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ABSTRACT 

Almost two decades have passed since China first enacted legislation to protect farmland from conversion 

to nonagricultural use. Yet hundreds of thousands of hectares of agricultural land are still developed to 

urban area each year, raising the question of whether the legislation is effective in preserving farmland 

from development. This paper examines the effectiveness of the Basic Farmland Protection Regulation in 

protecting high-quality farmland from urban development in China in the first decade after it came into 

effect (1995‒2005). The theoretical basis for this study is a spatial urban development model with a 

splitting equation. The empirical evaluation is conducted with georeferenced, longitudinal data on more 

than 2,000 counties in the country. Results indicate that the Regulation was effective in preserving 

farmland with high productivity potential only during the period 1995‒2000. There is no evidence of 

effectiveness of the Regulation in protecting lands with good irrigation conditions or lands more suitable 

for growing major food grains. Farmland development induces the conversion of non-farmland to crop 

production. This substitution effect declined from 1986 to 2005 and is therefore less likely to be 

exaggerated by the enforcement of the dynamic balance strategy. 

Keywords:  farmland protection, urban development, urban spatial model, non-nested hypothesis 

test, China 
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1.  INTRODUCTION 

Farmland protection is among the top priorities of the Chinese government. On the one hand, food 

security is fundamental to the guarantee of national security and social stability in the country. On the 

other hand, the rapid urbanization that has accompanied China’s remarkable economic growth has created 

intense competition for agricultural land in both urban fringe and rural areas. Almost two decades have 

passed since China first enacted legislation to protect farmland, especially high-quality cultivated land, 

from conversion to nonagricultural use. Yet hundreds of thousands of hectares of agricultural land are still 

converted to urban uses each year, raising the question of whether the legislation is effective in preserving 

farmland from development. The answer to this question has important implications for policymaking, 

which aims to find a proper balance between urban growth and farmland retention. This paper provides 

empirical insights into this question by focusing on the effectiveness of the Basic Farmland Protection 

Regulation. 

The Basic Farmland Protection Regulation (hereafter the Regulation), passed in 1994 and 

amended in 1998, is one of the stringent laws on farmland conversion in China. As stipulated in the 

Regulation, local governments at the county level or higher are required to designate a basic farmland 

protection zone in every village or township. Conversion of farmland to nonagricultural uses is prohibited 

within the protection zones (State Council 1994; Lichtenberg and Ding 2008). If such conversion is 

unavoidable, it must be approved by the central or provincial government, and the loss of farmland must 

be offset by the same amount of new farmland somewhere else in the same county. The offset is referred 

to as the dynamic balance. 

While its purpose is clear, the effects of the policy are ambiguous. The reasons are at least 

threefold. First, the total area of basic farmland was initially designated in each county, but the boundaries 

of those protected zones have never been revealed because doing so would affect the public image of 

government agencies and the performance appraisals of local officials. Under such circumstances, county 

government officials are more likely to target quantity than quality. Second, as part of its process of 

economic liberalization in pursuit of higher economic growth rates, China implemented a number of 

fiscal and governance reforms that appear to have pushed local officials to take on the role of land 

developer (Lichtenberg and Ding 2009), which is in conflict with their responsibility as executors of the 

Regulation. Third, it is not clear whether the enforcement of the dynamic balance strategy affects the rates 

of conversions of non-farmland to crop production. Yang and Li (2000) examine the national- and 

provincial-level changes in China’s cultivated land for the period 1978‒1996. They find that total 

cultivated land decreased from 1978 to 1994 but slightly increased from 1994 to 1996, due largely to 

reclamation, which coincided with the implementation of the dynamic balance strategy. A land use 

database derived from the U.S. Landsat imagery also presents evidence that despite large amounts of 

farmland lost to development, total farmland increased by 3.6 million hectares (ha) from 1995 to 2005. 

Conversions of grassland and forests to agricultural use are the primary source of the increase. 

This paper develops a spatial urban development model and compiles a comprehensive 

nationwide, georeferenced database to empirically evaluate the effectiveness of the Regulation in the first 

decade after it came into effect (1995‒2005). The model is built on the classic monocentric city model 

(Alonso 1964; Muth 1969; Mills 1967) and spatial urban growth model (Capozza and Helsley 1989). It 

uses pairwise non-nested hypothesis tests to assess the policy. The database contains accurate 

measurement of land use changes within each 1-kilometer (km) grid cell over three land use transition 

periods (1986–1995, 1995–2000, and 2000–2005). The structure of these longitudinal data provides a 

way to measure the counterfactual in the evaluation. The land use data are merged with a set of land 

quality indicators and economic and geophysical variables. The combined data file is also used to 

investigate the potential substitution effects of farmland development on the conversion of forests and 

grassland. 
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The paper’s approach does not rely on the unobserved, ground-based data useful for identifying 

the basic farmland protection zones and therefore overcomes a major obstacle to the empirical evaluation 

of the Regulation. Lack of data has hindered efforts to assess this policy. To the best of the author’s 

knowledge, this is the first time that either a researcher or a government agency has systematically 

evaluated the effectiveness of China’s farmland protection policies on a national scale. In the existing 

literature, only a few studies document the issue, and they lack a detailed, systematic analysis 

(Lichtenberg and Ding 2008; Ding 2003; Yang and Li 2000). As increased attention is paid to the nexus 

of food security and urban development, a deeper understanding of the implications of farmland 

protection policy is necessary. 

In this paper, the author demonstrates that by augmenting the classic spatial urban growth model 

with a splitting farmland preservation scheme and by taking advantage of the satellite remote-sensing land 

use data and geographic information system–derived land quality indicators, it is possible to perform 

statistical inference to assess the Regulation. The Chinese government is planning to conduct such 

assessments with a budget of approximately ¥600,000 (around US$98,000) per county; however, the 

approach proposed here requires a smaller investment in terms of cost, effort, and time. This is 

particularly important to a project or a developing country facing data scarcity and budget constraints. 

The approach presented here could be an important tool for policymakers responsible for managing urban 

growth and designing agricultural land protection policies. 

The balance of evidence discussed in this paper suggests that the Regulation was effective in 

protecting farmland with high land productivity potential from urban development within a county during 

the period 1995‒2000. A 1 percent increment in land productivity increases a land parcel’s propensity to 

being preserved by around 2.8 percent. There is no evidence, however, of the effectiveness of the 

Regulation in preserving lands with good irrigation conditions or lands more suitable for growing rice, 

maize, and wheat. The Regulation was not effective in protecting farmland during the period 2000‒2005, 

which coincided with the implementation of several economic development policies. Farmland 

development induces the conversion of forests and grassland to crop production. This substitution effect 

decreased from 0.14 percent before the enforcement of the dynamic balance strategy (1986‒1995) to 

0.02‒0.07 percent after its implementation (1995‒2005). 

The remainder of this paper is organized as follows: Section 2 describes the background of 

farmland protection as well as lessons from developed countries. Section 3 describes the theoretical and 

empirical urban development models. Section 4 discusses the results. Section 5 explores the potential 

substitution effects of farmland development on non-farmland conversion. Section 6 concludes the paper. 
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2.  BACKGROUND OF FARMLAND PROTECTION IN CHINA AND LESSONS FROM 
DEVELOPED COUNTRIES 

Urban growth in China began to accelerate in the late 1980s. From the late 1980s to the mid-1990s, the 

amount of urban built-up area in China increased by approximately 0.9 million ha (Liu et al. 2003). About 

76 percent of the increase came from farmland characterized by high grain yield and a dense population, 

particularly in coastal regions. This led to a deteriorating national grain supply situation (OECD 1995). In 

response, China passed the Basic Farmland Protection Regulation in 1994 (State Council 1994), which 

imposes a set of strict administrative controls over farmland conversion. 

