000 8.68 3.30 16.93 
2006 10.05 3.19 17.70 

Source:  Self-calculation from PODES 2000 and 2006. 
Note:   Density expressed as 100 people per square kilometer. 
  

                                                      
6 IFLS has both rural and urban samples. We use only its rural sample as defined in the 2000 round for the purpose of this 

study.  
7 The rainfall data are from Climate Research Unit, University of East Anglia 2012. The data on area of agroecological 

zones are from FAO 2012. 
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Table 2.2—Average population density over subdistricts, 2000 and 2006 

  Total Rural Urban 
2000 10.07 3.60 26.28 
2006 12.55 4.76 29.08 

Source:  Self-calculation from PODES 2000 and 2006. 
Note:   Density expressed as 100 people per square kilometer. 

Before merging PODES 2000 with 2006, we aggregated the data at the subdistrict level for the 
two rounds separately. The variables were averaged over villages using population as weights. We then 
aggregated the split subdistricts in 2006 to make them consistent with the original subdistricts in 2000. 
We were able to merge 3,608 original subdistricts between the two rounds.8 We then merged the panel 
subdistricts with the district-level agricultural potential data (long-term rainfall and agroecological zones) 
by district name. In total, some 3,128 subdistricts were merged successfully.  

For the two household samples, we merged the IFLS household panel with the PODES panel at 
the subdistrict level because we could identify only subdistricts in the IFLS. Out of the original 5,059 
households tracked, a total of 758 households could not be merged with the PODES data, so these were 
dropped from the sample. We then dropped 994 households that had moved out of the villages where they 
lived in 2000 before the 2007 survey. From the remaining 3,307 households, we further dropped 622 
households who were either from non-original villages or had incorrect village identifiers. This data 
cleaning and restriction procedure led to a final sample of 2,685 rural households from the 2000 IFLS.  

For our first household sample (Sample 1), we aggregated the original households from 2000 and 
the split households from 2007. We defined a split household as a newly sampled household in 2007 
headed by a child of someone who was a household head in 2000 and residing in the same village with 
the original household. Our second household sample (Sample 2) kept the same original households in the 
main household sample, but we aggregated all the migrant and split households with their original 
households in 2007. We defined a migrant household as a new household in 2007 with at least one 
member who had moved from an original household from the 2000 sample but did not meet the definition 
of a split household. Appendix Table A.1 summarizes key characteristics of the households in 2000 and 
2007 for both samples. 

The individual sample includes all the members aged 15–60 from the 2,685 original rural 
households from the 2000 survey (used in our two household samples). We defined migrants as 
individuals who had moved from the original households and left their original villages between the two 
rounds. Appendix Table A.2 reports the migration rate by age cohort. Among the original household 
members aged 15–60, 5.5 percent were migrants, defined as individuals who split off from their original 
households and left their original villages between the two rounds. 

                                                      
8 Merging of PODES in different rounds required a tedious process of identifying provinces, districts, and subdistricts. We 

also attempted to identify by their names villages in each subdistrict that could be merged. As a result of this process, about 80.7 
percent of the 2000 villages were merged with 2006 villages. 
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3.  EMPIRICAL FRAMEWORK 

In the analysis of household welfare, we estimate the following equation on consumption growth and 
change in nonagricultural income shares using household fixed effects and location-specific trends:  

 𝑦𝑖𝑡 = 𝛼𝑖 + 𝛽1𝑧(𝑖) + 𝛽2𝑥𝑖𝑡 + 𝛽3𝑧(𝑖) × 𝑥𝑖𝑡 + 𝑚𝑖𝑡𝛽4 + ∑ 𝐷(𝑖) × 𝑡𝛾(𝑖) + 𝜀𝑖𝑡 ,  (1) 

