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ABSTRACT 

 

Although evidence abounds that the development of rural non-farm activities 

have increased rural household income and contributed to agricultural development, 

the underlying structure and mechanism of the linkage between agricultural 

productivity and non-farm activities is poorly understood. Using a unique panel 

dataset of Chinese villages, this thesis examines the mechanism by which non-farm 

activities influence agricultural productivity. I find that Chinese villages’ non-farm 

revenue has a significant positive effect on agricultural land productivity. Although 

non-farm activities do withdraw labor out of agriculture and therefore dampen land 

productivity, that negative effect is negligible in comparison with the land productivity 

improvement brought by nonfarm revenue-financed infrastructure capital investment. 
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CHAPTER I 

INTRODUCTION  

 

1.1 Background of the Study 

 

Agriculture is the backbone of underdeveloped economies, providing the food 

supply and labor force for emerging manufacturing and service industries. But 

agricultural productivity is generally low in underdeveloped economies due to 

inefficiencies in production and exchange. The most notable hindrance to agricultural 

productivity growth is the imperfection of labor and capital markets. While 

employment opportunities are few in rural areas, labor shortages may arise in the peak 

season as many rural residents are migrating to cities for better-paid jobs. Farmers in 

developing countries are frequently facing financial constraints to productive 

investment. Non-farm activities in rural areas seem to offer a promising solution to 

these problems by creating employment opportunities and generating new sources of 

income for productive investment. Since the 1970s, rural non-farm activities have 

grown rapidly in many developing countries, especially in Asia, Latin America, and 

Africa (Reardon 2001). Evidence is abundant that non-farm activities have made 

significant contributions to the growth of rural economies and to rural poverty 

reduction (Lanjouw and Lanjouw 2001, De Janvry et al. 2005, Démurger et al. 2010).  

Non-farm activities can affect agricultural production through both labor and 

capital markets. The withdrawal of labor out of agriculture into non-farm activities 

may or may not negatively affect agricultural output, depending on the presence of 

surplus labor and the extent of rural labor market perfection (Bardhan and Udry 1999). 
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In the absence of surplus labor, and if the labor market is thin, the labor withdrawal 

can reduce on-farm labor and agricultural output (Leones and Feldman 1998). If the 

labor market is functioning well, the hired labor can potentially substitute for lost 

family labor without compromising output. 

The New Economics of Labor Migration postulates that increased non-farm 

income may relax rural households’ financial constraints and increase investment in 

new farming technologies (Stark and Bloom 1985). With more income from family 

members working in the manufacturing and service sectors, rural residents can 

purchase high-quality seeds and fertilizers to boost crop yields; agricultural 

productivity also increases if migrant remittances are invested in technology and 

infrastructure. However, migrant remittances do not necessarily induce productive 

investment, especially in the absence of profitable investment opportunities. For 

example, De Brauw and Giles (2008) have found that migrant remittances have not 

brought productive investment in China’s national rural household survey data. 

The research reported in this thesis tests these competing hypotheses using a 

panel of Chinese village data. China’s economic reform launched in 1978 and has 

brought new opportunities for rural residents to develop non-farm businesses. Rural 

China has since seen an unprecedentedly rapid growth of nonagricultural activities. 

Small manufacturing factories and service businesses in the form of Township and 

Village Enterprises (TVEs) emerged quickly across rural regions. TVEs presently 

constitute the mainstay of the rural economy in China (De Janvry et al. 2005). 

According to the National Bureau of Statistics of China (2009), TVE 

employment grew from 28.3 million in 1978 to 154.5 million in 2008, raising the 
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share of rural employment in the national labor force from 9 percent to 31 percent. 

Such new employment opportunities have greatly increased rural household income. 

From 1978 to 2008, per capita income of rural residents grew from 133.6 Yuan to 

4,760.6 Yuan, and it appears that the increasing trend will persist for a long period 

(National Bureau of Statistics of China 2009).  

 

1.2 Objective of the Study 

 

Since the development of non-farm activities could in theory either hamper or 

facilitate the improvement of agricultural productivity, it is important to quantify the 

two forces of influence so that the overall effect can be understood. This thesis tests 

the following two hypotheses: (1) nonfarm activities reduce agricultural labor 

employment; (2) rural non-farm activities stimulate capital investment in agriculture. 

Additionally, I attempt to quantify the overall effect of rural non-farm activities on 

agricultural land productivity, and explore new ways to improve agricultural 

productivity in underdeveloped countries.  

The panel of village data used in my study consists of 954 observations, 

covering 318 villages across all 31 provinces in China for the years 2004, 2005 and 

2006. The data were taken from a survey conducted by the Ministry of Agriculture of 

the People’s Republic of China. The dataset includes information on each surveyed 

village’s employment of labor, capital, and land, as well as transportation and 

infrastructure conditions, and many other socioeconomic factors contributing to 

agricultural productivity growth.   
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1.3 Significance of the Study 

 

Economists have discussed the importance of agricultural production in 

economic development for decades. Agriculture is crucial to food safety in both 

developed and developing countries. The agricultural sector provides the population 

with food for survival and materials for use in the other economic sectors. Sustained 

agricultural productivity growth is the foundation of a stable society (Mundlak 1992). 

Although evidence abounds that rural non-farm activities have increased rural 

household income and contributed to rural development, little is known of their impact 

on agricultural production. 

The existing literature has not paid sufficient attention to how agricultural 

productivity is influenced by the flows of labor and capital between agricultural and 

nonagricultural activities within rural areas (Foster and Rosenzweig 2008). The 

underlying structure and mechanism of the linkage between agricultural productivity 

and non-farm activities is poorly understood. This thesis addresses the issue using 

nationally representative data from China, a country having seen remarkable 

development of non-farm activities.  
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CHAPTER II 

LITERATURE REVIEW  

 

Over the last three decades, rural China has witnessed a rapid growth of non-

farm activities and a considerable withdraw of labor from the agricultural sector to the 

non-farm sectors. The growth of agricultural productivity therefore seems to have 

been hampered by the development of non-farm activities. On the other hand, non-

farm activities can boost rural household income which may be used to finance 

productive investments and improve agricultural productivity. It is therefore important 

to quantify the two forces of influence in order to understand the overall impact of 

non-farm activities on agricultural productivity growth. Because of their importance to 

economic development and social equality in both developing and developed 

countries, rural economic activities have drawn substantial interest among economists 

and researchers in other social sciences. The literature review below covers six areas 

of research:  (1) the impact of non-farm activities on rural development; (2) the 

interactions between agricultural and nonagricultural activities; (3) rural labor out-

migration theories; (4) China’s post-reform agricultural productivity growth; (5) the 

development of Township and Village Enterprises (TVEs) in rural China; and (6) the 

finance of agricultural capital investment in China. 

 

2.1 Non-farm Activities and Rural Development 

 

Reardon (2001) defines non-farm activities as productive activities outside 

agriculture. Non-farm activities have since the 1970s grown rapidly in many 
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developing countries, especially in Asia, Latin America and Africa. As a powerful 

engine of rural economic development, non-farm activities have drawn intense 

research interest.  

Démurger, Fournier, and Yang (2010) find the prosperity of non-farm 

activities is characterized by the emergence of a large number of non-farm enterprises 

and rural labor migration into urban areas. Higher wages in non-farm sectors 

withdraws farmers from rural into urban areas to work in the non-farm sectors (De 

Janvry, Sadoulet and Zhu, 2005). However, the rural-urban labor movement also 

increases unemployment rates in urban areas, causing many social problems. In 

response to these problems, many developing countries have strived to promote non-

farm activities in rural areas to absorb surplus agricultural labor, increase household 

income, and slow down rural-urban migration. 

Besides the pull of higher wages in non-farm sectors, farmers are motivated to 

engage in non-farm activities by some push factors such as low labor requirements in 

slack period of agricultural production and lack of credit and insurance markets 

(Reardon, Berdegué and Escobar 2001). These factors push farmers to leave their 

farmland and seek non-farm work in the low productivity periods, in order to reduce 

risk in agricultural production and accumulate capital to invest in agriculture 

production. Oseni (2007) finds that households with non-farm earnings roughly double 

their purchase of cash inputs in agricultural compared to households without non-farm 

earnings. 

