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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.
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This paper is a product of the Agriculture and Rural Development Team, Development Research Group. It is part of a 
larger effort by the World Bank to provide open access to its research and make a contribution to development policy 
discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. 
The authors may be contacted at fyamauchi@worldbank.org.  

This paper uses farm panel data from China to examine the 
dynamics of land transactions, machine investments, and 
the demand for machine services. Recently, China’s agricul-
ture has experienced a large expansion of machine rentals 
and machine services provided by specialized agents, which 
has contributed to mechanization of agricultural production. 
The empirical results show that an increase in nonagricul-
tural wage rates leads to expansion of self-cultivated land size. 
A rise in the proportion of nonagricultural income or the 
migration rate also increases the size of self-cultivated land. 

Interestingly, however, relatively educated farm households 
decrease the size of self-cultivated land, which suggests that 
relatively less educated farmers tend to specialize in farm-
ing. The demand for machine services has also increased 
if agricultural wage and migration rate increased over 
time, especially among relatively large farms. The results 
on crop income support the complementarity between 
rented-in land and machine services (demanded), which 
implies that scale economies are arising in Chinese agri-
culture with mechanization and active land rental markets. 
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1. Introduction 

China has made remarkable progress in increasing its income level through industrialization over the 

past three decades. It is also well known that, after the onset of reform, the real wage rate for China’s 

unskilled labor had not risen for more than two decades, thereby supporting rapid industrialization (Cai 

and Du, 2011). However, during the past decade China’s unskilled wage rate appears to have been rising 

at an accelerating rate parallel to the GDP growth rate. It is common in the rural population that workers 

seek employment through migration to urban sectors, and the rising wage rate continues to encourage the 

rural-urban migration, which creates labor shortage in rural sectors. While the rising wage rate helps to 

reduce rural poverty, it is also creating an emerging challenge to agriculture in China, where production 

largely depends on small-scale, family-based and labor-intensive operations. In this paper, we examine (i) 

how the increase in real wages has induced a realization of scale economies through land rental markets 

under the institutional constraint of a prohibition on sale of agricultural land in China and (ii) whether 

machine services and/or machine investments substitute for labor despite the prevalence of  small-scale 

farming and land fragmentation.  

Family labor tends to be more intensively used on smaller farms in the absence of efficient labor 

markets due to difficulty in monitoring and supervising hire labor, which, in turn contributes to the 

inverse relationship between farm size and crop yield (Feder 1985; Berry and Cline 1979; Benjamin and 

Brandt 2002; Chen et al., 2009). Not surprisingly, China’s agriculture has also been dominated by labor-

intensive small farms that mainly rely on family labor (Cook, 1999). However, such an inverse 

relationship could be altered with the fast economic growth, accompanying a rising wage rate, which 

makes labor-intensive production expensive if the capital-labor substitution is not smooth for some 

reasons such as indivisibility in machines. The wage growth may have significant effects on the efficiency 

of small-scale farming in Asia and potentially more generally in land-scarce developing countries (Otsuka 

et al., 2013).  



China’s agriculture is dominated by smallholders with relatively small farm size and fragmented 

plots. There are about 200 million small farms that produce most of the crops in China (NSBC, 2013). 

When China completed its household responsibility reform, which allocated village land equally to all 

households in each village in 1985, the average farm size was only 0.7 hectare. Each household normally 

has at least 3-4 plots of different qualities and some have more than 10 plots. Around 60% of the plots are 

under 0.1 ha and nearly a quarter are larger than 0.15 ha, with the rest between 0.1 and 0.15ha (Tan et al., 

2006).  

The following intuition shapes up the key hypotheses of this paper. An increase in real wages 

increases the production cost of the labor-intensive farming system and thereby decreases comparative 

advantage in agriculture based on the labor-intensive production methods widely observed in many parts 

of Asia. To restore advantage, at least partially, farm size expansion helps mechanization to take place 

and therefore to substantially save high-cost labor, given that large machines are by nature indivisible. 

However, the introduction of large-scale mechanization is difficult if farm size expansion is constrained 

by high transaction costs of land consolidation due to land fragmentation and imperfect land rental 

markets. In China, it appears that the emergence of machine service rental appears likely to mitigate the 

efficiency cost attributed to the land market rigidities by bypassing the indivisibility of machines.  If 

expansion of farm size is possible or the machine service is available, they may create a divergence in 

production efficiency and profitability across farmers of different sizes.  

This paper shows evidence from China that largely supports the proposition that wage growth in 

recent years led to an introduction of labor saving practices. That is, prospective farmers tend to acquire 

more land by renting in land and also rely on machine services, rather than purchasing machines when 

real wages increase. This is especially true for comparatively large farms. The empirical findings also 

show that land and machine services are complementary and the effect is larger and more significant 

among relatively large landholders.  



As Otsuka (2013) elaborates, increasing real wages (and transformation of occupational structures in 

labor markets) challenge Asian agriculture in which the majority of farmers are smallholders, because of 

the increasing need (i) to reduce the labor force in agriculture (as the opportunity cost of labor increases), 

(ii) to increase the average farm size (to reduce labor use by introducing labor-saving production methods) 

and (iii) to generate enough income to retain parity with nonagricultural workers. If land markets and/or 

institutional mechanisms are imperfect, major inefficiencies in the allocation of farm land will be bound 

to arise.  Otsuka, Liu and Yamauchi (2013) present evidence consistent with the above conjectures using 

cross-country panel data. Foster and Rosenzweig (2010, 2011) show some evidence to support the second 

point in India. Yamauchi (2014) also shows evidence from Indonesia that relatively large farms gain more 

efficiency in production by expanding their farm land and introducing machines. 

The key idea of this paper is related to the induced innovations proposed by Hicks (1932), and later 

elaborated by Hayami and Ruttan (1985) who introduced the idea of induced institutional changes in 

agriculture. An increase in real wages may induce a technical change to save labor or, simply, a 

substitution between labor and machines, i.e., mechanization, but also could lead to a new institutional 

arrangement that saves labor and/or reduces user costs of machines on farms even without land 

consolidation.6 For example, if machines can be rented relatively cheaply or the supply of machine 

services could be accessed without much additional transaction cost, small farmers may be able to 

effectively save labor by utilizing machine services or machines through rental markets.7 In this context, 

we examine whether changes in relative factor prices altered the differences in productivity among small 

and large farms if the rigid initial land distribution imposes a constraint on labor-capital substitutability.  

             China provides an interesting setting, in which selling agricultural land is prohibited and 

expansion of operational farm area can only be achieved through land rental markets. The prohibition on 

6 Using commodity-wise province-level panel data, Wang et al. (2014) showed clear evidence supporting the 
capital-labor substitution responding to changes in the relative price of machines to agricultural labor. 
7 This will be the case in some areas, e.g., lowland agriculture. However, it is more difficult in hilly areas including 
terraced rice production. 

                                                           



land sales creates an ideal experimental ground to assess how land rental markets respond to rising real 

wages.  The analysis differentiates across farmers since the theory predicts possible scale advantage 

among relatively large farms when they face wage growth. With the expansion of off-farm employment, 

some farmers are predicted to increase their labor supply to nonagricultural sectors, and/or rent out their 

land to other farmers (Bowlus and Sicular, 2003). In contrast, some farmers are likely to increase their 

operational size by renting in land from other farmers, and to start using machines through purchasing 

machines or renting machine services to substitute for labor. The analysis highlights land endowment in 

two dimensions: farm size and fragmentation.  