where 𝑦𝑖𝑡  is a household welfare indicator (consumption, income shares, landholding, land profitability) 
for household 𝑖 in period t, and t = 0 (year 2000) or 1 (year 2007); 𝛼𝑖 is household fixed effects; 𝑧(𝑖) is 
population density at the subdistrict level for household 𝑖 ; 𝑥𝑖𝑡  is household 𝑖’s endowment such as 
education and land owned; 𝑚𝑖𝑡  refers to other household explanatory variables (such as household size, 
number of members aged 18–60, and so on); 𝐷(𝑖) is a location (province or village) dummy; and 𝜀𝑖𝑗 is an 
error term. We control for province- and village-specific trends, respectively, in two specifications. We 
note that when village-specific trends are controlled, the term 𝛽1𝑧(𝑖) on the right-hand side of equation (1) 
is absorbed into the village-specific trends and cannot be identified. The parameters of interest are 𝛽1, 𝛽2, 
and 𝛽3. The parameter 𝛽2 captures returns to schooling and farm landholdings. The parameters 𝛽1 and 𝛽3 
attempt to capture heterogeneous effects of local population density by the household endowment.  

We use aggregate consumption expenditure and incomes from (1) both original and split 
households who lived in their original village in 2007, and (2) these same households plus migrant 
households who lived away from the original villages in 2007. In Sample 1, therefore, our results will be 
robust to household split–related attrition bias potentially arising from endogenous household splits as 
long as they stay in the same village. Sample 2, which includes migrant households, further corrects 
attrition bias directly related to migration selectivity. 

One of our key research questions is how population density affects household landholdings and 
farm profitability. To investigate this question, we estimate the following empirical model: 

 ∆𝑙𝑖 = 𝛼ℎ + 𝛽1∆𝑧(𝑖) + 𝛽2∆𝑧(𝑖) × 𝐷{𝐽𝑎𝑣𝑎} + ∆𝑥𝑖𝛽3 + 𝑥𝑖0𝛽4 + 𝜀𝑖 ,  (2)  

where ∆𝑙𝑖 is change in landholdings and farm profitability by household i, ∆𝑧(𝑖) is change in population 
density for the subdistrict of household i, 𝐷{𝐽𝑎𝑣𝑎} is a dummy variable indicating whether the household is 
located in a Java province, and 𝑥𝑖 are some household demographic variables. We include both the initial 
values and the changes of 𝑥𝑖. We also control for province dummies,𝛼ℎ , in the regression. We interact 
∆𝑧(𝑖) with 𝐷{𝐽𝑎𝑣𝑎} to allow for the population density effects to differ between Java and non-Java 
provinces. 

In the analysis we are equally attentive to two important dynamic processes: (1) population 
density dynamics and (2) migration behavior. To analyze population density dynamics, we aggregate 
population at the subdistrict level based on village census data from 2000 and 2006 (see details in Section 
2). We estimate 

 ∆𝑧𝑘 = 𝛽0 + 𝛽1𝑠𝑘0 + 𝑥𝑘 𝛽1 + 𝑞𝑘0𝛽2 + 𝜀𝑘 ,  (3) 

where ∆𝑧𝑘 is change in population density from 2000 to 2006 for subdistrict k, 𝑠𝑘0 is share of urban 
population in the subdistrict in 2000, 𝑥𝑘  is agroecological conditions to capture agricultural potentials, 
𝑞𝑘0 is a vector of socioeconomic and infrastructure conditions in 2000, and 𝜀𝑘 is an error term. We include 
the initial proportion of population residing in urban clusters in the subdistrict to see how urbanization 
attracts further population inflows. If urban communities are expanding in the subdistrict, we expect a 
positive effect of the initial urbanization level on population density change. We also control for the 
initial agroecological conditions and initial socioeconomic and infrastructure conditions. 
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Individual migration behavior is also analyzed in the period from 2000 to 2007. We estimate a 
probit model and a linear probability model. For the probit model, we estimate 

 𝑦ℎ𝑖∗ = 𝛼ℎ + 𝑥ℎ𝑖𝛽 + 𝜀ℎ𝑖 , (4)  

where 𝑦ℎ𝑖∗  is the underlying latent variable for the migration decision of individual i located in province h; 
𝛼ℎ is a provincial dummy; and 𝑥ℎ𝑖 is a vector of control variables including gender, years of schooling, 
age, and the interaction of years of schooling and age. For the linear probability model, the dependent 
variable is the dummy variable indicating migration. Instead of using provincial dummies, we use village 
and household fixed effects, separately, in the linear model. 