Evidence abounds that non-farm activities can effect the growth of rural 

economies and on poverty reduction. The development of non-farm activities has been 
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found highly correlated with rural income growth and poverty reduction (Reardon 

2001; De Janvry, Sadoulet and Zhu 2005; Démurger, Fournier and Yang 2010). 

Lanjouw and Lanjouw (2001) and Haggblade, Hazell and Reardon (2010) both find 

that developing rural non-farm economies is an effective way to reduce poverty in 

rural areas, because it increases rural household income and provides more 

employment opportunities. Reardon, Berdegué and Escobar (2001) investigate the 

rural nonfarm employment and incomes in Latin America. They find that rural non-

farm income far exceeds the farm wage incomes and non-farm employment can 

alleviate rural poverty. Reardon, Stamoulis and Pingali (2007) find that rural non-farm 

employment has constituted 35% of rural incomes in Africa and 50% in both Asia and 

Latin America by the mid-2000s. Taylor (1992) finds that non-farm employment has 

contributed to capital investments of Mexican farms. Using data from a detailed rural 

household survey of Hubei Province in China, De Janvry, Sadoulet and Zhu (2005) 

simulate what the households’ income, poverty and income inequity would be in the 

absence of non-farm income. Their results show that in the absence of non-farm 

employment, rural poverty and income inequality would be much more severe.  

Reardon et al. (2000), Lanjouw and Lanjouw (2001), and Haggblade, Hazell 

and Reardon (2010) all conclude that non-farm income can serve as a significant 

financial source in rural capital markets. In the imperfect capital markets, farmers are 

facing large transaction costs in borrowing and lending. Rural households can use non-

farm income to finance agricultural production capital investment. Besides 

contributing to capital market investment in rural areas, Lanjouw and Lanjouw (2001) 
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mention that non-farm income may stabilize total income of rural households by way 

of diversifying income sources and mitigates agricultural production risks. 

 

2.2 Inter-Sectoral Spillovers 

 

The development of non-farm activities in manufacturing and service sectors 

in rural China could potentially either facilitate or hamper the improvement of 

agricultural productivity.  

Some researchers argue that non-farm activities would facilitate the 

development of agriculture. Lanjouw and Lanjouw (2001) find that non-farm income 

can lead rural households to higher average agricultural income in two ways. One is 

that farmers are willing to choose high-risk, high-return production options when they 

have a source of  non-farm income which does not fall with the agricultural outcome; 

another is that farmers can, with higher non-farm income, invest in more advanced 

technology and farming inputs. Both ways improve agricultural productivity and 

increase farmer income. Reardon (2001) shows that non-farm activities can affect the 

financial market in rural areas, and that they make more cash available for investing 

on farm. De Janvry, Sadoulet and Zhu (2005) show that participation in non-farm 

activities has a positive spillover effect on household agricultural production. In 

particular, the conflicts between cash shortage and agricultural investment, and 

between risk-taking and aversion to risk, can be solved by non-farm activities; the 

non-farm income helps enhance the investment capacity on farm, perfect the insurance 

system and favor household agricultural production.  
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Kuznets (1968) observes that, while resources shifting away from agriculture 

are the basic results of industrialization, industrialization in turn provides the 

technological basis for the transformation of agriculture. Chen and Ding (2007) study 

the effects of infrastructure on total factor productivity and find the infrastructure is 

positively associated with total factor productivity. The development of non-farm 

sectors can provide financial resources for infrastructure investment in rural areas and 

hence constitutes a powerful force in agricultural progress. 

On the other hand, other authors argue that development of the manufacturing 

and service sectors may hamper the improvement of agricultural productivity because 

some resources, such as land, capital, labor and limited natural resources, are 

reallocated from agriculture to these two sectors. Leones and Feldman (1998) propose 

that, as the household allocates more labor to nonfarm activities, there will be less 

labor available for farm activities. In the short run, therefore, the household may 

reduce its agricultural output. Ho and Lin (2004) investigate nonagricultural land use 

in China’s coastal provinces. They point out that China has experienced rapid growth 

of non-farm activities since the 1980s. An important consequence of these activities is 

a movement of rural population from the countryside into towns and cities or from 

farms into Town and Village Enterprises. Their study also shows that since the mid-

1980s a large amount of land in China’s coastal provinces has been converted to 

nonagricultural use. With the acceleration of rural-urban migration, more cultivated 

land in China’s coastal provinces will be converted to nonagricultural use in the 

future. A survey conducted by the National Bureau of Statistics of China (2007) 

reveals that water used in the rural manufacturing and service sectors increased by 
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0.23 billion m
3
 from 1997

 
to 2006. This has exacerbated the shortage of water for 

agricultural uses. 

 

2.3 Rural Labor Out-Migration Theories 

 

The migration of labor out of rural areas and out of farm jobs is one of the 

most pervasive features of agricultural transformations to non-farm activities. 

However, it is not easy to identify whether the rural labor out-migration effect 

contributes negatively or positively to agricultural productivity. 

Several authors have attempted to model rural labor migration decisions 

(Lewis 1954; Ranis and Fei’s 1961; Todaro 1969). Their models view migration 

decisions as taking place within the domain of individuals. Lewis (1954) argues that in 

neoclassical migration models, the only way rural out-migration can impact the rural 

economy is through the labor market. Taylor and Martin (2001) conclude the labor-

market impacts of migration in the Lewis world, which can be illustrated in Figure 2.1. 

Labor exceeding 𝐿1  is “redundant” because it does not contribute positively to 

agricultural production. It means an amount of labor (𝐿𝑇-𝐿1) can be withdrawn from 

the rural workforce without causing agricultural production losses and the opportunity 

cost of rural-out migration is zero. At the same time, the average product of labor 

increases due to the reduced labor employment. Below 𝐿1 , the opportunity cost of 

migration becomes positive.  
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Figure 2.1.  Labor-Market Impacts of Migration in the Lewis World  

However, the validity of Lewis’ surplus labor hypothesis has been challenged 

by other empirical research. In some circumstances, production declines in seasonal 

activities resulting from the loss of workers, the opportunity cost of rural-out 

migration is nonzero.  

The fundamental view of the new economics of labor migration (NELM) is 

presented in Stark (1991) and Stark and Bloom (1985). These authors propose that 

migration decisions are not taken by isolated actors but by larger units of related 

people, typically households or families.  

Stark (1978, 1982) argues in a less developed country farm households 

wishing to invest in a new technology or make a transition among different products 

lack access to both credit and income insurance. However, the household can create a 

new financial intermediary by placing a family member in a migrant labor market. 

APL 
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Rural households incur the costs of supporting migrants first, while, in turn, migrants 

provide their households with remittances by working in destination labor market. In 

an agricultural household model, the loss of highly productive family labor may shift 

the marginal labor product curve leftward, lowering the opportunity cost of migration 

for the remaining family members. On the other hand, remittances from the migrant 

may promote investments that shift the marginal labor product curve back to the right. 

The NELM shifts the focus of migration policy from interventions in labor markets to 

interventions in other markets, especially those for capital, risk, and information.  

Stark (1991) hypothesizes that migrants can take back the financial 

intermediaries to help their families overcome credit and risk constraints on the 

agricultural production. He uses a theoretical model to examine the impact of 

migration on productivity, but the effect is ambiguous. Positive impacts would suggest 

that migration complements productivity growth in the farm sector by relaxing credit 

and risk constraints, while negative impacts would suggest a lowered probability of 

technological improvement because of the negative impact of migration on income. 