          In all the econometric estimations, first differences are taken to wipe out unobserved fixed error 

components, which could lead to bias in the cross-sectional estimation. The key explanatory variable in 

the first-differenced form is village-level real wage growth separately computed for agriculture and 

nonagriculture work (see details on the construction of the wage variables in Section 3.3). Labor can be 

imperfectly substitutable between agricultural and nonagricultural work due to differences in the required 

skills, and so we use the village-level wages for the two sectors. Furthermore, we use the proportion of 

nonagricultural income and migration rate, both computed at the village level, to represent potential labor 

shortage in agriculture.  

The paper is organized as follows. Section 2 describes wage growth and mechanization recently 

observed in Chinese agriculture. Section 3 explains the panel data collected in six provinces in China, 

with two rounds in 2000 and 2008. Section 4 describes the empirical strategy. The empirical findings are 

summarized in Section 5, followed by concluding remarks in Section 6.  

 

2. Wage Growth and Mechanization in China 

China’s economy has maintained its high annual growth rate of GDP, roughly at 10%, for more than 

four decades. In 2013, GDP per capita reached nearly US$6,629 (NSBC, 2014). Among other factors, off-



farm employment, especially through rural-to-urban labor migration, has played an important role in the 

nation’s structural transformation and has been a source of economic growth (Zhang and Song 2003; Cai 

and Wang, 2010). The rise of off-farm employment for the farm population was one of the most salient 

features of China’s development during the 1980s and 1990s. According to the 2000 China National 

Rural Survey, only 15 percent of the rural labor force had a job off-farm in the early 1980s. By 2000 the 

share of the rural labor force that worked off the farm reached 45.3 percent (Wang et al., 2011). With a 

rural labor force exceeding 500 million, this means that in 2000 more than 218 million individuals were 

working fully or part time off the farm (Gile, 2006; NSBC, 2001). The upward trend in the share of the 

rural labor force with off-farm employment continues to rise. From 45.3 percent in 2000, more than 60 

percent of the rural labor force is working off the farm in 2011. 

When reviewing the process of adopting labor-saving technology in agriculture, it is generally 

assumed that this can be achieved through substituting machine-based engineering technology for labor 

(Hayami and Ruttan, 1985). This, in turn, helps to save more labor time for nonfarm activities, potentially 

increasing income from other sources.  

Initially, the effort to promote appropriate mechanization dates back to the stage of the collective 

system before 1978. Even though large inefficiency is attributed to this collective institution, causing less 

motivated production and other adverse social effects, certain remarkable achievements have been 

acknowledged (Lin, 1991; 1992). Specifically, agricultural machinery stations at different administrative 

levels were established to provide machine operation services at the fixed price. Projects were designed to 

provide machine operations including plowing, sowing and reaping within villages, or production teams 

who were equipped with large or medium-sized machines, especially tractors. This institutional 

mechanism also facilitated mutual aid among neighboring farmers to operate small motorized farming 

machines in peak seasons. As a result, mechanical farm operations increased gradually, e.g., about 45 



percent of cultivated areas were mechanically ploughed in 1979 (Figure 1, panel a).8 New irrigated areas 

were mostly opened under powered irrigation instead of the traditional gravity system (NSBC, 2013; Ji et 

al., 2012; Wang et al., 2007).  

  The pattern of mechanical farm operations in Chinese agricultural production changed completely 

during the early period of rural reform. In the implementation of the Household Responsibility System, 

small-sized machines and draft animals were distributed to households on an egalitarian basis. However, 

large and medium-sized machines, such as riding tractors which used to be shared by a production team 

composed of generally 20 to 30 households or managed by the committee of village leaders, were not 

amenable to distribution to individual households. The use of mechanical operations in ploughing 

declined rapidly because households sought to save operational costs and preferred to use draft animals 

for timely cultivation (Figure 1). From 1979 to 1983, about 8 million ha of cultivated land were not 

mechanically ploughed any more as it turned out not to be cost effective. The share of areas under which 

sowing and reaping were mechanically operated stayed constant at 10 and 4 percent, respectively. 

Furthermore, the small size of cultivated land divided by several fragmented plots is another constraint 

that inhibits mechanical farm operations (Fleisher and Liu, 1992). The irrigation systems in some areas 

became wasted or abandoned because of lack of maintenance and the decreased investment in irrigation 

facilities.    

Experience in many developed countries shows that the process of mechanization is driven by 

changes in relative prices, particularly the rising wage rate of off-farm labor, and China is not an 

exception (Wang, et al., 2014). The empirical studies by Cai et al. (2008), Wang et al. (2011) and Li et al. 

(2012) confirmed that migrant wages increased rapidly, along with wages available to other types of 

workers, since the late 1990s. The cost analysis in agricultural production also indicates that the annual 

growth rate of average on-farm labor cost (RMB/day) was 8 percent between 1997 and 2008, and 

8 The jump observed in the share from 1999 to 2000 is due to the change of the land registration statistics on 
cultivated land after the land census in 1996. 

                                                           



accelerated to reach more than 10 percent since (Figure 2). Under the pressure of rising on-farm labor 

costs and its opportunity cost determined by off-farm employment, the number of days that China’s 

farmers have devoted to on-farm work has fallen significantly. By the mid-2000s, the average number of 

labor days per hectare spent on farm had fallen to less than half of the level in  the 1990s (that is, less than 

100 days per hectare) (de Brauw et al., 2013). In the past decade, the number of rural residents who have 

found off-farm employment has risen dramatically, and there has also been a sharp rise in the level of 

mechanization. The demand for mechanical farm operations has risen to compensate for the shortage of 

labor, especially in peak seasons, as the number of permanent migrants to urban and sub-urban areas has 

increased.   

We can explore the adoption of mechanical farm operations from two dimensions: (i) the investment 

in agricultural machines by smallholders and (ii) the provision of machine services. Some earlier studies 

report positive correlations between investments in agricultural machines and remittances from migrants 

(Taylor et al., 2003; de Brauw and Rozelle, 2008; Ji et al., 2012). This suggests that, with the expansion 

of off-farm employment opportunities that increase their incomes, smallholders whose household 

members work outside the village are more likely to substitute own agricultural machines for labor. Given 

the average farm size of 0.6 hectare with fragmented plots and possibly inflexible land rental markets, 

smallholders prefer to use small machines, such as less-than-12 horsepower tractors. In contrast to the US 

where the average farm size is around 180 hectares, Chinese smallholders cannot afford to use large 

machines to plow, plant and harvest. It should be also noted that the frequency and scope of land 

reallocations negatively affects irrigation investments because smallholders are afraid of losing their 

irrigation investments in case that they are assigned to different plots of land in the future without proper 

compensation for the initial investment.9  

9 Although China has codified a robust framework for the protection of land rights such as the Land Management 
Law (1998), the Land Contracting Law (2003) and the Property Law (2007), knowledge and practical 
implementation of these rights still lag in rural areas. The top-down changes to legal and political structures did not 
solve China's continued struggles with unrest resulting from the summary appropriation of land by developers and 
local officials. Farmers in many areas are still being forced to relocate by local officials, often illegally, and local 

                                                           



The proportion of farmers investing in machines is low, which is partially explained by the 

availability of machine services across China, which in effect makes mechanical farm operations 

available to farmers without the indivisibility of exclusive reliance on owned machines.  Even though 

land fragmentation still inhibits adoption of machines, Chinese smallholders have rapidly adopted 

machine rental services in many plain areas of China. The mechanization service by and large evolved 

spontaneously in response to emerging needs to substitute labor by capital (Liu and Wang, 2005).  