The results from equation (4) are potentially important when we interpret household outcome 
regressions. In the household analysis, we use two household samples (with and without migrant 
households). The distinction between the two samples can be nonrandom, so the omission of migrant 
households may create bias in the estimation.9 In equation (4), we investigate the effects of individual 
characteristics observed in the initial period to know what types of individuals tend to subsequently 
migrate out of their villages. 

                                                      
9 For example, if the educated are likely to migrate to cities for better employment opportunities, observed returns to 

education in the household panel analysis may go down over time if we do not include migrants in the sample. Higher population 
growth in the region, if it is associated with fast growth of the local economy, may appear to decrease returns to education if the 
educated tend to move out of rural areas. 
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4.  EMPIRICAL RESULTS 

In this section we summarize empirical results on population density change, individual migration 
behavior, and household outcomes. 

Population Growth 
Table 4.1 shows determinants of population density change over the period 2000–06. Column 1 shows 
only the effect of the initial urbanization level, measured by the share of population residing in urban 
areas in the subdistrict. Column 2 adds agroecological factors, and finally Column 3 includes 
socioeconomic and infrastructure factors in the specification.  

As shown in Tables 2.1 and 2.2, we observe that populations move to urban areas over time. The 
observation is confirmed in Column 1. The initial urbanization level has a significant positive effect on 
subsequent change in population density. Thus, population is more concentrated into urbanized areas 
where population density is initially high, which perpetuates the process of urbanization. The result 
remains robust in Columns 2 and 3, where agroecological, socioeconomic, and infrastructure factors are 
controlled.  

This finding suggests that total population increases may not put large pressures on rural 
households’ scarce resources such as farmland because migration to urban sectors seems to mitigate these 
pressures.  

In Column 2, we find that less rainfall and less land under warm/semiarid or warm/subhumid 
conditions contribute to increasing population density. Column 3 shows that the proportion of women 
who are fertile and the presence of a junior high school in the initial period are positively related to a 
subsequent change in population density, while a hilly location and greater distance to a regency office 
show the opposite effect.  

To check the robustness of the above results, we also use local population growth (differenced log 
density) in Columns 4–6. The key results on the initial urbanization level and agroecological conditions 
remain robust. Though some results of the socioeconomic and infrastructure conditions change, we 
observe that the effects of the presence of a junior high school and of a greater proportion of fertile 
women remain the same. Interestingly, the percentage of households who have experienced natural 
disasters in the past three years and illness due to epidemic in the past year have significant negative 
effects on local population growth.  

Migration 
Determinants of individual migration decisions are shown in Table 4.2. We check the effects of 
schooling, age, and gender with province, community, and household dummies (Columns 1–3, 
respectively). In all specifications, we have qualitatively similar results: The more educated, males, and 
young people tend to migrate. Interestingly, the role of education is significantly largest among the young. 
Since we choose rural communities in the analysis, many of the migrants head to urban areas. The above 
findings are in line with those of Yamauchi and Dewina (2009), who used a different panel dataset from 
rural Indonesia.  
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Table 4.1—Determinants of population density change from 2000 to 2006 

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

Share of urban population 5,364.8*** 6,691.6*** 3,302.3** 0.0476*** 0.0634*** 0.0453** 

(8.26) (9.36) (2.41) (4.28) (5.75) (2.14) 

Average annual total rainfall (mm)  -168.8*** -161.0***  -0.00202*** -0.00207*** 

 (-4.30) (-4.10)  (-3.33) (-3.43) 

Square of average annual total 
rainfall 

 0.307*** 0.299***  0.00000383*** 0.00000399*** 

 (3.74) (3.65)  (3.03) (3.16) 

Share of total area belonging to 
warm/semiarid 

 -9,057.0 -11,926.2**  -0.0553 -0.140 

 (-1.56) (-2.05)  (-0.62) (-1.56) 

Share of total area belonging to 
warm/subhumid 

 -7,030.9 -8,400.5*  -0.114 -0.167** 

 (-1.39) (-1.65)  (-1.45) (-2.13) 

Share of total area belonging to 
warm/humid 

 -2,775.2 -4,775.9  -0.0759 -0.130* 

 (-0.56) (-0.97)  (-1.00) (-1.71) 