Taylor (1992) estimates the marginal effect of migrant remittances on farm 

income and asset accumulation. In 1982, the marginal effect of remittances on 

household income was positive but less than unity, which is consistent with the 

hypothesis that the marginal product of migrant labor is positive prior to migration. In 

a later period (1988), however, the marginal impact of remittances on total income 

was greater than unity, which is consistent with the view that remittances relax 

constraints on local production once migrants become established abroad. Similarly, 

Lucas (2001) finds that emigration diminishes domestic crop production in the short 



Texas Tech University, Ye Wang, May 2011 

13 

run, but enhances crop productivity and cattle accumulation through invested 

remittances in the long run. Rozelle, Taylor and Brauw (1999) use the NELM 

framework to trace the complex linkages that exist among migration, remittances, and 

agricultural productivity in China. In their household sample, the net impact of 

migration and remittances on maize production is negative. 

 

2.4 Agricultural Productivity Growth in China 

 

Agricultural productivity in China has grown significantly since the country 

launched its economic reform in 1979. The reforms in rural areas were aimed mainly 

to boost food production and help China to maintain self-sufficiency in grain supply. 

According to Wen’s (1993) eatimates, the total factor productivity in China’s 

agricultural raised by 55% in the first five years of the reform.  

China’s economic reform in agriculture initially consisted of price reform, 

institutional reform and market and planning system reform (Lin, 1992). Before these 

reforms, two kinds of prices existed in the agricultural economy: quota and above-

quota prices. To reduce government’s burden and introduce markets into the economy, 

the mandatory quotas were replaced by procurement contracts negotiated between 

government and farmers. The main institutional reform is the introduction of the 

Household Responsibility System (HRS). Under HRS, collectively owned land is 

assigned to individual households with contracts lasting up to 15 years. Such de- 

collectivization reforms increased greatly the incentives for the famers to improve 

productivity. The market and planning reform was aimed to allow a greater role of 

markets in allocating resources in agricultural production. A landmark policy taking 
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effect in 1985 was the state no longer setting any mandatory agricultural production 

plans and obligatory procurement quotas being replaced by purchasing contracts 

between the state and farmers.  

Brümmer, Glauben and Lu (2006) find that the total factor productivity slowed 

down in the 1990s. The authors attributed the slowdown to increasing resistance to 

market reforms in China’s leadership. Extensive redistributions of land ownership in 

1990s might have contributed to it as well. The uncertainty in land tenure weakens 

farmers’ incentives to increase investment on land. Another contributing factor to the 

slowdown of agricultural productivity growth is the outflow of agricultural labor from 

agricultural sector to non-agricultural activities emerging in rural China in the 1990s. 

 

2.5 Development of TVEs in China 

 

Township and Village Enterprises (TVEs) are the main forms of rural non-

farm firms in China. They have played a significant role in China’s economic 

development and been viewed as the engine of the rural economy. Naughton (1994) 

defines TVEs as a unique type of enterprises emerging from rural China. They are a 

natural response to the Chinese government’s strategy of transition that first 

liberalized product markets but not factor markets. Chian et al. (1996) define TVEs as 

privately or collectively owned enterprises engaging in non-agricultural work.  

According to Wang and Hu (1999), the Chinese government started advocating 

state-sponsored rural industrialization in 1970 by promoting commune and bridge 

enterprises. The initial forms of TVEs were designed to supply agricultural inputs, 

such as fertilizers and machinery. Yao and Liu (1998) document that since 1978, the 
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government has allowed rural areas to develop their own industries and services 

sectors, so that the agriculture and non-farm sectors can benefit each other. As a result, 

the TVEs developed rapidly in rural areas and millions of farmers transferred from 

farm activities to non-farm activities. 

Initially, TVEs grew rapidly in the relatively-developed eastern China, 

attracting surplus rural labor to industry and service work. They were involved in such 

industries as textiles, building materials, machinery and transportation. De Janvry, 

Sadoulet and Zhu (2005) assume most of the TVEs are labor-intensive, absorbing 

large amounts of surplus labor, and their flexible modes of operation and low-wage 

labor made the TVEs very competitive in China. Wang and Hu (1999) find many 

farmers like working in TVEs, because farmers can, with the higher earnings from 

TVEs, rent their land to others or hire others to farm on their land.  

TVEs have facilitated China’s rural economy in a number of ways. They 

provide employment opportunities for rural household and raise their income. 

According to Liang (2006), from 1978 to 2003 TVEs provide jobs for 135 million 

farmers, thereby raising the rural employment rate from 9.23 to 28.1 percent; the 

percentage of income from TVEs in rural households increased from 8 percent to 35.4 

percent. In recent years, half of the incremental income per capita of China’s farmers 

has come from TVEs. TVEs have also promoted the growth of infrastructure and agri-

business industry in rural China. In 2003, they contributed $30.8 billion of farm-

related funds to support agricultural development and rural infrastructure construction.  

Not only has per capita income increased greatly in rural China, the 

composition of income also changed dramatically during this period. Fang (2009) 
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suggests that until 1978, laborers in rural regions were almost all engaged in 

traditional agriculture, and more than 90 percent of their income came from 

agricultural production. In 2008, the proportion of traditional agriculture in their 

income decreased to 71 percent, and their income sources became more diverse: 

township and village enterprises, construction work, transportation and other services. 

Wang and Hu (1999) find that although the TVEs were started by local governments, 

rural TVEs have contributed a great deal to local development since the 1980s by 

providing rural households with a significant source of income. 

 

2.6 Capital Investment in China’s Agricultural Production 

 

There are two distinct types of investment in agricultural production of China, 

public investment and private investment. Abundant literature aims to investigate how 

these two kinds of investment affect the development of agriculture in China.   

Li, Rozelle and Brandt (1998) address there are two types of land in most 

villages in China: private plots and collectively controlled land. Before the agricultural 

reforms, farmers managed their own private plots. They had rights swap their plots 

with other farmers and enjoyed a fairly high degree of security. Local officials control 

the rest of cultivated land. However, after the implementation of HRS, local 

governments allocated 93.8% of the land to farmers. These authors find that private 

plots have higher yields because farmers used more intensive inputs on private plots. 

The insecurity of land tenure, featured with absence of private ownership and 

disruption of the existing land allocation constrains farmers’ agriculture production 

investment. Feder et al. (1990) find some other factors hindering households’ crop-
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related investment. Their analysis shows farm size is a factor limiting investment on 

extremely small farms. For agricultural households, lacking access to formal credit 

sources constrains their investment on farm.    

 De Brauw and Rozelle (2002, 2008) find no evidence of a link between 

migration returns and productive investment. The benefits are typically in 

consumptive investments rather than productive investments; households use 

migration as a way to accumulate more consumer durables, it may due to the limit 

productive investment opportunities in some areas for farmers. 

Fan, Zhang and Zhang (2004) and Chen et al. (2008) propose that government 

spending on agricultural R&D investment, irrigation, transportation, and electricity 

facilities, and other infrastructure in rural areas have contributed to the rapid growth in 

agricultural productivity. Fan, Zhang and Zhang (2004) also conclude the government 

should continue their efforts to increase its investment in rural areas and rural 

infrastructure should receive high priority in government’s investment portfolio.  

While infrastructure investments in rural areas have been supported by 

government appropriation, the rural private and collectively-owned TVEs have 

generated a large amount of tax revenues for local governments, to invest in water and 

electricity supplies, road construction, and other infrastructure (Wang and Hu, 1999). 

The literature reviewed above offers few insights into the influence of non-

farm activities on agricultural productivity growth in China when taking capital, labor 

and limited natural resources into consideration. The present study represents an effort 

to fill this gap.  
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CHAPTER III 

CONCEPTUAL FRAMEWORK  

 

I formalize the above discussion with a simple model of farm production. 

Output, 𝑌, is produced with land, labor and capital according to a production function, 

𝑌 = 𝑌(𝑙,𝑘,𝑎). I assume that land, 𝑎, is predetermined for the farmer. Assume the 

agricultural production function is Cobb-Douglas,  

            𝑌 = 𝐴𝑙α𝑘β  𝑎𝑟                                           (3.1)                               

where A denotes the efficiency level of technology, determined by the technology 

adopted in production and development of irrigation and electricity infrastructure. 

Symbol 𝑙  stands for labor employed on farm,  𝑘  indicates capital stock invested on 

farm. Assuming constant returns to scale, the coefficients satisfy α + β + 𝑟 = 1 , 

α > 0, β > 0, 𝑟 > 0. 

