
Three Essays on Applied Microeconomics 

 

by 

Xuefei Wang 

M.A. (Economics), York University, 2004 
B.A., Nankai University, 2003 

Extended Essays Submitted in Partial Fulfillment  

of the Requirements for the Degree of  

Doctor of Philosophy 

in the  

Department of Economics  

Faculty of Arts and Social Sciences 

 

 Xuefei Wang 2012 

SIMON FRASER UNIVERSITY  

Spring 2012 

All rights reserved.  
However, in accordance with the Copyright Act of Canada, this work may 

be reproduced, without authorization, under the conditions for  
“Fair Dealing.” Therefore, limited reproduction of this work for the 

purposes of private study, research, criticism, review and news reporting 
is likely to be in accordance with the law, particularly if cited appropriately. 



 

ii 

Approval 

Name: Xuefei Wang 

Degree: Doctor of Philosophy 

Title of Thesis: Three Essays on Applied Microeconomics 

Examining Committee:  

Chair: Simon Woodcock  
Associate Professor, Department of Economics  

 
Alexander Karaivanov 
Senior Supervisor 
Associate Professor, Department of Economics 

 
Krishna Pendakur 
Co-Supervisor 
Professor, Department of Economics 

 
Christiaan Muris 
Supervisor 
Assistant Professor, Department of Economics 

 
John Richards 
Internal Examiner 
Professor, School of Public Policy 

 Thomas Lemieux 
External Examiner 
Professor, Department of Economics 
University of British Columbia 

Date Defended/Approved: April 02, 2012 

http://www.sfu.ca/economics/faculty.html#woodcock
http://www.sfu.ca/economics/faculty.html#karaivanov
http://www.sfu.ca/economics/faculty.html#pendakur
http://www.sfu.ca/economics/faculty.html#muris


 

iii 

Partial Copyright 
Licence 

 

  

 



 

iv 

Abstract 

This thesis consists of three essays that study three different economic phenomena.  

The first essay is inspired by the strikingly large number of children left behind by 

migrant parents in rural China. I study the effect of parental migration on the school 

enrolment of their left-behind children. I used a probit regression for my empirical 

analysis. I find evidence of a negative effect of parental migration on children’s school 

enrolment, and this negative effect is larger on the school enrolment of boys than on 

girls’. The effect of parental migration is robust to the use of instrumental variable 

analysis by instrumenting for parental migration status using “the number of other 

migrant household members”. 

In the second essay, I set up a theoretical model trying to investigate why villagers 

redistribute farmland periodically though it is against the central government’s policy, and 

I study the implication of this redistribution on long-run investment. I propose a limited 

liability model of land tenancy in an overlapping generations setting. The model implies 

that without soundly established insurance institutions and farmland rental market and 

stable off-farm job opportunities, farmland rental market and stable off-farm job 

opportunities, households with more children are better off under a land redistribution 

regime and thus favor it. In terms of long-run investment in farmland, redistribution 

according to demographic changes discourages long-term investment, yet redistribution 

based on farming failure may mitigate this negative effect.  

The third essay tries to analyze three aspects of organizational hierarchy: (1) generalists 

or specialists: which should get to the top?  (2) How many agents should get to the top?  

(3) Can the agents who should be at the top in the optimal hierarchy really get to the 

top?  Using a T-period model with promotion, I finds that the optimal hierarchy form 

depends on the size of the externality of coordinating multiple assets by generalists.  

The number of agents at the top depends on the elasticity of the externality of 

coordinating multiple assets.  Finally, promotion opportunity gives agents who should at 

the top more incentive to exert effort, and thus are more likely to get promoted. 
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Chapter 1. The Effect of Parental Migration on 
the Educational Attainment of Their Left-
behind Children in Rural China 

1.1. Introduction 

The economic development of China has been uneven and the urban-rural 

income gap has been widening since the economic reform and opening up in 1978. 

Statistics released by Chinese Ministry of Agriculture show that the urban-rural income 

gap was 1.71 in 1984, and increased to 2.79 in 2000 (China Statistical Yearbooks).1 

China has been one of a few countries in the world with urban-rural income gap above 2 

(Lin, 2011). In 2008, the gap further widened to 3.36 with an absolute urban-rural income 

gap of over 11,000 yuan (China Statistical Yearbook). The expectation of higher income 

in cities lures tens of millions of farmers. Some bring their children with them, but the 

majority leave their children behind in the care of the other parent or relatives. This paper 

studies the effect of the absence of migrant parents on the educational attainment of 

their left-behind children. 

According to a study by the All-China Women's Federation (ACWF) based on the 

2005 By-Census of one percent of the national population, it is estimated that about 58 

million children under 18 years old are left behind by their parents in the countryside, 

accounting for 21.72% of all children in China, and 28.29% of all rural children (China 

Network, February 2008). Among these left-behind children, about 48 million are aged 

between 6 and 17, and more than 30 million are aged between 6 and 14. The most 

recent published statistics show that there are more than 58 million rural left-behind 

 
1
 That is, in 1984, urban residents earned 1.71 times as much as rural residents. 
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children in 2010; among them 57.2% have one parent absent, and 42.8% has both 

parents absent (China Daily, 2011).
 2
 

How does parents’ absence affect children’s educational enrollment? Does it 

affect in the same way and with the same magnitude children with one migrant parent 

versus children with two migrant parents? Does the duration of parental absence matter? 

This paper is trying to answer these questions.  

A probit model with educational enrolment as the dependent variable is used on 

a survey sample of rural children collected in 2000. I find evidence of a negative effect of 

parental migration on school enrolment. Parental migration can possibly have three 

effects on school enrolment: a disruptive effect, a wealth effect, and an aspirational 

effect. The family disruptive effect will negatively affect children’s well-being and 

schooling, while the wealth effect is positive as migrant parents in general earn higher 

income in the city. The sign of the migratory aspirational effect is positive as the rates of 

return on education in cities are higher than these in the countryside, and therefore, 

children who expect to migrate in the future would desire more schooling. The empirical 

results show that the latter two effects affect school enrolment positively; more 

specifically, for boys, it is the aspirational effect that matters, but for girls both wealth and 

aspirational effects matter. However, these positive effects are not strong enough to 

cancel out the disruptive effect, and thus, the total effect of migration is negative. I also 

find that the negative effect of migration is larger on the school enrolment of boys than 

on girls’, and that the longer the duration of father’s absence is, the bigger the negative 

effect on boys’ enrolment. The overall effect of parental migration decreases the 

probability of school enrolment of boys by 7.9%, and the negative family disruptive effect 

of parental migration decreases the probability of school enrolment of boys by 15.9%. In 

addition, one year increase in father’s migration decreases the probability of school 

enrolment of boys in households with migrant father and non-migrant mother by 1.2%. 

For girls, the overall effect of parental migration is negative but smaller and only 

significant at the 10% level of significance, since the positive wealth and aspirational 

 
2
 The younger the child, the higher the likelihood of absence of both parents is.  
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effects partially neutralize the negative disruptive effect. The result suggests that left-

behind mothers or relatives cannot fulfill fathers’ role successfully in disciplining and 

motivating boys and help with their educational needs, and thus, father’s involvement in 

son’s education is important. As a robustness check, I instrument for parental migration 

status using “the number of other migrant household members”. The results of the 

endogenous probit regression are consistent with those of the probit regression. 

The remaining paper is organized as follows: Section 1.2 presents a theoretical 

model; Section 1.3 presents empirical findings on the relationship of parental migration 

and the education of left-behind children; Section 1.4 provides an overview of China’s 

education system and internal migration; Section 1.5 contains the empirical analysis and 

robustness checks; lastly, Section 1.6 is discussion and conclusion. 

1.2. Model 

I present a simple model of optimal schooling decision based on Björklund and 

Salvanes (2011) and Collins and Margo (2006). A household consists of a parent and a 

child. The parent is altruistic toward her child, and her utility is defined over the 

household’s current consumption (C) and the child’s future consumption measured by 

the child’s future income, Y.  

                         (1) 

where terms with superscript p refer to variables of the parent, and    is a preference 

parameter measuring the degree of parental altruism toward the child. 

After attaining adulthood, the child has two income sources: earnings, E, and 

transfers from her parent, X.3 

              (2) 

 
3
 E is the earnings net out of migration cost in the case of migration. 



 

4 

The child’s adulthood earnings, E, are a function of human capital (H) and job 

opportunity (O). 

                 (3) 

where   
            

               
                      

Job opportunity, O, depends on locations, and thus is affected by migration, O = 

O (M). Assume M is a continuous variable between zero and one; it measures the 

degree (or length) of absence. Given the big urban-rural income gap in China, it makes 

sense to assume that O is increasing in M. Assume that each adult makes her migration 

decision solely based on her income difference at the migrant origin and at the migrant 

destination and her idiosyncratic cost of migration. That is, she will migrate if her income 

difference is larger than her cost of migration. 

Human capital is produced through a function of the effectiveness of parental 

involvement (PI), own ability (A), and schooling (S), and the function has the property of 

diminishing marginal returns. 

                    (4) 

where   
            

               
                         

The effectiveness of parental involvement is a function of the parent’s human 

capital, socioeconomic status (income), and migration status. 

                                      (5) 

As suggested by previous literature, parental involvement is mainly manifested in 

discussion of the child’s school performance and schooling choices and encouraging the 

child to work hard; thus, it cannot be separated from parental physical presence.  

The child has total time, T, and it is divided between working at a given wage of 

w and schooling S. Thus, w can be interpreted as the opportunity cost of schooling. 

Thus, parent’s maximization problem is  

          
                         (6) 
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subject to the household’s budget constraint, 

                         (7) 

where    is the income of the parent, w is the opportunity cost of the child’s time spent 

on schooling (S), and    is the parent’s discount factor. The parent maximizes her utility 

by choosing the optimal C, S and X. 

The optimal schooling of the child is determined by the equation below which is 

generated from three first order condition equations.  

      
           

                      (8) 

where                                  ,   
     is the first-order derivative of 

human capital with respect to schooling (S), and   
     is the first-order derivative of 

earnings with respect to human capital (H). 

 

Figure 1. Optimal Schooling  

The LHS of equation (8) can be interpreted as the marginal cost of schooling 

which is the constant opportunity cost, and the RHS of equation (8) can be interpreted 
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as the marginal benefit of schooling which is decreasing in schooling because of 

diminishing marginal return of human capital production. The LHS and RHS of equation 

(8) are graphed in Figure 1. 

The predictions of the model are as follows: the key factors which affect 

schooling S are parental human capital   , the child’s ability A, parental migration status 

  , family wealth   , the child’s migratory aspiration M, the parent’s discount factor   , 

and the opportunity cost of schooling w. Schooling increases in    ,    , A, M and    as 

an increase in each of them shifts RHS curve up. In figure 1, shifting RHS from      to 

     increases schooling from    to   . Schooling decreases in w as an increase in w 

shifts LHS curve up. In figure 1, increase w from    to    decreases schooling from    

to   . Lastly, the effect of    on schooling is ambiguous. On the one hand, an increase 

in    decreases parental involvement PI directly, which tends to shift RHS curve down 

and thus to decrease schooling. On the other hand, an increase in    increases the 

parent’s earnings     and parental involvement PI indirectly, which tends to shift RHS 

curve up and thus to increase schooling. In addition, if a migrant parent can provide 

information and support in the migration destination, and potentially lower the child’s 

migration cost, it may increase the child’s aspiration to migrate (M), and thus may 

increase schooling. Overall, it is unclear from the model which effect dominates, and 

thus there is a role for empirical examination of the effect. In the empirical study section, 

I will examine the sign and the size of the overall effect of parental migration on 

children’s school enrolment. I will also examine the existence and the size of the direct 

effect of parental migration and the indirect effect through income and migratory 

aspiration. 

1.3.  Literature Review 

1.3.1. Migration and educational outcomes of left-behind children  

There is an extensive literature on the impact of parental migration on left-behind 

children in the context of international migration. Consistent with the theoretical model, 

there are mainly three types of effects. First, migration may have a direct negative effect 

on educational outcome through family disruption. The disruptive effect is embodied in 

three aspects. On the one hand, the absence of a parent results in loss of parental 
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attention and supervision over the child, and leads to poorer school performance. On the 

other hand, the absence of a parent results in lack of adult labor in the home, and the 

left-behind child has to perform household duties, which may restrict him/her access to 

school. In addition, the absence of a parent may negatively affect the left-behind child’s 

psychological wellbeing, and makes him/her feel being abandoned and thus perform 

poorly at school. Second, migration exerts positive income effect on educational 

attainment through remittances which eases the household budget constraint, increases 

household spending on education and reduces child labor. Third, parental migration may 

have an indirect effect on the left-behind child’s educational outcome as it may increase 

the prospect of future migration for the child and change his/her educational aspiration. 

The sign of this effect depends on the rate of return on education at the migrant 

destination. If the rate of return on education at the migrant destination is higher than 

that at the migrant origin, the effect on schooling is positive; and vice versa. Because of 

the complex effects of migration, the empirical results on the effect of parental migration 

on the educational outcome of left-behind children are mixed. 

Many studies find evidence of negative disruptive effect of migration on children’s 

schooling. McKenzie and Rapoport (2006) examine the impact of migration on 

educational attainment in rural Mexico. They find evidence of a significant negative effect 

of migration on school attendance and attainment of 16–18 year-old girls; living in a 

migrant household lowers their probability of completing high school. Comparison of the 

marginal effects of migration on school attendance and on participation in other activities 

shows that the observed decrease in schooling of 16 to 18 year-old girls is accounted for 

by their increased housework. Lu and Treiman (2007) study the effect of migration on 

black children in South Africa. They find that while the probability of school enrolment is 

substantially higher for left-behind children in migrant households with remittances, the 

probability of school enrolment is lower for children in migrant household without 

remittances. Children with migrant parents and no remittances have lower probability of 

school enrolment than these from non-migrant households, though they have similar 

educational spending and child labor. Thus, the authors conclude that the lower 

enrolment is caused by the deleterious effect of parental out-migration. Mansuri (2006) 

studies the relationship between temporary economic migration and investment in child 

schooling in rural Pakistan. He finds evidence that that "male absence" increases the 

work burden of children in migrant households and that both boys and girls worked 
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substantially more in female headed households (24 days as compared to 16 days for 

children in male headed migrant households), as the author did not count housework, 

girls might work more than boys in such households. In addition, in terms of schooling, 

girls in such households did much worse than girls in male headed migrant households 

and did as well as girls in non-migrant households, with dropout rates increasing from 

0.27 to 0.50. From a survey conducted by Save the Children (2006), researchers found 

that children of migrant mothers in Sri Lanka have poorer attendance and performance 

(lower grades) than those children with mothers working in Sri Lanka, and children of 

non–working mothers. Researchers related these outcomes with the impact of mothers’ 

absence on children’s psychological wellbeing; children with absent mother felt more 

lonely and sad. Gamburd (2005) also finds the educational performance of children left 

behind by mothers is lower than for those with mothers working in Sri Lanka and non–

working mothers, as the children of migrant mothers tend to drop out of school to look for 

work or help with household chores.  

A few studies fail to find disruptive effect of migration, and a positive effect of 

migration on educational outcomes can be found in Parreñas (2005) and Battistela and 

Conaco (1998). Both studies explore the relationship in the context of Philippines, and 

both emphasize the role of the other parent and relatives in fulfilling the role of the 

absent parent.  In her book (Parreñas, 2005), Parreñas finds that children in migrant 

households had higher levels of enrolment and lower dropout rates, and girls with 

migrant parents were able to improve their school performance relative to other girls. 

Battistela and Conaco (1998) study left-behind children in elementary school in the 

Philippines, and find a positive relationship between migration and children’s grades. 

They argue that migration is not necessarily disruptive for the development of the 

children left behind, particularly if it is the mother who remains in the home, as relatives 

can fulfill the role of parents relatively successfully.   

On the other hand, the literature focusing on remittances often finds a positive 

effect of migration on left-behind children. Yang (2006) examines Philippine households’ 

responses to overseas members’ economic shocks, and finds that migration and 

remittances lead to increased child schooling and reduced child labor. In his study, a 

25% improvement in the exchange rate increases the remittances share of household 

income by 6% which increases the probability of school attendance of girls and boys 

aged 10–17 by 3.3% and 1.7% respectively. The increase in remittances also reduces 
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child labor measured by average hours worked per week, by 0.54 hours for girls and 

0.81 hours for boys. Other studies which find positive effect of migration and remittances 

include Bryant (2005) and a 2004 Children and Families Survey conducted in the 

Philippines by the Scalabrini Migration Center. Both studies find that remittances were 

used to send children to private schools which were considered better than public 

school, and left-behind children had a higher probability of attending private school and 

on average got better grades than children from non-migrant households.  

Mansuri (2006) studies the relationship between temporary economic migration 

and investment in child schooling in rural Pakistan. She finds that children in migrant 

households were not only more likely to attend school, but they were also more likely to 

stay in school and accumulate more years of schooling in comparison to their 

counterparts in non-migrant households in the same village. Children in migrant 

households were also less likely to be involved in economic work and reported working 

for substantially fewer hours. The educational gain from migration was larger for girls 

than for boys which lead to a substantial net reduction in gender inequality in access to 

education. Positive effect of remittances on educational spending and thus schooling or 

enrolment can also be found in Kuhn (2006) studying children in Matlab area in 

Bangladesh, Cox and Ureta (2003) studying children in El Salvador, Hanson and 

Woodruff (2003) studying children in Mexico, and Lu and Treiman (2007) studying 

children in South Africa. Positive effect of remittances on educational spending and 

grades can be found in Kandel and Kao (2001) using data on children in Mexico.  

Some studies attribute the negative effect of migration on educational outcome to 

the aspirational effect as parental migration eases future migration of left-behind children 

themselves. McKenzie and Rapoport (2006) examine the impact of migration on 

educational attainment in rural Mexico. They find evidence of a significant negative effect 

of migration on schooling attendance and attainment of 12–18 year-old boys; living in a 

migrant household lowers the probability of younger boys completing junior middle 

school and the probability of older boys completing high school. The authors argue that 

the lower schooling of boys is caused by the prospect of future illegal migration into the 

US where the return to human capital for an illegal immigrant is very low.  Similar 

findings can be found in Kandel and Kao (2001) which investigates how temporary US 

labor migration by family members affects students’ educational aspirations and 

performance in Mexico. They find that though there is a positive relationship between 
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parental migration to the US and children’s grades, high levels of US migration are 

associated with lower aspirations to attend a university for students in migrant 

households at all academic levels. They conclude that while US migration allowed 

Mexican parents to overcome economic obstacles to schooling their children, it delivered 

a harmful message about the value of educational investment to children growing up in 

migrant households.  Children in migrant households have lower educational aspirations 

and higher migratory aspirations as a result of the sizable wage differential between the 

US and Mexico and low return to schooling acquired in Mexico in the US labor market. 

Chiquiar and Hansen (2005) studying children in Mexico and Jampaklay (2006) studying 

children in Thailand also attribute the negative effect of migration to the change in 

children’s prospects of future migration as well as a change in expected rates of return to 

education, while Mansuri (2006) studying children in rural Pakistan does not detect any 

effect of future migration prospects on schooling decisions for either boys and girls. 

Few studies investigate the effect of different duration of parental migration on 

the educational outcome of left-behind children. Jampaklay (2006) studies the effect of 

parental absence on left-behind children’s school enrolment in Kanchanaburi province in 

Thailand. She reports that the absence of parents has negative impacts on the school 

enrolment of left-behind children. She further elaborates that while long–term absence (2 

years or more) of fathers did not have any impact on children’s school enrolment, the 

opposite is true of mothers as their long–term absence significantly lowers the school 

enrolment of left-behind children. Nonetheless, the short–term absence (less than 2 

years) of fathers also appeared to reduce children’s chances of school enrolment.  