Percent of households in 
communities on shore 

  -1,470.3   0.0135 

  (-1.35)   (0.81) 

Percent of households in 
communities in valley 

  -1,408.6   -0.0234 

  (-1.00)   (-1.08) 

Percent of households in 
communities in hill area 

  -1,822.2**   -0.00832 

  (-2.30)   (-0.68) 

Average distance to subregency 
office 

  8.496   -0.0000358 

  (1.60)   (-0.44) 

Average distance to regency office   -5.122**   -0.0000492 

  (-2.09)   (-1.30) 

Percent of fertile women—proxy by 
fertile couple/(population/2) 

  19,151.0***   0.278*** 

  (3.19)   (3.01) 

Percent of households who are family 
planning acceptors 

  7,187.6   0.204 

  (0.62)   (1.13) 

Number of disasters in past 3 years   -318.0   -0.00684* 

  (-1.39)   (-1.94) 
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Table 4.1—Continued 

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

Percent of households in 
communities with a river crossover 

  -1,236.7   -0.00565 

  (-1.32)   (-0.39) 

Percent of households in 
communities with a primary school 

  -3,999.2   -0.195*** 

  (-1.05)   (-3.34) 

Percent of households in 
communities with a junior high school 

  4,854.2***   0.0483** 

  (3.76)   (2.43) 

Percent of households in 
communities with a mosque 

  1,542.0   0.0415* 

  (1.05)   (1.83) 

Percent of households in 
communities with a hospital 

  1,181.0   0.0380** 

  (0.94)   (1.97) 

Percent of households in 
communities with illness epidemic 
during past year 

  -1,059.5   -0.0379*** 

  (-1.51)   (-3.51) 

Percent of households in 
communities that can only travel by 
sea/river or air 

  -766.0   -0.00640 

  (-0.43)   (-0.23) 

Percent of households in 
communities with 
asphalt/concrete/cone block road 

  96.53   0.00377 

  (0.12)   (0.31) 

Percent of households in 
communities with public telephone 
available 

  1,078.0   -0.00723 

  (0.82)   (-0.36) 

Percent of households having 
telephones 

  4,849.2   -0.0127 

  (1.16)   (-0.20) 

Percent of households having 
televisions 

  439.8   -0.00205 

  (0.26)   (-0.08) 

Percent of households having satellite 
antennas 

  -7,587.2   0.0310 

  (-1.58)   (0.42) 

Provincial dummies No Yes Yes No Yes Yes 

Number of observations 3,607 3,128 3,128 3,607 3,128 3,128 

Sources:  Estimation from subdistrict samples from PODES 2000 and 2006. 
Notes:   t-statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 4.2—Determinants of individual migration decisions 

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

 
Age 15–60 Age 15–45 

  Probit model LPM LPM Probit model LPM LPM 
Years of schooling 0.0872*** 0.0173*** 0.0154*** 0.120*** 0.0194*** 0.0122** 

 
(3.06) (6.35) (4.30) (3.63) (5.05) (2.25) 

Age -0.0338*** -0.00105* -0.00176** -0.0313*** -0.00197** -0.00373*** 

 
(-4.37) (-1.87) (-2.43) (-3.27) (-2.08) (-2.86) 

Years of schooling x age -0.00223** -0.000475*** -0.000453*** -0.00371*** -0.000599*** -0.000428** 

 
(-2.16) (-6.06) (-4.55) (-2.94) (-4.83) (-2.47) 

Female -0.0500 -0.00871 -0.0131** -0.0700 -0.0104 -0.0196** 

 
(-0.92) (-1.49) (-1.98) (-1.25) (-1.54) (-2.53) 

FE/dummies Province Community Household Province Community Household 

Number of observations 6,383 6,383 6,383 5,415 5,415 5,415 
Sources:  Estimation from individual samples from IFLS 2000 and 2007. 
Notes:   LPM = linear probability model; FE = fixed effects.  

t-statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01. 
Mean partial effects are reported for probit models.
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Consumption and Income Shares: Returns to Education and Land 
In this subsection, we show estimation results on household consumption (per capita consumption 
expenditure) and on income shares (the shares of wages and of farm activity in income). Consumption 
expenditure measures the overall welfare of the household, while the share of wages versus farm activities 
in income captures the degree to which households depend on the labor market or on farm activities.  