Generally, two forms of mechanization are witnessed in the field. One is mechanical services 

provided by Specialized Custom Plowers, Planters and Harvesters (SCPPH) teams, who own large 

machines. The other is machine rental markets, from which households can rent machines to operate on 

their farms. There has been a rapid rise in SCPPH teams’ activities. These teams are all private. They own 

machines and many of them are specialized in this activity; some do not even have their own contract 

land or have rented out their own contract land. Most typically, SCPPH teams are made up of two to three 

family members. Because agricultural production is still managed by smallholders, these teams generally 

set up an agreement orally or in writing on conditions such as price and time with all the households who 

cultivate one or several plots of land.  They will provide mechanical operation services from plowing to 

harvesting to smallholders. The smallholders will come to the field to supervise the process of mechanical 

operations and to pay the machine service provider.10 Usually there is a “well-established price” for the 

services (that is, a kind of market price).  

Mechanical operation teams have extended their activities beyond simply providing mechanical 

operation services. For example, in northeast China, these teams have started to rent in and consolidate 

land from smallholders to realize scale economies.  Then they organize agricultural production with 

cadres still retain large amounts of money intended to be distributed to farmers as compensation for any public-
interest land seizures.   
10 For the mechanical service before harvesting, for example plowing, some of smallholders pay after harvest or 
selling out agricultural products. This mode of payment is generally to the suppliers of mechanical service who are 
local residents. However, when the suppliers of mechanical service came from other counties or provinces, the 
smallholders pay cash as soon as work is done.  

                                                                                                                                                                                           



mechanical operations within the team and hire laborers as well. These teams typically also provide 

mechanical operation services to their neighboring farmers. They can use large-size machines on the 

consolidated land and upgrade their machines with subsidies provided from the government. However, 

they also face some constraints on keeping or expanding the consolidated land. First, the land rent-in 

contracts are mainly short term, often subject to renewal every year. The farmers who rent out their land 

expect that the rent will increase and thus hesitate to sign long-term contracts. The insecurity involved 

with using consolidated land (and, more generally, any short-term rental arrangements) make the 

operators less likely to invest in the land. Secondly, even though they would like to upgrade their 

machines, they may not be able to obtain the quota to buy the subsidized large-size machines.11   

Because of a move to off-farm employment, especially through migration, Chinese smallholders 

began to adopt mechanical farm operations to substitute for labor in production since the 1990s (Figure 1). 

The rapid expansion of mechanical operations occurred in plowing, sowing and harvesting. Mechanically 

plowed areas doubled with an annual growth rate of more than 3 percent between 1983 and 2006 (Figure 

1, panel a).12 The growth of mechanically-plowed areas accelerated to over 5 percent per year from 2008 

to 2011. More than 72 percent of cultivated areas are now mechanically ploughed. Mechanical sowing 

areas also doubled during the 1990s, but mechanically harvested areas increased only around 1.5 times 

(Figure 1, Panels b and c). Furthermore, mechanical sowing and reaping have started to accelerate since 

2003 with annual growth rates of 4.5 and 7 percent, respectively. By 2011, more than 40 percent of sown 

areas are mechanically sown or reaped.  

3. Data 

11 In some regions, a quota of subsidized machine is distributed like a lottery. Only the one who is lucky enough to 
get the quota is qualified to buy the certain machines with the subsidy. 

12 It should be noted that the sudden decline of the proportion of cultivated area under mechanical plowing is 
because cultivated area has been recorded to increase dramatically from 94.971 million ha in 1999 to 130.039 
million ha in 2000. 

                                                           



3.1 Household Survey 

        We use farm survey data that were collected in two rounds to represent the whole country. The 

Center for Chinese Agricultural Policy carried out the surveys in December 2000 (collecting data for the 

year 2000) and early 2009 (collecting data for the year 2008). The data set for 2000 includes information 

from 60 randomly-selected villages in 6 provinces representing China’s major agricultural regions. The 

selected provinces are Hebei, Liaoning, Shaanxi, Zhejiang, Sichuan and Hubei. A total of 1,200 

households was sampled in the following way. For each province, five counties were selected. Two 

villages were randomly selected from each county. Twenty farm households were chosen from each 

village. We judged that the data of 1,189 households of the 1,200 initial sample households were 

complete.  In the 2009 survey, we went back to the same villages that were surveyed in 2000. There were 

two exceptions. Because of the 2008 earthquake in Sichuan, we were not able to repeat the survey in two 

of the villages. As a consequence, the sample size (including those without complete records in 2001) was 

reduced from 1,200 to 1,160. Among the remaining 1,160 households surveyed in 2000, we were able to 

re-investigate 1,046 households in 2009. Of the 114 households that we could not find in the village, 89 

had moved out of the village and were reported to be living in an urban area. The other 25 households 

either disappeared or were living in the village but were not engaged in farming activities (18 

households—mostly because they were too sick to farm).  

        With special attention to crop production for this study, we constructed a panel data set of 

households who were engaged in crop production. In the year 2000, among 1,194 sample households, 

around 90% of households (1,071 households) were engaged in crop production. Some households exited 

from crop production to allow more off-farm employment (Weiss, 1997; Kimhi, 2000). In the end, we use 

the panel data set on crop production consisting of 905 households in the study.13 

3.2 Agricultural Production, Landholding and Machines 

13 Potentially this would lead to underestimation of rented-out land since those who stopped farming could rent 
out their land to other farmers.  

                                                           



In this study, each household’s land endowment is captured by farm size and the number of plots. 

Farm size is measured as self-cultivated land, which is further decomposed into own land and net rent-in 

land. The net rent-in land is measured as land rented in either from the village or land rented in from other 

farmers minus land rented out.   

In this study, the average self-cultivated land at the baseline year of 2000 was 6.38 mu (0.42 ha), 

which was only 60% of farm size in 1985 (Table 1). Our descriptive analysis shows that farm size was 

heterogeneous across provinces. In Hebei and Liaoning provinces, it was a bit larger than 1.5 times of the 

average size. In other provinces, average farm size was between 3.39 mu (0.23 ha) and 5.63 mu (0.38 ha). 

The kernel density estimation of own land indicates that own land area did not change very much between 

2000 and 2008 (Figure 3). This is consistent with the expectation that China has codified a robust 

framework for protection of land rights. Enlarging farm size could be achieved through more active 

utilization of land rental markets (Gao et al., 2012). The distributions of net rent-in land show that average 

rent-in land increased between 2000 and 2008.  Figure 4 shows the relationship between rented in land 

and real nonagricultural wage growth (described below) in 2000 and 2008. The average size of land 

rented in has increased from 2000 to 2008. Besides, a positive relationship between rented in land and 

real nonagricultural wage growth is more visible in 2008 than 2000, which is consistent with our 

proposition.   

         Interestingly, we also observe that the area of land rented in has increased in the areas where 

nonagricultural wages are stagnant, which creates a u-shape curve. Migration from stagnant areas could 

be large as people head to high-growth areas in distance too, which may induce some farmers to rent in 

(as well as rent out) farmland.  

The average number of plots ranged between 4 and 5.5 across provinces in 2000. Combined with our 

observations on farm size, this suggests that China’s agricultural production was facing the double 



pressures of small farm size and fragmentation. In the analysis, we include the number of plots in 2000 

(and its squared term) as control variables.  