1.3.2. Parental involvement 

A large literature in sociology and educational psychology suggests that parental 

involvement has sizable positive effect on children’s educational achievement, and 

recent economic studies confirm this (Fan, 2001; Fehrmann et al, 1987; Feinstein and 

Symons, 1999; Garg et al, 2002; George and Kaplan, 1998; Gonzalez–Pienda et al, 

2002; Haveman, Wolfe, 1995; Izzo et al, 1999; Ma, 2001; Marchant et al, 2001; Mau, 

1997; McNeal, 2001; Sacker et al, 2002; Sui–Chu and Willms, 1996). Studies on siblings 

estimate that at least 40% of the variation in years of schooling can be attributed to 

family background (Björklund et al, 2009; Conley and Glauber, 2008; Isacsson, 1999; 
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Lindahl, 2010; Mazumder, 2008; Miller et al, 1995; Raaum et al, 2006; Sieben et al, 

2001; Solon et al, 2000).  

There are two channels through which family background can affect children’s 

educational achievement. The first is inherited ability coded in genes (“nature” factors), 

and the other one is the “nurturing” effect through parental involvement and interaction 

with children. Parental involvement takes many forms, including the provision of a secure 

and stable environment, intellectual stimulation, parent–child discussion, good models of 

constructive social and educational values, high aspirations relating to personal 

fulfillment, and so on (Desforges and Abouchaar, 2003). Among these forms of parental 

involvement, parental interest in and aspirations for the child’s education has the 

strongest positive effect on children’s educational achievement and behavior 

(Catsambis, 2001; Feinstein and Symons, 1999; George and Kaplan, 1998; Gonzalez–

Pienda et al, 2002; McNeal, 1999; McNeal, 2001; Sacker et al, 2002; Singh et al, 1995; 

Sui–Chu and Willms, 1996). Parental interest and aspirations are manifested in 

discussion of their children’s school performance and schooling choices and 

encouraging or urging them to work hard. Parental involvement is positively affected by 

parental socio–economic status measured by education, occupation or income, and 

negatively associated with maternal psycho–social problems and single parent status. It 

diminishes as the child gets older. (Sacker et al, 2002;) For those left-behind children 

nurturing factors may be lacking as parents migrate for work. 

1.4. Background and Overview 

1.4.1. Basic Education System and Compulsory Education Law in 
China 

China operates a 6–3–3 system of primary and secondary schools with some 

variations; that is six years of primary school, three years of junior middle school and 

another three years of senior high school. According to the 1986 Compulsory Education 

Law, children should attend school when they reach age of six, and they are entitled to 

nine years of free education; these nine years of education, from primary to junior middle 

school, are compulsory. Thus, children aged 6 to 12 should be in primary school, 

children aged 12 to 15 should be in junior middle school, and children aged 15 to 18 

should be in senior high school or vocational school. 



 

12 

Basic education is mainly provided by public schools in China, and the central 

government has decentralized educational finance for basic education to local 

governments and communities since the 1980s (World Bank, 1988, 1989). As a result of 

the reform, the central government is only responsible for paying teachers on the 

government payroll, and other expenditures have to be covered by a variety of locally 

generated income (Cheng, 1994). As the reform tightened the link between school 

resources and local economic conditions, local governments and communities in poor 

areas have to finance education by charging fees. In 2000, the State Development 

Planning Commission made an inspection of primary and secondary school fees in rural 

areas (the State Development Planning Commission, 2001). They discovered that 260 

million yuan school fees were charged unlawfully as they inspected about 20,000 

schools. High costs of education remain a major reason for drop–outs in rural areas 

(China Labor Bulletin 2009 report). The problem of low ability to afford costs of schooling 

is more prominent in poorer interior regions and remote areas as a result of the 

concurrency of household poverty and low level of regional development.  

1.4.2. The Hukou System and Temporary Migrants  

China’s Hukou system (household registration system) was formally set up in 

1958 for the purpose of controlling internal migration and managing certain classes of 

“targeted people” to ensure social stability (Wang, 2005). It classifies people as rural or 

urban residents. Registered urban residents have preferential treatment such as social 

security and public services in contrast to rural residents. Rural residents seeking to 

move from the country to urban areas to take up non–agricultural work would have to 

apply through the relevant bureaucracies. The number of people allowed to make such 

moves was tightly controlled. After the economic reforms in 1978, it became possible for 

a rural resident to unofficially migrate and get a job, but a job in the city does not entitle 

him/her to permanent residency right and the associated social benefits such as 

subsidized public housing, public education, public medical insurance and government 

welfare payments (Richburg, 2010). Also, such people must travel to their home towns to 

get a marriage license, apply for a passport or take the national university entrance 

exam (Richburg, 2010). Since the mid–1990s, the Hukou system has undergone 

relaxation.  For example, since 1995, 21 cities have allowed migrant workers to buy a 

temporary urban residency permit which allows the holder to work legally in the city 
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(Wang, 2005).
 4
 The reforms make the systems of distribution and control over migration 

more flexible but they have not fundamentally changed the Hukou system.  

The number of rural-urban migrants has being soaring since 1990s. According to 

the Statistics Bureau of China, in 1995, there were 55 million people living out of their 

registered place for at least half a year which accounted for less than 5% of the 

population. In 2000, the number tripled to more than 144 million half of which are rural 

migrant workers. The 2005 By-Census of one percent of the national population data 

shows that there were more than 147 million of migrants accounting for 11.28% of total 

population, and more than two thirds of them are rural migrant workers (104.7 million). 

The latest census in 2010 shows that the number of migrants is more than 260 million, 

an increase of 81.03% comparing to the number in 2000. And the number of rural 

migrant workers in 2009 was 145.33 million (Statistics Bureau of China, 2009).  

1.4.3.  Left-behind Children 

Typically, left-behind children in China are defined as children with one or both 

parents who migrated to find work (China National Institute for Educational Research). 

According to the 2000 Census, the All-China Women's Federation research team 

estimated that there exist about 20 million children under the age of 18 left behind by 

parents in the countryside (People’s Daily Online, 2007). This number has almost tripled 

in 2005. According to another study by the All-China Women's Federation research team 

based on the 2005 By-Census of one percent of the national population, it is estimated 

that about 58 million children under 18 years of age left behind by parents in the 

countryside, accounting for 21.72% of all children in China, and 28.29% of all rural 

children. Among these left-behind children, about 48 million are aged between 6 and 17, 

and more than 30 million are aged between 6 and 14. Many factors contribute to the 

decision of leaving children behind, and they are all related to Hukou system which 

deprives migrant workers and their accompanying family from equal access to 

education, social and medical welfare in the cities. Since the local government allocates 

funding for education based on the number of school-age children of locally registered 
 
4
  Price of a temporary urban residency permit is normally 5 – 10 yuan (about USD $1). 
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residents, there is an extra fee for migrant children to enroll. The fee waiving procedure 

is complicated. In addition, the university entrance examination can only be taken in the 

place of permanent residence, and different provinces may have different curricula. 

Left-behind children in rural areas also have rare opportunities to contact their 

migrant parents. A survey based on 2000 census by the All-China Women's Federation 

research team shows that 88.2% of all left-behind children report that they can only 

communicate with their migrant parents by phone; among them 53.5% cannot talk longer 

than three minutes (People’s Daily Online, 2007). Furthermore, 8.7% of left-behind 

children never have contact with their migrant parents. 24.2% of children with both 

migrant parents never or seldom talk with their adult guardians. Similar finding in a 2004 

survey by the China National Institute for Educational Research found that over 30% of 

the children of migrants are left with grandparents or with other relatives with little or no 

supervision.  

1.4.4. Son Preference and the “One Child” Policy 

Son preference is prevalent in China, especially in rural areas. Cultural norms 

value male children over female children (Goodkind, 1999). A son is often preferred as 

an "asset" since he can earn income and support the family; a daughter is a "liability" 

since she will be married off to another family, and so will not contribute financially to her 

parents. Son preference has resulted in inferior treatment to daughters before and after 

birth. Sex-selective abortion and sex-selective infanticide as a result of son preference 

make the problem of gender imbalance more prominent. According to the 2005 census, 

the sex ratio at birth is 121 boys for every 100 girls (Statistics Bureau of China). There is 

also evidence of lower prenatal investment in girls after prenatal sex determination. 

Almond, Li and Meng (2010) find that early neonatal mortality of girls increased relative 

to boys with ultrasound access. As neonatal mortality tends to reflect pregnancy 

conditions, they infer that prenatal investment for girls carried to term is lower relative to 

boys once fetal sex was revealed. Song and Burgard (2008) compare children’s growth 

trajectories in height between China where the level of son preference is relatively high 

and the Philippines where it is relatively low. They find evidence of preferential treatment 

of sons over girls. They find that male children in China show an additional height 

advantage relative to their female counterparts, when compared to the sex difference in 

growth trajectories in the Philippines, and the additional advantage of males in China is 
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stronger in rural areas. Because parents treat boys and girls differently, it is necessary to 

control for this gender effect in the empirical analysis. 

China’s “One-child” policy was introduced in 1978. It officially restricts married 

urban couples to having only one child, while allowing exemptions for rural couples and 

ethnic minorities and couples with a physically or mentally disabled first child. Married 

rural couples are allowed to apply to have a second child if the first born is a girl (Hu, 

2002). The policy is enforced at the provincial level through fines that are imposed based 

on the income of the family and other factors. Despite this policy, there are still many 

families that continue to have more children than that are allowed.  Therefore, the 

number of children in the household needs to be controlled for in the empirical analysis.  

1.5. Data and Empirical Approach 

1.5.1. The Data 

The data was collected in the course of a poverty and rural development project 

carried out jointly between the CCAP (the Center for Chinese Agricultural Policy), 

University of California at Davis and the University of Toronto. The survey used self–

enumerated questionnaires and multi–stage stratified sampling method, and was 

conducted in November and December 2000 in six provinces across rural China. The six 

provinces are representatives of different regions in China, with Gansu and Shaanxi in 

Northwest region, Hebei in the North China region, Jilin in the Northeast region, Jiangsu 

in the East China region, and Sichuan in the Southwest region. In terms of three major 

economic zones, three provinces (Gansu, Shaanxi and Sichuan) are in the least 

developed Western zone, one province (Jilin) is in the Central zone, and two provinces 

(Hebei and Jiangsu) are in the most developed Eastern Coastal zone. The data provide 

information on household demographics, education and employment, farming and 

consumption, and especially employment history of household individuals. For each year 

between 1981 and 2000, the questionnaire tracks each individual’s participation in off–

farm employment, the main type of off–farm work performed, the place of residence 

while working (within or outside the village), the location of off–farm employment, and 

whether or not each individual was self–employed or wage earner. Thus, the data allow 

http://en.wikipedia.org/wiki/Fine_%28penalty%29
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me to identify individuals’ migration status. The data contain 4388 individuals in 181 

villages.  

According to international standards, children are defined as “individuals under 

the age of 18” (the Convention on the Rights of the Child, Article1); according to the 

Compulsory Education Law in China, children should attend school when they reach age 

of six; thus “a school-age child” is defined as an individual aged between 6 and 17. The 

data contain 1004 school-age children. Because of the low proportion of unmarried 

parents and children with non–agricultural Hukou (household registration), I further 

exclude children from these families. Thus, there are totally 963 rural school-age children 

in the sample. The Statistic Bureau of China defines a “migrant” as a person whose 

residency is different from the location of his household registration (Hukou) for at least 

half a year. I further restrict the definition of a migrant as a person who lives outside of 

his/her village while working for at least half a year. “A left-behind child” is a child aged 

17 or under who has at least one migrant parent. In this paper, only school-age children 

are considered. “A migrant household” is a household with at least one migrant parent. 

I categorize parent’s occupation into three types. Occupation 1 is agricultural 

employment; occupation 2 includes blue collar and low-paying service sector jobs, such 

as construction worker, waiter/waitress, and maid; and occupation 3 includes white 

collar, professionals, government employees, and entrepreneurs. “An adult at home” is 

defined as an individual aged 18 or above who lives in the house and is not a migrant. I 

use the age of 55 as the cut-off point for “young” vs. “old”, as age of parents range from 

24 to 69 with 11 cases above age of 54 and nine cases under age of 27. “Other migrant 

household member” is defined as an individual who is a migrant aged 25 or above and is 

viewed as a relative by the household head but not a parent of the sample child. I define 

this age range so that other migrant household members are more likely to be of the 

parent’s generation or older rather than of the sample child’s generation. This variable 

will be used as an instrument variable in the endogenous probit regression and 

endogenous linear regression which will be discussed in Section 1.5.3.4. “First born 

child” is the first child of parents; if they only have one child, then the first born child is 

also the only child. “Total years of parent’s migration” are the maximum of the 

accumulated years of migration between 1981 and 2000 and the claimed years of 

migration, regardless whether the parent was absent before or after the birth of the 

sample child, while “years of parent’s migration” only count years of absence after the 
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birth of the sample child. Household wealth is defined as the sum of housing value and 

value of durable consumption goods in yuan. Farmland size is measured in mu which is 

equivalent to 666.67 square meters. 

1.5.2. Descriptive Result 

The descriptive results are summarized in Tables 1 – 8. Tables 1 – 4 are 

summary of variables of sample children’s characteristics, household composition, and 

parents’ migration and socioeconomic status. The results in Table 1 and Table 2 are 

summarized by gender of the sample child, thus they are not adjusted by household 

clustering effect.
 5
 The results in Table 3 and Table 4 are summarized by household 

migration status, thus they are adjusted by household clustering effect. The sample has 

an even proportion of boys and girls with 482 boys and 481 girls. The age of sampled 

boys and that of sampled girls both average at 12.  Consistent with the one child policy 

and preference for sons, girls have more siblings than boys, and a t–test rejects the 

equality of number of siblings of girls and that of boys (Table 1). On average, girls have 

1.12 siblings, while boys only have 0.74 siblings. Also, boys are twice likely to be the 

only child in a household than girls. In addition, boys are more likely to have at least one 

migrant parent, and Wilcoxon-Mann-Whitney test rejects the equality between girls and 

boys (Table 2). Migrant households have significantly
6
 fewer adults in the house, 

especially male young adults; on average, there are 2.5 adults in non-migrant 

households and one of them is a young male, while there are 1.5 adults in migrant 

households and 0.5 of them are young males (Table 3).  

Table 1. Summary of Continuous Variables by Gender 

 

Full Sample Boys Girls 

 

Mean St.d. Mean St.d. Mean St.d. 

Age 11.83 3.34 11.75 3.34 11.91 3.34 

# children 1.93 0.78 1.74 0.74 2.12 0.78 

 
5
 The samples include children from the same household. 

6
 “Significant” means significant at 5% level unless otherwise stated. 
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# girls (6-17) 0.97 0.85 0.45 0.67 1.49 0.66 

# boys (6-17) 0.85 0.64 1.24 0.47 0.46 0.54 

# children (<6) 0.11 0.32 0.05 0.22 0.17 0.38 

# female siblings (6-17) 0.47 0.67 0.45 0.67 0.49 0.66 

# male siblings (6-17) 0.35 0.52 0.24 0.47 0.46 0.54 

# people in house 4.05 1.19 3.82 1.20 4.27 1.13 

# adults in house (18+) 2.11 0.96 2.08 0.96 2.15 0.97 

# female adults in house (18+) 1.18 0.56 1.16 0.53 1.20 0.58 

# male adults in house (18+) 0.93 0.63 0.92 0.64 0.95 0.61 

# young adults in house (18-54) 1.79 0.78 1.73 0.80 1.84 0.75 

# young  female adults in house (18-
54) 1.00 0.42 0.98 0.42 1.02 0.42 

# young male adults in house (18-54) 0.79 0.55 0.75 0.57 0.82 0.53 

# old female adults in house (55+) 0.33 0.63 0.34 0.63 0.31 0.63 

# old male adults in house (55+) 0.18 0.41 0.18 0.39 0.19 0.42 

# male old adults in house (55+) 0.14 0.35 0.16 0.37 0.12 0.33 

# other migrant household members 
(25+) 0.06 0.34 0.05 0.33 0.06 0.35 

Total years of father migrated 6.76 5.81 7.23 6.18 6.18 5.28 

Total years of mother migrated 3.02 2.67 3.20 2.80 2.79 2.50 

Years of father migrated (since the 
child's birth) 4.52 4.61 4.58 4.78 4.45 4.41 

Years of mother migrated (since the 
child's birth) 1.80 2.34 2.07 2.55 1.46 2.02 

Father's Education (years) 7.61 2.99 7.65 2.99 7.58 2.99 

Mother's Education (years) 5.54 3.58 5.62 3.55 5.47 3.62 

Household wealth (yuan) 
28624.1

0 
64266.4

8 
33386.9

4 
80786.0

7 
23841.1

3 
41070.8

3 

Farmland size (mu) 8.27 9.08 8.05 9.39 8.49 8.77 

 

Table 2. Summary of Discrete Variables by Gender 

 

Percentage of Children (6-17) who answered yes 

Variable Full Sample Boys Girls 

Enrolment 0.827 0.844 0.809 

Ethnic minority 0.119 0.102 0.137 
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First born child 0.487 0.448 0.526 

Only child 0.185 0.251 0.119 

At least one migrant parent 0.336 0.369 0.304 

Only migrant father 0.228 0.247 0.210 

Only migrant mother 0.032 0.033 0.031 

Both migrant parents 0.076 0.089 0.062 

Father's occupation 1 0.314 0.293 0.335 

Father's occupation 2 0.505 0.519 0.492 

Father's occupation 3 0.181 0.189 0.173 

Mother's occupation 1 0.764 0.742 0.785 

Mother's occupation 2 0.156 0.185 0.127 

Mother's occupation 3 0.080 0.073 0.087 

Gansu 0.162 0.151 0.173 

Hebei 0.214 0.199 0.229 

Jiangsu 0.114 0.114 0.114 

Jilin 0.130 0.147 0.112 

Shannxi 0.162 0.166 0.158 

Sichuan 0.218 0.222 0.214 

 

Table 3. Summary of Continuous Variables by Household Migration Status 

 

Full Sample 
Non-migrant 
household Migrant household 

 

Mean St.d. Mean St.d. Mean St.d. 

# children 1.66 0.71 1.63 0.69 1.73 0.73 

# girls (6-17) 0.76 0.75 0.78 0.75 0.70 0.75 

# boys (6-17) 0.76 0.61 0.71 0.60 0.85 0.62 

# children (<6) 0.15 0.36 0.13 0.35 0.18 0.38 

# other migrant household members 
(25+) 0.07 0.35 0.04 0.24 0.12 0.50 

# people in house 3.83 1.20 4.14 1.03 3.21 1.26 

# adults in house (18+) 2.17 1.01 2.51 0.82 1.48 1.00 

# female adults in house (18+) 1.20 0.57 1.28 0.50 1.05 0.65 

# male adults in house (18+) 0.97 0.65 1.23 0.50 0.44 0.61 
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# young adults in house (18-54) 1.82 0.82 2.19 0.55 1.08 0.76 

# old adults in house (55+) 0.35 0.65 0.32 0.61 0.40 0.73 

# young  female adults in house (18-
54) 1.01 0.44 1.10 0.33 0.83 0.56 

# young male adults in house (18-
54) 0.81 0.57 1.08 0.36 0.25 0.49 

# old female adults in house (55+) 0.19 0.41 0.17 0.39 0.21 0.45 

# old male adults in house (55+) 0.16 0.37 0.15 0.36 0.19 0.39 

Total years of father migrated 6.47 5.69 0.00 0.00 6.47 5.69 

Total years of mother migrated 3.05 2.85 0.00 0.00 3.05 2.85 

Father's Education (years) 7.52 2.97 7.19 3.01 8.17 2.80 

Mother's Education (years) 5.68 3.56 5.60 3.63 5.84 3.42 

Household wealth (yuan) 
30132.4

2 
66305.5

2 29143.71 63687.77 
32147.6

8 
71461.7

2 

Farmland size (mu) 8.52 10.10 8.83 11.22 7.91 7.33 

As indicated in Table 3, parents’ levels of education are low; on average, fathers 

do not finish junior middle school, and mothers barely finish elementary school. The 

difference between the education levels of migrant parents and non-migrant parents is 

small. On average, migrant parents have less-than-one-year more education than non-

migrant ones. Table 4 shows that parents in migrant households are more likely to have 

a job in occupation category 2 – blue collar and low-paying service sector jobs. Fathers 

in migrant households are 20% more likely to have a job in occupation category 2, while 

mothers in migrant households are 9% more likely to have a job in occupation category 

2.
 7
 The durations of fathers’ migration are longer than the duration of mothers’; on 

average, fathers have migrated for 6 years and mothers have migrated for 3 years 

(Table 3). Households of boys are on average wealthier than households of girls, and 

the difference is sizeable and significant. On average, households of sample boys are 

 
7
 This comparison is conditional on being in a migrant household not conditional on being a 

migrant. Actually, a migrant father is 27.3% more likely to have a job in occupation 2 and 
23.6% less likely to have a job in occupation 1; a migrant mother is 34% more likely to have a 
job in occupation 2 and 32.4% less likely to have a job in occupation 1. These numbers are 
calculated with consideration of household cluster. 
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9,500 yuan wealthier than households of sample girls (Table 1).
 8
 While migrant 

households are wealthier than non-migrant households on average, the difference is not 

significant (Table 3). Lastly, the proportions of migrant households are different across 

provinces; the Kruskal Wallis test rejects the hypothesis that the proportions are all 

equal. Hebei and Sichuan have higher proportions of migrant households than four other 

provinces (Table 4). 