We aggregated the original households and their split households who stayed in the same 
community (Columns 1, 3, and 5 in Tables 4.3 and 4.4) and, in addition, added migrant households who 
moved out of their community (Columns 2, 4, and 6 in Tables 4.3 and 4.4). The second approach, 
including migrant households in the sample, is intended to correct migration-related attrition bias in the 
estimates. For example, if the educated tend to move to urban sectors (away from their subdistricts), the 
education effect is biased because many educated household members are out of the village in 2007.  

Table 4.3 shows the estimation results with province-specific trends. As explained, we can 
compare two types of household sample constructions, covering only original and split households 
(Columns 1, 3, and 5), or including migrant households too (Columns 2, 4, and 6). First, changes in 
population density have a significantly negative effect on per capita consumption over the period 2000–
07. Interestingly, the effect is mitigated if the average level of schooling in the household is higher, and it 
becomes positive if the average years of schooling are greater than junior high school level.  

Second, when only original and split households are used, population density increases the share 
of wages in income, and the effect is smaller if the average years of schooling are higher. However, if we 
include migrant households, the population density effect disappears, and schooling instead significantly 
increases the share of wages in income. Since population density change and migration propensity are 
closely related, the inclusion of migrant households in the sample tends to reduce the effect of population 
density. The educated have a higher propensity to migrate out, contributing to wage incomes in their 
original households.  

Third, for Sample 1, landholdings have a positive effect on per capita consumption expenditure. 
However, for Sample 2 (after the correction of selection bias due to migration), the effect of landholding 
on consumption becomes smaller and statistically insignificant, which suggests that smallholders are not 
worse off than their counterparts with larger holdings. In terms of income share from wages, landholdings 
have a significantly negative effect, but this effect is mitigated if population density increases in the area. 
Instead, in this latter case, greater landholdings significantly increase the share of farm activities in 
income.  

In Table 4.4, we use village-specific trends to see how change in population density alters returns 
to schooling and land. Note that, based on our analysis of population dynamics and the decision to 
migrate (Tables 4.1 and 4.2), an increase in population density at the subdistrict level indicates likelihood 
that the area has some urban clusters that attract population inflows. This implies that the inflow of 
population disproportionately includes many educated and young people. Potentially this change 
intensifies competition among skilled labor in the labor market.  
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First, in per capita consumption expenditure, we find a significantly positive effect of the 
population density interaction with schooling (Columns 1 and 2 of Table 4.4). Landholding tends to 
increase per capita consumption expenditure either linearly or through population density. Second, in 
contrast to Table 4.3, an increase in population density decreases the effect of schooling on the share of 
wages in income, though the schooling effect itself tends toward positive (Column 4). Third, landholding 
significantly decreases the share of wages in income while increasing that of farm activity. Interestingly, 
higher population density mitigates the negative effect of landholding on the share of wages in income, 
which is consistent with Table 4.3.10 In sum, an increase in population density raises returns to schooling 
and to land, measured in per capita consumption expenditure, but returns to schooling (land) decrease 
(increase) in the share of wages in income. Increased population density seems to imply more competition 
in the local labor market, rather than augmenting returns to skills. 

 

                                                      
10 The differences between Tables 4.3 and 4.4 can possibly be attributed to a potential bias that may arise from a correlation, 

within a village, between household-level unobserved time-variant shocks and a change in household characteristics, such as 
landholding and the average years of schooling. For instance, a negative farm income shock in the initial period may increase the 
share of wage incomes in 2000 and induce migration and land sales over the period 2000–07, which would decrease both 
landholding and average years of schooling in 2007. At the same time, income would recover, so the change in consumption 
expenditure would tend to be higher. The share of wages (farm activities) in income tends to decrease (increase). In this case, we 
would expect downward bias in the estimated effects of schooling and landholding. 
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Table 4.3—Regression results of household outcomes, household fixed effects with province-specific trends 