Farmland Protection Policies and Their Enforcement 

The Regulation requires that governments at the county level or higher designate a basic farmland 

protection zone in every village or township. Conversion of farmland to nonagricultural uses is not 

allowed within the protection zones. When a conversion is unavoidable, it must be approved by the 

provincial governments if the conversion is below a threshold amount of 500 mu (around 33 ha) or by the 

State Council if the conversion is above that threshold. In addition, a dynamic balance instrument is 

imposed to offset the loss of farmland by the same amount of new farmland somewhere else in the same 

county (that is, no net loss). The Regulation applies to land planted to food grains, cotton, oilseeds, and 

vegetables, and to land with good irrigation, drainage, and erosion control, as well as experimental plots 

for agricultural research and development. The standards for basic farmland conversion were further 

tightened by the 1999 Amendments to the Land Administration Law (Standing Committee 1998), which 

require that any conversion of basic farmland be approved by the central government. In addition, the 

dynamic balance strategy applies to all farmland. (See Lichtenberg and Ding [2008] for an overview of 

farmland protection policies in China.) 

In practice, governments use three indicators to monitor the implementation of these policies. The 

first is the acreage of total farmland (including basic farmland and nonbasic farmland), the second is the 

area of basic farmland, and the third is the ratio of the second indicator to the first indicator. The 1999 

Amendments require that the ratio of basic farmland to total farmland be at least 80 percent in each 

provincial-level administrative district (Lichtenberg and Ding 2008). 

Lessons from Developed Countries 

The literature on public policies for managing urban growth and protecting agricultural land in developed 

countries is extensive (see Bengston et al. [2004] for a systematic review). These policies can be grouped 

into two broad categories―regulatory approaches and incentive-based approaches―and have been 

implemented at the local, regional, and, to a limited extent, national level. In the United States, for 

example, incentive-based approaches to the protection of agricultural land include right-to-farm laws, 

agricultural districts (voluntary enrollment), transfer of development rights, purchase of development 

rights, and use-value tax assessment, while regulatory instruments include subdivision exactions, 

clustered development, downzoning, and exclusive agricultural zoning. In particular, exclusive 

agricultural zoning, which conceptually bears similarities to the basic farmland protection zone in China, 

has been adopted in half of the 50 states in the country (American Farmland Trust 1997). 

Despite the extensiveness of the literature describing policy instruments and programs, only a 

limited number of empirical studies have examined the effectiveness and impact of these policies (Bill 

and Boisvert 1987; Daniels 1998; Howe 1994; Kline and Alig 1999; Pfeffer and Lapping 1994; Wu and 

Cho 2007). Most of the evaluations are typically narrow in their focus (for example, targeting a specific 

program in a specific area). The lack of knowledge of the counterfactual poses a significant challenge to 

isolating and measuring the effects of a specific program, and changing social contexts also complicate 

the evaluation.  
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One of the key lessons learned from the literature with regard to agricultural land protection is 

that the use of multiple reinforcing policy instruments is far more effective than relying on a single 

technique (Bengston et al. 2004). Jacobs’s (1999) analysis and conclusion are similar. He examines 

agricultural land protection strategies in the Netherlands, Sweden, France, the United Kingdom, four 

provinces in Canada, three states in the United States, and Japan and finds strong similarity among the 

approaches adopted by those most successful countries and regions. In general, successful approaches 

require comprehensive planning by local governments, a system of strict land use regulation, and a means 

to purchase agricultural land threatened with conversion. In addition, the common factor among 

successful public programs to preserve agricultural land does not appear to be the actual policy strategies 

or approaches used, but instead how the strategies or approaches are used in a political policy 

environment that favors these land policies (Alterman 1997). 
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3.  MODELING URBAN DEVELOPMENT IN CHINA 

To establish a framework providing empirically implementable tests of the effectiveness of the Basic 

Farmland Protection Regulation, this paper uses a modified version of the urban spatial model, which was 

pioneered by Alonso (1964), Muth (1969), and Mills (1967) and developed by a number of authors, most 

notably Arnott and Lewis (1979) and Capozza and Helsely (1989). The basic features of these models are 

that (1) the bid rent for land increases with urban household income and declines with distance from a 

center of economic activity such as a central business district (CBD); (2) at the city boundary, the bid rent 

equals agricultural rent, that is, the agricultural productivity of the land; and (3) land is developed when 

rent for urban use equals the opportunity cost of land conversion, including agricultural rent and 

conversion capital. 

When adapting the urban spatial model to a developing country such as China, it is important to 

consider how well land markets operate. Land tenure in China is regulated by the Constitution, making 

the state the sole owner of urban lands and villagers the joint owners of rural lands. Land conversion from 

rural to urban use is possible only when local governments (county-level or higher)
1 
requisition land for 

development and other special uses by compensating villagers based on the land’s agricultural 

productivity. Deng et al. (2008) examine several fundamental hypotheses generated by the monocentric 

urban model. Their investigation provides empirical evidence that the model has fairly high explanatory 

power when applied to China from the late 1980s to 2000. Lichtenberg and Ding (2009) also demonstrate 

that urban spatial expansions in China have become more responsive to economic incentives, even though 

the allocation of land between urban and rural uses is determined administratively. 

Therefore, it is reasonable to initiate the analysis under the framework of the urban spatial model. 

In the present study, the county is used as the analytical unit because the county government is the lowest 

administration that has power to make urban development decisions. 

The Theoretical Model 

Consider how a county governor chooses land parcels for urban development. Without the Regulation, a 

parcel will be developed if 

  (     )   ,  (1) 

where  ( ) is the net returns to urban development, w is the average urban household income, r is the 

distance from the CBD, and a is the agricultural productivity of the parcel. Following the fundamental 

assumptions of the classic urban spatial model, one would expect that 
  

  
  , 

  

  
  , and 

  

  
  . In 

other words, for any given parcel, the net returns to urban development increase with urban household 

income and decrease with distance from the CBD and with land agricultural productivity.  

Let   be a binary variable with values 0/1, and     indicates that the parcel is not developed. 

Before the Regulation came into effect, the logit of the propensity     is equivalent to the logit of the 

propensity    , defined as the logarithm of the odds against    : 

     (  (   ))       (  (   ))    
  (   )

  (   )
.   (2) 

Equation (2) serves not only as a theoretical framework of land development without the Regulation but 

also as a counterfactual model when the Regulation takes effect. 

                                                      
1 China has five levels of government: central, provincial, prefectural, county, and township. Township officials rank lowest 

in China’s government hierarchy; they have little power to make land use conversion decisions. The village is an informal 

subdivision under the township, serving as a basic organizational unit for rural populations. 
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The ideal analysis of the policy evaluation involves a treated group of basic farmland and a 

control group in which farmland conversion is not subject to the Regulation. In the absence of data useful 

for the identification of basic farmland, an appealing alternative is to introduce a latent variable s that 

indicates whether a parcel locates in the protection zone. Conditioned on a set of variables q, s is assumed 

to follow a Bernoulli distribution with parameter λ, where λ is the probability of any given land parcel 

being classified into the protection area. q is selected based on the criteria of designation of basic 

farmland such as land productivity, irrigation condition, and biophysical suitability indexes for major 

food grains. Let  ( ) represent a cumulative logit probability. By definition,    (  ). One may expect 

the marginal effects of q on the probability of a land parcel being classified into the protection zone to be 

positive, that is, 
  (  )

  
  , which implies    .