Table 4 . Summary of Discrete Variables by Household Migration Status 

 

Full Sample Non-migrant Household Migrant household 

At least one migrant parent 0.333 0.000 1.000 

Only migrant father 0.219 0.000 0.656 

Only migrant mother 0.033 0.000 0.098 

Both migrant parents 0.082 0.000 0.247 

Father's occupation 1 0.326 0.384 0.210 

Father's occupation 2 0.503 0.430 0.650 

Father's occupation 3 0.171 0.186 0.140 

Mother's occupation 1 0.753 0.779 0.701 

Mother's occupation 2 0.165 0.135 0.224 

Mother's occupation 3 0.082 0.086 0.075 

Gansu 0.147 0.167 0.107 

Hebei 0.197 0.158 0.274 

Jiangsu 0.143 0.137 0.153 

Jilin 0.141 0.149 0.126 

Shannxi 0.171 0.179 0.153 

Sichuan 0.202 0.209 0.186 

 

Table 5. Enrolment by age groups 

 

Full Sample Boys Girls 

 
8
 This number is calculated without considering household clustering effect. 
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Age Mean St.d. Obs Mean St.d. Obs Mean St.d. Obs 

6 0.738 0.444 61 0.813 0.397 32 0.655 0.484 29 

7 0.971 0.170 68 0.972 0.167 36 0.969 0.177 32 

8 0.975 0.156 81 0.957 0.206 46 1.000 0.000 35 

9 0.984 0.128 61 0.955 0.213 22 1.000 0.000 39 

10 0.976 0.154 83 0.976 0.156 41 0.976 0.154 42 

11 0.986 0.120 70 0.972 0.167 36 1.000 0.000 34 

12 0.989 0.103 94 0.981 0.139 52 1.000 0.000 42 

13 0.882 0.324 102 0.922 0.272 51 0.843 0.367 51 

14 0.835 0.373 91 0.886 0.321 44 0.787 0.414 47 

15 0.800 0.402 90 0.864 0.347 44 0.739 0.444 46 

16 0.481 0.503 79 0.400 0.496 40 0.564 0.502 39 

17 0.325 0.471 83 0.395 0.495 38 0.267 0.447 45 

Total Observations 

  

963 

  

482 

  

481 

 

Table 6. Percentage of children (6-17) enrolled in school by discrete variables 

 

Percentage of Children (6-17) who enrolled 

Variable Full Sample Boys Girls 

 

0.827 0.844 0.809 

Ethnic Han 0.838 0.859 0.817 

Ethnic minority 0.739 0.714 0.758 

Not first born child 0.800 0.816 0.781 

First born child 0.855 0.880 0.834 

Not only child 0.805 0.820 0.792 

Only child 0.921 0.917 0.930 

At least one migrant parent 0.821 0.831 0.808 

No migrant parent 0.829 0.852 0.809 

Only migrant father 0.795 0.807 0.782 

Only migrant mother 0.839 0.813 0.867 

Both migrant parents 0.890 0.907 0.867 

Father's occupation 1 0.735 0.723 0.745 

Father's occupation 2 0.858 0.900 0.814 
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Father's occupation 3 0.897 0.879 0.916 

Mother's occupation 1 0.801 0.815 0.788 

Mother's occupation 2 0.893 0.921 0.852 

Mother's occupation 3 0.935 0.943 0.929 

Gansu 0.865 0.849 0.880 

Hebei 0.869 0.885 0.855 

Jiangsu 0.891 0.945 0.836 

Jilin 0.824 0.859 0.778 

Shannxi 0.731 0.750 0.711 

Sichuan 0.795 0.813 0.777 

Tables 5 – 6 summarize variables that are related to the school enrolment rate. 

Table 6 shows that the school enrolment rates are different between boys and girls. 

Enrolment is lower for girls than for boys with 80.9% for girls and 84.4% for boys; 

however, the Wilcoxon-Mann-Whitney test fails to reject the equality of the enrolment of 

boys and girls. Enrolment shows a concave trend in age with a peak at the age of 12, 

and plummets sharply at age 16 (Table 5). With regard to migration status, enrolment is 

generally higher in non-migrant household than in migrant household, and the difference 

is larger for boys and larger among children aged 15 and above (Table 6).  However, 

these are unconditional differences, and do not take account of other differences 

between migrant and non-migrant household which also affect enrolment. The enrolment 

of ethnic Han children is significantly higher than that of ethnic minority children, and the 

effect is larger for boys than for girls (Table 6). Enrolment is significantly positively 

correlated with the child’s being the only child and first born child. In addition, enrolment 

rates are different among provinces with the highest of 89.1% in Jiangsu and lowest of 

73.1% in Shannxi, and the Kruskal Wallis test rejects the hypothesis that enrolments 

from different provinces are from the same population (Table 6).  

Table 7. Percentage of dropouts at each educational level 

Education (years) Total Dropouts Boys Girls Left-behind Children 

1 1.80 2.67 1.09 1.72 

2 2.99 5.33 1.09 3.45 

3 1.20 0 2.17 0 

4 5.39 4.00 6.52 3.45 
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5 7.19 6.67 7.61 5.17 

6 14.97 8.00 20.65 15.52 

7 7.78 9.33 6.52 8.62 

8 10.18 14.67 6.52 8.62 

9 31.74 33.33 30.43 29.31 

10 0 0 0 0 

11 0 0 0 0 

12 0.60 0 1.09 0 

13 0.60 0 1.09 0 

Not finish primary school 18.57 18.67 18.48 13.79 

Not finish junior high school 51.50 50.67 52.17 46.55 

Total Observations 141 63 78 44 

Tables 7 – 9 show the timing and reasons of dropping out of school. Among the 

141 dropouts, 55% are girls. Regarding their level of education, 19% of the dropouts 

dropped out before finishing primary school, and 52% dropped out before finishing junior 

middle school, thus they did not complete the mandatory 9-year basic education (Table 

7). Judging from these unconditional figures, left-behind children seem to do better than 

children from non-migrant households. 

Among all the dropouts, 40% chose “cannot afford the tuition” as the reason of 

not enrolling, and the second most chosen reason is “do not want to go to school” at 

26%, followed by “not accepted” at 24% (Table 8). The reasons for dropping out of 

school are different between boys and girls. Among rural boys, “cannot afford the tuition” 

and  “do not want to go to school” tie for the top reason at 33% each, while for rural girls, 

the number one reason is “cannot afford the tuition” at 45% followed by “not accepted” at 

27%. Comparing to children from non-migrant households, children from migrant 

households are more likely to drop out because they “cannot afford the tuition”; this is 

especially true for girls (Table 9). The reasons for not enrolling in school are also 

different between students at different schooling stage. For children who have not 

finished primary school and children who do not enter junior middle school, “cannot 

afford the tuition” is the major reason at 55% and 56% respectively. At junior middle 

school level, “do not want to go to school” surpasses “cannot afford the tuition” by a little 

become the number one reason. For junior middle school graduates, “not accepted” is 

the major reason for dropping out. Moreover, once a student enters senior high school or 
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vocational school, he or she rarely drops out before graduation. Lastly, “lack of labor at 

home” and “has job opportunity” included in “other” reason are never the main reason for 

dropping out. Table 14 in the Appendix provides employment information for children the 

above 15. The data show no evidence that left-behind children work more in house or 

out which further proves that child labor is not a major reason for dropping out, though it 

can decrease educational attainment in theory. 
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Table 8. Reasons for Not Being Enrolled in School 

 

Table 9. Reasons of Left-behind Children for Not Enrolling in School 

 

Percentage of Unenrolled Left-behind Children (6-17) who chose this reason (%) 

Reason 
Full 

Sample Boys Girls 
No elementary 

school graduation 
Elementary school 

graduate 
Junior high 
school level 

Junior high school 
graduate 

Cannot afford cost of schooling 50 33.33 65.22 62.5 66.67 50 35.29 

Donot want to go to school 27.27 38.1 17.39 25 33.33 50 11.76 

Not accepted 20.45 23.81 17.39 0 0 0 52.94 

Other 2.27 4.76 0 12.5 0 0 0 

Total observations 44 21 23 8 9 10 17 
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1.5.3. Empirical Analysis 

I use a binary probit model with educational enrolment as the dependent variable. 

The main variable of interest is a dummy for migrant household defined as in Section 

1.5.1. The control variables include the sample child’s characteristics and parents’ 

education. In this baseline specification, because all control variables are predetermined 

and independent of migration, I can evaluate the overall effect of migration on enrolment. 

Next, I add controls for wealth and land holding, as well as parental occupations, to 

examine the existence of wealth effects and aspirational effect of migration. Parental 

occupations are significantly and highly correlated with parental migration status, 

especially a migrant parent is more likely to have a job in occupation 2, less likely to 

have a job in occupation 1, and as likely to have a job in occupation 3.
9
  Such an 

occupational shift from occupation 1 to occupation 2 is a by-product of migration which 

cannot be detached from migration itself. Without migration, there may not exist an 

opportunity for the occupational shift to occur in the village. As the parent is a role model 

for the child, I can use parent’s occupation 2 as a proxy for child’s migratory (and 

occupational) aspiration and examine its effect on enrolment. With these controls, the 

estimated effect of migration can be interpreted as the disruptive effect of having absent 

parent(s). Lastly, to test whether any persons left at home can fulfill the role of the 

absent parent, household composition controls are added. Provincial dummies are also 

included in all cases, since the probabilities and opportunities of migration are different 

across provinces. Since the samples used in the probits for school enrolment include 

children from the same household, it is possible that unobservable household specific 

characteristics determining school enrolment are correlated among children of the same 

household. Thus, I adjusted the standard errors to allow for this by using the “cluster” 

option in STATA at the household level. Lastly, because the various factors could affect 

 
9
 A migrant father is 27.3% more likely to have a job in occupation 2 and 23.6% less likely to have 

a job in occupation 1; a migrant mother is 34% more likely to have a job in occupation 2 and 
32.4% less likely to have a job in occupation 1. These numbers are calculated with 
consideration of household cluster. 
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the school enrolment of boys and girls in different ways and with different magnitudes as 

seen in the descriptive result section, I run all regressions for boys and girls separately.  

Control variables are chosen following the theoretical model in Section 1.2 and 

the descriptive results in Section 1.5.2. Both parents’ schooling levels are included rather 

than only that of the household head for two reasons. First, the data do not provide 

information on cognitive ability, so both parents’ education levels are included to better 

capture this inheritable ability. Second, the effects of father’s education and mother’s 

education may have different magnitudes on children’s schooling, and affect daughters 

and sons differently. Previous research shows that mother’s education has a stronger 

impact than father’s education on child schooling (Schultz, 1993). With respect to sex–

specific intergenerational effects, mother’s education may have larger effect on 

daughters’ schooling while father’s education may have larger effect on sons’ schooling 

(Thomas, 1994).  

Included in the sample child’s characteristic variables are sample child’s age, 

quadratic term for age, dummy for ethnic minority, and dummy for being the first born 

child. To control for wealth effects, I use household wealth rather than income or 

consumption, because of potential endogeneity problems with the latter two measures. 

Income may increase because unenrolled children may work and earn income for the 

household, and enrollment may increase household consumption by their tuition, 

studying materials and other study related expenditures. In addition, agricultural incomes 

are volatile, making measured income sensitive to the timing of the survey. Third, 

household income is highly correlated with parental education and occupation, while 

wealth is more likely to be inherited from the older generation in rural China and thus has 

smaller correlation with education or occupation. In addition, remittances are not 

included in the regressions though the literature suggests that it may have positive effect 

on children’s schooling. Because of the possible under-reporting of remittances, there 

are only 45 – 60 cases with non-zero remittances depending on how the remittance 

variable is defined, and the coefficient of remittance is never significant in the probit 

regression; thus, it is not included in the reported results. Lastly, food consumption was 

poorly recorded, and therefore total consumption calculated may be inaccurate. 

Farmland is separated from the wealth variable because ownership of farmland in rural 

China is the local village or community, and farmers only have user rights for the tenure 
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term of normally 30 years. Moreover, farmland may affect the school enrolment rate 

differently than wealth. Besides the wealth effect which tends to increase probability of 

school enrolment, farmland has a substitution effect on enrollment in the opposite 

direction as it increases the opportunity cost of going to school. Thus, it is appropriate to 

separate farmland from the wealth variable. Lastly, household composition variables 

include the number of children and the number of adults at home. In some 

specifications, a household is further broken down into the number of siblings aged 

under six, the number of female siblings aged 6 – 17, the number of male siblings aged 

6 – 17, and the number of female adults and the number of male adults, or the number 

of young female adults, the number of old female adults, the number of young male 

adults, and the number of old male adults. Siblings aged under six are separated from 

the older school-age siblings, because day care centers and kindergartens are rare in 

rural China, and therefore the older school-age children may have to take care of the 

younger ones which will increase the opportunity cost of schooling and thus affect the 

school enrolment, according to the theoretical model in Section 1.2. 

1.5.3.1. The Effect of Household Migration Status on Children’s School 
Enrolment 

Table 10 shows the average marginal effects from the probit regression; the 

coefficients of the probit regression are reported in Table 15 in the Appendix.
 10

 Columns 

1 – 4 are for boys, and columns 5 – 8 are for girls. In columns 1 and 4, I include only the 

migration dummy, sample child’s characteristic variables, parental education variables 

and province dummies. Then I added log of household wealth, log of land
11

 and parental 

occupational dummies in columns 2 and 5. Columns 3 – 4 for boys and columns 7 – 8 

for girls break down the household composition at different levels of detail. I will first 

 
10

 The average marginal effect of age is not reported, as margeff in STATA is not suitable to 
calculate the marginal effect of a variable with polynomial terms. But tables reporting 
coefficients in the Appendix show enrolment is concave in age.  

11
 There are two cases of zero land size; I substitute them with 0.01 when taking log. I tried 

substituting them with other small positive number, and it does not affect the regression 
results. 
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discuss the effect of the migration variable, and then report the results related to the 

control variables.  

The most interesting finding is that having migrant parent(s) has negative effects 

on children’s school enrolment, and the effect is stronger on the enrolment of boys than 

on girls’. For boys, the migration dummy is always significant. All else held equal, being 

in a migrant household decreases the probability of school enrolment by 7.9% for boys 

(column 1). Controlling for wealth and parental occupations amplifies the average 

marginal effect of migration. All else held equal, parental absence decreases the 

probability of enrolment by 12.6% for boys (column 2). With household composition 

controls, parental absence decreases the probability of school enrolment by 10.3% – 

15.9%, depending on the specification (columns 3 – 4). The number of school-age 

brothers and numbers of young female adults both have significantly negative effect on 

boys’ enrolment at 1% level of significance.  

Column 5 shows that for girls, being in a migrant household has significant 

negative effect on the school enrolment, but it is significant only at 10%. When wealth, 

land and parental occupation controls are added, the average marginal effect of 

migration becomes larger – changes from –0.055 to –0.062. Thus, all else held equal, 

parental absence decreases the probability of enrolment by 6.2% for girls. However, the 

significance disappears after controlling for household composition. This implies that 

migration could be associated with variation of household composition – mostly likely 

with more children and few adults at home. On the one hand, the result suggests a 

quality–quantity tradeoff; more children, especially school-age sisters, competing for 

limited resources decreases probability of enrolment of the sample girl. On the other 

hand, when there are young female adults at home they are beneficial to girls’ 

enrolment.  
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Table 10. Effect of being in a migrant household on children’s enrolment (average marginal effect from probit 
regression) 
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The effect of young female adults at home on children’s school enrolment is 

somewhat surprising. Comparing the result of boys and girls, it appears that young 

female adults at home have opposite effect on the school enrolment of girls and boys. 

There are three possible scenarios: young female adults favor girls over boys; or they do 

not intentionally favor girls, but they spend more time and communicate better with girls 

and have difficulty dealing with teen boys, and thus girls benefit more from being with 

young female adults; or young female adults “spoil” boys not girls. There is empirical 

evidence indicating that the higher altruism of female adults is often focused more on 

girls than boys. For example, in the United States, white mothers who headed their 

household after their marriages broke up paid more attention to daughters than to sons 

(Mott 1994). Mott also finds that girls are more likely to be helped with poor school 

performance if the father is not in the home. Duflo (2003) finds that grandmothers in 

South Africa give more of their pension to their grandchildren than grandfathers, and 

more to granddaughters than grandsons. However, given the traditional family roles – 

fathers as family disciplinarians and mothers as care–givers, and the notorious son 

preference in the Chinese culture, the latter two scenarios are more likely to be true in 

the context of rural China – boys are spoiled or disciplined less by the single mother 

while the father is away. This reasoning is also consistent with the descriptive results 

that high proportion of drop-out boys leaves school because they “do not want to go to 

school”. 

School enrolment is concave in age for both rural boys and rural girls (see Table 

15 in Appendix for coefficients on age and quadratic term of age). Table 10 shows that 

ethnic minority boys and girls have lower probabilities of enrolment than majority 

ethnicity of Han, and the negative effect on the school enrolment is stronger for ethnic 

minority boys than girls. Being a first born child gives girls an advantage in terms of 

enrolment, but not boys; nevertheless, this advantage loses its significance after 

controlling for parental occupations and household composition. There is no evidence of 

sex-specific generational effect of education. Mother’s education has significantly 

positive effect on the school enrolment of both boys and girls, while father’s education 

only has significantly positive effect on girls’. The average marginal effects of both 

parents’ education are similar for girls and boys, with the exception of the effect of 

father’s education on boys. One year of father’s education or mother’s education 
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increases the probability of school enrolment by about 1% for girls, and one year of 

mother’s education increases the probability of school enrolment by about 1% for boys. 

Family wealth has significant positive effects only on the school enrolment of girls, which 

suggests that schooling of a girl is a luxury good with higher income elasticity than 

schooling of boys in rural China. A 1% increase in wealth increases the school enrolment 

of girls by 2.2% – 3.4%. The coefficient of log of land is never significant for either boys 

or girls. It may be that wealth effect and substitution effect cancel each other out or that 

land holding is not an important determinant for school enrolment as children rarely work 

on the farm and the wealth effect is controlled well by the log of wealth variable. 

Columns 2 – 4 and 6 – 8 show that father having a job in occupation 2 or 3 has 

significantly positive effect on the school enrolment of both boys and girls, while the 

mother’s occupation has no significant effect on the school enrolment of either boys or 

girls. Having a father working as a blue collar worker or in the service sector rather than 

a farmer increases boys’ enrolment by 7% – 8% and increase girls’ enrolment by about 

5%, while having father working as a professional or a government employee or an 

entrepreneur rather than a farmer increases boy’s enrolment by 7% – 8% and increases 

girls’ enrolment by 9%. Judging from the sign of the effect of parental occupation 2, it 

appears that the migratory aspiration effect makes a child more likely to be enrolled at 

school, at least at primary and secondary school levels. The coefficient on the number of 

children under six years old is never significant for boys or girls, which is consistent with 

the descriptive result that children in the data do not work much and lack of labor is not 

an important reason for not enrolling in school. 

In summary, parental migration has negative effect on the school enrolment of 

their left-behind children. Both the overall effect and the family disruptive effect of 

parental migration are stronger on the enrolment of boys than on girls’. All else held 

equal, being in a migrant household decreases the probability of school enrolment by 

7.9% for boys and by 5.5% for girls, but the latter is not always statistically significant. 