 (1) (2) (3) (4) (5) (6) 
 Consumption expenditure Share of wages in income Share of farm activities in 

income 
 Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 
Population density -13,867.5** -15,869.0*** 0.00924** 0.00430 -0.00498 -0.00115 
 (-2.25) (-2.65) (2.34) (1.16) (-1.60) (-0.39) 
Average years of schooling for members 
aged 18–60 

-8,396.3 -3,043.1 0.00685 0.0169*** -0.000359 -0.00896 
(-1.12) (-0.44) (1.06) (2.73) (-0.06) (-1.50) 

Population density x average years of 
schooling for members aged 18–60 

1,538.4* 1,695.8** -0.000841** -0.000472 0.000421 0.000159 
(1.93) (2.34) (-2.06) (-1.35) (1.15) (0.47) 

Total land owned (ha) 14,033.0** 6,370.1 -0.0232* -0.0243*** 0.0214* 0.0224*** 
 (2.36) (0.65) (-1.88) (-4.11) (1.94) (3.17) 
Population density x total land owned 104.5 117.0 0.000491** 0.000203** 0.0000258 -0.0000915 
 (0.71) (0.98) (2.37) (2.20) (0.15) (-0.85) 
Household size -47,651.1*** -35,559.2*** -0.00219 -0.00776 -0.00900 -0.00218 
 (-7.84) (-7.40) (-0.26) (-1.04) (-1.21) (-0.33) 
Number of members aged 18–60 28,538.5*** 44,633.5*** 0.0339** 0.0296** -0.0127 -0.0277** 
 (2.85) (4.87) (2.38) (2.23) (-0.96) (-2.33) 
Number of school-age children (7–18 
years old) 

2,774.2 3,820.5 -0.00630 -0.0112 0.00584 0.00318 
(0.43) (0.61) (-0.64) (-1.23) (0.65) (0.38) 

Average age of members aged 18–60 1,457.5 688.9 -0.00373** -0.000901 0.00249* 0.00136 
 (1.33) (0.59) (-2.51) (-0.58) (1.73) (0.93) 
Number of female adults -9,101.9 -15,449.9 -0.0288 -0.0101 0.00805 0.0195 
 (-0.61) (-1.12) (-1.44) (-0.55) (0.42) (1.08) 
Number of observations 4,659 4,686 4,564 4,635 4,564 4,635 
Sources:  Estimation from household samples from IFLS 2000 and 2007. 
Notes:   Sample 1 refers to the sample with original and split households; Sample 2 refers to the sample with original, split, and migrant households; t-statistics in parentheses;  

* p < 0.10, ** p < 0.05, *** p < 0.01. 
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Table 4.4—Regression results of household outcomes, household fixed effects with community-specific trends 

 (1) (2) (3) (4) (5) (6) 
 Consumption expenditure Share of wages in income Share of farm activities in 

income 
 Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2 

Average years of schooling for members 
aged 18–60 

-7,363.7 -1,800.6 0.00395 0.0146** 0.00480 -0.00594 
(-0.98) (-0.26) (0.62) (2.32) (0.77) (-1.01) 

Population density x average years of 
schooling for members aged 18–60 

1,484.9* 1,677.1** -0.000986** -0.000630* 0.000310 0.000117 
(1.77) (2.20) (-2.46) (-1.77) (0.81) (0.33) 

Total land owned (ha) 13,647.0** 6,477.6 -0.0278** -0.0263*** 0.0224** 0.0222*** 

 (2.40) (0.72) (-2.26) (-4.21) (2.08) (3.01) 

Population density x total land owned 279.8 201.3* 0.000469** 0.000246** 0.0000768 -0.000109 

 (1.30) (1.79) (2.11) (2.47) (0.40) (-0.93) 

Household size -50,506.0*** -37,232.5*** -0.00245 -0.00602 -0.00775 -0.00359 

 (-8.18) (-7.67) (-0.29) (-0.79) (-1.06) (-0.55) 

Number of members aged 18–60 28,442.8*** 46,023.2*** 0.0378*** 0.0285** -0.0169 -0.0254** 

 (2.75) (4.96) (2.66) (2.16) (-1.29) (-2.22) 

Number of school-age children (7–18 years 
old) 