2
 

The underlying rationale for introducing s and q is that the essence of the Regulation is to 

preserve high-quality farmland from conversion to nonagricultural use. If the Regulation is in effect, land 

parcels with higher agricultural productivity, with better irrigation conditions, or that are more suitable for 

growing major food grains such as rice, maize, and wheat would be more likely to be designated as basic 

farmland. Otherwise, the policy would eventually fail, even though land parcels classified as basic 

farmland were effectively protected. 

Thus, under the Regulation, a parcel will be developed if 

  (     )    and    .  (3) 

The distribution of indicator variable   can be specified accordingly: 

    {
                     (   )  (   ) 

                   (   )  (   ) 
 (4) 

The concept underlying (4) is that zeroes are produced from two processes: one is structure and one is 

sampling. The structural zeros are generated from a Bernoulli distribution associated with λ that governs 

some structure determining whether   has to be zero. The sampling zeros are observed due to a standard 

logit distribution associated with π, which assumes that the zero outcome happens by chance.  

This framework borrows an idea from the zero-inflated model, a class of models for count data 

with the number of zeros unusually larger than would typically be predicted by a standard count data 

model such as a Poisson or a negative binomial model (see Lambert’s [1992] seminal paper on the zero-

inflated Poisson model). In a zero-inflated model, the presence of excess zeros is the consequence of a 

splitting mechanism.
3
 Zero-inflated models have been applied in many fields of empirical economics and 

other social sciences, such as manufacturing defects, consumer credit behavior, and demand for medical 

care (Lambert 1992; Greene 1994). 

One can easily derive the logit of the propensity     from distribution (4): 

  

                                                      
2 

  (  )

  
  (  )[   (  )] . 

3 The zero-inflated model has a close resemblance to the hurdle model, but the two models are different in the interpretation 

of the source of the zero outcome (see Greene [1994] for an overview). For the former, the zero outcome arises from one of two 

regimes: in one regime, the outcome is always zero; in the other, the usual Poisson or negative binomial process is at work. For 

the hurdle model, however, the zero outcome is always generated by a process that is qualitatively different from the positive 

values.  
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     (  (   ))    
  (   )  (   )

(   )  (   )
  

   [
  (   )

  (   )
(  

 

   

 

  (   )
)] 

      (  (   ))    (  
   

  (   )
). (5) 

In this situation, the logit of the propensity     is no longer equivalent to the logit of the propensity 

   . The logit functions (2) and (5) are two competing models that serve as the theoretical basis for an 

econometric analysis to examine the effectiveness of the farmland protection policy. For convenience, 

this paper refers to (2) as an unaugmented model and to (5) as a zero-augmented model; equation   
 (  ) is named a splitting equation.  

Necessary Conditions for an Effective Policy 

The effectiveness of the farmland protection policy can be tested using two necessary conditions. First, 

model (2) is rejected in favor of model (5); second, in the splitting equation, the coefficient γ is 

significantly positive. Condition one implies that under the Regulation, one would expect to observe an 

“excess” of land parcels staying in agricultural use, compared to the counterfactual in which there is no 

policy intervention. The second condition indicates that the excess farmland arises from a regime that is 

related to the criteria of designating basic farmland, that is, a land parcel that is more likely to be 

classified as basic farmland has a higher propensity to stay in farm use. These two conditions can be 

examined using statistical inference in the empirical analysis. 

One issue arising in testing condition one is that the two competing models are non-nested. In (5), 

setting γ to zero does not produce (2); it produces    0.5. Model (2) requires λ to vanish, but this 

requires some element of γ to explode. None of these is amenable to the familiar Wald or likelihood ratio 

test. To compare the two non-nested functional forms, this paper follows Cox (1961, 1962) and uses the N 

ratio derived by Pesaran and Deaton (1978), which is well suited to the present nonlinear model.  

Assuming that model (5) is the maintained hypothesis (  ) against model (2), the Cox-Pesaran 

test statistic is 

    
  

√ ̂ (  )
, (6) 

where    is a modified log-likelihood ratio and  ̂ (  ) is an estimate of variance of   . The formulas of 

   and  ̂ (  ) are provided in Appendix A. Given that    is valid,    is asymptotically normally 

distributed with mean zero and variance one.  

It is important that this N test is not a measure of relative fit.    provides a test of    but tells us 

nothing about the validity of the alternative hypothesis   . If    is significantly less than zero, one may 

conclude that    is rejected in the direction of   ; if    is significantly greater than zero, one may 

conclude that    is rejected in the direction away from    (MacKinnon 1983). But one can never 

conclude from    alone that    is rejected in favor of   . To test the validity of   , one must reverse the 

roles of the two models and compute the test statistic    (Pesaran and Deaton 1978). 

Therefore, this paper calculates pairwise N values to examine condition one. If the Regulation is 

in effect, one would expect that the N statistic follows a standard normal distribution by taking (5) as    

against (2) and the N statistic is significantly less than zero by taking (2) as    against (5). 
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Data 

To create a dataset applicable to the present analysis, the author first compiled a geographic information 

system database that covers mainland China, including land use, economic variables, land quality, and 

topographic attributes, and then aggregated them to the county level. 

Land Use 

Land use data are originally derived from the U.S. Landsat Mapper/Enhanced Thematic Mapper scenes 

with a 30-meter spatial resolution. They are available for four time periods—the late 1980s (1986‒1989), 

the mid-1990s (1995‒1996), the late 1990s (1999‒2000), and the middle years of the 2000–2010 decade 

(around 2005)—denoted as 1986, 1995, 2000, and 2005, respectively. These images are interpreted and 

digitized by the Data Center for Resources and Environmental Sciences at the Chinese Academy of 

Sciences (CAS) and are validated by extensive ground-based surveys (Liu et al. 2003; Liu et al. 2010). 

The average interpretative accuracy is in the range of 88‒99.7 percent (Liu and Buheaosier 2000; Liu et 

al. 2003). The data are sorted using a hierarchical classification system of 25 land use classes, which are 

further grouped into six aggregated classes: farmland, forests, grassland, water area, urban built-up area, 

and unused land. Each class is presented as the number of hectares in a grid-cell extent for 1×1 km at the 

equator. 

This paper focuses the analysis on farmland and built-up area that is contiguous to urban 

settlements, industry, and roads (hereafter urban land). Given the dataset, it is easy to calculate changes in 

the area of urban land and farmland in each grid cell for three land use conversion periods, 1986–1995, 

1995–2000, and 2000–2005, where the first period indicates the control period (without the intervention 

of the Regulation) and the last two periods indicate treated periods (after the Regulation came into force). 