1.5.3.2. The Effect of Types of Migrant Households on Children’s School 
Enrolment 

To further identify the effect of different migrant households on school enrolment, 

I divide all households into four types.  Three types of migrant households are: only 
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migrant father; only migrant mother; and both migrant parents. The default household 

type is one with no migrant parent. Control variables are added in the same way as in 

Section 1.5.3.1. Table 11 displays the average marginal effects, and the coefficients are 

reported in Table 16 in the Appendix. 

Since the effects of the control variables are similar to these in the last section, I 

focus my discussion on the effect of the type of migrant household. For boys, being in a 

household with only migrant father and being in a household with only migrant mother 

both significantly negatively affect children school enrolment, and the effect of mother’s 

absence is twice as large as father’s though it is less significant than that of father’s. 

Being in a household with only migrant father decreases the probability of boys’ 

enrolment by 8.5%, while being in a household with only migrant mother decreases the 

probability of boys’ enrolment by 16.8% (column 1).
 12

 With control on wealth and 

parental occupations, the absence of father alone decreases a boy’s enrolment by 

13.1%, and the absence of mother alone decreases a boy’s enrolment by 20.5% 

(column 2). With household composition controls, being in a household with both migrant 

parents becomes significantly negative; thus, all three types of migrant households have 

significant negative effects on the school enrolment of boys.
 13

 With household 

composition controls, the absence of both parents decreases a boy’s enrolment 

probability by 13.1% – 15.6% (columns 3 and 4).  

 

 
12

 The small sample size of households with only migrant mother may affect the reliability of these 
results on this dummy. There are only 31 cases of households with only migrant mother in the 
data. 

13
 The only exception is households with only migrant father in column 4. 
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Table 11. Effect of being in different type of migrant household on children's enrolment (average marginal effect 
from probit regression) 
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A perhaps surprising result is that when adding detailed household composition 

controls, the negative effect of absence of father alone loses significance. It seems that 

the negative effect of father’s absence can be solely explained by variation in household 

composition.  With young male migrating out, these households have fewer young males 

who have a positive effect on boys’ enrolment and more young females in charge who 

have a negative effect on boys’ enrolment. The opposite happens to the case of only 

mother migrated after adding detailed household composition controls; the average 

marginal effect increases by more than half from –0.205 to –0.331 as in this type of 

household it is more likely to be the young male – father “in charge of” the boy. This 

result is consistent with the result in Section 1.5.3.1.  

As shown in columns 5 – 8 of Table 11, for girls, being in a household with only 

migrant father and being in a household with only migrant father never significantly affect 

the school enrolment with or without extra controls. The overall effect of being in a 

household with both migrant parents on the enrolment of girls is negative but not 

significant. When wealth, land and parental occupation controls are added, the negative 

effect of being in a household with both migrant parents becomes significant at 5% level 

of significance. The absence of both parents decreases girls’ enrolment by 11.9% 

(column 6). However, after adding household composition controls, the effect of being in 

a household with two migrant parents becomes insignificant. Consistent with the result in 

Section 1.5.3.1, the beneficial effect of the number of young female adults in household 

on the school enrolment of girls may explain the disappearance of significance of 

parental migration effect. 

In summary, consistent with the results in Section 1.5.3.1, being in a migrant 

household has negative effects on the school enrolment of left-behind children, and the 

negative effects are larger on enrolment of boys than on girls’. More specifically, for 

boys, being in a migrant household with only migrant father or with only migrant mother 

has significant negative effect on school enrolment, and being in a migrant household 

with both migrant parents has significant negative effect on school enrolment after 

controlling for household composition. The marginal effects of types of migrant 

households are large, ranging between –8.5% and –33.1%. For girls, only being in a 
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migrant household with both migrant parents has significant negative effect on school 

enrolment. Its marginal effect on girls’ school enrolment is –11.5%.    
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Table 12. Effect of migratory duration of father on enrolment of children in household with only migrant father 
(average marginal effects from probit regression)   
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1.5.3.3. The Effect of Duration of Parental Migration on Children’s School 
Enrolment 

In this section, I show another aspect in which a migrant parent may affect a 

child’s school enrolment. Instead of using types of households by migration, I use the 

duration of parental migration in the probit regression of probability of enrolment. 

Because of the small sample size of households with only migrant mother and both 

migrant parents when divided into male and female subsamples, I will only analyze the 

effect of duration of migrant fathers in migrant household with only migrant father. After 

all, this is the most typical migrant household type with left-behind children. The average 

marginal effects are shown in Table 12, and the coefficients are shown in Table 19 in the 

Appendix. For result reported in this section, I define “duration of migration” as total 

years of migration after the birth of the sample child, since migration before the birth of 

the sample child is unlikely to have any effect on the school enrolment, or even if it had, 

the effect may be different. As a robustness check, the effects of “total duration of 

migration regardless timing” are reported in Table 20 in the Appendix, and I will discuss it 

in Section 1.5.3.4.   Control variables are added in the same way as in Section 1.5.3.1. I 

first report the effect of duration of father’s migration, and then report the effects of the 

control variables. 

The probit results show strong evidence for a sex-specific intergenerational 

effect. With controls for wealth and parental occupations, father’s migratory duration has 

significantly negative effect on boys’ enrolment. It has positive effect on girls’ enrolment 

though the effect is not significant without household composition controls. For boys, the 

effect of father’s migratory duration is negative but not significant, without controlling for 

wealth and occupation. It implies that the negative effect of father’s absence is canceled 

out by the positive wealth effect and the positive effect of occupational aspiration and 

migratory aspiration as suggested by the theoretical model in Section 1.2. With these 

controls, the effect of father’s migratory duration becomes significant; one year increase 

in father’s migratory duration decreases boys’ enrolment by 1.2% (column 2). The effect 

remains significant with household composition controls, but its level of significance 

diminishes and its magnitude decreases too when adding detailed household 

composition controls (columns 3 and 4). These results reveal that the negative effect of 

father’s migratory duration is exaggerated by the higher number of school-age children in 
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the household. This effect of school-age siblings will be explained in detail later in this 

section. For girls, the effect of father’s migratory duration is positive and insignificant, 

and it remains insignificant even after controlling wealth and parental occupations 

(columns 6 and 7). Once controlling for household composition, father’s absence 

becomes significantly positive. Again, the effect of father’s migratory duration is 

exaggerated by the higher number of school-age children in the household.  

School enrolment is once again concave in age in all specifications. Being a first 

born child (including being an only child) gives girls an advantage, as it increases the 

probability of girls’ enrolment by about 20%; but it has no significant effect on boys’ 

enrolment. Father’s education has no significant effect on the enrolment of either boys or 

girls in all specifications, which confirms the theoretical model that the physical presence 

of a parent is indispensible for parental involvement. Mother’s education has positive 

effect on both boys and girls, and the effect is stronger on girls than on boys without 

household composition controls. With wealth and occupation controls, all else held 

constant, one year increase in mother’s schooling increases the enrolment of a boy with 

migrant father by 1.4%, and it increases the enrolment of a girl with migrant father by 

1.9% (columns 2 and 6). With household composition control, the effect becomes 

smaller and less significant, which implies that more educated mothers in the sample 

tend to have fewer children; the tendency is especially strong in the households of girls 

in the sample.   

Log of wealth has no significant effect on either boys or girls, but log of land size 

has significant positive effect on girls’ enrolment. A 1% increase in land size increases 

girls’ enrolment by 4.2% – 6.7% depends on whether controlling for household 

composition. The effects of parental occupation also show strong evidence of sex-

specific intergenerational effect. In general, conditional on having a migrant father and 

non-migrant mother, father working as a blue collar worker or in the service sector rather 

than a farmer increases boy’s enrolment and decrease girls’ enrolment, but all these 

effects are insignificant. Conditional on having a migrant father and non-migrant mother, 

mother working as a blue collar worker or in the service sector rather than a farmer 

decreases boy’s enrolment and the effect is always significant; the effect on girls’ 

enrolment is always positive and it is significant when controlling for household 

composition. All else held equal, having a mother working as blue collar worker or in the 
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service sector instead of working on the farm lowers the enrolment of a boy with migrant 

father by 26%. Lastly, the result suggests a quality-quantity tradeoff; the number of 

school-age sisters and number of school-age brothers both have negative effect on the 

school enrolment of boys and of girls (columns 4 and 8). All else being equal, having one 

more school-age sister decreases the school enrolment of a boy with migrant father by 

6.4% and decreases the school enrolment of a girl with migrant father by 17.5%. All else 

being equal, having one more school-age brother decreases the school enrolment of a 

boy with migrant father by 14.9% and decreases the school enrolment of a girl with 

migrant father by 14%.  

In summary, conditional on being in a household with migrant father and non-

migrant mother, the duration of father’s migration has significantly negative effect on the 

school enrolment of boys, and it has no significant effect on the school enrolment of girls 

without controlling for household composition. With household composition controls, the 

duration of father’s migration has significantly positive effect on the school enrolment of 

girls, as its effect is exaggerated by the higher number of school-age children in the 

household. 

1.5.3.4. Robustness Check 

The robustness check in this section is threefold. First, I check whether the probit 

results are subject to endogeneity problem by performing an endogenous probit 

regression. Second, I check children at what education stage are most affected by 

parental migration. Lastly, I check whether the effect of father’s migration duration is 

robust by using a different definition of his migration duration. In addition, the probit 

results are also robust when the children sample is restricted to only including children 

aged 7 to 17, as some scholars may have the concern that rural children might enroll in 

school at an older age. 
14

 

 
14

These results are available upon request. 
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The effects of parental migration on school enrolment from the probit regressions 

are consistent with the existing literature presented in Section 1.3 and the prediction of 

the theoretical model presented in Section 1.2. But because the probit models may 

subject to endogeneity problem due to possible correlated missing variables, I will 

perform a robustness check to ensure that the results are not driven by the bias caused 

by missing variables. One such correlated missing variable is unobserved parental 

interest in and aspirations for children’s education, as suggested in the literature. The 

strategy is instrumenting for parental migration using “the number of other migrant 

household members”. “Other migrant household member” is defined, in Section 1.5.1, as 

an individual who is a migrant aged 25 or above and is viewed as a relative by the 

household head but not a parent of the sample child. I define this age range so that 

other migrant household member is more likely to be of the parent’s generation or older 

rather than of the sample child’s generation, so that its effect on the sample child’s 

school enrolment is solely through its effect on the parent’s migration. The instrument is 

valid because it is likely unrelated with the missing variable – the parent’s interest in and 

aspirations for children’s education, while it is related with the parent’s migration status 

since other migrants in the family may provide information about migrant destination and 

thus facilitate the parent’s migration. I choose a specification with household composition 

controls as in column 3 in Table 10 to conduct endogeneity check. Because the 

endogenous variable is a dummy variable, ivprobit in STATA is not suitable, so I use 

biprobit to perform an endogenous probit regression. The results of the biprobit 

regression are reported in Table 13, and the results of an endogenous linear regression 

and the corresponding OLS linear regression are reported in Table 17 in the Appendix. 

In Table 13, the first three columns are probit and biprobit results for boys and 

the next three columns are these for girls. The average marginal effect of parental 

absence is reported in the first row, and the remaining are coefficients. The results of the 

probit and biprobit regressions are consistent with each other. For boys, the effect of 

parental migration is significantly negative in both probit and biprobit regressions and the 

average marginal effects are similar too. The average marginal effect is slightly less 

negative than that from the probit regression, which suggests that parental migration is 

negatively correlated with the missing variable – the parent’s interest in and aspirations 

for children’s education. Parental migration decreases the probability of boys’ enrolment 
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by 15.9% according to the probit regression and by 15.3% according to the biprobit 

regression. For girls, the effect of parental migration is negative but insignificant in both 

probit and biprobit regressions. 
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Table 13. Effect of being in a migrant household on children’s enrolment (probit and biprobit regression) 

-------------------------------------------------------------------------------------------------------------------- 

        Boys      Girls 

-------------------------------------------------------------------------------------------------------------------- 

                           Probit       Biprobit1       Biprobit2          Probit       Biprobit1       Biprobit2    

-------------------------------------------------------------------------------------------------------------------- 

                      M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.    

-------------------------------------------------------------------------------------------------------------------- 

Any parent migrated        -0.159***       -0.153**                        -0.025          -0.014               

                          (0.040)         (0.124)                         (0.033)         (0.058)              

-------------------------------------------------------------------------------------------------------------------- 

                       Coef./S.E.      Coef./S.E.      Coef./S.E.      Coef./S.E.      Coef./S.E.      Coef./S.E.    

-------------------------------------------------------------------------------------------------------------------- 

Any parent migrated        -1.005***       -1.211**                        -0.180          -0.950                    

                          (0.215)         (0.612)                         (0.227)         (0.858)                    

Age                         1.269***        1.245***       -0.321**         1.569***        1.492***       -0.099    

                          (0.201)         (0.211)         (0.159)         (0.228)         (0.269)         (0.171)    

Quadratic age term         -0.062***       -0.062***        0.012*         -0.076***       -0.073***        0.001    

                          (0.009)         (0.009)         (0.007)         (0.010)         (0.012)         (0.007)    

Ethnic minority            -0.712**        -0.702**        -0.008          -0.400          -0.468*         -0.601**  

                          (0.289)         (0.287)         (0.270)         (0.268)         (0.274)         (0.270)    

First born child            0.118           0.130           0.288**         0.325*          0.303*          0.073    

                          (0.207)         (0.212)         (0.138)         (0.174)         (0.168)         (0.131)    

Father's education          0.014           0.018           0.055*          0.071**         0.084***        0.072**  

                          (0.036)         (0.036)         (0.029)         (0.033)         (0.032)         (0.034)    

Mother's education          0.071**         0.071**         0.000           0.063**         0.047          -0.073*** 

                          (0.029)         (0.029)         (0.025)         (0.025)         (0.030)         (0.026)    

Log of wealth               0.010           0.009          -0.067           0.166**         0.191***        0.175**  

                          (0.081)         (0.080)         (0.067)         (0.071)         (0.071)         (0.085)    

Log of land                -0.177          -0.171           0.045           0.076           0.087          -0.036    

                          (0.140)         (0.142)         (0.134)         (0.101)         (0.100)         (0.156)    

Father's occupation2        0.623***        0.656***        0.699***        0.368*          0.428**         0.456*   

                          (0.207)         (0.224)         (0.201)         (0.215)         (0.213)         (0.243)    

Father's occupation3        0.634**         0.627**         0.099           0.841**         0.734*         -0.201    

                          (0.313)         (0.315)         (0.270)         (0.343)         (0.377)         (0.326)    

Mother's occupation2        0.439           0.463           0.314           0.269           0.277          -0.071    

                          (0.287)         (0.293)         (0.216)         (0.280)         (0.273)         (0.245)    

Mother's occupation3        0.517           0.544           0.323           0.631           0.650           0.123    

                          (0.420)         (0.420)         (0.327)         (0.528)         (0.510)         (0.420)    
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# children                 -0.252*         -0.244*          0.192          -0.219**        -0.201*          0.151    

                          (0.140)         (0.142)         (0.129)         (0.106)         (0.109)         (0.154)    

# adults in house          -0.239**        -0.288*         -0.892***        0.194           0.012          -1.105*** 

                          (0.093)         (0.160)         (0.157)         (0.138)         (0.260)         (0.224)    

# other migrant                                             0.790***                                        1.012*** 

household members                                         (0.269)                                         (0.345)    

Constant                   -3.653***       -3.403**         2.471**        -8.930***       -8.209***        0.376    

                          (1.412)         (1.506)         (1.088)         (1.442)         (1.889)         (1.210)    

-------------------------------------------------------------------------------------------------------------------- 

rho                                         0.124                                           0.508              

                                          (0.334)                                         (0.492)          

p-value in Wald test of rho=0               0.713                                           0.399 

-------------------------------------------------------------------------------------------------------------------------- 

Pseudo R-Square             0.432                                           0.467                                    

Observations                  470             470             470             466             466            466    

-------------------------------------------------------------------------------------------------------------------- 

* p<0.10, ** p<0.05, *** p<0.01 
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The instrument is relevant, and it is positive and significant at 1% level in the first 

stage of the endogenous probit regression for boys and for girls, as shown in columns 3 

and 6. This is consistent with the assumption that the number of other migrant household 

members significantly positively affects the probability of the parents’ migration. 

However, parental migration is not really endogenous as suspected for both boys and 

girls. A Wald test of the coefficient correlation of the two biprobit equations (rho) does not 

reject the null hypothesis that the two equations are independent. The p-value of the 

Wald test for boys is 0.713 and for girls is 0.399. Thus, the results suggest that the 

results of the probit model presented in Section 1.5.3.1 are likely not subject to 

endogeneity problem.   

The results of a linear endogenous regression are reported in Table 17 in the 

Appendix. The results are consistent with the biprobit results on relevance of the 

instrument and the endogeneity of parental migration. First, the instrument is relevant 

and not weak, as the instrument is significant at 1% level in the first stage for both boys 

and girls, and the F-statistic for the first stage is 30.87 in the IV regression for boys and 

11.29 for girls. In addition, the small-sample bias of IV relative to OLS estimates based 

on the first-stage F-statistic is below an upper bound of 16.38 for both boys and girls 

(Stock and Yogo, 2005). So, the estimated IV coefficients may be polluted with about 

16% as much bias as the OLS estimates. Second, the results of endogeneity test of 

parental migration suggest that the OLS estimates do not subject to bias caused by 

severe endogeneity problem. The p-value of the endogeneity test of endogenous 

regressor is 0.101 for boys, which suggests that the null hypothesis of the exogeneity of 

parental migration cannot be rejected. The p-value of the endogeneity test of 

endogenous regressor is 0.043 for girls, which suggests that parental migration 

marginally pass the endogeneity test.  
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To show how children at different school stage are affected by parental migration, 

I report the result from a multinomial logit regression in Table 18 in the Appendix.15 The 

dependent variable takes value of 1 if the child was enrolled, 2 if the child dropped out of 

middle school, 3 if the child dropped out of primary school, and 4 if the child was never 

enrolled in school.16 The results show that parental migration starts to affect boys’ 

enrolment as early as the first enrolment in school. Boys in migrant households have 

significantly higher probability of never being enrolled in school, and significantly higher 

probability of dropping out of primary school. If controlling for parents’ occupations and 

wealth factors, being in migrant households also significantly increases boys’ chance of 

dropping out of middle school. For girls, the detrimental effect of parental migration is 

only significant at the middle school stage.  

In terms of the three effects of parental migration, a significant disruptive effect is 

consistently observed on boys at all school stages; the same is not true for girls. It 

seems that girls at all school stages are more resistant to the disruptive effect of parental 

migration than boys. Consistent with the finding in the previous sections, a significant 

beneficial wealth effect is only observed for girls and only after they were enrolled in 

school. At the primary school stage, the wealth variable significantly decreases girls’ 

probability of dropping out; while at the middle school stage, the land holding variable 

significantly decreases girls’ probability of dropping out. Lastly, the migratory aspirational 

effect of parental migration is observed for boys who were enrolled in school and it 

decreases the boys’ probability of dropping out. At the primary school stage, the 

aspirational effect through the dummy variable of mother having a job in occupation 

category 2 is more significant than that of fathers’, while the reverse is true for boys at 

the middle school stage. The aspirational effect is only significant for girls at the primary 

school stage through the dummy variable of mother having a job in occupation category 

 
15

 To avoid confusion, marginal effect is not reported, since the interpretation of the marginal 
effect from “margins” in STATA is not consistent with the interpretation of the coefficient of the 
mlogit. 

16
 In the mlogit regression, the base category is being enrolled; that is, the dependent variable 

takes value of 1. 
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2. Overall, it appears that mothers’ occupation matters more for children at the primary 

school stage, and fathers’ occupation matters more later for children at the middle school 

stage. 