4,370.6 3,958.3 -0.00809 -0.0127 0.00431 0.00304 
(0.67) (0.63) (-0.81) (-1.39) (0.49) (0.37) 

Average age of members aged 18–60 982.8 532.6 -0.00387*** -0.000954 0.00325** 0.00156 

 (0.92) (0.47) (-2.58) (-0.61) (2.25) (1.08) 

Number of female adults -3,322.9 -16,196.4 -0.0335* -0.00884 0.0139 0.0184 

 (-0.23) (-1.18) (-1.68) (-0.49) (0.72) (1.06) 

Number of observations 4,659 4,686 4,564 4,635 4,564 4,635 

Sources:  Estimation from household samples from IFLS 2000 and 2007. 
Notes:   Sample 1 refers to the sample with original and split households; Sample 2 refers to the sample with original, split, and migrant households; t-statistics in parentheses;  

* p < 0.10, ** p < 0.05, *** p < 0.01. 
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Land Expansions and Profitability 
Table 4.5 shows regression results on changes in farm landholding at the household level. The dependent 
variables include change in population density, differentiated by Java and non-Java regions, and other 
explanatory variables such as female headship, age of the household head, average years of schooling 
among members aged 18–60, household size, and the number of members aged 18–60. The estimation 
uses changes in total area of owned land (Column 1) and that of cultivated land (Column 2).  

Table 4.5—Changes in farm landholding at the household level 

 (1) (2) 
 Change in land owned (ha) Change in land cultivated (ha) 
Change in population density -0.0156*** -0.000467 
 (-8.83) (-0.16) 
Change in population density x if Java 0.00914 0.00220 

(1.27) (0.19) 
If female-headed household 0.0433 0.0681 
 (0.57) (1.19) 
Age of household head -0.00343* -0.00222 
 (-1.69) (-1.15) 
Initial average years of schooling for 
members aged 18–60 

-0.0103 0.00910 
(-1.17) (1.30) 

Initial household size 0.0151 -0.0171 
 (0.59) (-0.71) 
Initial number of members aged 18–60 -0.00284 0.0273 

(-0.08) (0.79) 
Change in average years of schooling for 
members aged 18–60 

-0.0218 -0.00851 
(-1.15) (-0.83) 

Change in household size 0.0457* 0.0535** 
 (1.70) (2.34) 
Change in number of members aged 18–
60 

0.0836* 0.0264 
(1.82) (1.17) 

Province dummies Yes Yes 
Number of observations 2,210 2,169 
Source:  Estimation from household samples from IFLS 2000 and 2007. 
Notes:   t-statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01. 

The results suggest that a change in population density significantly decreases land owned for 
non-Java provinces only, but does not affect land cultivated for either Java and non-Java provinces. Since 
the sample covers original and split households, land split among household members within the village 
is not the issue, but out-migrants who inherited land may rent it out to the family members who cultivate 
in the village. Thus, rental market and arrangements function to absorb the effects of population density, 
not affecting land cultivated. Higher population density, if associated with higher density of economic 
activities, may also increase land conversion for commercial use.  
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Table 4.6 uses farm income per hectare of farmland owned or cultivated as a measure of farm 
profitability. This measure includes farm-related incomes other than cropping, such as livestock. Land can 
also be used as collateral for financing investments that increase farm incomes at a subsequent stage. 
Column 1 uses land owned as the denominator for farm profitability. An increase in population density 
significantly reduces farm profitability. Column 2 uses land cultivated, but we do not see any significant 
effects for either Java or non-Java provinces. The results are consistent with those of Table 4.5, which 
higher population density seems to decrease land owned, probably through land conversion for 
commercial or residential uses.  