The dataset does not provide information about land use conversion from one class to another within a 

grid cell. To derive the amount of farmland changed to urban use, the author first identifies land grids 

with increased urban land and decreased farmland during each transition period.
4 
According to von 

Thünen’s location theory, agricultural activities are often conducted as close as possible to markets, which 

usually locate in urban centers. It is therefore reasonable to assume that urban development occurs first on 

farmland. In each grid cell, the acreage of farmland converted to urban use takes the smaller value of 

urban land increase or farmland decrease. 

In addition to farmland conversion, two variables are generated from the land use database. One 

is the Euclidean distance from each grid cell to the nearest cell in which urban land is dominant. This 

variable serves as a proxy for distance to the urban boundary. The other is the percentage of land in each 

grid cell equipped for irrigation to grow aquatic crops, which is used to measure land irrigation 

conditions.  

Economic Variables 

Data on urban household income at the county level are generally lacking. Recent studies suggest that 

changes in urban area are increasing the value of urban land (Lichtenberg and Ding 2009; Li, Wu, and 

Deng 2013). Following the literature, this paper uses per hectare urban gross domestic product (GDP) as a 

proxy for the returns to urban development. County GDP figures by sector (agriculture, manufacturing, 

and services) are collected for three years (1989, 1996, and 2000) from the National Bureau of Statistics 

of China (NBSC 2001). The author calculates per hectare urban GDP by dividing GDP in manufacturing 

and services by urban area in a county. 

This paper includes public agricultural investment to reflect the opportunity costs of farmland 

development. The investments come from state and local governments and are used mainly for 

developing agriculture infrastructure such as seeds, fertilizers, and irrigation projects. The idea is that 

                                                      
4 This paper does not consider the situation in which farmland is developed to urban use and the remaining lands are 

converted to farmland use, leading to increases in both urban land and farmland in a grid cell. Given that land is relatively 

homogeneous within a 1- grid cell, this is less likely to happen because it would double the land use conversion costs. 
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these investments could improve agricultural productivity and thus increase the opportunity costs of 

farmland conversion (Deng et al. 2008). Data on public agricultural investment are collected from 

province- and county-level statistical yearbooks and are available for four years (1994, 1995, 1999, and 

2000). This paper uses the investments in 1994, the average of investments in 1995 and 1999, and 

investments in 2000, respectively, as proxies for the opportunity costs of farmland development in the 

three periods (1986–1995, 1995–2000, and 2000–2005). 

Land Quality 

Land quality is an important variable in assessing the farmland protection policy. While the Regulation 

designates general standards such as targeting major food grains and land with good irrigation in the 

effort to protect farmland from conversion, monitoring these indicators is difficult in practice. This study 

uses three location-specific indicators to measure land quality. The first is potential land productivity. 

This is a measure of dry plant matter and is developed by a research team from CAS using the stand-alone 

Estimation System for Land Productivity software (Deng et al. 2006). The second indicator is the 

irrigated percentage generated from the land use database, as discussed above. The third indicator is a 

vector of biophysical suitability indexes for rice, maize, and wheat, the three most important crops in 

China. These indexes are derived from the global Agro-ecological Zones (v1.0) assessment (Fischer et al. 

2001) developed by the International Institute for Applied Systems Analysis and the Food and 

Agriculture Organization of the United Nations. This assessment has been widely applied because of its 

ability to provide a standardized framework for the effects of climate, soil, and terrain conditions, as well 

as socioeconomic factors relevant to agricultural production. Land productivity and suitability indexes are 

available at 10×10 km at the equator. In the analysis that follows, this paper uses the three indicators 

separately to avoid collinearity. 

Topography 

This paper includes terrain elevation and slope as control variables in regression analysis. These variables 

are derived from a set of global terrain maps that are originally generated from the Shuttle Radar 

Topography Mission (90-meter resolution) and compiled by the International Institute for Applied 

Systems Analysis (Fischer et al. 2008). Elevation is presented as median elevation in each grid cell (1×1 

km). Slope gradient is originally classified into nine categories on the global maps. The distributions of 

the nine classes are available for each grid cell. The author aggregates them into three groups—low slope 

(0–5 percent), medium slope (5–15 percent), and high slope (>15 percent)—and assigns each grid cell to 

the group representing the largest proportion of that cell’s area.  

All geographic information system data (excluding economic variables) are aggregated from grid 

cell to county. The acreages of developed farmland and undeveloped farmland are the sums of the 

corresponding land use areas across land grid cells in a county. They are used to derive the left-hand-side 

variable in the regression. The remaining variables are calculated as weighted arithmetic means across 

land grid cells in a county. These variables are right-hand-side variables in the regression and are 

computed separately for each development status (developed or not developed). The weights are, 

respectively, the amount of developed farmland and undeveloped farmland in a grid cell. 
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Table 3.1 Summary statistics of variables used in evaluation analysis 

Variable Period N 
Development 
status Mean 

Standard 
deviation Minimum Maximum 

Area of farmland 
(thousand ha) 

1986–1995 2,023 Developed 0.30 1.04 0 26.19 

    Undeveloped 76.11 60.67 0 494.81 

1995–2000 2,021 Developed 0.16 0.33 0 4.05 

    Undeveloped 75.58 63.38 0 529.98 

2000–2005 2,023 Developed 0.93 1.71 0 28.83 

    Undeveloped 76.69 64.99 0 573.99 
Per hectare urban 
GDP (million ¥/ha) 

1986‒1995 2,023     - 0.09 0.33 0 12.82 

1995‒2000 2,021     - 0.19 0.87 0 25.32 

2000‒2005 2,023     - 0.24 0.73 0 20.02 
Agricultural 
investment (ten 
thousand ¥) 

1985–1995 2,023     - 7.41 38.26 0 1,178.31 

1995–2000 2,021     - 7.54 41.24 0 1,335.41 

2000–2005 2,023     - 9.46 52.26 0 1,705.73 
Distance from urban 
boundary (km) 

1986‒1995 2,023 Developed 9.29 17.51 0.00 163.75 

    Undeveloped 17.83 15.03 1.67 162.29 

1995‒2000 2,021 Developed 9.39 16.84 0.00 163.43 

    Undeveloped 17.09 14.57 0.74 162.20 

2000‒2005 2,023 Developed 12.01 13.89 0.52 198.73 

    Undeveloped 16.39 13.08 0.62 162.59 
Land productivity 
(ten metric tons/ha) 

1986–1995 2,023 Developed 0.396 0.330 0 1.390 

    Undeveloped 0.400 0.301 0 1.380 

1995–2000 2,021 Developed 0.399 0.330 0 1.398 

    Undeveloped 0.400 0.301 0 1.379 

2000–2005 2,023 Developed 0.414 0.311 0 1.380 

    Undeveloped 0.400 0.301 0 1.379 
Irrigation (%) 1986‒1995 2,023 Developed 19% 24% 0% 94% 

    Undeveloped 20% 23% 0% 97% 

1995‒2000 2,021 Developed 20% 24% 0% 95% 

    Undeveloped 20% 23% 0% 96% 

2000‒2005 2,023 Developed 22% 24% 0% 90% 

    Undeveloped 20% 22% 0% 96% 
Biophysical 
suitability index for 
rice (ranging from 0‒
1) 

1986–1995 2,023 Developed 0.19 0.22 0 0.80 

    Undeveloped 0.18 0.20 0 0.66 

1995–2000 2,021 Developed 0.19 0.22 0 0.79 

    Undeveloped 0.18 0.20 0 0.66 

2000–2005 2,023 Developed 0.20 0.21 0 0.75 

    Undeveloped 0.19 0.20 0 0.65 
Biophysical 
suitability index for 
maize (ranging from 
0‒1) 