Lastly, I check the robustness of the effect of father’s migration duration on 

children’s school enrolment by using another definition of migration duration. As stated in 

Section 1.5.1, the migration duration used in Section 1.5.3.3 is defined as the years of 

parental migration after the birth of the sample child. In this section, I will use the total 

years of parent’s migration defined as the total years of parental migration regardless 

whether the absence is before or after the birth of the sample child to exam the 

robustness of the effect of father’s migration duration on children’s enrolment. The 

results are reported in Table 20 in the Appendix. The results show that the sign and the 

size of the effect of father’s migration duration on children’s enrolment is not affected by 

the slight change in its definition. Father’s migration durations still have significantly 

negative effect on boys’ enrolment, and one year increase in father’s total migration 

duration decreases the probability of school enrolment by about 1% for boys in 

households with migrant father and non-migrant mother. Father’s migration durations 

has positive and insignificant effect on girls’ enrolment without household composition 

controls and significant positive effect on girls’ enrolment with household composition 

controls.  

1.6. Discussion and Conclusion 

I use a probit model to analyze the effect of parental migration on the school 

enrolment of left-behind children in rural China. I find evidence of a negative effect of 

parental migration on school enrolment. Migration can possibly have three effects on 

school enrolment: disruptive effect, wealth effect, and aspirational effect. In my data, the 

results show that the latter two effects affects school enrolment positively, however, 

these positive effects are not strong enough to completely neutralize the disruptive 

effect, and thus, the total effect of migration is negative. I also find that the negative 

effect of migration is larger on the school enrolment of boys than on that of girls, and the 

longer the duration of father’s absence is, the bigger the negative effect on boys’ 

enrolment. As migrant households in the data are predominantly households with only 
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migrant father, it seems that migrant father has larger negative effect on the school 

enrolment of boys than on that of girls. But, since households with only migrant father 

are the most typical case in China, the result is representative. The result indicates that 

left-behind mothers or relatives cannot fulfill fathers’ role successfully in disciplining boys 

and help with their educational needs, and father’s involvement in son’s education is 

important.  

My finding that there is a larger effect of parental migration on boys’ enrolments 

than on these of girls is consistent with the literature that boys appear to be more 

vulnerable to difficult circumstances in the household. For example, a recent empirical 

study by Bertrand and Pan (2012) discovers that relative to other children, boys raised 

outside of intact families with two biological parents, especially by single mothers, were 

more likely to display behavioural problems at a young age and were suspended more 

often in primary and secondary education, which increased their probability of dropping 

out of school. Moreover, they find that the relationship between family structure and 

behavioral problems appears to be much stronger for boys than for girls. 

My findings are also consistent with previous studies on the effect of father’s 

absence on children’s schooling. For example, Alfaro, Umana–Taylor, and Bamaca 

(2006) find that a father’s academic support was positively related to adolescent boys’ 

academic motivation to try hard in school, feel that their grades were important, and to 

place a high value on education. Children of involved fathers are more likely to have 

higher test scores (Astone and McLanahan, 1991; Blanchard and Biller, 1971; Cooksey 

and Fondell, 1996; Feldman and Wentzel, 1990; Gadsden and Ray, 2003; Goldstein, 

1982; Gottfried et al., 1988; Howard et al., 2006; McBride et al., 2005; National Center 

for Education Statistics, 1997; Shinn, 1978; Snarey 1993; Wentzel and Feldman, 1993). 

Children of involved fathers are also more likely to enjoy school (National Center for 

Education Statistics, 1997), and have positive attitudes toward school (Flouri et al., 2002; 

Flouri, 2005). 

The results further show that girls benefit from more young female adults at home 

while boys do not. It seems that young female adults, such as a left-behind mother, favor 

girls over boys. But the reason is not clear. It may be the case that mothers favor girls 

over boys intentionally, or that mothers are better at dealing with girl than boy, or mother 
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does harm to boy by “spoiling” him. With consideration of son preference social norm in 

rural China, the former case is unlikely.  

Overall, it seems that fathers’ migration has more detrimental effect on boys’ 

enrolment, while having a mother as guardian benefits girls more than boys. This finding 

is consistent with findings in the divorce literature. For example, Cardosa and Souza 

(2004) found that relative to being in two-parent families, being raised by a single mother 

has a significant negative effect on the school attendance of boys in Brazil, not girls, 

while being raised by a single father has a significant positive effect on the school 

attendance of boys, not girls. Camara and Resnick (1988) and Santrock and Warshak 

(1979) found similar evidence of gender difference in the US. They found that boys in 

mother-custody families were worse off than girls, whereas girls in father-custody 

families were worse off than boys, in terms of psychological and cognitive development. 

Earlier studies also found evidence in the US that relative to being in single-parent 

families, the presence of a stepfather improves the well-being of boys but either has no 

effect on or decreases the well-being of girls (Chapman, 1977; Hetherington et al, 1985; 

Peterson and Zill, 1986; Santrock, 1972; Santrock et al, 1982). 

Lastly, my results reveal a quality–quantity tradeoff. More children in the 

household lower the school enrolment of both boys and girls. The result also implies that 

in households with migrant father and non-migrant mother more educated mothers have 

fewer children. Thus, education of a girl has profound intergenerational effect, and 

deserves more attention from society and the government. Wealth variables have 

significant positive effect only on girls’ enrolment, which suggests that girls’ schooling is 

a luxury good with large income elasticity. This result is consistent with the prevalence of 

boy preference in rural China. If any policy targets raising school enrolment through 

financial aid such as vouchers, policy makers should consider making the aid to be 

gender specific to gain effectiveness.  

Policy such as conditional cash transfer to the left-behind mothers, conditional on 

children’s school attendance and mothers’ involvement and input in the children’s 

education, may help to motivate the mothers to monitor and persuade boys to attend 

school. In addition, given that the main reason that boys drop out of school is “do not 

want to go to school”, making basic education curricula more interesting and more 
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attractive to teenagers may help to keep boys in school. However, there may not be a 

simple remedy to remove the disadvantage of boys in migrant households in a short 

time. I document this fact, and quantify the effect of parental migration on the left-behind 

children’s enrolment, in the hope that policy makers will consider these factors when 

they makes changes to the Hukou system and education system in China. 

There are several limitations to the analysis. First, the sample size of households 

with only migrant mother and of both migrant parents is small, and thus result on the 

dummies of these types of households may not be accurate. There are 31 cases of 

households with only migrant mother and 73 cases of households with both migrant 

parents. Second, a limitation of the duration effect is that it does not consider the 

possible non-linearity of the effect at different stage of the child’s growth and the timing 

of the parent’s absence. Maybe the effect of parental absence is larger if the absence is 

at an early schooling stage, or maybe the effect is larger if father is absence at a critical 

schooling point such as the progression stage from elementary school to middle school. 
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1.8. Appendix 

Table 14. Percentage of Children (16-17) Who Worked 

 

work in and out of house work out of house housework 

Parental Migration 
Status 

Full 
Sample Boys Girls 

Full 
Sample Boys Girls 

Full 
Sample Boys Girls 

Non-migrant 
household 55.5 50.9 59.7 51.3 47.4 54.8 21.8 15.8 27.4 

Migrant household 53.5 52.4 54.5 44.2 52.4 36.4 14.0 9.5 18.2 

Total 54.9 51.3 58.3 49.4 48.7 50.0 19.8 14.1 25.0 
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Table 15. Effect of being in a migrant household on children’s enrolment (coefficients of probit regression) 
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Table 16. Effect of being in different type of migrant household on children's enrolment (coefficients of probit 
regression) 

 



 

61 

Table 17. Effect of being in a migrant household on children’s enrolment (OLS and linear endogenous 
regression) 

-------------------------------------------------------------------------------------------------------------------- 

          Boys      Girls 

-------------------------------------------------------------------------------------------------------------------- 

                             OLS           IVreg      First-stage            OLS           IVreg      First-stage    

                        M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.     M.Eff./S.E.    

-------------------------------------------------------------------------------------------------------------------- 

Any parent migrated        -0.130***        0.150                          -0.034          -0.375*                   

                          (0.037)         (0.179)                         (0.034)         (0.207)                    

Age                         0.250***        0.278***       -0.085**         0.308***        0.293***       -0.039    

                          (0.035)         (0.041)         (0.043)         (0.039)         (0.041)         (0.038)    

Quadratic age term         -0.012***       -0.013***        0.003*         -0.015***       -0.015***        0.001    

                          (0.002)         (0.002)         (0.002)         (0.002)         (0.002)         (0.002)    

Ethnic minority            -0.131**        -0.136*          0.009          -0.076          -0.114*         -0.124*   

                          (0.062)         (0.071)         (0.073)         (0.049)         (0.060)         (0.066)    

First born child            0.019          -0.002           0.075**         0.032           0.031          -0.007    

                          (0.029)         (0.034)         (0.038)         (0.029)         (0.030)         (0.031)    

Father's education         -0.001          -0.005           0.015*          0.014**         0.020***        0.019**  

                          (0.006)         (0.006)         (0.008)         (0.006)         (0.008)         (0.008)    

Mother's education          0.013**         0.014**        -0.001           0.011**         0.005          -0.016*** 

                          (0.005)         (0.005)         (0.007)         (0.005)         (0.006)         (0.006)    

Log of wealth              -0.007          -0.004          -0.016           0.026**         0.043**         0.046**  

                          (0.012)         (0.014)         (0.018)         (0.013)         (0.018)         (0.019)    

Log of land                -0.032*         -0.040*          0.022           0.018           0.021           0.003    

                          (0.020)         (0.024)         (0.035)         (0.014)         (0.017)         (0.033)    

Father's occupation2        0.104***        0.053           0.194***        0.057           0.094**         0.115**  

                          (0.036)         (0.050)         (0.047)         (0.036)         (0.044)         (0.053)    

Father's occupation3        0.102**         0.104*          0.002           0.104**         0.081          -0.068    

                          (0.050)         (0.054)         (0.065)         (0.044)         (0.053)         (0.074)    

Mother's occupation2        0.075**         0.049           0.081           0.015           0.021           0.013    

                          (0.035)         (0.044)         (0.063)         (0.041)         (0.046)         (0.064)    

Mother's occupation3        0.061           0.031           0.100           0.033           0.033          -0.003    

                          (0.042)         (0.051)         (0.092)         (0.044)         (0.054)         (0.100)    

# children                 -0.031          -0.042           0.042          -0.051***       -0.047**         0.010    

                          (0.024)         (0.029)         (0.034)         (0.019)         (0.023)         (0.039)    

# adults in house          -0.034**         0.029          -0.224***        0.025          -0.055          -0.245*** 

                          (0.016)         (0.042)         (0.025)         (0.017)         (0.051)         (0.027)    

# other migrant household members                          0.194***                                        0.192*** 

                                                          (0.035)                                         (0.057)    
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Constant                   -0.138          -0.463           1.107***       -1.022***       -0.817***        0.625**  

                          (0.230)         (0.307)         (0.294)         (0.235)         (0.280)         (0.302)    

-------------------------------------------------------------------------------------------------------------------- 

F-statistic       30.87         11.29 

-------------------------------------------------------------------------------------------------------------------- 

P-value from endogeneity test        0.101        0.043 

of endogenous regressors 

-------------------------------------------------------------------------------------------------------------------- 

R-Square                    0.367           0.273           0.336           0.418           0.316           0.366    

Observations                  470             470             470             466             466             466    

-------------------------------------------------------------------------------------------------------------------- 

* p<0.10, ** p<0.05, *** p<0.01 
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Table 18. Effect of being in a migrant household on the timing of children’s dropout (the base category: being 
enrolled) 
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Table 19. Effect of migratory duration of father on enrolment of children in household with only migrant father 
(coefficients of probit regression) 
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Table 20. Effect of total migratory duration of father on enrolment of boy in household with only migrant father 
(average marginal effects from probit regression) 
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Chapter 2. Land Tenure Versus Land 
Redistribution in China  

2.1.  Introduction 

After the complete establishment of the household responsibility system in China 

in 1984, farmland was distributed almost equally among villagers. Since then, the central 

government implemented land tenure policy, first for 15 years in 1984, then for 30 years 

in 1993, aiming to secure land use rights and enhance long-run investment in land and 

capital assets that maintain and improve farmland quality and agricultural productivity. 

However, at the village level, periodical farmland redistribution occurred in most regions, 

at different frequencies and in different scales.1 

Policy makers in China consider long-term land tenure as a “semi-private 

property right” which will give farmers better investment and production incentives; 

therefore it is more efficient than the former collective farming system. It is also well 

documented that secure land rights facilitate long-run investment in China (Brandt et al., 

2002; Carter, Yao, 1998; Deininger, Jin, 2003; Jacoby et al., 2002; Li et al., 1998, 2000; 

Wen, 1996; Yao, 1999). Nonetheless, why does redistribution of land exist and is 

sustained, even though it is against the central government policy? One plausible 

economic justification for the land redistribution is that it gives more economic security 

 

1 In some villages, farmland was redistributed once or twice a year; in some others, the 

redistributions occurred every six or seven years. If the village redistributed land frequently, it was 
done by readjusting plots of land only among households with demographic changes. If there had 
been a long time without redistributions, full land redistribution occurred. In this case, all the land 
in the village is recalled and plots are redistributed randomly to households by drawing lots from a 
box. (Unger, 2006)  
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than land tenure or land privatization; as a result, farmers are willing to sacrifice 

efficiency for security (Benjamin, Brandt, 2002; Dong, 1996; Kung, Liu, 1997; Yao, 

1999). These authors indicate that land redistribution acts as an insurance against the 

uncertainty of off-farm income. In addition, if land redistribution is done according to 

demographic changes, it may be efficient for rural labor allocation.  

The argument of lack of an insurance mechanism is not surprising, but the 

interaction between land redistribution and long-run investment is far less obvious. In this 

paper, I build a formal model to analyze the impact and choice of alternative land tenure 

schemes; specifically, I will unravel the interaction between land redistribution and 

demographic change and its consequences. My model predicts that in the presence of 

factor market imperfections, households with growing size favor and are better off with 

farmland redistribution, though redistribution may lower long-run investment in the land.  

The structure of the paper is as follows. Institutional background is given in 

Section 2. Section 3 presents the baseline model. The results of three alternative land 

tenure scenarios are in Section 4. Some theoretical arguments will be pointed out about 

the impact of farmland tenure schemes on long-run investments (as represented by 

fertilizer usage) both at micro and macro levels2 and farming households’ welfare, as 

well as the factors determining the preference for certain farmland tenure schemes. 

Section 5 provides two extensions of the baseline model. Off-farm job opportunities and 

a farmland rental market will be added to the baseline model and their impact is 

analyzed. Section 6 provides empirical evidence related to the model. Finally, Section 7 

presents conclusions and policy implications. 

 

2 Here “micro” refers to individual household fertilizer usage level, and “macro” refers to 

aggregate fertilizer usage level in the village.  
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2.2. Background and Overview 

2.2.1. Household Responsibility System and Land Tenure in Rural 
China 

Collectivization of production was adopted in China since the 1950s, and it turned 

out to be a disaster. In the end of the 1960s, China became a grain importer from a 

former exporter. The adoption of the household responsibility system (HRS) began in the 

late 1970s and completed in the mid-1980s. Under the HRS, land use rights were 

assigned to the farming households; however, the reform did not change the collective 

land ownership. Under collective land ownership, each villager is entitled to the right to 

have an equal share of the village land (Zhou, Liu, 1988), so there is demand for land 

redistribution as the village’s demography changes. After the HRS reform, the central 

government stipulated that the land use contract term was 15 years, and no 

readjustment should happen till the mid-1990s. In 1993, as the initial land tenures were 

expiring, the central government extended land tenure to 30 years, and the 30-year 

tenure without adjustment was legitimized by the “Farmland Contract Law” in 2003. 

However, widespread evidence for periodical land redistribution can be found in most 

villages in rural China (Brandt et al., 2004; Krusekopf, 2002; Unger, 2006). A sample 

survey by the Ministry of Agriculture in 1997 reported that 80 percent of 271 surveyed 

villages had readjusted landholding, and 66 percent of villages readjusted more than 

once (Unger, 2006).  

2.2.2. Factor Markets  

In most of China’s rural areas, factor markets, such as credit, labor and farmland 

markets, are underdeveloped and developed unevenly across the country. The rural 

credit market in China is weak. Formal credit is hardly available, and most available 

credit comes from informal institutions. Feder et al. (1990) found that institutional credit 

constraints limited the amount of investment to sub-optimal levels. Rozelle (1994) 

showed that 33 percent of farming households in Jiangsu province have no access to 

credit while the corresponding number for Hubei province is even higher (37 percent). 

The same survey showed that among the 223 surveyed farming households, only ten 

households in the sample in Jiangsu Province borrowed money from the state’s rural 
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credit cooperative or the local agricultural bank, and only 18 households in Hubei 

Province received loans from government sources.  

In many parts of China, the market for agricultural labor is absent. In most 

regions, there are formal or informal restrictions against hiring labor for farming; while in 

other regions, hiring is mainly restricted to local residents. In addition, ”hiring labor is 

treated as a signal that the household has too much land for its available labor, which 

invariably leads to a future downward adjustment in the amount of cultivated land to 

eliminate or reduce the need for hired labor” (Rozelle, 1994). In Rozelle (1994) survey, 

only 3 percent of farmers reported hiring agricultural labor for a wage (the corresponding 

numbers are 1 percent in Jiangsu Province and 4 percent in Hubei Province), and this 

accounted for less than 1 percent of the agricultural labor used in the villages. Brandt et 

al. (2004)’s survey in eight Chinese provinces also found that less than 1 percent of 

agricultural labor was hired in 1995.  

In the absence of agricultural insurance and credit, off-farm employment acts as 

a means to smooth consumption. However, because of the household registration 

system (the Hukou system), migrant farmers without a local Hukou and good education 

can hardly establish a decent life in cities. Migrant farmers usually work in the informal 

urban subsistence sector where jobs are mostly unstable. In addition, households differ 

considerably in terms of their ability to access off-farm jobs (Brandt et al., 2002). As a 

result, households with unstable non-farm income need some economic security 

provided by access to land-use rights and fall into two extremes. They either favor 

periodic redistribution of farmland in the hope to regain farmland in the case of 

unemployment3 (Dong, 1996; Kung, Liu, 1997; Li et al., 2000), or they are strongly 

against it as they want to keep their land in hand as a form of guarantee and a substitute 

 
3
 People in this group also favor redistribution because they could have their landholdings 

adjusted down if their land quota became too burdensome when facing an agricultural tax 
(see Section 2.4). (Brandt et al., 2002) 
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for unemployment insurance in the event that family members were dismissed from or 

unable to find off-farm employment (Ho, 2001). 4 

The development of farmland rental market in China is uneven and sub-leases 

and transfers are rare in most areas, though sub-leasing is permitted by law provided 

that land is used for agricultural purpose. In some regions, renting of farmland is tightly 

controlled or not allowed at all at the village level, and most rental agreements are 

between individuals who have close familial ties and are short-term, usually for one 

season. Moreover, the situation here is similar to the rural labor market, “any request for 

a land transfer to another farmer may be interpreted as a signal of resource 

misallocation; farmers are afraid that any temporary transfer will become permanent” 

(Rozelle, 1994). In Rozelle (1994)’s survey, only two of the 116 surveyed households 

reported rental transactions in 1988 and 1989. Brandt et al. (2004) found that in 1995 

less than 3 percent of land was rented in 215 surveyed villages. Ho (2001), Huang 

(1995), Krusekopf (2002) and Kung (1995) report similar findings. 

2.2.3. Agricultural Inputs and Investments  

Large agricultural equipment, such as tractors, irrigating pumps and threshers, 

were under collective ownership when the HRS was introduced. The access to these 

equipments acts as an incentive mechanism commonly used by village heads: if a 

farming household does not follow the village head’s orders, it will be denied access to 

the collective agricultural equipment. The liberalization of agricultural input markets 

began in the late-1980s when agricultural machinery, pesticides, plastic film, fertilizer 

and seeds began to be sold at market prices (Park, 2008). Among all these inputs, 

fertilizer usage is one kind of long-term land-specific investment as optimal usage of 

fertilizer can enhance land fertility and improve land productivity in the long run. Though 

China ranks first worldwide by total fertilizer volume used, the utilization rate of fertilizer 

is only around 30 percent (Zhou, 2002). 