The quantities of both machine investment and demand for machine services are measured as 

purchases of machines and payments for machine services in yuan at 2000 constant prices, respectively 

(Figure 5). Given their small farm size, it is not a surprise that smallholders are less likely to invest in 

machines.  Among 905 rural households in the sample, about half did not invest in machines. About 15% 

invested less than 200 yuan (24 US$) in machines. These investments are typically in small tools such as 

pesticide sprayers, etc. The censored distribution of machine investments motivates us to use the Tobit 

model in Section 4.   

The increased use of machine services could be found from the increased percentage of rural 

households who spent more on machine services (Figure 5). The percentage of rural households who rely 

on mechanical farm operation services increased from 49% in 2000 to 58% in 2008, with the average 

growth rate of 2%. Without adjusting for the price of machine services (yuan/mu), we found that the 

average expense increased from 217 yuan (26 US$) to 285 yuan (34 US$). This result is consistent with 

the national-level statistics that show the expansion of mechanical farm operations in plowing, planting 

and harvesting.  

3.3 Labor Markets and Wages 

In this study, the key variables of labor supply and wage rates (agriculture and nonagriculture) are 

calculated at village level in order to mitigate the household-level endogeneity that jointly affects labor 

supply, wages and productivity. Labor supply to off-farm employment is proxied by the proportion of off-

farm income in total income for the sampled households in a village. On average, the proportion of off-

farm income increased by 20.4 percentage point from 55.7% in 2000 to 75.1% in 2008. Furthermore, 

labor shortage in agriculture, especially those in peak seasons, could be captured by the migration rate in 

a village, which is defined as the proportion of household members who lived away (migrants) out of total 



laborers for all of the sampled households in a village. The migration rate doubled from 14.22% in 2000 

to 28.62% in 2008, reflecting the rapid urbanization in China.  

Wage rates used in this study are the average agricultural and nonagricultural wages in a village. The 

former is calculated from the cost of hired-in on-farm labor and the number of working days (yuan/day) 

for all of hired on-farm laborers in a village.14 The latter is the average wage for all off-farm workers in a 

village (yuan/hour), which is expected to reflect the opportunity cost of farm work in the local economy. 

Note that workers can find off-farm jobs not only in their village but also in the local economy outside the 

village. Here, all of the value terms are adjusted at 2000 constant price using provincial CPIs.  

      Our analysis shows that the average real agricultural wage increased from 26.54 yuan/day (3.20 

US$/day) in 2000 to 35.09 yuan/day (4.22 US$/day) in 2008 with an average annual growth rate of 3.5%. 

The kernel density of agricultural wage rates indicates that the average agricultural wage increased as its 

distribution moved from left to right during the period but quite mildly (Figure 6a). Nonagricultural 

wages increased significantly from 2000 to 2008 at different growth rates (Figure 6b). Our data show that 

hourly nonagricultural wages doubled from 1.92 yuan/hour (0.23 US$/hour) in 2000 to 4.00 yuan/hour 

(0.48 US$/hour) in 2008. This also suggests that, similar to those of agricultural wages, nonagricultural 

wages also present regional variations in 2000 and 2008.   

Figure 7 plots village-level averages of migration rates and nonagricultural real wage rates in 2000 

and 2008 (using provincial CPIs as deflators). Consistent with the Figure 6b, it is clear that 

nonagricultural wages increased from 2000 to 2008. Migration rates also increased accordingly and are 

more responsible to nonagricultural wages in 2008 than 2000. Labor outmigration seems to be positively 

correlated with an increase in nonagricultural wages. 

 

14 Since a small number of on-farm hired labors are reported in each village, we expect measurement errors in the 
variable. We used the county-level average if there is no hired labor case. However, we still think it is important to 
include agricultural wages due to the fact that agricultural labor demand goes up in a particular season to reflect the 
demand-supply (im)balance, in contrast with non-agricultural wages.  

                                                           



4. Empirical Strategy 

          This section describes the specification and estimation strategy used, and discusses identification 

issues. The analysis uses household-level panel data to examine land transactions, machine investment 

and services, and crop incomes.  

         In the analysis of land transactions and machine investment and services, the following first-

differenced equation is estimated, 

                                  

)1,0(00)1,0(220)1,0(21)1,0(1)1,0( ' ijijijijjijjjij provxeduwlandwwy edβββa ∆+++∆+∆+∆+=∆         (1) 

 

where )1,0(ijy∆  is change in self-cultivated land or net rent-in land, or machine investment or change in 

machine services purchased, for household i in village j, from time 0 to 1, )1,0(jw∆  is the village-level 

real wage growth rate (agricultural and nonagricultural wages, treated separately) between 2007 and 2010, 

0ijland is the own-land or self-cultivated land size in time 0, 0ijedu is the average years of 

schooling in time 0, 0ijx is a vector of initial household characteristics, ijprov  is a province dummy, 

and )1,0(ije∆  is the difference in shocks (assume that ijte  is an ex-post shock after household decisions are 

made). Note that 1β  is the effect of change in the village-level real wage rate on the dependent variable, 

and 2β captures how the initial household characteristics affect the impact of change in the village-level 

real wage rate. The estimated village-level real wage growth rate is interacted with the key household 

characteristics: the initial own or self-cultivated land size and the average years of schooling. In the 

estimation, we also include as )1,0(jw∆ changes in the proportion of non-agricultural income and 

migration rate, both calculated at the village level.   

          We hypothesize that 021 >β and 022 <β . That is, facing rising real wages, relatively large 

holders tend to increase their operational size and invest in machines or increase their demand 



for machine services. On the other hand, relatively educated farmers who have better 

employment opportunities outside agriculture tend to reduce their operational size and, 

therefore, are reluctant to use machines.  

          We also estimate the crop income equation in the first differenced form: 

                

)1,0()1,0()1,0(302)1,0(1)1,0( 'ln ijijjjijjij villagemachlandmachland hgggaπ ∆++∆∆+∆+∆+=∆      (2) 

 

where )1,0(ln ijπ∆ is the crop income growth (that is, the difference in log of crop income between 

time 1 and 0), )1,0(jland∆ is change in the self-cultivated land, 0ijmach∆ is machine investment or 

change in machine services purchased, ijvillage is village fixed effects, and )1,0(ijh∆ is the 

difference in ex-post shocks. The variable )1,0(jland∆ can be decomposed into changes in own 

land and net rent-in land.  

            The estimation uses instruments to remove potential bias due to the correlations between initial 

period shock and changes in land and machine inputs. Since village fixed effects are included, the 

inference is based on intra-village variations. Drawing on the results in Eq(1), the instruments are the 

interaction terms of (i) village-level nonagricultural real wage growth, agricultural real wage growth, 

change in nonagricultural incomes, and migration rate, (ii) the initial own land size and the average years 

of schooling, and (iii) province dummies. The interaction of (i) and (ii) creates household-level variations. 

Heterogeneity in their effects is introduced across provinces by interacting them with (iii) province 

dummies. Since we control village fixed effects, the village level variables themselves are not included in 

the instruments.  

            Our interest is in 3g measuring the complementarity between land and machines. In the 

context of China where the transfer of land ownership is prohibited, we are particularly 

interested in the role of land rental arrangements in expanding (or reducing) the size of self-



cultivated land and realizing scale economies by augmenting the marginal value of machines. 

That is, we hypothesize that 03 >g .  

 

5. Empirical Results  

       This section reports our empirical results. The first set of estimation results focuses on land 

transactions, machine investments, and machine services demanded. We use first differencing in all 

estimations. The next set comes from crop income equations. Instruments are used to endogenize changes 

in land cultivated and rented in as well as machine investments and services demanded in first differenced 

form.    