Taking the logarithm of the equation and rearranging it gives:  

     𝑙𝑛(𝑌 /𝑎) = 𝑙𝑛𝐴 + α𝑙𝑛(𝑙/𝑎) + β𝑙𝑛(𝑘/𝑎)                          (3. 2)                    

where the left hand side of the equation stands for agricultural land productivity, 

𝑙𝑛(𝑙/𝑎) measures labor per acre, and 𝑙𝑛(𝑘/𝑎) denotes capital per acre. 

The market is a critical part in this model. In present of a perfect labor market, 

labor migration from farm activities to non-farm activities has no impact on land 

productivity, as is shown in the household production and consumption equilibrium 

depicted in Figure 3.1 (Benjamin 1992).  
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Figure 3.1. Separation of Consumption and Production 

In this figure, 𝐿𝑆>𝐿∗, so the farmer works off the farm is greater than 0. The 

optimal amount of farm labor 𝐿∗ depends only on the production technology and the 

wage. Household preferences do not influence 𝐿∗. The farmer has the option of hiring 

himself, his families or outsiders to work on his farm (Benjamin 1992). Therefore, in a 

perfect market, there is no restriction on the mix of family and hired labor. They can 

hire labor in the labor market, and they also can borrow money to invest in more 

productive technologies. In these circumstances, agricultural productivity will not be 

influenced by labor transferring from farm activities to non-farm activities.  

However, if the labor and capital markets are imperfect, labor transferring from 

farm activities to non-farm activities may impact agricultural land productivity and the 

impact is ambiguous.  

From the perspective of labor inputs, I assume the amount of labor in a 
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                                                        𝐿 = 𝑙 + 𝑙𝑜 − 𝑙ℎ                                                                        
(3.3) 

where 𝑙  stands for the amount of labor working on farm activities, 𝑙𝑜  denotes the 

amount of labor working on non-farm activities, and 𝑙ℎ  indicates
 
the amount of hired 

on-farm labor.  

In an imperfect labor market, the household may not successfully hire from 

outside the needed labor to work on-farm. This means that in equation (3.3), 𝑙ℎ  may be 

0. Increased off-farm labor employment implies a reduction in agricultural labor 

employment. In equation (3.2), this translates into reduced labor per acre 𝑙𝑛(𝑙/𝑎) , the 

land productivity will consequently decrease.  

I assume the amount of capital stock invested on farm, 𝑘, is a function of the 

earnings from working on non-farm activities, 𝑖𝑜 , money borrowed from the capital 

market, 𝑖𝑏 , and other sources of household income, 𝐼. 

               𝑘 = 𝑓(𝑖𝑜 , 𝑖𝑏 , 𝐼)                                                (3.4) 

where a positive relationship exists between 𝑘 and 𝑖𝑜  and between 𝑘 and 𝑖𝑏 . 

In an imperfect capital market, the household may not be able to secure the 

desired credit for on-farm investment. This means that in equation (3.4), 𝑖𝑏  may be 0. 

Increased non-farm earnings imply an increase in on-farm capital accumulation. In 

equation (3.2), this translates into higher capital per acre  𝑙𝑛(𝑘/𝑎) , and the land 

productivity will consequently increase. In addition, farmers working on non-farm 

activities can bring back more income to their family for investing in agricultural 

technology improvement. This means in equation (3.2), 𝑙𝑛𝐴  will increase. 

Technological progress in turn also results in an increase in land productivity.  
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From the above analysis, we can see that labor transferring from farm activities 

to non-farm activities can, when labor and capital markets are imperfect, decrease or 

increase agricultural land productivity. The overall effect depends on which force is 

stronger.  

Based on the above theoretical analysis, I formulate two basic hypotheses: 

(1) rural non-farm activities decreases agricultural labor employment;  

(2) rural non-farm activities stimulate agricultural investment. 

The hypotheses that the labor and capital forces caused by non-farm activities 

in the imperfect market are illustrated in Figure 3.2. Non-farm activities can impact 

the agricultural land productivity in two ways. One is through on-farm labor input; 

another is through on-farm capital input. On one hand, on-farm labor would, as 

discussed in the theoretical analysis above, decrease or remain unchanged, depending 

on the presence of surplus labor and rural labor market perfection. On the other hand, 

on-farm capital would increase or remain unchanged, depending on the returns on 

agricultural investment and rural capital market perfection. The overall effect of non-

farm activities on land productivity is ambiguous. In the analysis that follows, I test 

the above two hypotheses and quantify the overall effect of rural non-farm activities 

on agricultural land productivity. 
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Figure 3.2. Schematic Illustration of Hypotheses 1) and 2)  
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CHAPTER IV 

METHODS AND PROCEDURES  

 

This chapter discusses the empirical methods and procedures used to estimate 

the effect of the development of rural non-farm activities on agricultural productivity 

in China. It includes a description of econometric methods, model specification, and 

estimation procedures. 

 

4.1 Methods 

4.1.1 Fixed-Effects Estimation 

  

I use regression analysis to estimate the effect of the development of rural non-

farm activities on agricultural productivity in China. Regression analysis helps us 

understand how the value of the dependent variable changes when one of the 

independent variables is varied, while the other independent variables are held fixed. 

(Freedman 2005). Ordinary least square estimation is a method to estimate the effect 

of independent variables on a dependent variable in a linear regression model. In the 

context of this study, the equation to estimate agricultural productivity can be 

expressed as:                             

                                               𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝐿𝑖𝑡 + 𝛽2𝐾i𝑡 + 𝛽3𝑍𝑖𝑡 + 휀𝑖𝑡                            (4.1)                               

where, 𝑌𝑖𝑡  is agricultural productivity in village 𝑖  in year 𝑡 ; 𝐿𝑖𝑡  is on-farm labor 

employment in village 𝑖 in year 𝑡; 𝐾𝑖𝑡  is agricultural capital stock in village 𝑖 in year 𝑡. 

𝑍𝑖𝑡  is a vector of control variables affecting agricultural productivity in village 𝑖 in 
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year 𝑡 .  𝛽1 , 𝛽2  and 𝛽3  are parameters to be estimated, and 휀𝑖  represents unmeasured 

factors which can determine the agricultural productivity.  

To account for the potential missing variables in equation (4.1), the composite 

error can be defined as: 휀𝑖𝑡=𝑎𝑖 + 𝜇𝑖 . Here, 𝑎𝑖  stands for all time-invariant unobserved 

factors affecting 𝑌𝑖 . The error 𝜇𝑖𝑡  represents unobserved factors changing through time 

and across villages that are uncorrelated with the explanatory variables. We rewrite 

our model as follows:             

                                     𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝐿𝑖𝑡 + 𝛽2𝐾𝑖𝑡 + 𝛽3𝑍𝑖𝑡 + 𝑎𝑖 + 𝜇𝑖𝑡                                       (4. 2) 

In this study, there are some land characteristics affecting agricultural 

productivity every year, such as the quality of the land, and the distance from the 

village to nearest main road. However, panel data can help us to eliminate the effect of 

such characteristics. We can use a transformation to remove the unobserved effect 𝑎𝑖  

prior to estimation; any time-constant explanatory variables can be removed along 

with 𝑎𝑖 .  

For each i, by averaging this equation over time we get: 

             𝑌𝑖 = 𝛽0 + 𝛽1𝐿𝑖 + 𝛽2𝐾𝑖 + 𝛽3𝑍𝑖 + 𝑎𝑖 + 𝜇𝑖                             (4.3)             

 If we subtract equation (4.3) from equation (4.2), we obtain 

          𝑌𝑖𝑡 − 𝑌𝑖 = 𝛽1(𝐿𝑖𝑡 − 𝐿𝑖) + 𝛽2(𝐾𝑖𝑡 − 𝐾𝑖) + 𝛽3(𝑍𝑖𝑡 − 𝑍𝑖) + 𝜇𝑖𝑡 − 𝜇𝑖                 (4.4)                      

or, 

             𝑌𝑖𝑡 = 𝛽1𝐿𝑖𝑡 + 𝛽2𝐾𝑖𝑡 + 𝛽3𝑍𝑖𝑡 + 𝜇𝑖𝑡                               (4.5)                                        

where, 𝑌𝑖𝑡  is the time-demeaned data on 𝑌 , and 𝐿𝑖𝑡 ,𝐾𝑖𝑡 , 𝑍𝑖𝑡  and 𝜇𝑖𝑡  are understood 

similarly. Thus, any variables which are constant through time can be eliminated by 
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fixed effects transformation. Regression equation (4. 5) is called the fixed-effects 

model. 