 
4
 According to Ho (2001), in a 1997 survey, 17.1 percent of households opposing land 

redistribution had non-farming income as their major income source. 
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2.2.4. Agricultural Tax  

An agricultural tax had been established in China since 1958. It was an in-kind 

tax calculated based on average annual output, and was part of local taxes. The tax was 

collected by the local government through buying grains at below-market prices 

according to the state grain purchasing system.5 Failure to meet the minimum yield 

levels to pay the in-kind tax was treated as a serious infraction, and could lead to cash 

penalty, and even forfeiture of farmland in some regions (Rozelle, 1994). However, in 

2003, the Chinese government started to abolish this agricultural tax, aiming to alleviate 

the financial burden on farmers. In 2006, collection of agricultural tax was formally 

forbidden by law. 

2.3. Baseline Model 

I propose a limited liability model of land tenancy in an overlapping generations 

setting. In the OLG setting, the adult generation starts in period 1 and lives for two 

periods, and the “young” generation is born in period 2 and lives only for one period 

before turning into adult. The farmland tenancy contract is a fixed rent contract between 

the government and household, in which the delivery quota (in-kind tax) to the 

government is the fixed rent. Assume there are   farming households in a village. 

Without loss of generality, assume that there is one adult in each household initially. 

Resembling the redistribution at the beginning of the HRS, assume that each member of 

a typical household gets   unit of farmland under the contract at the beginning of period 

1. Since the only member in each household is the adult, each household gets   unit of 

farmland in period 1. In the baseline model, the farmer can only work on the farmland 

belonging to his household, there are no off-farm job opportunities, and there is no 

farmland rental market. Also assume there is no credit market, so the household cannot 

borrow, but can only save to smooth consumption. The amount saved is not contractible. 

I consider three cases which resemble the possible land tenure scenarios in China. In 

 
5
 The government purchasing price is about half of the market price. 



 

75 

the first case (referred to as NR below), there is no land redistribution for any reason. 

This case corresponds to strict land tenure for a considerably long period or full 

privatization of land. The second case allows land redistribution according to 

demographic changes only (RDC). The third case allows land redistribution based on 

both demographic changes and farming failure (RDCFF).  

2.3.1. Agricultural Output 

There are two levels of output,     and  .6 In each period, the output levels   

and   are realized with probability   and     , respectively;        . Normalize the 

market price for agricultural output to  . Assume   is different among households; that is, 

  includes an idiosyncratic shock. The output level is observable. Under agricultural tax 

system, if output level   (   ) is realized, the farming household pays the government 

agricultural tax (quota cost)   (   ) for that unit of farmland,7 and the remaining output 

can be sold at the market price 1; if the low output level is realized, the household pays 

0, because of the limited liability constraint arising from the non-observability of savings. 

Call the zero output situation “farming failure”. 

2.3.2. Use of Fertilizer 

In period 1, the farming household makes decision on the application of fertilizer. 

Denote the level of fertilizer as  . The cost of purchasing and applying fertilizer is     ; 

     is assumed an increasing convex function of  . To characterize the long-run 

investment nature, I assume that   can increase the probability of   realized in both 

periods. Assume   is an increasing and strictly concave function of  , and      in the 

 
6 One can think about output 0 as the case in which a farmer failed to produce enough 

output to satisfy the government quota t (   ) under agricultural tax system, and the case in 
which output is lower than some standard level, for example, average annual level in the 
version of the model without agricultural tax. Output level Y is the case in which the output 
produced is larger or equal to the government quota under agricultural tax system, and the 
case in which output is higher or equal to the standard level in no agricultural tax situation. 

7 If assume the government quota is a per unit of farmland, and the quota price is pa, 

    , then the quota cost      . If there is no agricultural tax,    . 
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first period is the same as      in the second period, given implementing k in the first 

period. Assume also the household treats each unit of farmland it has in the same way; 

and for simplicity, assume      is the same on each unit of farmland of a household. 

Thus, if household   implements    on a unit of its farmland, the probability of realizing 

output   on this unit is           . 

2.3.3. Demographic Change and Redistribution 

At the beginning of period 2, newborns are added to each farming household. 

The ratio of number of members in household   in period 2 to that in period 1 is    

     . Call    the gross household population growth rate of household  . Each newborn 

lives for one period as a child when he does not make any decision and then becomes 

an adult in period 3. Assume that there exist some   and   such that        ; that is, the 

household population growth rates are not all equal in the village. Therefore there will be 

different demographic changes among households in period 2.  

In the no redistribution case, demographic change will not cause land 

redistribution, but as household size increases, each member gets less land. In contrast, 

demographic change is a cause of land redistribution in the other two cases. After 

redistribution caused by demographic changes, each villager is entitled to an equal 

share of land. Assume each member in household   can get α unit of farmland;   

      . Assume the total land endowment in the village does not change, and thus the 

following equations hold:  

       
 
    

i.e. 

 

 
 

 

 
   
 
           (1) 

Define the inverse of α, g = 1/α, as the gross village population growth rate. Since 

a farming household cannot control the number of children other households will have, it 

cannot control α. Thus α is exogenous in each household’s decision making, though it is 

endogenous in the model. Also, notice that, even though after redistribution each villager 

gets the same unit of farmland, since some households have higher household 
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population growth rates than the village population growth rate, these households will 

get more farmland than in period 1, while the others get less. This is the embodiment of 

farmland redistribution.  

In the redistribution with demographic changes and farming failure case, besides 

demographic changes, farming failure is another cause of redistribution. In this case, if 

the realization of output is zero, then the household’s farmland will be recalled and held 

by the village for one period with probability  ,        .8 In sum, after redistribution, in 

the NR case, household   expects to retain   units of farmland; in the RDC case, 

household   expects to retain     units of farmland; in the RDCFF case, household   

expects to retain                              units of farmland. 

2.3.4. Timeline 

The timeline is as follows. At the beginning of period 1, the household gets a unit 

of farmland. The household has an expectation of how many children it is going to have 

in period 2. Assume rational expectations, so that in period 2 the household will have the 

same number of children as it expected. Based on this expectation, the household 

decide how much fertilizer to implement. Then output is realized at the end of period 1. If 

output is  , after paying the agricultural tax, the household can consume and save the 

remaining part for the next period. At the beginning of period 2, new babies are born; 

they are treated as children and do not make any decision. Farmland will be redistributed 

or not under the different regimes. Farmers continue to farm on their remaining farmland, 

and at the end of period 2, output is realized, and the household consumes all what is 

left after paying the agricultural tax. In period 3, the former adults die, and their children 

become adult, and repeat the process. Since adults only live for two periods, and only 

adults can make decisions, I will only consider period 1 and 2 in the rest of the paper. 

 
8
 If the farmland is recalled, it becomes collective land whose output can be shared among 

villagers if needed. This assumption is innocuous unless all land is recalled because no one 
applies enough fertilizer. 
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2.3.5. Preference 

The farming household is assumed to be risk neutral, and it maximizes expected 

utility which is linear in its two periods’ consumptions. Assume that there is no 

discounting. 

       
     

             –                       (2) 

where    is the amount of units of land household   expects to get in period 2. In 

the no redistribution case,     ; in the redistribution with demographic changes case, 

      ; in the redistribution with demographic changes and farming failure case, 

                            . 

2.4. Results 

2.4.1. First Best Case (FB) 

In the first best scenario, a “benevolent social planner” who cares about every 

household chooses the optimal fertilizer usage level for the households to maximize the 

total welfare of all villagers that is total output of all farmland in the village in two periods 

less total fertilizer cost. The objective function of the social planner is  

                                  (3) 

The first best fertilizer usage level   
   is given by the first order condition below  

 2                           (4)  

Notice that the optimal fertilizer usage level is affected by the agricultural tax  , 

but not by the population growth rates.  

2.4.2. No Redistribution Case (NR) 

Without redistribution,     , and thus household  ’s expected utility is 

                            (5) 
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The household maximizes     by choosing   . The first order condition gives 

 2                           (6)  

That is the marginal benefit of   equals to its marginal cost. The second order 

condition holds because of the strict concavity of      and convexity of     . Eq. (6) 

determines the optimal level of fertilizer. Notice that   
     

  ; i.e., under the NR 

regime, farming household can achieve the first best fertilizer usage level. Also, under 

the NR regime, the optimal fertilizer usage level is independent of population growth 

rates. 

Lemma 1. Under the NR regime, the optimal fertilizer usage level achieves the 

first best, and it is independent of the household population growth rates.  

Proof. See Appendix.  

2.4.3. Redistribution caused by Demographic Changes Case (RDC) 

With demography-based redistribution,       , and thus household  ’s 

expected utility is 

                                 (7) 

The household maximizes     by choosing   . The optimal fertilizer level is 

defined by the first order condition. 

                              (8) 

Lemma 2. Under the RDC regime, the agricultural tax   reduces fertilizer usage 

levels and makes farming households worse off, while the population growth rate ratio 
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     9 increases fertilizer usage levels. These households with higher      ratio are 

better off relative to other households with lower      ratio.  

Proof. See Appendix.  

Notice that under the RDC (and RDCFF in the next section) both household 

population growth rate    and village population growth rate   matter. This is because of 

the nature of the redistribution scheme which is based on demographic change. The 

RDC regime favors household with proportionately more children by allocating them 

more land. 

2.4.4. Redistribution caused by Demographic Changes and 
Farming Failure Case (RDCFF) 

With redistribution,                                , and thus household  ’s 

expected utility is 

                                           –        (9) 

Household   maximizes     by choosing   . The optimal fertilizer usage level is 

determined by the first order condition below, assuming the second order condition 

holds. 

                                           (10) 

Lemma 3. Under the RDCFF regime, agricultural tax   reduces fertilizer usage 

levels and makes the farming households worse off, while the population growth rate 

ratio      increases fertilizer usage levels. These households with higher      ratio are 

better off relative to other households with lower      ratio. The confiscation threat   

may have a positive effect on fertilizer usage levels under certain condition but may have 

a negative effect on the households’ expected utilities.  

 
9
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Proof. See Appendix.  

From Eq. (10), it can be seen that the confiscation threat,  , has two effect on the 

optimal fertilizer usage level,   
      . First, like eviction threats (Banerjee, Ghatak, 

2004), the threat to confiscate farmland gives the farming households incentive to 

implement higher level of fertilizer, since higher   generates lower probability of farming 

failure, and lower probability of losing farmland. Second, the uncertainty of land holding 

in period 2 decreases their incentive to implement fertilizer. Thus, the total effect of the 

confiscation threat on the optimal fertilizer usage level is ambiguous. So is the total effect 

of the confiscation threat on the farming households’ expected utilities. With functional 

form of         
 

  and         , Eq. (10) gives the optimal fertilizer usage level under 

the RDCFF regime as   

  
       

                   

               
 

In this case,   
       increases in   if     

 

   
  . That is, for households with 

large       and high population growth ratio     , higher confiscation threat increases 

their optimal fertilizer usage level under the RDCFF regime because the cost of losing 

the high yield farmland is too large, but for households with small       and low 

population growth ratio     , higher confiscation threat decreases their optimal fertilizer 

usage level.     

Combining the three lemmas gives the following proposition. 

Proposition 1.  

Agricultural tax: under all the three land tenure regimes, agricultural tax reduces 

fertilizer usage levels and makes farming households worse off;  

Population growth: under the NR regime, the household population growth rate, 

  , has no effect on the household’s optimal fertilizer usage level; under the RDC and 

RDCFF regimes, the population growth rate ratio      increases fertilizer usage levels. 

These households with higher      ratio are better off relative to other households with 

lower      ratio under redistribution regimes.   
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Threat to confiscate farmland: under the RDCFF regimes, the confiscation 

threat caused by farming failure may increase fertilizer usage levels under certain 

condition but may make farming households worse off.  

2.4.5. Comparisons of the Land Tenure Regimes 

Two interesting questions arise. Which land tenure regime is most beneficial to 

the long-run productivity of the land? And which regime will be preferred by what type of 

farming households? This can be done by comparing the optimal fertilizer usage levels 

and households’ expected utilities under different regimes.  

2.4.5.1. The Optimal Fertilizer Usage at Household Level 

Proposition 2. The optimal fertilizer usage levels in household   can be ranked 

as  

  
      

     if      ; 

  
      

       if    
 

   
 ; where          

           ; 

  
         

     if    
            ; 

vice versa. 

Proof of Proposition 2.  

The optimal fertilizer usage levels are determined by the first order condition 

equations. First we look at the NR regime and the RDC regime. Eq. (6) and Eq. (8) are 

identical if        , or    
 

 
  . Therefore, if     , the marginal benefit of 

fertilizer is higher under the NR regime, and thus the optimal fertilizer level is higher 

under the NR regime; vice versa.  

Now compare the NR regime and the RDCFF regime. Define  
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It is obvious to see that when     , Eq. (6) and Eq. (10) will give the same 

optimal fertilizer level,   
      

         . Furthermore, for     , at the margin, 

          
               

            
     

 Therefore, the optimal fertilizer level must be 

  
             

            
    

 The other direction of inequality can be proved in the same way. 

Lastly, we compare the RDC regime and the RDCFF regime. It is trivial to show 

that when                  
           , i.e.,     

           , Eq. (8) and Eq. (10) 

generate the same optimal fertilizer level,   
       

      . Define this optimal fertilizer 

level as   
  such that     

       and Eq. (10) holds with   
 . If   

         
  , at the 

margin,  

        
                  

                  
                

        

Therefore, the optimal fertilizer level under the RDC regime must be   
     

  
      . The other direction of inequality can be proved in the same way. 

         qed. 

Proposition 2 summarizes the relationship among household’s optimal fertilizer 

usage levels under different regimes, and the relationship can be represented as in 

Figure 1. Figure 1 is drawn based on the assumption that         
 

  and         .
10 It 

shows that households with relatively fewer children (lower household population growth 

   relative to the village population growth,  ) use more fertilizer under the no 

 

10
 In this numerical example,   

          ,   
     

       
       

 
, and 

  
       

            
       

              
 . 
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redistribution regime. In other words, the no redistribution regime elicits the highest 

optimal fertilizer usage level from households with relatively fewer children, and the 

redistribution regimes can elicit the highest optimal fertilizer usage level from households 

with relatively more children. In addition, when       is large enough, the optimal 

fertilizer usage level is is higher under the RDCFF regime than under the RDC regime. 

Therefore, the removal of agricultural tax increases       and possibly makes the 

RDCFF regime more appropriate than the RDC regime from the aspect of providing 

farmers investment incentive.  

 

Figure 2. The optimal household fertilizer levels under different regimes 

Overall, the comparison of optimal fertilizer usage levels under different regimes 

at the individual household level does not provide a clear picture of which regime 

promote higher long-run aggregate investment at the village level. To further examine 

the overall effect, I compare the village aggregate optimal fertilizer usage levels under 

different regimes. 
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2.4.5.2. The Optimal Fertilizer Usage at Village Level 

Define the village aggregate fertilizer usage level as the summation of all the 

households’ optimal fertilizer usage levels under a certain regime: 

       
  

 

   

                    

Define 

    
                       

 

 
     

       

 

   

 

as the average probability of producing output   at the optimal fertilizer level   
       

under the RDCFF regime. The following proposition compares the village aggregate 

fertilizer usage levels under different regimes. 

Proposition 3. Given that       is strictly concave and           , and       is 

convex and           ,            always holds; also, there exist some   and   such 

that        , and the following inequalities hold: 

                            
                        ; 

                            
                        ; 

                          
                        . 

Proof. See Appendix. 

Figure 2 illustrates the Proposition 3. The aggregate fertilizer usage level is 

always higher under the NR regime than under the RDC regime. When                          is 

small, no redistribution regime dominates redistribution regimes in terms of aggregate 

fertilizer usage level; only when                          is large enough, the RDCFF regime 

dominates the other two regimes. The intuition is that when                          is large enough, 

the confiscation threat gives all the farming households incentive to implement higher 
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level of fertilizer to lower probability of farming failure, while the threat is not too large to 

make them back away from investing and give up. 

 

 

 

 

Figure 3. The optimal aggregate fertilizer levels under different regimes  

Using the function forms in the numerical example in the previous section, one 

can conclude that                          increases in net output      , and the mean-preserving 

spread of the distribution of   . Thus, with the removal of agricultural tax which increases 

     , the RDCFF regime may be the best regime for a village with high variation in 

household population growth from the aspect of the aggregate fertilizer usage level. But 

for areas with low agricultural output and low variation in household population growth, 

the NR regime is the best regime from the aspect of the aggregate fertilizer usage level.    

2.4.5.3. Households’ Maximized Expected Utility Levels 

The following proposition reveals the farming households’ preference over 

different regimes by compares farming households’ maximized expected utility levels 

under different regimes.  

Proposition 4. There exists some    such that when      , household   strictly 

prefers the no redistribution regime to the redistribution regimes, e.g.,    
    

   
         and    

       
          .   

Proof. 1. NR versus RDC  

The two expected utility functions, Eq. (5) and Eq. (7), are identical if      . 

And    
     increases in    , as stated in Lemma 2 and Proposition 1 while    

    is 

independent on    . Therefore, if      , or     ,    
       

    ; vice versa.  

The intuition is that the households with relatively low population growth,     , 

invest more under the NR regime where unlike under the RDC regime they have secure 

1 

NR>RDC>RDCFF 
NR>RDCFF>RDC RDCFF>NR>RDC 

0 θ γ 
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land tenure and have no worry about losing land holding in period 2. The higher 

investment levels combined with no loss of land holding results in higher utility levels in 

these households relative to under the RDC regime.  

2. NR versus RDCFF  

From the proof of Proposition 2, it is true that if     , the optimal fertilizer level 

  
      

         . Put   
             

    into Eq. (9).    

   
         

                   
         

          

                 
                   

              
      

                  
                      

               
         

     
      

        
              

             
     

 
       

     
             

     
 
      

    
    

Since    
       and   

       increase in   , there must exist some      such 

that    
       

         
              , and if      ,    

       
         

               

;vice versa. 

To sum up, there exist some                 such that when      ,    
    

   
        , and    

       
          . 

         qed. 

The intuition is that the households with relatively low population growth,      , 

invest more under the NR regime where they have secure land tenure and have no 

worry about losing land holding in period 2 and thus have more incentive to invest. The 

higher investment levels combined with no loss of land holding in period 2 results in 

higher utility levels in these households relative to under the redistribution regimes.  
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The implication of Proposition 4 is twofold. On the one hand, it implies that 

households with larger growing size prefer redistribution regimes to the no redistribution 

regime; vice versa. On the other hand, it helps to explain why different villages adopt 

different farmland redistribution regimes. Suppose in a village, the farmland redistribution 

regime is either determined by one of two mechanisms, a majority voting or dictatorship. 

In the first scenario, the median voter householder is pivotal to the village redistribution 

decision. If the median voter household has the property of      , then there will be no 

redistribution, and the villagers can enjoy secure rights to their farmland. Otherwise, 

there will be some kind of redistribution to accommodate the demographic change. In the 

second scenario, the preference of the dictator which is affected by its household 

population growth rate determines which farmland redistribution regime will be adopted. 

According to my model, it is always the households with higher household population 

growth rate who lobby the village head for land redistribution. 

2.5. Extensions 

The baseline model rules out the off-farm job opportunities and farmland rental 

market. In this section, I add these two features to the baseline model, to see how they 

affect the utility and choice of the farming households. 

2.5.1. Off-Farm Job Opportunities 

In this section, assume besides working on the farm, a farmer has a choice to 

search for a job on the off-farm job market. The choice is binary. If he decides to search 

for an off-farm job, he can ask someone to farm on his land for free and the yield of the 

land belongs to the one who work on his land. If the farmer finds a job, he earns the 

market prevalent wage  . At the beginning of each period, the farmer needs to decide 
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whether to work on the farm or off farm.11 The probability of finding a job and retaining it 

for one period is          for the farmer in household  . Assume farmers have different 

probability of finding jobs; thus, there exist some   and   such that       . Farmers have 

rational expectation of    before they make the choice. Because of the heterogeneity in 

the ability to access off-farm job among farmers, the expected income from off-farm job, 

   , may be higher or lower than the expected income from working on the farm.  