       Table 2 summarizes our results on changes in self-cultivated farm land.15 The explanatory variables 

include nonagricultural real wage growth, agricultural real wage growth, change in the proportion of 

nonagricultural income, and the migration rate, all of which were computed at the village level. The 

above village-level changes are interacted with the household’s land owned in 2000 and the average years 

of schooling completed (as of 2000). These interaction terms are intended to capture the degree to which 

the initial levels of household land and human capital endowment differentiate the effects of the village-

level changes. In addition, the specifications include, as controls, the number of plots, its squared term, 

land owned, the number of laborers, that of family laborers, the average age and years of schooling 

completed. Province dummies are also included to control for the province-level average changes. 

         Columns 1 and 2 include nonagricultural and agricultural real wage growth, both of which are 

interacted with the initial size of land owned and the average years of schooling completed. Column 1 has 

the number of plots, while Column 2 adds its squared term. The results show that non-agricultural real 

wage growth has a significant and positive effect on change in self-cultivated land, implying that 

15 Though it is essentially prohibited to sell and buy farm land, the allocation of own land could change over time. 
However, a large portion of changes in self-cultivated land comes from land rental markets.  

                                                           



cultivated land area has increased significantly in villages that experienced an increase in real wage in 

nonagricultural sectors. In contrast, we do not find significant effects of agricultural real wage growth.  

         Columns 3 and 4 also add changes in nonagricultural income and migration rate (both computed at 

the village level), interacted with the initial size of land owned and the average years of schooling 

completed. First, the effects of non-agricultural real wage growth remain robust. Second, change in the 

proportion of non-agricultural income also has a significant and positive effect on change in self-

cultivated land. Third, their interactions with the average years of schooling has significant and negative 

effects, which implies that, in response to employment opportunities in non-agricultural sectors, farm 

households endowed with more human capital (measured in educational attainment) tend to reduce the 

size of farm operations by renting out land. Finally, the negative sign of change in migration rate is hard 

to interpret here but this could be because large migration out of the village could shrink agricultural 

activities.16  

         Table 3 reports the estimation results on change in net rent-in land. The net rent-in land is land 

rented in minus that rented out. Consistent with the previous findings, nonagricultural real wage growth 

has a significant and positive effect on change in net rent-in land. Its interaction term with the average 

years of schooling is also negative and significant. Farmers tend to rent in land when the nonagricultural 

wage increases, but rent out land if the households have more educated members. Other variables of 

interest are not statistically significant.  

          Next we analyze machine investments and service demands. Table 4 shows the results on machine 

investments. The aggregate value of investments in agricultural machines in 2000-2008 was computed. 

The estimation uses the same specifications as in Tables 2 and 3, but we use the Tobit model for machine 

investments because the dependent variable is censored at zero (nearly a half of observations have no 

investment).  Only the interaction of agricultural real wage growth with the initial size of self-cultivated 

16 This could be due to the reverse causation: In areas where cultivation size can easily expand, people do not 
migrate much. 

                                                           



land (Columns 1 and 2) and the initial size of land owned (all columns) are significant. We may conclude 

that machine investments are explained primarily by the initial cultivation size and growth of agricultural 

wages, but not by changes in non-agricultural employment opportunities in the current empirical context. 

           Table 5 shows the results on machine services demanded. First, similar to the results on machine 

investments, an increase in agricultural real wage raises the value of machine services demanded if the 

size of self-cultivated land is relatively large. Second, an increase in migration rate also raises the demand 

for machine services when self-cultivated land is relatively large at the initial stage. Both results imply 

that the demand for machine services increase as it becomes more difficult and/or expensive to secure 

labor for agricultural operations. 

         Overall, the results on land transactions and demands for machines are consistent. Nonagricultural 

wage growth and larger employment opportunities in non-agricultural sectors tend to lead to increases in 

the size of farm operations by renting in more land, and this effect seems to be larger among relatively 

large farms. In contrast, the above effect is negative if more educated members are in the household, most 

likely because those households want to allocate relatively educated members to non-agricultural works. 

Machine investments and services demanded also tend to increase in response to an increase in 

agricultural wage (not nonagricultural wage), and the effect seems to be large among relatively large 

farms. Out migration also tends to increase the demand for machine services among relatively large farms, 

which directly supports the substitution for labor by machines.  

          From now we report results on the crop income equations. The dependent variable is growth of 

crop income (crop revenues minus all the production costs except family labor and other family-owned 

inputs) in the first differenced forms with village fixed effects (thus, making it unit free). We estimate the 

equations with and without instruments. The instruments are the interaction terms of (i) village-level non-

agricultural real wage growth, agricultural real wage growth, change in non-agricultural incomes, and 

migration rate, (ii) the initial own land and the average years of schooling, and (iii) province dummies. 



The interaction of (i) and (ii) creates household-level variations. Heterogeneity in their effects is 

introduced across provinces by interacting them with (iii) province dummies. Since we control village 

fixed effects, the village level variables themselves are not included in the instruments.  

           The results in Table 6 confirm significant effects of land cultivated on income but not the effect of 

machine investment. These results remain robust whether they are estimated with instruments or not. The 

estimation also separates the cultivated land into the land owned and rented in (measured by change in net 

rent-in land). As expected, both types of land significantly contribute to crop income. The interaction of 

self–cultivated land (or net rent-in land) and machine investment is significantly negative in the 

instrumental variable estimation. In the above estimation, however, instruments are not significant in the 

sense that Hausman tests did not detect significant differences in estimates between non-instrument and 

instrumental variable estimations.  

          Similar estimations are conducted with machine services demanded (Table 7). We have similar 

results here except the interaction of changes in net rent-in land and machine services, which turned out to 

be significantly positive in the instrumental variable estimation. However, again, the Hausman test did not 

show significance of the instruments. Machine services seem to be complementary with rent-in land, but 

the latter is not robust in the estimation here.  

         Next we restrict the sample to farmers who own land greater than 6 mu in 2000 (Table 8). 

Interestingly, in all specifications, the instruments are significant in the sense that Hausman tests support 

the instrumental variable estimation results. Thus we focus on the results with instruments here. Although 

machine services are not significant without interactions to land, they are found to be significantly 

complementary with rented in land. The parameter is greater than the previous estimate if we use larger 

farms only.17  

17 It is possible that rented in land is used for crops different from the main crop in their own land, and the new crops 
need the use of machines.  

                                                           



        To sum up, the crop income equations show that (i) land, owned and rented in, significantly 

contributes to crop income and (ii) the contribution of machines to crop income depends on land types 

and sizes, and in particular, machine services seem to augment the value of rent in land, but not own land, 

indicating that land is rented in to enhance the efficiency of machine use. The results are more clearly 

interpretable among relatively large farms. That is, rent in land and machine services are complementary 

for large farmers. This finding  implies that the possibility of renting in land to expand the scale of farm 

operation as well as the availability of machine services that substitute for labor are particularly important 

among relatively large farms.  In other words, the advantage of large-scale farming is realized by the 

increasing incidence of land renting and the increasing availability of machine services. 

 

6. Conclusions 

           Using farm panel data from China, collected in six provinces, i.e., Hebei, Hubei, Liaoning, Shaanxi, 

Sichuan and Zhejiang, in 2000 and 2008, we examined the dynamics of land transactions, machine 

investments and the demand for machine services. China’s agriculture in general experienced an 

expansion of machine rentals and machine services provided by specialized agents in the past decade, 

which contributed to mechanization in agricultural production. In particular, we investigated the effects of 

nonagricultural and agricultural wage growth and changes in the proportion of nonagricultural income 

and the migration rate, all of which are estimated at the village level, on changes in self-cultivated land, 

rent-in land, machine investments and machine service used. Our results show that an increase in 

nonagricultural wage leads to the expansion of self-cultivated land size, and the effect tends to be larger 

on larger farms. A rise in the proportion of nonagricultural income or the migration rate also increases the 

size of self-cultivated land significantly among relatively large farms.  