1986‒1995 2,023 Developed 0.45 0.23 0 1.00 

    Undeveloped 0.45 0.20 0 0.98 

1995‒2000 2,021 Developed 0.45 0.23 0 1.00 

    Undeveloped 0.45 0.20 0 0.98 

2000‒2005 2,023 Developed 0.45 0.21 0 0.99 

    Undeveloped 0.45 0.20 0 0.98 



11 

Table 3.1 Continued 

Variable 
Period N 

Development 
status Mean 

Standard 
deviation Minimum. Maximum 

Biophysical 
suitability index for 
wheat (ranging from 
0‒1) 

1986–1995 2,023 Developed 0.44 0.22 0 1.00 

    Undeveloped 0.44 0.19 0 0.96 

1995–2000 2,021 Developed 0.44 0.22 0 1.00 

    Undeveloped 0.44 0.19 0 0.96 

2000–2005 2,023 Developed 0.44 0.20 0 0.97 

    Undeveloped 0.44 0.19 0 0.96 
Elevation (km) 1986‒1995 2,023 Developed 0.55 0.72 0 4.08 

    Undeveloped 0.61 0.73 -0.02 4.08 

1995‒2000 2,021 Developed 0.56 0.71 0 3.94 

    Undeveloped 0.61 0.73 -0.02 3.91 

2000‒2005 2,023 Developed 0.55 0.71 0 4.08 

    Undeveloped 0.61 0.73 -0.01 4.08 
Medium slope (0‒1 
dummy, where 1 
indicates 5% ≤ 
slope ≤ 15%) 

1986–1995 2,023 Developed 0.30 0.39 0 1 

    Undeveloped 0.46 0.38 0 1 

1995–2000 2,021 Developed 0.31 0.39 0 1 

    Undeveloped 0.46 0.38 0 1 

2000–2005 2,023 Developed 0.32 0.35 0 1 

    Undeveloped 0.47 0.38 0 1 
High slope (0‒1 
dummy, where 1 
indicates slope > 
15%) 

1986‒1995 2,023 Developed 0.18 0.34 0 1 

    Undeveloped 0.31 0.35 0 1 

1995‒2000 2,021 Developed 0.18 0.32 0 1 

    Undeveloped 0.31 0.35 0 1 

2000‒2005 2,023 Developed 0.19 0.29 0 1 

    Undeveloped 0.32 0.35 0 1 

Source:  Author’s calculations. 

Note:  ha = hectare; km = kilometer. 

Missing data reduced the usable sample to 2,023 counties for the time periods 1986‒1995 and 

2000‒2005 and to 2,021 counties for the period 1995‒2000. Table 3.1 reports summary statistics of these 

variables by development status and by land use conversion period. 

The Empirical Model 

For each county, there are two types of explanatory variables. The first type is the economic variables that 

are county-specific but invariant to whether a parcel is developed within a county. Let x be a vector of 

choice-invariant variables and    (per hectare urban GDP, public agricultural investment). Separate 

coefficients,     and    , are estimated for each choice, where     and     are associated with      

and     , respectively.
5 
The subscript i is an index of the county. 

The second type of variables includes land quality and topographic attributes, which vary not 

only by county but also across land development choices. In this case, county average values are 

calculated separately for each choice, but their coefficients stay same. Let    (distance from urban 

                                                      
5 This paper avoids using   to indicate the choice because when the Regulation is in effect,   possibly consists of some zero 

outcomes arising from the splitting equation that is irrelevant to  . 
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boundary, elevation, slope) and let z be a vector of choice-specific explanatory variables and     and     

be their county average values associated with      and     , respectively. The same coefficient 

vector    is estimated for both choices. 

Given the specification discussed above, the propensity of      is written as 

   (    )  
                

                                 
. (7) 

Without loss of generality, this paper uses      as a reference and normalizes the choice-specific 

coefficients and explanatory variables with this status such that   
         ,   

         , and 

  
         . These normalizations imply 

   (    )   (  
      

    
   ).  (8) 

Accordingly, without the intervention of the Regulation, the logit of the propensity      is 

nothing but the logit of the propensity     , 

      (  (    ))    
      

    
   .  (9) 

When the Regulation takes effect, the logit of the propensity      can be derived from equations (5) and 

(8): 

      (  (    ))    
      

    
      [  

    

 (  
      

    
   )

].  (10) 

Equations (9) and (10) are the empirical counterparts to the theoretical models (2) and (5). Equation (10) 

is estimated using quasi-Newton optimization methods. 
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4.  RESULTS 

The correct specification of equations (9) and (10) is in itself an empirical question. Given that (10) is 

built on (9), this section first identifies the specification of (9) using data from the control period 1986‒

1995. Then it estimates (9) and (10) separately for all three land use transition periods and applies 

pairwise Cox-Pesaran tests to compare (9) and (10). Finally, it uses the first-difference approach to 

control the potential unobserved, time-invariant factors that are correlated with land development 

decisions and one or more of the explanatory variables. Those factors may arise from individuals’ 

intrinsic history, culture, county size, special location, or institutional factors. 

Identification 

Identification of (9) starts with a specification that consists of per hectare urban GDP, public agricultural 

investment, distance from the urban boundary, topography control variables, and a constant (column 1, 

Table 4.1), and incrementally adds three alternative land quality indicators (columns 2‒4) and 30 province 

dummies (columns 5‒8) to the model. 

Table 4.1 Cross-sectional estimation with alternative land quality specification, 1986‒1995 

 Dependent variable: Logit(Pr(Y1986‒95 = 0)) 

Variable (1) (2) (3) (4) (5) (6) (7) (8) 

Per hectare urban 
GDP 0.920

** 
 0.917

**
 0.922

**
 0.925

**
 0.846

***
 0.846

***
 0.846

***
 0.833

***
 

Agricultural 
investment -0.007

**
 -0.007

**
 -0.007

**
 -0.007

**
 -0.009

***
 -0.009

***
 -0.009

***
 -0.009

***
 

Land productivity     -1.221        -0.0002     

Irrigation     -3.156
***

        0.0056   

Rice       -1.541         1.411 

Maize            0.372        -3.279
**
 

Wheat            0.720         1.016 

Distance -0.132
***

 -0.132
***

 -0.130
***

 -0.132
***

 -0.132
***

 -0.132
***

 -0.132
***

 -0.133
***

 

Elevation -0.916        -1.037  -1.327  -1.027 -2.622
***

 -2.622
***

 -2.621
***

 -2.694
***

 

Slope_medium -3.071
***

 -3.152
***

 -3.313
***

 -3.127
***

 -1.575
***

 -1.575
***

 -1.574
***

 -1.524
***

 

Slope_high   0.445   0.409   0.065   0.431 -1.766
***

 -1.766
***

 -1.766
***

 -1.784
***

 

Constant 10.783
***

 10.807
***

 10.920
***

 10.788
***

 23.114
***

 23.114
***

 23.114
***

 23.115
***

 
Province 
dummies No No No No Yes Yes Yes Yes 

N   2,023   2,023   2,023   2,023   2,023   2,023   2,023   2,023 

Adjusted R-
squared   0.080 0.081 0.086 0.081 0.444 0.444 0.444 0.446 

Source:  Author’s calculations.  