4.1.2 Seemingly Unrelated Regression 

 

In an econometric model, there may exist the interactions among different 

statistical relationships. Zellner (1962) first proposes seemingly unrelated regression 

(SUR), a model that involves multiple equations with correlated error terms.  

Zellner (1962) introduces a system of two seeming unrelated regression as 

below: 

          𝑦𝑖 = 𝑋𝑖𝛽𝑖 + 휀𝑖      (i =1, 2)                                 (4.6) 

where in the 𝑖 th equation 𝑦𝑖  is 𝑛 ∗ 1vector of observations; 𝑋𝑖  is 𝑛 ∗ 𝑝𝑖  matrix with 

rank 𝑝𝑖 ; 𝛽𝑖  is 𝑝𝑖 ∗ 1  vector of unknown coefficients; and 휀𝑖  is 𝑛 ∗ 1  vector of 

disturbances. The rows of (휀1,휀2) are assumed to be independently distributed, each 

has a bivariate normal distribution 𝑁2 (0, Σ), where Σ = (𝜎𝑖𝑗 ) is a 2 ∗ 2  unknown 

positive definite matrix and 𝜎12≠0. 

In the seeming unrelated regression, each equation is allowed to contain a 

different set of explanatory variables; however, in referring to responses of the same 

set of observational units, the errors of these equations are likely to correlate with one 

another (Wang and Kockelman 2007). Due to the correlation of the error terms in the 

set of regression equations, the model allows one to more efficiently estimate the 

parameters than separate estimation of the regression equations without consideration 

of correlation; it can improve the estimation efficiency. Although the seeming 

unrelated regression was just applied in microeconomic fields initially, it is now 
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applied broadly in many other research areas, such as biology, education and social 

sciences (You and Zhou 2010). 

In my study, there is another advantage to use the seemingly unrelated 

regression. That is, the model permits a direct test for my hypotheses and estimation of 

the effects of non-farm activities on input use and land productivity.  

 

4.2 Model Specification 

 

Since labor engaged in on-farm activities and capital invested in agricultural 

activities are endogenously determined with land productivity. And, agricultural labor 

employment 𝐿, agricultural capital accumulation 𝐾, agricultural land productivity 𝑌 

are all the function of revenue generated from non-farm activities in the villages. I use 

a three-equation reduced-form system as the econometric framework in this thesis, 

which can be expressed as below: 

𝐿 = 𝛼0 + 𝛼1𝑅 + 𝛼2𝑅
2 + 𝛼3𝑃 + 𝛼4𝑃𝑂𝑃 + 휀𝐿                         (4.7) 

𝐾 = 𝛽0 + 𝛽1𝑅 + 𝛽2𝑅
2 + 𝛽3𝑃 + 𝛽4𝑃𝑂𝑃 + 휀𝐾                         (4.8) 

𝑌 = 𝛾0 + 𝛾1𝑅 + 𝛾2𝑅
2 + 𝛾3𝑃 + 𝛾4𝑃𝑂𝑃 + 휀𝑌                         (4.9) 

where the dependent variables in the three equations are agricultural labor 

employment 𝐿 , agricultural capital stock 𝐾 , and agricultural land productivity 𝑌 

respectively. The independent variables are non-farm revenue generated from non-

farm activities 𝑅, total population in the villages 𝑃𝑂𝑃 and price of the crops in the 

village 𝑃. All the variables in the above equations are in logarithm forms. In addition, 

it makes sense to add quadratic terms of non-farm revenue to the model, which allows 
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for nonlinear response of agricultural labor employment, capital stock, and land 

productivity to the development of non-farm activities.  

In the above three-equation system, crop price and total population in the 

village are all exogenous variables. Crop price is mainly determined by the crop 

market demand and supply, total population is highly related to the characteristics of 

the villages. Furthermore, non-farm revenue generated from non-farm activities in the 

village is also an exogenous variable; it is not affected by the development of 

agricultural land productivity. There are two typical kinds of TVEs in rural China, 

resource-intensive enterprises, such as the mining enterprises in Shan Xi Province and 

labor-intensive enterprises, such as the textile enterprises in coastal provinces. In these 

enterprises, the revenue generated from non-farm activities is related to the availability 

of resources, transportation conditions, geography locations and distance to the 

market. 

Additionally, there are some land characteristics affecting agricultural 

productivity, such as the quality of the land and distance from village to the main road. 

However, panel data can help us to eliminate the effect of such characteristics. We can 

use the fixed effects transformation to remove the missing village-specific factors 

prior to estimation. After applying the fixed effects transformation, we obtain the 

following three equations with respect to labor demand, capital demand and output 

supply: 

                            𝐿 = α0 + α1𝑅 + α2𝑅2 + α3𝑃 + α4𝑃𝑂𝑃 + 휀𝐿                        (4.10) 

                            𝐾 = β0 + β1𝑅 + β2𝑅2 + β3𝑃 + β4𝑃𝑂𝑃 + 휀𝐾                        (4.11) 

                          𝑌 = γ0 + γ1𝑅 + γ2𝑅2 + γ3𝑃 + γ4𝑃𝑂 𝑃 + 휀𝑌                         (4.12) 
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where 𝐿  is the time-demeaned data on 𝐿, and similarly for 𝐾 , 𝑌 , 𝑅 , 𝑃 , 𝑃𝑂 𝑃 and 휀 . Any 

variables which are constant through time can be eliminated by the fixed effects 

transformation. 

We hypothesize that non-farm activities affect agricultural land productivity by 

way of altering labor use and capital stock. The labor demand equation (4.10) 

estimates non-farm activities’ effects on agricultural labor employment, measured by 

the elasticity of agricultural labor demand with respect to non-farm revenue changes: 

                                                   𝛿𝐿𝑅 = 𝛼1 + 2𝛼2𝑅                                               (4.13) 

Agricultural labor employment may or may not change as non-farm revenue 

changes. If the non-farm wage is not attractive enough, agricultural laborers may not 

be willing to leave their farms; however, as the non-farm revenue increases to a certain 

level, it will attract non-farm labor to engage in non-farm activities. 

The capital demand equation (4.11) estimates the effects on capital 

accumulation, measured by the elasticity of agricultural capital demand with respect to 

non-farm revenue: 

                              𝛿𝐾𝑅 = 𝛽1 + 2𝛽2𝑅                                             (4.14) 

Agricultural capital stock also may or may not change as non-farm revenue 

changes. 

The land productivity equation (4.12) estimates the overall effects of rural non-

farm activities on agricultural land productivity, measured by the elasticity of land 

productivity with respect to non-farm revenue:  

                               𝛿𝑌𝑅 = 𝛾1 + 2𝛾2𝑅                                            (4.15) 
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The sign of this elasticity depends on the elasticities of labor and capital 

demands in equation (4.13) and (4.14) as well as the agricultural production function 

parameters. The development of non-farm activities can influence land productivity by 

way of altering labor and capital employment. If the negative labor effect is stronger 

or weaker than the positive capital effect, for example, land productivity may decline 

or grow with the development of non-farm activities in the rural areas. 
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CHAPTER V 

DATA AND RESULTS  

This chapter describes the data used in the study and presents the estimation 

results. 