            Interestingly, relatively educated farm households respond to the above changes in an opposite 

way, i.e., decreasing the size of self-cultivated land, which suggests that land is rented out from relatively 



more educated to less educated households. Since the initial land distribution is relatively equal for 

historical reasons, schooling distribution across households seems to play an important role in separating 

households into two groups: those who rent in land to expand farm size and those who transit to 

nonagricultural work and rent out land to others. This finding is in contrast to those found in Indonesia 

where the initial landholding plays an important role (Yamauchi, 2014).  

          The demand for machine services has also increased if agricultural wage and migration rate 

increased over time, and the effect is larger for relatively large farms. However, the results on machine 

investments are not clear possibly because of the development of active machine rental and service 

markets (Yang et al. 2013). Interestingly, the results on crop income equations support the 

complementarity between rent-in land and machine services (demanded), both of which are mutually 

augmenting crop income. This suggests that the possibility of renting in land to expand farm size and the 

availability of machine service providers or machine rental markets are both critically important in 

enhancing the efficiency of large farms.  

            The above findings largely support our main hypothesis that wage growth, being increasingly 

important as a result of the successful industrialization in China, creates pressure on farmers to substitute 

labor for machine services as well as expand the scale of farm operations. In order to do so, the land 

institutions in China need to be flexible enough to allow the emergence of large-scale farms, which will 

help to maintain the international competitiveness of Chinese agriculture. Conversely, if land institutions 

fail to support the emergence of large-scale farms, Chinese agriculture is likely to lose comparative 

advantage.  This possibility has important implications for international grain markets in the future.  
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Figure 1 The evolution of mechanical farm operations in China’s agriculture 
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Panel a: Mechanical plowing 
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Panel b: Mechanical sowing 
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Panel c: Mechanical reaping 

 
                 Source: China Rural Statistical Yearbook (NBSC, various issues). 

 



Figure 2 Trend of average daily wage rate of on-farm labor (RMB/day) in agricultural 
production,1997-2012 
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Source: National Compilation of Cost and Revenue in Agricultural production 
(National Development and Reform Commission, China, various issues) 
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Figure 3 Kernel density estimation of land owned and net rent-in land (mu), 2000 and 2008 
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Figure 4 Rented in land and real non-agricultural wage growth
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Figure 5 Kernel density estimation of investment in machinery and mechanical service (yuan), 
2000 and 2008 
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Figure 6a Kernel densities of real agricultural wage in 2000 and 2008 

 
Figure 6b Kernel densities of real non-agricultural wage in 2000 and 2008 
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Figure 7 Migration rate and real non-agricultural wages (village-level) 
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Table 1 Descriptive statistics of self-cultivated land and no. of plots by province, 2000 
 
Provinces 

Self-cultivated land in 2000 (mu) Number of plots in 2000 
(no.) 

Mean Sta. Dev. Mean Sta. Dev. 
All provinces 6.38 6.01 4.61 2.16 
Hebei 10.82 9.03 4.47 2.13 
Shaanxi 5.63 2.94 3.98 1.87 
Liaoning 9.97 7.06 5.18 2.40 
Zhejiang 3.39 2.19 4.23 1.92 
Sichuan 3.65 1.96 5.44 2.07 
Hubei 4.31 3.27 4.33 2.13 
Source: Authors’ own survey 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



  Table 2 Determinants of change in self-cultivated land 
Dependent variable: Change in self-cultivated land (mu)  
Real wage growth: Non ag. 1.1192* 1.1013* 1.2118* 1.2161* 
 (2.44) (2.39) (2.12) (2.07) 
Real wage growth: Non ag *Land owned (2000) -0.0051 0.0029 0.0859 0.0891 
 (0.10) (0.06) (1.16) (1.23) 
Real wage growth: Non ag *Years of schooling  -0.1620 -0.1705 -0.2586* -0.2659* 
 (1.30) (1.35) (2.18) (2.23) 
Real wage growth: Ag. 0.7378 0.6959 1.2749 1.2204 
 (1.32) (1.23) (1.59) (1.46) 
Real wage growth: Ag * Land owned (2000) -0.0453 -0.0439 -0.0379 -0.0382 
 (1.29) (1.27) (0.80) (0.82) 
Real wage growth: Ag *Years of schooling  -0.0960 -0.0876 -0.1559 -0.1478 
 (1.04) (0.92) (1.33) (1.23)  
Change in the proportion of non agri income    3.1123** 3.0190*** 
   (3.97) (4.20) 
Change in the proportion of non agri. 
income*Land owned (2000) 

  0.2990 
(1.42) 

0.3004 
(1.40) 

Change in the proportion of non agri. 
income*Years of schooling (laborers, 2000) 

  -0.4919** 
(3.73) 

-0.4984** 
(3.96) 

Change in migration rate    -2.5394* -2.1655** 
   (2.48) (2.87) 
Change in migration rate *Land owned (2000)   0.5028 0.4509 
   (0.89) (0.81) 
No. of plots -0.0170 -0.5275* -0.0634 -0.5334* 
 (0.11) (2.38) (0.41) (2.47) 
No. of plots^2  0.0496**  0.0457** 
  (3.37)  (3.41) 
Land owned (2000) -0.1545 -0.1582 -0.3833* -0.3767* 
 (1.28) (1.32) (2.11) (2.08) 
Number of laborers (2000) -0.3860 -0.3674 -0.3716 -0.3538 
 (1.64) (1.62) (1.56) (1.53) 
Female (laborer, 2000) 0.0992 0.0887 0.1486 0.1404 
 (0.34) (0.30) (0.54) (0.51) 
Age (laborer, 2000) -0.0654** -0.0658** -0.0589** -0.0594** 
 (2.86) (2.96) (2.78) (2.88) 
Years of schooling (laborer, 2000) 0.0517 0.0480 0.1944 0.1909 
 (0.59) (0.53) (1.51) (1.50) 
Dummy of net crop income at 2000 (1 if it is 
positive; 0 otherwise) 

-0.6357 
(1.09) 

-0.5507 
(0.91) 

-0.6326 
(1.14) 

-0.5442 
(0.95) 

Province fixed effects yes                           yes yes yes 
Constant 3.7713** 4.7778** 3.6724* 4.5573** 
 (2.62) (3.41) (2.18) (2.96) 
N         905         905 905 905 
R2 0.082 0.085 0.100 0.103 

Note: Absolute t statistics in parentheses; * p < 0.10, ** p <0 .05, *** p <0 .01. 
 