Note:  GDP = gross domestic product. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, 

respectively. 
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The identification provides empirical evidence for the three fundamental assumptions of the 

classic urban spatial model. After controlling for topographic variables, farmland is more likely to be 

developed in counties with higher urban land value or lower agricultural investment, or when a parcel is 

close to the urban boundary. As land quality indicators and province dummy variables are incrementally 

added to the model, the importance of the three variables persists and the magnitude of the coefficient 

changes little. F-tests reject the null that province fixed effects are jointly equal to zero. But there is no 

robust evidence to support the association of land quality indicators with land development decisions. 

Therefore, variables listed in column 5 of Table 4.1 are chosen as the specification of the unaugmented 

equation in the following analysis.  

Cross-Sectional Analysis 

Tables 4.2‒4.4 present the results from the estimation of equations (9) and (10), using data from the 

periods 1986‒1995, 1995‒2000, and 2000‒2005, respectively. In all three tables, column 1 corresponds to 

the unaugmented model (9), and columns 2‒4 correspond to the zero-augmented model (10), in which 

three land quality indicators are specified separately in the splitting equation. The Cox-Pesaran test 

statistics are reported at the bottom of the tables. A comparison of the results in column 1 and columns 2‒

4 indicates that including the splitting equation does not change the sign and significance of variables 

specified in the unaugmented equations for all three periods. 

To explore the effectiveness of the Regulation, the author first examines the N ratios for the 

treated periods 1995‒2000 and 2000‒2005, during which the farmland protection policy was in force. 

One would expect the tests to reject model (9) in favor of model (10). Given the three alternative land 

quality indicators, there are three pairwise non-nested hypotheses for each time period. Taking (9) as the 

maintained hypothesis (  ) first, the N ratio, which is asymptotically distributed as  (   ) under   , 

respectively takes values of -57.5, -51.4, and -52.5 for the period 1995‒2000 and the values of -44.6, -

33.6, and -44.7 for the period 2000‒2005. This implies that model (9) is rejected in the direction of model 

(10). The author then reverses the procedure and takes (10) as the maintained hypothesis, which leads to 

an N ratio of -0.8, -1.34, and -0.96 for the period 1995‒2000 and -1.37, -1.31, and -1.12 for the period 

2000‒2005. Clearly, model (10) cannot be rejected. Therefore, the test results indicate that the 

unaugmented model (9) is rejected in favor of the zero-augmented model (10), which is consistent with 

condition one as discussed in Section 3. 

The effectiveness of the Regulation is judged not only by the model structure but also by the 

coefficient estimates of alternative land quality indicators in the splitting equations. When the Regulation 

is effective, one would expect these coefficients to be significantly positive (condition two). In the 

empirical estimation for the two treated periods, however, all the variables are significantly negative 

except the biophysical index for wheat (see Tables 4.3 and 4.4). Thus, condition two is not satisfied in the 

two treated periods. Considering that the Regulation is imposed down to each county, and land quality is 

heterogeneous across counties, this result is not surprising.
6
 

  

                                                      
6 The present result reveals a limitation of the policy design―protecting high-quality farmland within each county does not 

imply that high-quality farmland can be effectively preserved nationwide. The Regulation would be more effective if it were to 

take into account heterogeneity in land quality across counties. 
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Table 4.2. Cross-sectional estimation of farmland development, 1986‒1995 

  Dependent variable: Logit(Pr(Y1986‒95 = 0))   

 Variable (1)   (2)   (3)   (4)   

Splitting equation   
 
   

 
   

 
   

 
 

  Land productivity   
 
 -4.027 

***
   

 
   

 
 

    
 
 (0.323) 

 
   

 
   

 
 

  Irrigation   
 
   

 
 -3.525 

***
   

 
 

    
 
   

 
 (0.484) 

 
   

 
 

  Rice   
 
   

 
   

 
 -4.474 

***
 

    
 
   

 
   

 
 (0.576) 

 
 

  Maize   
 
   

 
   

 
 -9.414 

***
 

    
 
   

 
   

 
 (0.708) 

 
 

  Wheat   
 
   

 
   

 
 5.321 

***
 

    
 
   

 
   

 
 (0.721) 

 
 

  Constant   
 
 8.796 

***
 7.609 

***
 10.001 

***
 

    
 
 (0.184) 

 
 (0.147) 

 
 (0.327) 

 
 

Unaugmented equation                 

  Per hectare urban GDP 0.846 
***

 1.177 
***

 1.228 
***

 1.053 
***

 

  (0.309) 
 
 (0.365) 

 
 (0.362) 

 
 (0.362) 

 
 

  Ag. investment -0.009 
***

 -0.054 
***

 -0.059 
***

 -0.052 
***

 

  (0.003) 
 
 (0.020) 

 
 (0.019) 

 
 (0.020) 

 
 

  Distance -0.132 
***

 -0.317 
***

 -0.313 
***

 -0.320 
***

 

  (0.013) 
 
 (0.023) 

 
 (0.021) 

 
 (0.023) 

 
 

  Elevation -2.622 
***

 -13.037 
***

 -12.180 
***

 -12.040 
***

 

  (0.883) 
 
 (1.569) 

 
 (1.497) 

 
 (1.551) 

 
 

  Slope_medium -1.575 
***

 -3.479 
***

 -3.791 
***

 -3.873 
***

 

  (0.485) 
 
 (1.064) 

 
 (0.993) 

 
 (1.068) 

 
 

  Slope_high -1.766 
***

 -8.510 
***

 -8.400 
***

 -8.433 
***

 

  (0.553) 
 
 (1.126) 

 
 (1.036) 

 
 (1.108) 

 
 

  Province dummies Yes  Yes  Yes  Yes  

N 2,023   2,023   2,023   2,023   

Adjusted R-squared 0.444   0.549   0.527   0.555   

Cox test for unaugmented model -   -44.6 
***

 -36.9 
***

 -44.7 
***

 

Cox test for zero-augmented model -   -3.2 
***

 -2.9 
***

 -2.5 
**
 

Source:  Author’s calculations  

Note:  GDP = gross domestic product; Ag. = agricultural. Column 1 corresponds to the unaugmented model and columns 2‒4 

correspond to the zero-augmented model with alternative land quality indicators specified in the splitting equation. *, **, 

and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
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Table 4.3 Cross-sectional estimation of farmland development, 1995‒2000 

  Dependent variable: Logit(Pr(Y1995‒2000 = 0))   

 Variable (1)   (2)   (3)   (4)   

Splitting equation   
 
   

 
   

 
   

 
 

  Land productivity   
 
 -3.128 

***
   

 
   

 
 

    
 
 (0.328) 

 
   

 
   

 
 

  Irrigation   
 
   

 
 -2.216 

***
   

 
 

    
 
   

 
 (0.432) 

 
   

 
 

  Rice   
 
   

 
   

 
 -2.822 

***
 

    
 
   

 
   

 
 (0.546) 

 
 

  Maize   
 
   

 
   

 
 -4.729 

***
 

    
 
   

 
   

 
 (0.692) 

 
 

  Wheat   
 
   

 
   

 
 3.420 

***
 

    
 
   

 
   

 
 (0.723) 

 
 

  Constant   
 
 8.515 

***
 7.630 

***
 8.396 

***
 

    
 
 (0.178) 

 
 (0.141) 

 
 (0.306) 

 
 