 

5.1 Data 

 

The data used in my analysis is a panel derived from a nationwide village-level 

survey conducted by China’s Ministry of Agriculture. The panel includes more than 300 

villages across all 31 provinces of China for years 2004, 2005, and 2006. The Rural 

Survey Offices of the Ministry of Agriculture, based in all provinces across China, 

coordinated the survey. The heads of the surveyed villages each year submit their village-

level data to the Rural Survey Offices. There were 318, 328, and 314 villages surveyed in 

years 2004, 2005, and 2006, respectively. The surveyed villages were chosen by random 

sampling. The panel consists of the village-level aggregate data on village labor force, 

cultivated land, on-farm and off-farm labor employment, farming capital, non-farm 

revenue, transportation, irrigation, and other infrastructural conditions, and a large 

number of socioeconomic factors which may account for agricultural productivity 

variability. In order to derive the explanatory variables used in the model, I choose the 

following data items aggregated at the village level: incomes from crop production, 

manufacturing, construction, transportation, commercial and other services sectors; total 

population; total number of people in crop production; cultivated areas; farm machinery 

value; cattle stock; the value of irrigation and electricity infrastructure; and the number of 

acres planted to grain crops, cash crops and other crops.  



Texas Tech University, Ye Wang, May 2011 

31 

Unfortunately, some variables in the panel have missing values. The missing-

value problem gives rise to a tradeoff between the number of variables and of 

observations I can include in econometric analysis. That is, expanding the set of 

explanatory variables reduces the number of valid observations. In particular, among all 

the surveyed villages, not all the villages appear in all three years. Because the main 

variations in the data are cross-sectional, my analysis uses only those villages that were 

surveyed in successive years in order to apply the fixed-effects model to control for 

village-specific effects. Thus, I eliminate the villages with only one year of data, leaving 

me with 332 villages and 945 observations across 30 provinces. In the dataset, I divide 

the villages into two groups: group I includes the villages with two years of data; group II 

consists of villages with all three years of data. In village group I, if a variable has a 

missing value in any given year, I use the other year’s value to substitute for the missing 

value; if a variable has missing values in both years, I delete the associated village from 

the dataset. In group II, if a variable has a missing value in one year, I fill the missing 

value with the mean of the value of the other two years; if a variable has missing values 

in two years, I fill the missing values with the known value in the other year; if a variable 

is missing in all three years, I delete the associated village form the dataset.  The 

procedure leaves me with 384 valid observations of 136 villages from 28 provinces of 

China for years 2004, 2005 and 2006. 

Figure 5.1 presents the map of China showing the geographic distribution of the 

villages in my dataset.  
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Figure 5.1. Map of China and Geographic Distribution of Villages in My Dataset 

No selected village is located in Bei Jing, Hai Nan or Xi Zang provinces. 

However, the rest of the provinces are well represented. There are more than 90 villages 

from provinces with strong agricultural development, including Shan Dong, He Nan, Hu 

Bei, An Hui, Hu Nan, He Bei, Shan Xi, Si Chuan, Shan Xi, Gan Su, Ji Lin, Hei 

Longjiang, and Liao Ning. There are 27 villages from provinces with strong industrial 

development, such as Guang Dong, Zhe Jiang, Jiang Su, Shang Hai, Fu Jian, and Tian 

Jing.  
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Table 5.1. Summarization of Definition of Variables in the Model 

Variables Definition 

𝑌 Agricultural land productivity 

𝐿 Agricultural labor employment per mu 

𝐾 Agricultural capital per mu 

𝑅 Revenue generated from non-farm activities 

𝑃 Price for the crops planted in the village 

𝑃𝑂𝑃 The total population in the village 

Table 5.1 summaries the definition of variables used in the model. Agricultural 

labor employment (𝐿), capital stock (𝐾), and output (𝑌) are each measured on a per mu 

basis (1 acre = 6.07 mu). Agricultural labor employment is measured as the number of 

people working in crop production. Agricultural capital stock is measured by the total 

value of farm machinery, cattle, and irrigation and electricity infrastructure in the village. 

Revenue  generated from non-farm activities ( 𝑅 ) is calculated by the sum of 

manufacturing, construction, transportation, commercial and other service revenues 

generated in the villages. The crop price, 𝑃, is the sum of national-level crop prices, 

published in the Chinese Agricultural Statistics Year Book, weighted by crop acreage 

shares in individual villages. In order to match the prices in the Chinese Agricultural 

Statistics Year Book, I define three groups of crops: grain crops, such as wheat and corn; 

cash crops, such as cotton; and other crops, such as fruit. I use crop revenue per mu of 

land to measure the agricultural land productivity, 𝑌. Total population (𝑃𝑂𝑃) is taken 

directly from the survey dataset. There are some variations in that variable over the three 

years. Possible explanations include immigrants from outside to work on the villages’ 



Texas Tech University, Ye Wang, May 2011 

34 

farms or township and village enterprises, emigrants moving out to work in other villages 

or cities, and birth, marriage, and death. 

Table 5.2. Summary Statistics of Key Variables 

Variable Unit Mean Std. Dev. Minimum Maximum 

𝐿  Headcount per mu 0.28 0.59 0.01 9.35 

𝐾  100 Yuan per mu 5.60 24.92 0.01 301.37 

𝑌  100 Yuan per mu 25.67 127.34 0.19 1,852.17 

𝑅  100 Yuan 184,481.10 859,414.50 85.60 8,714,151.00 

𝑃 Yuan per kilogram 6.94 4.34 0.1 18.39 

POP  Headcount 1,811.01 1,180.93 217.00 9,487.00 

Table 5.2 contains the descriptive statistics of the key variables used in my 

analysis. Our key explanatory variable, revenue generated from non-farm activities across 

different villages, has large variation within the sample. The minimum is 8,560 Yuan, 

and the maximum is 0.87 billion Yuan. The standard deviation is about 4.5 times the 

mean. In the coastal provinces such as Zhe Jiang, Guang Dong, Jiang Su, there are many 

township and village enterprises engaged in manufacturing, textile and service sectors, 

which contributes to the large amount of non-farm revenue. While, in the western 

provinces as Gan Su and Qing Hai, they lack the development of non-farm activities and 

have much lower revenue generated from non-farm sources. It is interesting to see how 

this large cross-sectional difference in revenue from non-farm activities affects the 

agricultural resources allocation and productivity. 

 

5.2 Results 
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I use the fixed-effects, seemingly unrelated regression model discussed above to 

estimate equations (4.10-4.12). The fixed-effects estimator accounts for missing village-

specific variables in the regression; the seemingly unrelated model allows for cross-

equation correlations. The FE-SUR model permits consistent and efficient estimation of 

the elasticities of labor and capital demand and agricultural productivity with respect to 

non-farm revenue. The estimated elasticities can be used to test the hypotheses I proposed 

earlier: (1) the development of non-farm activities reduces agricultural labor use; (2) the 

development of non-farm activities stimulates productive investment in agriculture. And 

the estimated elasticities permit non-farm activities’ overall effect on land productivity 

and the channels through which it takes place. 

5.2.1 Three-Equation Model 

Table 5.3 presents the regression results on land productivity, the labor demand 

and capital demand equations. Columns (1), (3) and (5) show the results based on the 

three-equation model including the square term of non-farm revenue in each equation. 