2.5.1.1. No Redistribution Case (NR) 

In the absence of farmland rental market, the farmer in household   can choose 

either to work on his farm or to search for an off-farm job. The farming household’s 

expected utility is 

                                              (11) 

If the former item of Eq. (11) is larger than the latter one, then it is the same as 

the no off-farm job case, and the optimal level of fertilizer will also be the same as the 

one in the no off-farm job case, and hence, the farming household is as well off. If the 

latter item is larger than the former one, then farming household is strictly better off with 

the off-farm job opportunity. To sum up, the farming household is weakly better off with 

off-farm job opportunity under NR regime. 

2.5.1.2. Redistribution caused by Demographic Changes Case (RDC) 

Household  ’s expected utility is  

                                                   (12) 

Like the NR case, the farming household is weakly better off with off-farm job 

opportunity under RDC regime. The effect of an off-farm job opportunity is purely a 

positive wealth effect; it may potentially increase the expected income and thus the 

 
11

 This is consistent with the current “Rural Land Contract Law” and “Land Management Law” in 
China. According to these laws, if the farming household do not work on their land, then they 
have to find someone to work on the land for them; otherwise, they have to give up their land. 
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expected utility of a farming household without distorting the usage of fertilizer. The 

difference from the NR case is that under RDC regime, the village and household 

population growth rates affect farming household’s decision. The optimal fertilizer usage 

level does not depend on population growth rates under the NR regime, while it 

increases in the population growth rate ratio,     , under the RDC regime. Under the 

RDC regime, the households with relatively high population growth rate tend to choose 

to work on the farm while the households with relatively low population growth rate tend 

to choose to work off farm. The intuition is that household with proportionately more 

children can take advantage of the farmland redistribution to get more land by sticking 

on the farm. 

2.5.1.3. Redistribution caused by Demographic Changes and Farming Failure 
Case (RDCFF) 

The major difference between RDCFF regime and RDC regime is that under the 

RDCFF regime, if the household’s farmland is confiscated because of farming failure, 

then the adult in this household can look for off-farm job. Thus, household  ’s expected 

utility is 

                                                           

1−       ,  2          (13) 

The first order condition with respect to    gives  

                                                 (14) 

Comparing to the situation without off-farm job, the off-farm job opportunity 

decreases the marginal benefit of fertilizer, and thus decreases the optimal fertilizer level 

under the RDCFF regime. Furthermore, the comparative statics analysis shows that 

        and         . The intuition is that with off-farm job opportunity, farming 

income becomes less important, so the confiscation of land frees the farmer from 

farming and creates an opportunity for the farmer to looking for off-farm job and earning 

off-farm income. Therefore, the confiscation threat is not as effective as an incentive 

mechanism in the case without off-farm job opportunity. As a result, the usage of 

fertilizer is lower, and farmland will be underfertilized with off-farm job opportunity under 
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the RDCFF regime. Thus, investments in the land and off-farm jobs are somewhat 

substitutes. The underfertilization lowers the income from farming, but the availability of 

the off-farm job serve as a safety net in the case of confiscation and thus has a positive 

wealth effect. The positive effect dominates the former effect; thus the total effect of the 

availability of off-farm job opportunity on the expected utility is strictly positive under 

RDCFF regime. Intuitively, the off-farm job opportunity provides a safety net in the case 

of land confiscation, and provides the farmer an alternative income source; thus, it 

makes the farming household better off. 

2.5.2. Farmland Rental Market 

In this section, assume besides working on his own farm, a farmer has a choice 

to rent his farmland out earning the market prevalent rent   per unit of land. Assume that 

under the redistribution regimes, the farming household will not rent its farmland out, 

because it is “a signal of excess farmland”, and it will be redistributed out for sure. 

Therefore, no one would like to take the risk to rent his farmland out, though policy 

allows it. Thus the behavior and utility level of farming household will be the same as 

under the redistribution regimes without farmland rental market. Only under the no 

redistribution regime, can a rental market function well.  

2.5.2.1. No Redistribution Case (NR) 

With a farmland rental market, the farmer in household   can choose either to 

work on his farm or to rent it out. The farming household’s expected utility is 

                                            (15) 

Comparing to the no rental market case, rental has a potential pure wealth effect, 

and it will not distort fertilizer level. Thus, farmland rental market makes the farming 

household weakly better off. 

The two extensions can be summarized by the following proposition. 

Proposition 5. Under the NR regime, farming households are weakly better off 

with off-farm job opportunities and farmland rental market, without change in optimal 

fertilizer level;  
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under the RDC regime, farming households are weakly better off with off-farm job 

opportunities, without change in optimal fertilizer level;  

under the RDCFF regime, farming households are strictly better off with off-farm 

job opportunities, but the optimal fertilizer level is lower.   

2.5.3. A Summary 

In the baseline model, I find that the agricultural tax is a burden to the farming 

household; it hampers long-run investment such as the usage of fertilizer, and lowers 

farming household’s utility, in general. Therefore the abolition of the agricultural tax is 

compatible with the goal of enhancement of farming households’ welfare and further 

development of the agricultural industry in China. Redistribution caused by demographic 

changes (RDC) discourages long-run investment; however, the confiscation threat in the 

case of farming failure can stimulate long-run investment. Hence, comparing to a long-

term land tenure (or farmland privatization) regime, the RDC regime features lower long-

run investment level, while the RDCFF regime may have higher long-run investment 

level if the net output is large enough. The household population growth rate affects the 

preference of the household regarding the land tenure regime, and its disparity among 

different households in a village leads to land redistribution. Households with relatively 

more children prefer the redistribution regimes to the no redistribution regime. Off-farm 

job opportunities makes farming households weakly better off under the NR regime and 

the RDC regime, without affecting long-run investment. Off-farm job opportunities make 

farming households implement less long-run investment under the RDCFF regime; 

nevertheless it makes farming households better off since it provides farming 

households a safety net in the case of land confiscation, and provides the farmer an 

alternative income source. Farmland rental market can only function well under the NR 

regime, and it makes farming households weakly better off.  

2.6. Evidence 

Many previous empirical studies on land tenure in China provide evidence that is 

consistent with the predictions of the model. Periodical land redistributions shorten 

farming households’ investment horizon and dampen their incentives to invest in their 
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land to sustain and improve their land condition; and consequently, long-run agricultural 

productivity is lowered. Studies which document this fact include Brandt et al. (2002), 

Carter and Yao (1998), Deininger and Jin (2003), Jacoby et al. (2002), Li et al. (1998, 

2000),Wen (1996) and Yao (1999). There is also evidence of the investment-enhancing 

impact of land tenure security. Li et al. (2000)’s empirical work on China showed that 

secure tenure rights positively affected the use of inputs, especially those with long-term 

effects on land fertility. As the length of tenure increased by one year, the amount of 

organic fertilizer use rose by 0.04 cubic meters per mu (15 mu equals 1 hectare or 2.47 

acres). Deininger and Jin (2003) studied the same issue using data from the land-rights 

“experiment” (the so-called “two noes” policy) in Meitan County in Guizhou province in 

China, which adopted long-term land-use rights. The “two noes” policy stipulated no land 

increase for new population and no land decrease for reduced population. Their 

estimations indicated that more secure land rights increased producers’ propensity to 

invest in agriculture. Regressions suggested a significant and positive impact of more 

secure land rights on investment; households in Guizhou province that adopted the “two 

noes” invested more in agriculture than those in the other provinces without this policy. 

Brandt et al. (2004) regressed the number of land redistributions since the 

introduction of the HRS on other variables, and found positive correlation between the 

number of redistributions and village population growth. Deininger and Jin (2003) found 

that households with a large number of children who were born after the initial land 

redistribution were against the no redistribution policy and instead preferred a regime 

similar to the RDC regime in the model, since redistribution would provide them with 

additional land. Kung (2002a) also found that household’s preference is affected by its 

demography. Households with proportionately more dependents were more likely to 

prefer land redistribution; while households with proportionately more members being 

assigned land desired more stable land tenure regime. 

Deininger and Jin (2003) addressed on the impact of off-farm job opportunity on 

investment in land. Their empirical findings showed that households that had children 

migrating to off-farm jobs were less likely to invest in their land. It confirms the 

substitutability property of investment in land and off-farm jobs. 
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Kung (2002a)’s empirical results showed that households that had rented out 

land were “supporters of a more stable land tenure regime”. Furthermore, Kung (2006), 

based on Meitan ”two noes” experiment, found that freezing land redistributions 

facilitates the development of a land rental market and that the rental incomes help to 

subsidize the households with deficient labor. Deininger and Jin (2003) also provided 

empirical evidence that household can benefit more from more secure land rights if the 

households have farmland transfer rights. In addition, the transfer rights are important if 

the farming household members have access to off-farm jobs. They found a similar 

result as Carter and Yao (1999) that transfer rights together with off-farm job opportunity 

can play an important and beneficial role for farming households. Similar result can also 

be found in Brandt, et al (2002), and Unger (2006). 

2.7. Concluding Remarks 

This paper sets up a model trying to investigate the contradictory phenomenon 

that central government implements land tenure policies while farmland is redistributed 

periodically at the village level. To my best knowledge, this is the first paper which 

provides a formal model on land tenure regimes, long-run investment and fertility. It 

provides theoretical basis for the previous empirical works, a majority of which is 

descriptive or based on simple OLS regression.   

The model indicates that in the absence of well-established factor markets, 

individual farming households could be better off under a redistribution regime; 

institutions matter. Although in the model household’s utility does not depend directly 

upon the number of the children, children affect the household’s utility in the sense that 

they sharing the household’s resource and that their number affects the household’s 

preferences in land redistribution or tenure regimes. The model predicts that households 

with proportionately more children tend to lobby for land redistribution which results in a 

lower level of long-run investment. A “straightforward” policy to promote long-run 

investment is prohibiting the land redistribution by introducing long-term land tenure. 

Nevertheless, without well-established factor markets, long-term land tenure may be 

against people’s will and redistribution may hardly be prevented in practice. Moreover, 

once the factor markets are soundly established, land redistribution may no longer be 
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preferred. In addition, the paper also provides theoretical basis for the empirical finding 

that land redistribution discourages fertilizer usage, especially, redistribution without 

punishing for farming failure.  

The land insecurity brought by the periodical redistribution caused by 

demographic changes inhibits long-run investment. One type of potential solution is a 

reform towards long-term tenure regime and better monitoring or outright land 

privatization. This type of policy eliminates redistribution, and thus gives farming 

households a longer horizon for planning and investing. Another type of solution is 

providing farming households direct incentives to invest. A possible incentive is a threat 

to redistribute land out in case of farming failure, given that long-run investment can 

decrease the probability of farming failure. But this threat needs to be used with great 

caution, since it may harm farming households by creating more risk for farmers in the 

absence of formal insurance markets and off-farm labor market.  

A well-functioning farmland rental market can serve as a substitute for 

administrative land redistributions, by transferring land from the less needed to the more 

needed. But a rental market and administrative land redistribution cannot coexist. On the 

one hand, renting out land may be interpreted as a signal that the household has too 

much land than it needs. Being afraid to lose land, farming households are thus reluctant 

to rent land out and so the land rental market cannot function. On the other land, with 

well-functioning farmland rental market, administrative redistribution will be redundant. 

Therefore, a gradual transition from administrative redistribution to rental mechanism 

may not be possible, and a one-shot reform is needed for the transition. In addition, the 

incompatibility between rental market and land redistribution regime also implies that 

China is in great needs of formal institutions that provide protection of property rights and 

legal sanction, and foster enforcement. All of these are indispensable for the rental 

market to sustain and function efficiently.  

It is the variation in household population growth rates that generates the desire 

for land redistribution in the model. If family planning policy can be followed more strictly 

in the rural area, the variation in household population growth rates will be smaller, and 

redistribution will be unnecessary. Thus, family planning policy not only has positive 

inter-generational implication through quality-quantity trade-off but also facilitates the 
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establishment of long-term land tenure system in the rural area. In addition, taking into 

account that rural couples are allowed to have up to two children under the current policy, 

the dependency ratios in the future will not be as serious a problem as for city dwellers. 
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2.9. Appendix  

Proof of Lemma 1. The proof is straightforward. Eq. (5) is a strictly decreasing function 

of   and   ; thus increase in   (or   ) will decrease farming household’s expected utility. 

The left hand side of Eq. (6), marginal benefit of   , is strictly decreasing in   and   . 

Thus, as t (or   ) increases,        decreases, which leads to a decrease in   
 . This will 
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further decrease farming household’s expected utility.  

         qed. 

Proof of Lemma 2. The proof of the negative effect of the agricultural tax   is similar to 

that of the Lemma 1, and it will be skipped here. To see the effect of  , notice that Eq. (7) 

and the left hand side of Eq. (8) are strictly increasing in   (strictly decreasing in  ). 

Therefore, increase in   will lower  , which not only decreases     directly, but also 

decreases   
  and reduce     indirectly.  

         qed. 

Proof of Lemma 3. Because the agricultural tax   and village population growth   affect 
the fertilizer usage level and farming household’s expected utility in the same way as in 
the RDC regime, the proof will be skipped. To prove the effect of  , notice that the left 
hand side of Eq. (10) is a strictly increasing function of   for     

       . Therefore, if   

satisfies the condition of     
          , at the margin, increasing   will increase        

and increase   
  which indirectly increase    . However, because Eq. (9) is strictly 

decreasing in  , increasing   will decrease     directly. As a result, the total effect of   

on     is ambiguous.  

         qed. 

Proof of Proposition 3. Dividing the three first order condition equations, Eq. 

(6), Eq. (8), Eq. (10) by        gives the following three equations:  

        
      

      
       (16) 

              
      

      
      (17) 

                             
      

      
    (18) 

The three equations have the same right-hand side function, 
      

      
. The strict 

concavity of      , convexity of      ,           , and            are sufficient but not 
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necessary conditions for 
      

      
 to be strictly increasing and strictly convex in   .

12 Given 

these conditions hold, the inverse function of 
      

      
 is strictly increasing and strictly 

concave. Denote this inverse function as      
      

      
 .  

 1. Start from comparing the NR and RDC regimes. Notice that give    the left-

hand side of Eq. (16) and Eq. (17) are all constants, and the summation of the two LHS 

functions are equal.   

               

 

   

              

 

   

 

             

 

   

  

              

         

          

 

   

 

Given that the inverse function of the right-hand side function 
      

      
 is strictly 

increasing and strictly concave. Jensen’s inequality implies  

 

 
        

 

 
                  

 

   

 

 

12
 The strict concavity of       and convexity of       are the sufficient conditions for 

      

      
 to be 

strictly increasing in   . The strict convexity of 
      

      
 requires 

                
                                                             

  to be positive, 
and the strict concavity of                          ,           , and            are sufficient 
for that. 
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Thus, 

               

always holds as long as there exist some       such that         which always holds by 

assumption.  

2. NR versus RDCFF  

Jensen’s inequality implies               if  
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Since     
      

      
  is an increasing function, Eq. (17) implies 
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or 

                    
               

 

   

            
 

   

  

                  
               

 

   

      

   

 

   

                 
               

 

   

       

                   
               

 

   

       

               
                

 

   

    

              
             

 

   

       

             
             

 

   

        

Because p(  
      ) is increasing in   ,  

                                          
             

 

   

        

or  

                                

Then there must exist some   such that if                              holds,          

     ; and if                              holds,               . 

3. RDC versus RDCFF  

From the proof in the previous part, we know that when              
              

    

      , the summation of the LHSs of Eq. (8) and Eq. (10) are equal.  
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         (20) 

Because     
        is increasing in   , the LHS function of Eq. (10) is a mean-

preserving spread of the LHS function of Eq. (20). Thus, When          
          

   

      ,               . Because                                           
              

   , there must exist 

some   such that if                             holds,                 ; and if                            

holds,                . 

         qed. 
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Chapter 3. Generalists, Specialists: Who Gets to 
the Top 

3.1.  Introduction 

This paper aims to identify which organizational hierarchy form should be 

employed by a certain firm. In this paper, I will study three aspects of organizational 

hierarchy forms: (1) generalists or specialists, which type should get to the top? (2) How 

many agents should get to the top? (3) Can the agents who should be at the top really 

get to the top? The first two aspects deal with the design of optimal hierarchy form, and 

the third aspect verifies the feasibility of the optimal hierarchy form. The model is suitable 

for large corporations rather than small owner-managed firms. 

The paper defines hierarchy form in terms of authority as in Aghion and Tirole 

(1997) and Hart and Moore (2005); i.e., the upper-level agent has authority over his 

subordinates, the lower-level agents. The special feature of this paper is involving 

incentives in the hierarchy design. Thus, the paper considers not only the ex ante 

incentive, but also the ex post efficiency. With a T-period model, using backward 

induction, the paper tries to analyze all the three aspects of hierarchy mentioned above.  

The paper is motivated by the broadly observed phenomenon that fresh 

graduates first work at entry levels, and within several years, some of them are promoted 

while others are not. Generalists and specialists differ in potential productivity, which is 

unobservable and non-contractible at the time of hiring. Specialists can learn the 

specialties from experience and have a higher productivity in working with single asset 

than a generalist after the initial period. Generalist cannot accumulate specialty 

experience, but he will have a higher productivity in coordinating multiple assets than a 

specialist after familiar with the working environment in the initial period. Only two 

hierarchy forms are considered, pyramid form (generalists at the top) and inverted 

pyramid form (specialists at the top). Who should be at the top depends on the size of 
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the externality of coordinating multiple assets. If the size of the externality is large, 

generalist at the top is desirable; if it is small, specialist at the top may be desirable. The 

optimal number of the agents at the top depends on the optimal span of control that 

depends on the elasticity of the externality of coordinating multiple assets. In the pyramid 

form, if the size of the externality is very sensitive to the number of the assets, i.e., if the 

elasticity of the externality is large, the span of control should be large, and optimally 

there should be fewer generalists at the top; otherwise, more agents should be at the 

top. Finally, the T-period model with promotion can give agents who should at the top 

more incentive to work harder and thus are more likely to be promoted to the top. 

The paper is organized as follows. In Section 2, I will review the recent literature 

on hierarchy. Section 3 introduces the model and assumptions. Section 4 analyzes who 

should get to the top. Section 5 analyzes how many agents should get to the top. 

Section 6 analyzes the initial period and discusses the incentive of getting to the top. 

Section 7 is conclusion. 

3.2. Literature Review  

Hierarchy has become a hot issue since the internal organization of the firm has 

attracted more attention of not only the scholars in management science but also 

economists. Many scholars argue that hierarchy is indispensable in large organizations. 

The authority system provided by hierarchical structure makes it possible that 

unambiguous accountability is preserved in organizations with large numbers of people 

(Jacques, 1990). In addition, hierarchical structure plays an important role in processing 

information by decomposing large organizations into small information processing units 

(Williamson, 1985).  

Generally, hierarchy has been modeled in two ways. In one way, a firm is defined 

as the owner of a set of assets, and it authorizes agents the right to use these assets. 

Each asset represents a decision on the use of the asset. Thus, in this framework, 

hierarchy can be interpreted as a sequence of commands over assets. For a subset of 

the assets k, the most senior agent exercises authority, unless he delegates the 

authority to the next agent(s) in the sequence. Aghion and Tirole (1997) study delegation 
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in a setting where two agents, a boss and his subordinate, have incongruent objectives. 

They argue that delegation involves a tradeoff between increase in subordinate’s 

incentive and cost of loss of control. Hart and Moore (2005) study the optimal 

hierarchical structure given that coordinators and specialists have different tasks. Based 

on certain assumptions, they conclude that coordinators should be senior to specialists, 

“crisscross” hierarchies are never optimal, and the optimal hierarchy is a pyramid form 

under certain condition. 

Another way of modeling hierarchy treats the firm as an information processor, 

and it solves tasks by collecting, communicating and confirming information. In this 

framework, hierarchy can be interpreted as the locus of the communication of the 

information. New information is acquired and processed at the lower level and then 

transferred upstream to the boss, while the command of the boss is passed downstream 

to the lower-level agents. However, communication is imperfect and costly, not only 

because communicating and absorbing new information cost time, but because 

information may be contaminated or lost in the communication process. The cost of 

communication depends on the nature of the information. “Specific knowledge” is more 

costly to transfer than “general knowledge” (Jensen and Meckling, 1992). Thus, there is 

a tradeoff between specialization and communication. Bolton and Dewatripont (1994) 

argue that if the returns to specialization outweigh costs of communication, it is efficient 

for several agents to collaborate within a firm. Jensen and Meckling (1992) also argue 

that it is desirable for groups of individuals to exercise decision rights jointly because of 

bounded rationality (an individual has limited mental capability) and the inalienability of 

rights within an organization.  