Unaugmented equation                 

  Per hectare urban GDP 0.515 
***

 0.967 
***

 0.958 
***

 0.926 
***

 

  (0.120) 
 
 (0.169) 

 
 (0.177) 

 
 (0.168) 

 
 

  Ag. investment -0.009 
***

 -0.140 
***

 -0.142 
***

 -0.142 
***

 

  (0.003) 
 
 (0.027) 

 
 (0.028) 

 
 (0.027) 

 
 

  Distance -0.131 
***

 -0.397 
***

 -0.411 
***

 -0.401 
***

 

  (0.014) 
 
 (0.026) 

 
 (0.026) 

 
 (0.026) 

 
 

  Elevation -5.095 
***

 -22.273 
***

 -22.520 
***

 -22.704 
***

 

  (0.971) 
 
 (2.020) 

 
 (2.007) 

 
 (2.049) 

 
 

  Slope_medium -1.205 
**
 -2.870 

**
 -3.232 

***
 -2.854 

**
 

  (0.501) 
 
 (1.212) 

 
 (1.208) 

 
 (1.220) 

 
 

  Slope_high -2.903 
***

 -12.051 
***

 -12.227 
***

 -12.312 
***

 

  (0.585) 
 
 (1.362) 

 
 (1.352) 

 
 (1.375) 

 
 

  Province dummies Yes  Yes  Yes  Yes  

N 2,021   2,021   2,021   2,021   

Adjusted R-squared 0.358   0.517   0.501   0.509   

Cox test for unaugmented model -   -57.5 
***

 -51.4 
***

 -52.5 
***

 

Cox test for zero-augmented model -   -0.80   -1.34   -0.96   

Source:  Author’s calculations  

Note:  GDP = gross domestic product; Ag. = agricultural. Column 1 corresponds to the unaugmented model and columns 2‒4 

correspond to the zero-augmented model with alternative land quality indicators specified in the splitting equation. *, **, 

and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
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Table 4.4 Cross-sectional estimation of farmland development, 2000‒2005 

  Dependent variable: Logit(Pr(Y2000‒05 = 0)) 

 Variable (1)   (2)   (3)   (4)   

Splitting equation   
 
   

 
   

 
   

 
 

  Land productivity   
 
 -4.105 

***
   

 
   

 
 

    
 
 (0.552) 

 
   

 
   

 
 

  Irrigation   
 
   

 
 -2.884 

***
   

 
 

    
 
   

 
 (0.298) 

 
   

 
 

  Rice   
 
   

 
   

 
 -3.933 

***
 

    
 
   

 
   

 
 (1.020) 

 
 

  Maize   
 
   

 
   

 
 -4.552 

***
 

    
 
   

 
   

 
 (0.667) 

 
 

  Wheat   
 
   

 
   

 
 2.098 

***
 

    
 
   

 
   

 
 (0.505) 

 
 

  Constant   
 
 2.375 

***
 4.005 

***
 2.304 

***
 

    
 
 (0.255) 

 
 (0.301) 

 
 (0.348) 

 
 

Unaugmented equation                 

  Per hectare urban GDP -0.016 
 
 -0.010 

 
 0.052 

 
 -0.022 

 
 

  (0.055) 
 
 (0.054) 

 
 (0.072) 

 
 (0.055) 

 
 

  Ag. investment -0.003 
***

 -0.006 
***

 -0.018 
***

 -0.006 
***

 

  (0.001) 
 
 (0.001) 

 
 (0.005) 

 
 (0.001) 

 
 

  Distance -0.010 
 
 -0.016 

**
 -0.019 

**
 -0.013 

*
 

  (0.008) 
 
 (0.007) 

 
 (0.008) 

 
 (0.008)   

  Elevation 1.520 
***

 0.825 
**
 0.717 

*
 1.264 

***
 

  (0.413) 
 
 (0.407) 

 
 (0.437) 

 
 (0.407) 

 
 

  Slope_medium -1.187 
***

 -1.196 
***

 -1.421 
***

 -1.219 
***

 

  (0.303) 
 
 (0.301) 

 
 (0.361) 

 
 (0.299) 

 
 

  Slope_high -0.142 
 
 -0.562 

*
 -0.706 

*
 -0.348 

 
 

  (0.330) 
 
 (0.326) 

 
 (0.368) 

 
 (0.326) 

 
 

  Province dummies Yes  Yes  Yes  Yes  

N 2,023   2,023   2,023   2,023   

Adjusted R-squared 0.377   0.412   0.406   0.401   

Cox test for unaugmented model -    -44.6 
***

 -36.6 
***

  -44.7 
***

 

Cox test for zero-augmented model -   -1.37   -1.31   -1.12   

Source:  Author’s calculations  

Note:  GDP = gross domestic product; Ag. = agricultural. Column 1 corresponds to the unaugmented model and columns 2‒4 

correspond to the zero-augmented model with alternative land quality indicators specified in the splitting equation. *, **, 

and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 

As a robustness check, the author repeats the test procedure for the control period 1986‒1995, 

during which one would expect model (10) to not be valid because the Regulation has not been put into 

effect. When (10) is the maintained hypothesis against (9), the N ratio returns -3.2, -2.9, and -2.5, 

implying that (10) is rejected in the direction of (9). Setting (9) to the maintained hypothesis against (10), 

however, leads to an N ratio of -44.6, -36.9, and -44.7 and to the conclusion that the true model deviates 
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from (9) in the direction of (10). Consequently, we are left without a satisfactory model for this period.
7
 

This may be due to the relative simplicity of the model. Given that decisionmaking for land development 

is a complicated process that is likely to be affected by some institutional factors that are not captured in 

the model, the explanatory power of model (9) is limited. Even so, this test demonstrates that there is no 

evidence of a splitting scheme that governs whether or not a parcel of farmland is to be preserved, which 

is completely different from the test results for the two treated periods. 

Accounting for Time-Invariant Unobservables 

Let us now turn to the first-difference models to account for potential unobserved, time-invariant factors. 

Assuming that model (9) is true for the control period, if (9) is still valid under the Regulation, subtracting 

the observations from the two treated periods from the observations from the control period yields a first-

difference unaugmented model 

       (  (    ))       
     

   ,  (11) 

where       (  (    ))       (  (     ))       (  (     )),            , and    
     

  

   
 ; the subscripts t and c represent treated and control periods, respectively. Similarly, if model (10) is 

true under the Regulation, taking differences gives a first-difference zero-inflated model 

       (  (    ))       
     

      [  
     

 (  
       

     
   )

].  (12) 

Province dummy variables are retained in equations (11) and (12) to control for unobserved, time-variant 

factors within a province. Models (11) and (12) are estimated separately for the two treated periods.  

The estimation results, reported in Tables 4.5 and 4.6, indicate that the unaugmented equations 

are generally robust to first differences except the two economic variables.
8 
More interesting are the 

results derived from policy assessment, which indicate that the two conditions necessary for an effective 

Regulation are satisfied given the data from 1995‒2000 and the model with land productivity potential 

specified in the splitting equation combined.  