  



 Table 3 Determinants of change in net rent-in land 
Dependent variable: Change in net rent-in land (mu)  
Real wage growth: Non ag. 0.8088** 0.7932** 0.8107* 0.8146* 
 (2.72) (2.95) (2.15) (2.19) 
Real wage growth: Non ag *Land owned (2000) 0.0035 0.0104 0.0255 0.0284 
 (0.13) (0.39) (0.47) (0.53) 
Real wage growth: Non ag *Years of schooling -0.1101* -0.1174* -0.1268** -0.1334*** 
 (2.23) (2.42) (3.81) (4.08) 
Real wage growth: Ag. -0.7141 -0.7505 -0.6703 -0.7203 
 (1.76) (1.89) (0.99) (1.10) 
Real wage growth: Ag * Land owned (2000) 0.0081 0.0092 0.0135 0.0133 
 (0.30) (0.34) (0.23) (0.23) 
Real wage growth: Ag *Years of schooling 0.0638 0.0711 0.0574 0.0649 
 (1.34) (1.56) (0.98) (1.17) 
Change in the proportion of non agri income    0.2269 0.1416 
   (0.16) (0.10) 
Change in the proportion of non agri. 
income*Land owned (2000)                                   

  0.0664 
(0.51) 

0.0676 
(0.54) 

Change in the proportion of non agri. 
income*Years of schooling (laborers, 2000) 

  -0.0711 
(0.38) 

-0.0770 
(0.42) 

Change in migration rate    -1.7545 -1.4123 
   (0.65) (0.63) 
Change in migration rate *Land owned (2000)   0.2059 0.1584 
   (0.34) (0.25) 
Change in migration rate *Years of schooling    0.0422 0.0492 
No. of plot -0.0505 -0.4938*** -0.0468 -0.4771*** 
 (0.61) (5.37) (0.51) (5.32) 
No. of plot^2  0.0431***  0.0418*** 
  (5.37)  (4.80) 
Land owned (2000) 0.0202 0.0170 -0.0419 -0.0359 
 (0.28) (0.24) (0.34) (0.29) 
Number of laborers (2000) -0.0035 0.0126 -0.0057 0.0106 
 (0.02) (0.08) (0.03) (0.06) 
Female (laborer, 2000) 0.1182 0.1092 0.1187 0.1112 
 (0.52) (0.48) (0.51) (0.49) 
Age (laborer, 2000) -0.0068 -0.0071 -0.0059 -0.0064 
 (0.64) (0.66) (0.55) (0.58) 
Years of schooling (laborer, 2000) 0.1100* 0.1067* 0.1319** 0.1287** 
 (2.26) (2.15) (2.60) (2.70) 
Dummy of net crop income at 2000 (1 if it is 
positive; 0 otherwise) 

-0.3496 
(0.54) 

-0.2757 
(0.42) 

-0.3489 
(0.53) 

-0.2680 
(0.40) 

Province fixed effects  yes              yes yes yes 
Constant -1.3094 -0.4353 -1.1556 -0.3456 
 (1.33) (0.41) (0.87) (0.25) 
N         905         905 905 905 
R2 0.034 0.039 0.035 0.040 

Note: Absolute t statistics in parentheses; * p < 0.10, ** p <0 .05, *** p <0 .01. 
 
 
  



Table 4 Determinants of machine investments  
Dependent variable: Machine investment (yuan)    
Real wage growth: Non ag. 1731.8060 1692.9468 2580.9153 2553.9991 
 (0.76) (0.74) (1.09) (1.07) 
Real wage growth: Non ag *Self-cultivated 
land  

-43.5544 
(1.01) 

-30.0928 
(0.84) 

-48.0966 
(1.14) 

-37.5919 
(1.02) 

Real wage growth: Non ag *Years of 
schooling  

-56.6682 
(0.23) 

-70.5943 
(0.28) 

-180.2515 
(0.89) 

-194.1812 
(0.91) 

Real wage growth: Ag. -447.1376 -535.7060 179.1174 65.9574 
 (0.38) (0.45) (0.19) (0.07) 
Real wage growth: Ag * Self-cultivated land  93.0064** 94.1864** 32.8935 32.7653 
 (2.32) (2.36) (0.62) (0.59) 
Real wage growth: Ag *Years of schooling  101.0735 121.3211 53.7099 74.0500 
 (0.61) (0.75) (0.35) (0.50) 
Change in the proportion of non agri income    3780.2324 3612.8214 
   (0.86) (0.85) 
Change in the proportion of non agri 
income*Self-cultivated land (2000) 

  376.4118 
(1.36) 

380.5182 
(1.41) 

Change in the proportion of non agri 
income*Years of schooling  

  -827.8969 
(1.41) 

-833.0918 
(1.43) 

Change in migration rate    -5655.8507 -4894.0672 
   (0.45) (0.40) 
Change in migration rate * Self-cultivated 
land  

  -644.8957 
(1.18) 

-725.9175 
(1.37) 

No. of plot -198.8197 -1138.9084 -153.8711 -1114.2162* 
 (1.04) (1.54) (0.94) (1.71) 
No. of plot^2  89.7238  91.8103* 
  (1.57)  (1.73) 
Land owned (2000) 152.8311*** 

(2.84) 
147.0493** 

(2.50) 
155.0435*** 

(2.88) 
159.7881*** 

(2.93) 
Number of laborers (2000) 80.9408 115.1057 116.5778 152.6672 
 (0.56) (0.84) (0.77) (1.07) 
Female (laborer, 2000) 460.1318 443.1244 504.0332 488.7525 
 (1.16) (1.13) (1.28) (1.26) 
Age (laborer, 2000) -66.1537 -67.9032 -63.4984 -65.5042 
 (1.56) (1.62) (1.48) (1.53) 
Years of schooling (laborer, 2000) 43.8088 32.6590 175.4858 166.1650 
 (0.22) (0.16) (0.69) (0.66) 
Dummy of net crop income at 2000 (1 if it 
is positive; 0 otherwise) 

169.6198 
(0.13) 

337.4575 
(0.24) 

206.8071 
(0.17) 

392.4731 
(0.30) 

Province fixed effects yes yes yes yes 
Constant -1092.7416 844.4739 -2688.2060 -761.7851 
 (0.31) (0.29) (0.68) (0.24) 
Sigma      6922.90*** 

        (4.51) 
6897.47*** 

(4.55) 
6907.36***

(4.56) 
6881.66*** 

(4.60) 
N    905 905 905 905 
Log likelihood -5008.4489 -5006.2129 -5005.4404 -5003.1115 
Note: Absolute t statistics in parentheses; * p < 0.10, ** p <0 .05, *** p <0 .01. 
 
  



Table 5 Determinants of change in machine services 
Dependent variable: Change in machine service (yuan)  
Real wage growth: Non ag. 16.1703 16.8641 25.3485 25.4121 
 (0.33) (0.34) (0.45) (0.46) 
Real wage growth: Non ag *Self-cultivated 
land (2000) 

-0.6911 
(0.26) 

-0.9844 
(0.35) 

-1.5370 
(0.58) 

-1.7088 
(0.63) 

Real wage growth: Non ag *Years of 
schooling (laborers, 2000) 

-1.8317 
(0.27) 

-1.4785 
(0.22) 

-0.8555 
(0.13) 

-0.5444 
(0.08) 

Real wage growth: Ag. 40.0355 41.6875 -5.5943 -3.1763 
 (0.92) (0.97) (0.12) (0.07) 
Real wage growth: Ag * Self-cultivated land 
(2000) 

3.2097* 
(2.20) 

3.1944* 
(2.16) 

7.6622** 
(3.55) 

7.6318** 
(3.43) 

Real wage growth: Ag *Years of schooling 
(laborers, 2000) 

-6.5990 
(1.27) 

-6.9842 
(1.37) 

-4.7474 
(0.97) 

-5.0983 
(1.05) 

Change in the proportion of non agri income    11.3397 13.6845 
   (0.14) (0.17) 
Change in the proportion of non agri income* 
Self-cultivated land (2000) 

  -24.8869 
(1.94) 

-24.6566 
(1.91) 