The quadratic term of non-farm revenue is not significant in the labor and capital demand 

equations. Columns (2) and (4) show respectively the labor and capital demand 

regressions without the quadratic non-farm revenue term.  
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Table 5.3.  Estimation Results on Labor and Capital Demand Equations 

 

 Independent Variables 

 Agricultural Labor 

Employment 

Agricultural Capital Stock Agricultural Land 

Productivity 

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

Nonfarm Revenue -0.12 

(0.09) 

-0.04*** 

(0.02) 

0.39* 

(0.23) 

0.42*** 

(0.04) 

-0.72*** 

(0.19) 

Revenue squared 0.00 

(0.00) 

 0.00 

(0.01) 

 0.07*** 

(0.01) 

Crop Price 0.05 

(0.03) 

0.04 

(0.03) 

0.07 

(0.08) 

0.07 

(0.08) 

0.14* 

(0.07) 

Village Population 0.45*** 

(0.11) 

0.45*** 

(0.11) 

0.80*** 

(0.31) 

0.80*** 

(0.31) 

0.20 

(0.29) 

R-Square 0.06 0.06 0.21 0.21 0.46 
* Significant at 10 percent; 

** Significant at 5 percent; 

*** Significant at 1 percent. 
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Regression (2) shows that villages with higher non-farm revenue tend to have a 

lower labor employment per mu of farmland; that association is significant at the 1 

percent level. A 10% increase in a village’s non-farm revenue reduces agricultural labor 

employment labor per mu by 0.4%, ceteris paribus. It seems that agricultural labor in 

rural China has responded to price signals and migrates to the non-farm sectors for higher 

wages, which rejects our null hypothesis (1). But this result alone does not imply that 

agricultural land productivity will be compromised by the withdrawal of labor to non-

farm activities. If there is surplus labor in China’s populous agricultural sector, the 

withdrawal of family labor to nonfarm activities does not affect agricultural production 

(Lewis 1954). The results, however, does indicate the imperfection of labor markets in 

rural China. This is because if the rural labor market is perfect, there is no restriction on 

the mix of family and hired labor, and farmer working in non-farm sectors can hire 

people to substitute for the lost labor (Benjamin 1992). 

Regression (4) shows that non-farm income has a significant positive effect on 

agricultural capital investment. A 10% increase in non-farm revenue boosts agricultural 

capital stock per mu of land by 4.2%. Non-farm activities seem to have encouraged 

productive investment, which in turn will improve land productivity. This result is 

consistent with the thesis of the New Economics of Labor Migration: nonfarm income 

relaxes agricultural households’ financial constraints and induces productive investments. 

Since village-level agricultural capital in our data is a mix of private capital, such as 

machinery and cattle, and collective goods, such as irrigation and electricity 

infrastructure. It is interesting to further investigate which of the two types of investment 
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has been induced by increased non-farm income. I examine this problem in the next 

subsection. 

Regressions (2) and (4) show that the crop price’s effects on labor and capital 

demands are not significant. Regression (5) shows its effect on agricultural land 

productivity is significant and positive. A 10% increase in crop price boosts agricultural 

land productivity by 1.4%. With higher potential revenue generated from crops planted in 

the village, farmers have increased incentives to work on farm and improved their land 

productivity. It also makes sense that more populous villages have higher on-farm labor 

employment and higher agricultural capital stock. However, agricultural land 

productivity seems independent of village population. This indicates that land 

productivity is irresponsive to labor use. The implication is that surplus labor may still 

exist in rural China in the 2004-2006 periods. 

 Regression (5) indicates that agricultural land productivity first decreases with 

non-farm revenue, then increases after a threshold. We can use equation (4.15) to identify 

that threshold. Substituting gamma1 and gamma2 into the equation, 𝛿𝑌𝑅 = 𝛾1 + 2𝛾2𝑅  =0, 

yields −0.72 + 2 ∗ 0.07𝑅 = 0.  Solving that equation yields a value of 17,072 Yuan for 

that threshold. The overall effect of non-farm activities on land productivity can be 

described by a U-shaped curve: when non-farm revenue is below the 17,072 Yuan 

threshold, non-farm activities dampen land productivity; when non-farm revenue exceeds 

that threshold, non-farm activities start boosting land productivity. In light of non-farm 

activities’ negative effects on agricultural labor employment and positive effects on 

agricultural capital accumulation, this result indicates that the negative labor effect 

dominates the positive capital effect when non-farm revenue is below the threshold, and 
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the opposite is true when it is above the threshold. Because about 99% of villages in my 

sample have a non-farm revenue exceeding 17,072 Yuan, and because 17,072 Yuan is an 

extremely small amount for non-farm revenue among Chinese villages, the overall 

contribution of non-farm activities to land productivity is strongly positive and mainly 

occasioned through capital investment. 

5.2.2 Distinguishing Private and Public Investments 

Although the Table 5.3 results ascertain that non-farm activities have significantly 

stimulated agricultural investment in rural China, it is not clear whether the investment is 

made at the individual household or collective village level. This is because agricultural 

capital used in the above analysis is a mix of private capital, such as machinery and 

cattle, and collective capital, such as irrigation and electricity infrastructure, invested by 

all members of the village. In China, the provision of such public goods as irrigation and 

electricity infrastructure oftentimes is frequently organized by the village government.   

In order to identify the effects of non-farm revenue on private and public 

investment, I reran the FE-SUR model with agricultural capital separated into private and 

collective capital.  

The new econometric model is a four-equation reduced-form system, where the 

dependent variables in the four equations are agricultural labor employment  𝐿 , 

agricultural private capital stock 𝑃𝐾 , agricultural collective capital stock 𝐶𝐾  and 

agricultural land productivity 𝑌. The independent variables are still non-farm revenue 

generated from non-farm activities 𝑅, total population in the villages 𝑃𝑂𝑃, and price of 

the crop in the village 𝑃. The regression equation system is written as: 

    𝐿 = α0 + α1𝑅 + α2𝑅2 + α3𝑃 + α4𝑃𝑂𝑃 + 휀𝐿                       (5. 1) 
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 𝑃𝐾 = β0 + β1𝑅 + β2𝑅2 + β3𝑃 + β4𝑃𝑂𝑃 + 휀𝑃𝐾                     (5.2) 

        𝐶𝐾 = β0 + β1𝑅 + β2𝑅2 + β3𝑃 + β4𝑃𝑂𝑃 + 휀𝐶𝐾                      (5.3) 

        𝑌 = γ0 + γ1𝑅 + γ2𝑅2 + γ3𝑃 + γ4𝑃𝑂𝑃 + 휀𝑌                         (5.4) 

 Table 5.4 presents the regression results. Columns (1), (3), (5) and (7) are the 

regressions including squared non-farm revenue as an independent variable. The 

quadratic term in the labor, private capital and collective capital demand equations are 

not significant. I therefore ran regressions (2), (4), (6) and (7) using the FE-SUR model. 
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Table 5.4.  Estimation Results on Four-equation System 

 

 Independent Variables 

 Agricultural Labor 

Employment 

Agricultural Private 

Capital Stock 

Agricultural Collective 

Capital Stock  

Agricultural Land 

Productivity 

 (1) (2) (3) (4)          (5)         (6) (7) 

Nonfarm Revenue -0.12 

(0.09) 

-

0.04*** 

(0.02) 

0.15 

(0.34) 

0.07 

(0.07) 

0.32 

(0.27) 

0.42*** 

(0.05) 

-0.69*** 

(0.20) 

Revenue squared 0.00 

(0.00) 

 -0.00 

(0.02) 

 0.01 

(0.01) 

 0.07*** 

(0.01) 

Crop Price  0.05 

(0.03) 

0.04 

(0.03) 

0.12 

(0.11) 

0.12 

(0.11) 

0.11 

(0.09) 

0.10 

(0.09) 

0.14** 

(0.07) 

Village Population 0.45*** 

(0.11) 

0.45*** 

(0.11) 

-0.18 

(0.45) 

-0.18 

(0.45) 

1.05*** 

(0.36) 

1.05*** 

(0.36) 

0.20 

(0.29) 

R-Square 0.06 0.06       0.01       0.01 0.17 0.17 0.46 
* Significant at 10 percent; 

** Significant at 5 percent; 

*** Significant at 1 percent. 



Texas Tech University, Ye Wang, May 2011 

42 

The results show that non-farm revenue’s effect on private agricultural capital 

stock is insignificant, but its effect on agricultural collective capital stock is positive 

and significant at the 1% level. A 10% increase in non-farm revenue boosts public 

agricultural capital stock by 4.2%. The main increase in capital stock is collectively 

invested large infrastructure projects such as electricity lines and irrigation facilities. 

This result is consistent with the observation that Chinese farmers are mostly small 

land holders and farming is a low- return activity. Between the private capital such as 

machinery and public capital such as irrigation and electricity infrastructure, the latter 

seems a much more profitable investment.  