Table 4.6—Farm profitability 

 (1) (2) 
 Change in log farm income 

per ha owned 
Change in log farm income 

per ha cultivated 
Change in population density -0.151*** -0.00216 
 (-3.90) (-0.08) 
Change in population density x if Java 0.143*** -0.0283 
 (3.33) (-0.89) 
If female-headed household 0.214 -0.0386 
 (0.83) (-0.17) 
Age of household head 0.0105* 0.00595 
 (1.79) (1.22) 
Initial average years of schooling for 
members aged 18–60 

0.0219 -0.0321 
(0.76) (-1.28) 

Initial household size 0.0238 0.0321 
 (0.40) (0.62) 
Initial number of members aged 18–60 -0.0547 0.0199 
 (-0.67) (0.25) 
Change in average years of schooling for 
members aged 18–60 

-0.0239 -0.0306 
(-0.69) (-1.04) 

Change in household size 0.0130 0.0159 
 (0.29) (0.34) 
Change in number of members aged  
18–60 

-0.110 -0.0444 
(-1.51) (-0.59) 

Province dummies Yes Yes 
Number of observations 761 989 
Source:  Estimation from household samples from IFLS 2000 and 2007. 
Notes:   t-statistics in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01. 
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5.  CONCLUSIONS 

This paper examined the dynamics of population density and its impacts on household outcomes using 
panel data from Indonesia. We found that population density is higher in urban areas, and it is increasing 
over time to perpetuate urbanization. Migration to urban areas is large, so population pressures on rural 
land can be mitigated through migration. The analysis showed that the young and the educated tend to 
migrate from rural communities. 

The effect of increased population density on per capita household consumption expenditure 
could be either positive or negative, depending on human capital in the household. The effect is positive if 
the average educational attainment is high (above junior high school), while it is negative otherwise. On 
the other hand, farm landholding discourages transition to non-agriculture, measured by the share of 
wages in income. Larger farmers keep their advantage in agriculture. Thus, human capital (education) and 
landholding play important roles in determining the impacts of increased population density on household 
welfare and labor allocation. 

Landholding and farm profitability also change in response to increased population density. 
Interestingly, land owned decreases but land cultivated is not affected, which implies that farm 
households maintain farm activities regardless of altered ownership. Farm profitability per hectare of land 
owned decreases only outside Java.  

Our findings suggest a few important general lessons from Indonesia’s experiences. First, we 
highlight the importance of human capital investments at an early stage of a country’s development. As 
observed in East Asian countries such as Japan, Korea, Taiwan, and recently China, the accumulation of 
human capital is a critical factor that determines the possibility of escaping from high-population-density 
traps. Indonesia made a large effort in constructing public schools from 1973/74 to 1978/79 (see Duflo 
2001), which dramatically increased educational attainment, especially in the rural population. Second, 
the Green Revolution was crucial in solving food problems. In Indonesia, agricultural intensifications 
certainly contributed to reducing rural poverty at a relatively early development stage, but the scope of 
this option seems rather limited nowadays. Third, migration and urbanization play important roles in 
absorbing rural population. More recently, the development of nonagricultural sectors offers higher-
productivity activities to the labor force, and our evidence supports a positive role of human capital in the 
dynamic process. 
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APPENDIX:  SUPPLEMENTARY TABLES 

Table A.1—Summary statistics of sample households, 2000 and 2007 

  2000 2007 
(original + split) 

2007 
(original + split + migrant) 

Variable Mean Std. dev. Mean Std. dev. Mean Std. dev. 

Per capita consumption 
expenditure 

188,792 229,297 411,896 314,050 426,898 309,833 

Income share of wages 0.32 0.4 0.34 0.4 0.38 0.39 

Income share of 
farming 

0.35 0.4 0.39 0.4 0.35 0.38 

Area of land owned 
(ha) 

0.49 1.38 0.32 0.80 0.39 1.30 

Area of land cultivated 
(ha) 

0.47 1.30 0.33 0.87 0.40 1.23 

Average years of 
schooling of members 
aged 18–60 

6.71 2.89 7.33 3.04 7.44 3.02 

Household size 5.32 2.28 6.36 2.92 7.61 4.3 

Number of members 
aged 18–60 

3.02 1.56 3.76 2.08 4.55 2.97 

Number of school-age 
members (aged 7–18) 

1.3 1.24 1.22 1.14 1.43 1.42 

Source:  Self calculation from household sample from IFLS 2000 and 2007. 

Table A.2—Individual migration rate by age cohort 

Age 
cohort Migration rate 

15–25 13.0% 
25–35 3.0% 
35–45 1.6% 
45–60 0.8% 
15–60 5.5% 

Source:  Self calculation from household sample from IFLS 2000 and 2007. 
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