3.3. The Model 

The model is a T-period internal labor market model. The organization form is a 

“hierarchy over assets”, which is contractible ex ante at the beginning of period 1. The 

hierarchy modeling is in spirit of Hart and Moore (2005): there is a chain of commands 

over each asset, and the most senior person with ‘an idea’ exercises authority over the 

asset. In more detail, in the hierarchy, if the most senior agent who is senior to others on 

all of his working assets has an idea, then he can exercise his idea and generates value, 
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while any agents who work with any of these assets and junior to him cannot exercise 

their idea even though they have one. On the other hand, if the most senior agent does 

not have an idea on the assets, he will pass the authority to his subordinates, the lower-

level agents. 

Assume there are   assets in a firm. The size of   depends on the size of the 

firm that is assumed exogenous. Assets are identical; each single asset can produce the 

same value     , and any combination of     assets can produce the same value     . 

In period 1, the firm hires   agents, both generalists and specialists, in the competitive 

external labor market. By signing contract, the firm commits ex ante to promoting    

percentage of agents in period 2.  

Generalists and specialists differ in potential productivity, but among the same 

type, agents are identical. Assume asymmetric information at hiring, so that the firm 

does not know agents’ types in period 1, while each agent knows his own type. Because 

of the lack of information about agents’ types, the firm has to treat all the agents in the 

same way in period 1. Assume in period 1, all newly hired agents are treated as lower-

level agents. Each agent will work on a set of assets consisting of        assets, and 

will be paid the same wage,   . With effort level,   , an agent can generate value      

with probability        . This is referred as “an agent has an idea” (Hart, Moore, 2005). 

Effort is unobservable, but the value generated is observable. 

At the beginning of period 2,    percentage of agents with the highest value 

generated will be promoted to the upper level in the hierarchy and they will have 

authority over a different set of assets consisting of j assets. The others who do not get 

promoted will stay at the lower level and still have authority over k working assets. In 

period 2, the upper-level agents are paid   , and lower-level agents are paid   ; both 

   and    depend on the performance of the agents. An agent can choose to quit or 

stay at the beginning of period 2. The time line is shown in Figure 4. By repeating this 

hire-promotion process for   periods, the optimal hierarchy form will be achieved and 

stable. 
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Figure 4. Time Line 

The advantages of the proposed contract are as follows. In period 1, since the 

firm does not know agents’ types, there is a hidden information problem. By providing a 

promotion opportunity, the principal can give agents incentive to reveal their types. In 

period    , since effort level is unobservable and non-contractible, there is a hidden 

action problem (moral hazard). However, since the hierarchy is formed, and each agent 

has been allocated to the proper position, payment based on performance could be an 

effective and fair way to give agents incentive.  

Types and Productivities 

Specialists and generalists differ in term of their potential productivities. In period 

1, all agents have the same productivity. With effort level,   , an agent can generate 

value     from   assets with probability        . Since period 2, a specialist has 

accumulated the specialties from period 1 and has a higher productivity in working with a 

single asset than a generalist. Therefore, in period    , with effort level,   ,  
          

           (the superscripts   and   stand for specialist and generalist respectively, and 

the subscripts   stands for the time period). A generalist cannot accumulate specialty 

experience, but he will have a higher productivity in coordinating multiple assets than a 

specialist after familiar with the working environment in period 1. Therefore, in period   

 , with effort level   ,  
                    , for any    . Assume that there is no more 

productivity improvement after period 2. 

Preferences 

Assume that all agents are risk neutral and live for   periods,     . Each agent 

has reservation utility  , and he maximizes his expected utility, which is a linear function 

of the total expected income net of the cost of effort. For simplicity, assume no 

t 
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discounting (relaxing this simplification will not affect the results). Assume that the 

probability of being promoted for an agent is  . Then, the total expected wage income of 

an agent   is 

                       –                   (1) 

And the expected utility of an agent   is  

           –      
           

  
       –         

             (2) 

where   and   are the number of assets a lower-level agent and an upper-level 

agent have authority over, respectively. 

The firm is risk neutral. The firm’s object is twofold. First, firm wants to choose 

the optimal hierarchy form that can maximize the expected profit. Second, firm wants to 

hire and promote the proper agents to realize such a hierarchy. 

Other Assumptions 

Assumption (1) Probability of generating value is a function of type  , effort level 

 , and number of working assets  ;                is increasing and concave in  , and 

decreasing and convex in  .  

  
             

             
             

              
           

The intuition is that each agent has bounded rationality. Given that each agent 

has limited time and energy, working with more assets requires the agents process more 

information, and thus lower the probability of generating idea at each effort level. Effort 

increases the probability of generating idea, but has diminishing returns.  

Assumption (2) Cost of effort      is increasing and convex in   .  

                     

Assumption (3) The value of   assets,     , is an increasing and convex 

function of  .  
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It can be interpreted as a positive externality of working with multiple assets; that 

is, there is increasing returns to scale of assets worked together by one agent.  

Assumption (4) The expected value function                    is concave in 

  for generalists and decreasing in   for specialists. 

From the assumption (4) and the assumption on the types and productivities, one 

can conclude that in the optimal hierarchy, generalists who have higher probabilities of 

having ideas on multiple assets and can generate higher expected values from multiple 

assets should actually work on multiple assets. In contrast, specialists who have higher 

probabilities in having ideas on individual assets and can generate higher expected 

values from individual assets should work on individual assets. 

Assumption (5) Assume there are only two hierarchy levels, an upper level and 

a lower level. 

Optimal Wages and Incentive of Delegation 

Before proceeding to the hierarchy form, let us look at the optimal wage 

payments for the agents in hierarchy in period    . Effort level is unobservable, but 

since agents are risk-neutral, the wage payment schedule that makes agents the 

residual claimants can elicit the first best effort level as if there were no moral hazard 

problem. If the agent is at the upper level, he is in charge with the hierarchy composed of 

himself and his subordinates, and then he should be the residual claimant of the value 

generated by the hierarchy, so he gets  

                
 

 
   –                                (3) 

where   
 

 
  , and    is a constant.  

If the agent is at lower level, then he is the residual claimant of the value 

generated by himself, and he gets  

      –                    –          (4) 
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where   is a constant.      

Furthermore, if   and   are chosen such that it gives the agent an expected utility 

same as the reservation utility  , then the principal will get the same expected profit as if 

there were no moral hazard problem. It is worth to note that this wage payment schedule 

implies that the upper-level agents have incentive to monitor his subordinates, though I 

do not model monitoring explicitly.  

In addition, this wage payment schedule makes sense of the incentive of 

delegation. If the upper-level agent does not “have an idea”, then delegating the 

authority right to his subordinates can increase the potential value generated by the 

hierarchy, and this potentially increases his own wage payment. Thus, in this model, 

unlike Hart and Moore (2005), the delegation decision is endogenized in the model. The 

upper-level agent will always delegate authority to his subordinates if he does not have 

an idea.  

3.4. Who Should Get to the Top  

I will focus on two kinds of hierarchy forms, pyramid form (generalists at the top) 

and inverted pyramid form (specialists at the top). Crisscross form such as matrix form is 

not considered here. As Hart and Moore (2005) argued, “crisscross form is never 

optimal” under the assumption that generalist is not a multifaceted specialist who have 

ideas about small subsets of the assigned working assets. This is also true here, 

because of the assumption of positive externality of coordinating assets. In this section, I 

will assume that the number of assets is two,    . 

Using backward induction, solve the model starting from period     . The 

optimal hierarchy form is the one that maximizes the firm’s expected profit. Since agents 

are identical among the same type, the optimal hierarchy is symmetric. For simplicity, we 

look at the following two hierarchy forms.  

Definition: Hierarchy form gss is a pyramid form of hierarchy with two assets 

where a generalist is at the upper level and two specialists are at the lower level (the left 

one in Figure 5). 
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Definition: Hierarchy form ssg is an inverted pyramid form of hierarchy with two 

assets where two specialists are at the upper level and a generalist is at the lower level 

(the right one in Figure 5). 

 

Figure 5.  Hierarchy Forms 

In the optimal contract, the firm sets two pairs of effort-wage in period    , to 

maximize his expected profit subject to the agents’ participation constraints and incentive 

compatibility constraints. Under the hierarchy form gss, the firm’s problem is:  

                                  –                               

         (5) 

subject to  

                                                               

                 (6) 

                                                         

          (7) 

        
                                                          

         (8) 

        
                                          (9) 
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In this section, the subscript   is ignored because we are considering a single 

period     in this section, and the superscript stands for the type of the agent and the 

number of assets he works with. Eq. (6) and (7) are the agents’ participation constraints, 

and eq. (8) and (9) are the agents’ incentive compatibility constraints. Since the 

monotone likelihood ratio property holds under the assumptions, one can replace eq. (8) 

and (9) with their corresponding first-order conditions.  

                                             (10) 

                                         (11) 

Eq. (10) and (11) give the optimal effort levels,     and     . The comparative 

statics of eq. (10) suggest that the reaction function of the generalist is downward 

sloping; that is, the generalist’s effort is decreasing in the specialist’s effort. The same is 

true for the specialists; the specialist’s effort is decreasing in the generalist’s effort. 

An agent will accept the contract as long as it gives him an expected utility of at 

least  . At the optimal, eq. (8) and (9) are binding. Substitute the optimal efforts in eq. (8) 

and (9), one will get the optimal    and   .  

                                                            (12) 

                                             (13) 

Substitute     ,     ,    and    in eq. (5), the optimal expected profit of the firm 

becomes 

     
                      –                                     

                    (14) 

Under the hierarchy form ssg, firm’s problem is: 

                                                                   

         (15) 

subject to  
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          (16) 

                                
 

 
                               

                   (17) 

        
                                            (18) 

        
                   

 

 
                                 

                (19) 

Eq. (16) and (17) are the agents’ participation constraints, and eq. (18) and (19) 

are the agents’ incentive compatibility constraints. The first-order conditions of eq. (18) 

and (19), eq. (20) and (21), give the optimal effort levels,     and     . 

                                                         (20) 

                                            (21) 

Similar to the gss form, the comparative statics of eq. (20) suggest that the 

reaction function of a specialist is downward sloping; that is, the specialist’s effort is 

decreasing in the generalist’s effort. The same is true for the generalist; the generalist’s 

effort is decreasing in the specialist’s effort. 

At the optimal, eq. (16) and (17) are binding. Substitute the optimal efforts into 

the binding eq. (16) and (17), one will get the optimal     and   .  

                    
 

 
                                           

          (22) 

                                                         (23) 

Substitute     ,     ,    and    in eq. (15), the optimal expected profit of the firm 

becomes 
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                               (24) 

Lemma 1. Under both hierarchy forms, the reaction curves of the upper-level 

agents and the lower-level agents are downward sloping. That is, under both hierarchy 

forms, increase in generalist’s effort will reduce the specialist’s effort, and vice versa.  

Proof. See the argument above. 

qed. 

The finding in Lemma 1 is consistent with Aghion and Tirole (1997): centralization 

harms the incentive of the agents at lower level; that is, the effort of the upper-level 

agents will crowd out the effort of lower-level agents. Thus, there is a tradeoff between 

incentive at lower level and loss of control, since the lower-level agents and the upper-

level agents have different decision on the use of the assets. However, as discussed 

before, in the case of having no idea, upper-level agents will always want to delegate. In 

addition, the model here is different from the model in Aghion and Tirole (1997) in two 

senses. First of all, in the model here, both upper-level and lower-level agents are 

treated as “agent” in an agent-principal problem, and the “principal” is the firm, the one 

who constructs the hierarchy. Nevertheless, in Aghion and Tirole (1997), the upper-level 

agent acts as the “principal”, and the lower-level agent acts as the “agent”. Secondly, in 

the model here, the expected income of a lower-level agent only depends on the 

expected value he generated by his own, but in Aghion and Tirole (1997), the expected 

income of a lower-level agent not only depends on the expected value he generated by 

himself, but also depends on the principal’s expected value generated.  

Lemma 2. Given the optimal effort-wage pairs, a generalist will choose           

and a specialist will choose            under the gss form, and a generalist choose 

          and a specialist will choose           under the ssg form. 

Proof. Because the participation constraints are binding,           for a 

generalist and           for a specialist satisfy equality of eq. (4) and equality of (5) 

under the gss form. Under the assumption of types and productivities and Assumption 

(4),                        ,                        . Thus,           will give a 
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specialist negative expected utility; and           will give a generalist negative expected 

utility; and therefore a generalist will never choose           and a specialist will never 

choose           under the gss form. Similarly, one can prove that under the ssg form, a 

generalist will always choose           and a specialist will choose          .  

         qed. 

Proposition 1. If the gain of coordinating assets by the generalist is large, the 

hierarchy form gss is optimal; otherwise, the hierarchy form ssg is optimal. 

Proof. Subtract eq. (14) by eq. (24), one gets: 

     
       

           
   

               
                

   
     

             

       
   

        
   

     
                  

                  
   

             
            

        
           

             (25) 

It is trivial to show that the first part (first two items) of the right-hand side of eq. 

(25) is positive, and the second part (last two items) is negative. Therefore, if the first 

part is larger than the second part, i.e., the gain of coordinating multiple assets by the 

generalist is large, then the generalist should be at the top, and the gss form is optimal; 

otherwise, the specialists should be at the top, and the ssg form is optimal.   

         qed. 

The intuition of Proposition 1 is that since the effort of an upper-level agent will 

crowd out the effort of the lower-level agents as shown in Lemma 1, if the potential net 

output (net of wage payment) produced by a generalist is large, then the principal should 

not assign him at lower level where his effort will be inhibited. Otherwise, if the 

coordination is not important, then the specialist should be assigned to the upper level 

where he will exert a higher effort. Proposition 1 is consistent with the claim in Hart and 

Moore (2005). Involving incentive in hierarchy makes the necessary and sufficient 

condition of optimal hierarchy form much more complicated; however, unlike Hart and 

Moore’s model, the agent at the top does not necessarily have lower probability of 

generating value. 
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3.5. How Many Agents at the Top  

This section still deals with a single period     (the subscript   is ignored in this 

section). Assume the optimal hierarchy is a pyramid form (like the gss form), and the 

assumption below applies.  

Assumption (6) There are   assets in the firm, and the span of control of an 

upper-level agent is  ; i.e., an upper-level agent is senior to   lower-level agents.  

The size of   depends on the size of the firm, which is assumed exogenous. The 

size of   may be affected by technology, market structure, and industry, but not by the 

hierarchy structure. Under assumptions (6), there need     upper-level agents and   

lower-level agents in the optimal hierarchy. Firm’s problem becomes 

         
 

 
                                                         

         (26) 

subject to  

                 

                                                         (27) 

                                                           

          (28) 

        
                                                  

                 (29) 

        
                                          (30) 

The first-order conditions of eq. (29) and (30), i.e., eq. (31) and (32) give the 

optimal effort levels,         and         . 

  
  

                                          (31) 
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                                        (32) 

Substitute         and          into binding participation constraints (equation 

(27) and (28) with equal signs), one can get the optimal        and      . 

                                                              

                     (33) 

                                                        (34) 

Thus, the expected profit of the firm with the optimal effort-wage pairs is 

    

 

 
                                

                                                         
 

 
   (35) 

The first-order condition of eq. (35) with respect to m gives the optimal span of 

control m*.  

Lemma 3. The optimal span of control is independent of the size of the firm.  

Proof. The proof is trivial, as all  ’s are cancelled out in the first-order condition 

of eq. (35).           

          qed. 

From assumption (3), there is a positive externality of coordinating multiple 

assets. Define the elasticity of externality of cooperating multiple assets as the sensitivity 

of potential value increased when an agent working with more assets. 

Elasticity (externality of cooperating   assets) =
     
    

 

    (36) 

Proposition 2. The more elastic the externality of cooperating is, the larger the 

span of control should be; otherwise, the span of control should be small. 

The proof is tedious and is skipped here, but the intuition is simple. Here, the 

upper-level agents are generalists, and they work with multiple assets. If their 
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cooperating effect is significant and has large impact on the value, then they should work 

with more assets, and the hierarchy should have larger span of control; therefore, 

steeper hierarchy is favorable. Otherwise, there should be small span of control, and 

therefore flatter hierarchy is favorable.  

3.6. Who Wants to Get to the Top  

Now go back to solve the period 1’s problem. Like the previous section, this 

section also assumes the optimal hierarchy is a pyramid form (like the gss form), and 

there are   assets and the span of control of upper-level agent is  . In addition, as 

committed ex ante,    percentage of agents with the highest value generated will be 

promoted to the upper level at the beginning of period 2. Assume in period 1, all agents 

work with one asset, so that    percentage of agents with the higher value generated will 

be the same as the    percentage of agents with the higher probability of generating 

value. 

Assume the distribution of the agents’ probability of generating value in period 1 

is      , and the cumulative density function is      . Let P* be such that      

    
  . That is, if an agent’s probability of generating value greater than   , he will be 

promoted to the upper level.    is endogenous, but a single agent treats    as a 

parameter. Define the distribution of         as        , and the cumulative density 

function is        . Then for an agent who has probability   of generating value, the 

probability of being promoted is  

                      (37) 

The firm’s problem is 

                                  (38) 

subject to  
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                (39)  

       
          

      
          

      
    

     

   

           
      

           
      

                  (40)  

                   
 
         

  
    

 
         

      
  
  

     

   

           
  

    
 
          

      
  

         (41) 

                  
          

      
          

      
    

     

   

           
      

           
      

               (42) 

Eq. (39) and (40) are the agents’ participation constraints, and eq. (41) and (42) 

are the agents’ incentive compatibility constraints. Since the monotone likelihood ratio 

property holds under the assumptions, one can replace eq. (41) and (42) with their 

corresponding first-order conditions.  

      
 
         

  
    

 
         

      
  

      
      

  
           (43)  

      
          

      
          

      
        

      
             (44)  

Proposition 3. Under the assumption of types and productivities, given the 

contract under the gss form, the generalist has more incentive to exert higher effort in 

period 1 and thus is more likely to be promoted. 

Proof. Because of the assumption of types and productivities, in period    , 

being at the upper level and working with   assets is more favorable for a generalist. 

That is, in eq. (43) and (44) (the first-order conditions of incentive compatibility 

constraints),     
      

  
      

      
  
    for a generalist is relatively larger than 

    
      

        
      

      for a specialist. Therefore, because of the higher 
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marginal benefit of effort, a generalist has more incentive to exert effort and thus can 

have higher probability of generating value in period 1, and thus, he is more likely to be 

promoted in period 2.  

qed. 

3.7. Conclusion  

This paper analyzes optimal hierarchy using a T-period model. Agents’ types are 

unobservable at hiring, and their effort levels are unobservable, so there are hidden 

information problem and hidden action problem. Firm wants to choose the optimal 

hierarchy form to maximize profit and assign proper types of agents to realize the 

optimal hierarchy. Because the specialist can accumulate specialty of working with 

individual asset after period 1 and the generalist is more productive on coordinating 

multiple asset after period 1, in the optimal hierarchy the specialist should work with 

individual asset and the generalist should work with multiple assets. The optimal 

hierarchy form depends on the externality of working with multiple assets. If the 

externality is large, the generalist at the top is desirable; if it is small, the specialist at the 

top may be desirable. How many agents should be at the top depends on the elasticity 

of the externality of working with multiple assets. Given the pyramid form, if the 

externality of working with multiple assets is very sensitive to the number of the assets, 

the span of control should be large, and there are fewer generalists at the top; otherwise, 

more agents should be at the top. Finally, the T-period model with promotion can give 

the agents who should be at the top more incentive to get promoted. 

The model has exogenous levels of hierarchy, and I only analyze the case where 

there are two hierarchy levels. Future work can extend the model to endogenize the 

layers of the hierarchy. If there are many hierarchy levels, then the lowest-level agents 

can get incentive from promotion opportunity; the highest-level agents get incentive from 

evaluation of performance; and any intermediate agents get incentive from both 

promotion opportunity and evaluation of performance. 
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