Change in the proportion of non agri 
income*Years of schooling (laborers, 2000) 

  -7.0243 
(1.24) 

-6.7725 
(1.21) 

Change in migration rate    -44.6833 -56.5362 
   (0.47) (0.56) 
Change in migration rate * Self-cultivated 
land (2000) 

  47.9978* 
(2.49) 

49.2587** 
(2.61) 

No. of plot -2.2823 19.4273 -3.1789 15.5399 
 (0.29) (0.96) (0.38) (0.87) 
No. of plot^2  -2.1062  -1.8183 
  (1.35)  (1.31) 
Land owned (2000) 7.1538 7.2378 7.6833 7.4959 
 (1.11) (1.11) (1.74) (1.69) 
Number of laborers (2000) -10.6430 -11.3852* -12.7192* -13.3870* 
 (1.80) (2.12) (2.05) (2.35) 
Female (laborer, 2000) 7.5679 7.9918 6.1929 6.5392 
 (0.76) (0.78) (0.57) (0.60) 
Age (laborer, 2000) -0.9542 -0.9381 -1.1901 -1.1707 
 (0.91) (0.91) (1.11) (1.10) 
Years of schooling (laborer, 2000) -0.5365 -0.3704 1.6854 1.8042 
 (0.13) (0.09) (0.27) (0.28) 
Dummy of net crop income at 2000 (1 if it is 
positive; 0 otherwise) 

-39.9428 
(0.82) 

-43.5371 
(0.89) 

-29.5256 
(0.63) 

-32.9880 
(0.71) 

Province fixed effects yes yes yes yes 
Constant 14.9719 -27.6465 42.9986 7.1416 
 (0.24) (0.41) (0.50) (0.08) 
N 905 905 905 905 
R2 0.084 0.087 0.104 0.105 
Note: Absolute t statistics in parentheses; * p < 0.10, ** p <0 .05, *** p <0 .01. 
 
 



     Table 6 Determinants of change in crop income and machine investment 
Dependent: Crop income growth (difference in log) No IV     IV   No IV   IV    No IV    IV   No IV    IV 
Change in self-cultivated land 0.1053*** 0.0944***  0.1083*** 0.1133***       

 (10.41) (4.76)  (9.92) (5.11)       
Change in land owned       0.1167*** 0.0981***  0.1178*** 0.1114*** 
       (9.64) (4.45)  (8.80) (4.06) 
Change in net rent-in land       0.0884*** 0.0855***  0.0949*** 0.1308*** 
       (6.24) (2.81)  (6.31) (3.17) 
Machine investment 0.0000 0.0000  0.0000 0.0000  0.0000 0.0000  0.0000 0.0000 
 (0.13) (0.41)  (0.24) (0.63)  (0.09) (0.41)  (0.20) (0.58) 
Machine investment* change in self-cultivated land    -0.0000 -0.0000**       
    (0.72) (2.19)       
Machine investment* change in land owned          -0.0000 -0.0000 
          (0.19) (1.63) 
Machine investment* change in net rent-in land          -0.0000 -0.0000** 
          (1.27) (1.96) 
Village fixed effects yes yes  yes yes  yes yes  yes yes 
Constant 0.3142*** 0.2964***  0.3139*** 0.2939***  0.3207*** 0.2985***  0.3193*** 0.2914*** 
 (7.87) (5.64)  (7.86) (5.43)  (8.01) (5.65)  (7.96) (4.94) 
N 605 605  605 605  605 605  605 605 
R2 0.166   0.167   0.171   0.173  
Hausman Test of IV: Chi^2   0.53   4.75   1.16   6.53 
P-value   0.77   0.19   0.76   0.26 

     Note: Absolute t statistics in parentheses; * p < 0.10, ** p <0 .05, *** p <0 .01. 
 
 
 
 
 
 
  



Table 7 Determinants of change in crop income and machine services 
Dependent: Crop income growth (difference in log) No IV          IV  No IV          IV    No IV IV    No IV      IV 
Change in self-cultivated land 0.1051*** 0.1022***  0.1139*** 0.1108***       
 (10.02) (4.88)  (9.70) (4.47)       
Change in land owned       0.1170*** 0.1059***  0.1408*** 0.1338*** 
       (9.31) (4.59)  (9.65) (4.70) 
Change in net rent-in land       0.0886*** 0.0933***  0.0758*** 0.0201 
       (6.20) (2.98)  (4.52) (0.49) 
Change in mechanic service 0.0000 -0.0006  0.0000 -0.0004  -0.0000 -0.0006  -0.0000 -0.0006 
 (0.09) (1.14)  (0.27) (0.79)  (0.07) (1.14)  (0.06) (1.00) 
Change in machine service * change in self-cultivated 
land 

   -0.0001* 
(1.66) 

-0.0000 
(0.64) 

      

Change in machine service * change in land owned          -0.0001*** -0.0001 
          (2.79) (1.31) 
Change in machine service * change in net rent-in land          0.0000 0.0002* 
          (0.69) (1.86) 
Village fixed effects yes yes  yes yes  yes yes  yes yes 
Constant 0.3145*** 0.3565***  0.3249*** 0.3567***  0.3228*** 0.3585***  0.3444*** 0.3734*** 
 (7.73) (6.38)  (7.90) (6.42)  (7.89) (6.39)  (8.34) (6.62) 
N 605 605  605 605  605 605  605 605 
R2 0.166   0.171   0.171   0.187  
Hausman Test of IV: Chi squared   1.93   1.07   2.36   5.32 
 P-value   0.38   0.79   0.50   0.38 
Note: Absolute t statistics in parentheses; * p < 0.10, ** p <0 .05, *** p <0 .01. 
 

  



Table 8 Determinants of change in crop income and machine services for land owned in 2000 exceeding 6 mu 
Dependent: Crop income growth (difference in log) No IV          IV       No IV          IV  No IV       IV                            No IV  IV 
Change in self-cultivated land 0.0791*** 0.1089***  0.0811*** 0.0989***       
 (7.39) (5.50)  (6.56) (3.83)       
Change in land owned       0.0984*** 0.1143***  0.1240*** 0.1299*** 
       (7.82) (5.20)  (8.40) (4.42) 
Change in net rent-in land       0.0525*** 0.0991***  0.0192 -0.0062 
       (3.69) (3.72)  (1.14) (0.17) 
Change in machine service -0.0000 0.0006  -0.0000 0.0006  -0.0001 0.0005  -0.0002 0.0004 
 (0.19) (0.94)  (0.20) (0.93)  (0.64) (0.84)  (0.81) (0.70) 
Change in machine service * change in self-cultivated 
land 

   -0.0000 0.0000       

    (0.32) (0.60)       
Change in machine service * change in land owned          -0.0001** -0.0000 
          (2.10) (0.28) 
Change in machine service * change in net rent-in land          0.0001** 0.0003*** 
          (2.47) (3.44) 
Village fixed effects yes yes  yes yes  yes yes  yes yes 
Constant 0.3713*** 0.3418***  0.3768*** 0.3213***  0.3998*** 0.3537***  0.4371*** 0.3589*** 
 (6.16) (3.35)  (6.00) (2.99)  (6.65) (3.43)  (7.19) (3.34) 
N 239 239  239 239  239 239  239 239 
R2 0.226   0.226   0.255   0.318  
Hausman Test of IV: Chi squared   9.65   13.84   8.91   16.86 
 P-value   0.01   0.00   0.03   0.00 

Note: Absolute t statistics in parentheses; * p < 0.10, ** p <0 .05, *** p <0 .01. 
 
 
 