From the results in column (7), I use 𝛿𝑌𝑅 = 𝛾1 + 2𝛾2𝑅   =0 to identify threshold 

of non-farm revenues to determine the overall effect of non-farm activities on land 

productivity. Solving the equation −0.69 + 2 ∗ 0.07𝑅   =0 yields a threshold of 13,838 

Yuan. That is, when non-farm revenue is below the 13,838 Yuan threshold, non-farm 

activities dampen land productivity; when non-farm revenue exceeds that threshold, 

non-farm activities start boosting land productivity. Compared to the three-equation 

model, the threshold is slightly lower. But there are still 99% of villages in my sample 

with non-farm revenue exceeding the new threshold, and 13,838 Yuan of non-farm 

revenue is still an extremely small amount for Chinese villages. The overall 

contribution of non-farm activities to land productivity is, therefore, strongly positive 

and mainly occasioned through collective capital investment. Additionally, these 

results support what we discuss in the conceptual framework. The tax contributed by 

Township and Village Enterprises seems to have allowed village governments to 

improve such infrastructure as the irrigation system, electricity lines, which in turn 
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enhance the agricultural productivity of all village members. Invoking equation (3.2): 

 𝑙𝑛(𝑌 /𝑎) = 𝑙𝑛𝐴 + α𝑙𝑛(𝑙/𝑎) + β𝑙𝑛(𝑘/𝑎), the result indicated that the development of 

non-farm activities in rural China have significantly boosted the land productivity by 

increasing 𝑙𝑛𝐴.  

The above results are consistent with the national data on collective and private 

investments in rural China. Figure 5.2 illustrates the collective and private investments 

growth in rural China from 1981 to 2006. 

 

Figure 5.2. Growth of Collective Investment and Private Investment  

As shown in the above figure, before 1993 collective investment in rural China 

was lower and grew slower than the private investment. This is due to the immaturity 

of non-farm activities in rural China in the 1980s and early 1990s and perhaps to local 

governments’ insufficient awareness of the importance of infrastructure construction 

to rural development. With the quick development of non-farm activities in rural 

China in the 1990s, collective investment has caught up and rapidly exceeded private 

investment. 
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5.2.3 Robustness Analysis 

 

Figure 5.3 is a plot of my data illustrating how the ratio of capital stock and 

agricultural labor employment varies with non-farm revenue. When the revenue is 

below 0.5 billion Yuan, the ratio of capital stock and agricultural labor employment 

grows as non-farm revenue increases. This means that if non-farm revenue increases, 

there will be more agricultural capital stock and less agricultural labor employed in the 

village. But beyond this threshold, as non-farm revenue increases, the ratio of capital 

stock and agricultural labor employment declines.  

 

Figure 5.3. Illustration of Relationship of K/L and Non-farm Revenue 

Note that a few village observations has a non-farm revenue exceeding 0.5 

billion Yuan (79 million dollars). Such villages may well have been urbanized and 

therefore should not be classified as rural villages. The households in such super rich 

villages may behave very differently from those in rural China. For example, the 

households and governments in these villages may dedicate themselves to non-farm 

activities and leave their farmland idle. It is important, therefore, to examine whether 
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my results above are robust if these potential outlier villages are excluded from my 

dataset. 

Applying the fixed-effects, seemingly unrelated regression model to the 

subsample yields the results in Table 5.5. My results do seem quite robust to exclusion 

of outlier villages from the sample. The changes in elasticities are slight in comparison 

to the results using the entire sample. The elasticity of agricultural labor employment 

with respect to non-farm revenue has remained unchanged, and the elasticity of 

collective capital stock increased 0.12.  

The impact of non-farm revenue on farm labor employment is still significant 

and negative, indicates the impact of non-farm activities on agricultural land 

productivity reduction. The impact of non-farm revenue on collective capital invested 

on farm is positive and significant, which accounts for the main contribution of non-

farm activities on agricultural land productivity improvements. The value of the 

threshold where non-farm revenue’s contribution to agricultural land productivity 

turns from negative to positive, has increased to 24,469 Yuan. Although it is 10,631 

Yuan higher than the value estimated using the entire sample, there are still 99% of the 

villages in my new sample with a non-farm revenue exceeding 24,469 Yuan. And 

24,469 Yuan is still a small amount of non-farm revenue for an average Chinese 

village. The overall contribution of non-farm activities to land productivity remains 

strongly positive and mainly reflects the growth in collective capital investment.  
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    Table 5.5.  Robustness to Outliers 

 Independent Variables 

 Agricultural  

Labor 

Employment 

Agricultural  

Private Capital  

Stock 

Agricultural  

Collective Capital  

Stock 

Agricultural  

Land 

Productivity 

Nonfarm Revenue 

 

-0.04** 

(0.02) 

0.09 

(0.07) 

0.54*** 

(0.06) 

-0.77*** 

(0.30) 

Revenue squared 

 

 

 

  

 

0.07*** 

(0.02) 

Crop Price  

 

0.04 

(0.03) 

0.15 

(0.13) 

0.11 

(0.10) 

0.17** 

(0.08) 

Village Population 

 

0.45*** 

(0.12) 

-0.19 

(0.46) 

1.01*** 

(0.36) 

0.19 

(0.28) 

R-Square 0.06 0.01 0.21 0.38 
* Significant at 10 percent; 

** Significant at 5 percent; 

*** Significant at 1 percent. 
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CHAPTER VI 

CONCLUSIONS 

 

Rural non-farm activities are an important driving force for sustained income 

growth and economic development in the world’s rural areas. Using a panel of village-

level data from China, I have examined how non-farm activities influence agricultural 

productivity in rural China. The main contribution of my thesis is an improved 

understanding of the underlying structure and mechanism of the linkage between 

agricultural productivity and non-farm activities. The importance of rural non-farm 

activities to income diversification and poverty reduction has been well recognized. 

Their impacts on agricultural productivity, however, remain at most elusive to 

researchers and policy makers. Policy makers in developing countries are frequently 

concerned that the development of non-farm activities may lower agricultural 

production and threaten food security.  

My study suggests that some of these concerns are unnecessary. Non-farm 

activities do seem to withdraw labor out of agriculture and therefore reduced land 

productivity. This is a rational response of labor to higher earnings in non-farm 

sectors. But non-farm revenue is found to strongly increase agricultural capital stock, 

indicating that increased household income and village tax revenue from non-farm 

activities have been invested to increase agricultural productivity. The negative effect 

on land productivity of labor loss is, in my Chinese dataset, overwhelmingly 
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dominated by that of increased capital investment. Altogether, non-farm activities 

have made a significant contribution to agricultural productivity growth.     

Further, I find that higher non-farm income has induced investment in 

infrastructure capital through collective provision, but has not increased private capital 

such as machinery and livestock power. This result is reasonable in rural China. Land 

is in small tracts for rural Chinese households, so investment in large machinery may 

not be profitable. But irrigation, electricity, and transportation infrastructure has been 

poor in rural China, so that investment in such capital can boost agricultural 

productivity significantly. Local governments in rural areas with poor infrastructure, 

therefore, should play an active role in facilitating and funding collective provision of 

such capital goods.  

Maintaining a balanced, sustained economic growth is a great challenge for 

policy makers worldwide. My study shows that the growth of non-farm activities in 

rural China has contributed greatly to the improvement of agricultural land 

productivity, suggesting that the government should create more non-farm 

employment opportunities to increase and diversify household income. Non-farm 

activities not only are the engine of economic growth, but also help reduce poverty 

and income inequality. The paucity of private investment in my dataset indicates that 

China’s agricultural productivity growth has been held back by fragmented farmland 

and limited profitable investment opportunities for farmers. Therefore, land reform 

and increased research and extension efforts are needed in China to stimulate 

agricultural productivity growth.  
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Although my study is based on a panel of Chinese villages, the results apply to 

many other developing countries. Other than the commonly adopted poverty-reducing 

policy measures such as input subsidy, policy makers in poor countries should support 

the development and non-farm activities and improve infrastructure in rural areas. 

Developing countries can learn from China’s successful development of TVEs in rural 

regions, they also should increase rural infrastructure investment to improve 

agricultural productivity.   
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