  

                                                      
7 Given the rejection of models (9) and (10) in the reciprocal directions, the true model is possibly in the middle. 
8 One possible reason is that those economic variables are correlated to county individual effects. This result may admittedly 

indicate possible biases in the coefficient estimates of two economic variables reported in Tables 4.2‒4.4, but it would not matter 

too much because this paper is mostly interested in examining the model structure and the coefficient estimates of land quality 

indicators. 
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Table 4.5 First-differencing estimation of farmland development, 1995‒2000 

  Dependent variable: Logit(Pr(Y1995‒2000 = 0)) − Logit(Pr(Y1986‒95 = 0)) 

 Variable (1)   (2)   (3)   (4)   

Splitting equation   
 
   

 
   

 
   

 
 

  Land productivity   
 
 7.057 

**
   

 
   

 
 

    
 
 (3.392) 

 
   

 
   

 
 

  Irrigation   
 
   

 
 -1.412 

 
   

 
 

    
 
   

 
 (10.541) 

 
   

 
 

  Rice   
 
   

 
   

 
 -2.413 

 
 

    
 
   

 
   

 
 (>100) 

 
 

  Maize   
 
   

 
   

 
 -4.502 

 
 

    
 
   

 
   

 
 (>100) 

 
 

  Wheat   
 
   

 
   

 
 -5.159 

 
 

    
 
   

 
   

 
 (55.7) 

 
 

  Constant   
 
 -16.146 

***
 -14.160 

***
 -15.492 

***
 

    
 
 (1.422) 

 
 (1.093) 

 
 (1.730) 

 
 

Unaugmented equation                 

  Per hectare urban GDP 0.027 
 
 -3.649 

***
 -3.764 

***
 0.027 

 
 

  (0.174) 
 
 (0.393) 

 
 (0.396) 

 
 (0.174) 

 
 

  Ag. investment 0.020 
 
 0.078 

***
 0.082 

***
 0.023 

 
 

  (0.022) 
 
 (0.021) 

 
 (0.021) 

 
 (0.022) 

 
 

  Distance -0.181 
***

 -0.187 
***

 -0.186 
***

 -0.184 
***

 

  (0.014) 
 
 (0.014) 

 
 (0.014) 

 
 (0.014) 

 
 

  Elevation -11.827 
***

 -11.986 
***

 -11.936 
***

 -12.190 
***

 

  (1.023) 
 
 (0.979) 

 
 (0.980) 

 
 (1.027) 

 
 

  Slope_medium -0.246 
 
 -0.263 

 
 -0.282 

 
 -0.225 

 
 

  (0.479) 
 
 (0.474) 

 
 (0.476) 

 
 0.479 

 
 

  Slope_high -4.043 
***

 -3.751 
***

 -3.746 
***

 -3.973 
***

 

  (0.559) 
 
 (0.552) 

 
 (0.554) 

 
 (0.559) 

 
 

  Province dummies Yes  Yes  Yes  Yes  

N 2,021   2,021   2,021   2,021   

Adjusted R-squared 0.413   0.418   0.417   0.403   

Cox test for unaugmented model -    -49.5 
***

 -47.1 
***

  -48.3 
***

 
Cox test for zero-augmented 
model -   -1.20   -2.17 

**
 -1.53   

Source:  Author’s calculations  

Note:  Column 1 corresponds to the unaugmented model and columns 2‒4 correspond to the zero-augmented model with 

alternative land quality indicators specified in the splitting equation. *, **, and *** indicate statistical significance at the 

10%, 5%, and 1% levels, respectively. 
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Table 4.6 First-differencing estimation of farmland development, 2000‒2005 

  Dependent variable: Logit(Pr(Y2000‒05 = 0)) − Logit(Pr(Y1986‒95 = 0)) 

 Variable (1)   (2)   (3)   (4)   

Splitting equation   
 
   

 
   

 
   

 
 

  Land productivity   
 
 -3.780 

 
   

 
   

 
 

    
 
 (19.35) 

 
   

 
   

 
 

  Irrigation   
 
   

 
 -2.224 

 
   

 
 

    
 
   

 
 (70.53) 

 
   

 
 

  Rice   
 
   

 
   

 
 -2.386 

 
 

    
 
   

 
   

 
 (>100) 

 
 

  Maize   
 
   

 
   

 
 -4.894 

 
 

    
 
   

 
   

 
 (>100) 

 
 

  Wheat   
 
   

 
   

 
 -6.090 

 
 

    
 
   

 
   

 
 (>100) 

 
 

  Constant   
 
 -18.209 

***
 -18.451 

***
 -17.902 

***
 

    
 
 (2.082) 

 
 (1.818) 

 
 (1.519) 

 
 

Unaugmented equation                 

  Per hectare urban GDP -0.634 
***

 -0.551 
***

 -0.540 
***

 -0.632 
***

 

  (0.190) 
 
 (0.192) 

 
 (0.188) 

 
 (0.201) 

 
 

  Ag. investment 0.005 
 
 0.006 

 
 0.006 

 
 0.005 

 
 

  (0.006) 
 
 (0.006) 

 
 (0.006) 

 
 (0.006) 

 
 

  Distance -0.109 
***

 -0.110 
***

 -0.111 
***

 -0.111 
***

 

  (0.011) 
 
 (0.011) 

 
 (0.011) 

 
 (0.011)   

  Elevation -8.207 
***

 -8.267 
***

 -8.294 
***

 -8.321 
***

 

  (0.867) 
 
 (0.876) 

 
 (0.875) 

 
 (0.877) 

 
 

  Slope_medium -0.384 
 
 -0.386 

 
 -0.386 

 
 -0.397 

 
 

  (0.474) 
 
 (0.476) 

 
 (0.476) 

 
 (0.476) 

 
 

  Slope_high -3.481 
***

 -3.480 
***

 -3.472 
***

 -3.448 
***

 

  (0.518) 
 
 (0.521) 

 
 (0.521) 

 
 (0.521) 

 
 

  Province dummies Yes  Yes  Yes  Yes  

N 2,023   2,023   2,023   2,023   

Adjusted R-squared 0.432   0.421   0.421   0.421   

Cox test for unaugmented model -    -36.1 
***

 -36.6 
***

  -37.3 
***

 

Cox test for zero-augmented model -   -3.83 
***

 -3.26 
***

 -3.41 
***

 

Source:  Author’s calculations  

Note:  GDP = gross domestic product. Column 1 corresponds to the unaugmented model and columns 2‒4 correspond to the 

zero-augmented model with alternative land quality indicators specified in the splitting equation. *, **, and *** indicate 

statistical significance at the 10%, 5%, and 1% levels, respectively. 

Not surprisingly, taking (11) as the maintained hypothesis, all N ratios are significantly negative, 

leading to the rejection of model (11) in the direction of (12). When one reverses the sequence and takes 

(12) as the maintained hypothesis against (11), however, the N values are different from the results 

produced from the cross-sectional models in the previous section. For the period 1995‒2000, the N ratio 

takes a value of -1.2, -2.17, and -1.53 (columns 2‒4, Table 4.5), implying that model (12) cannot be 

rejected when the land quality indicator is measured by land productivity potential or biophysical 

suitability indexes, but it can be rejected when land quality is measured by irrigated percentage. For the 
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period 2000‒2005, the N ratio returns -3.83, -3.26, and -3.41 (columns 2‒4, Table 4.6). This leads to the 

rejection of model (12) in the direction of (11).  

By looking at the coefficient estimates of all land quality indicators in the splitting equations 

reported in Tables 4.5 and 4.6, one can find the coefficient on land productivity estimated to be 7.057 at 

the 5 percent level for the period 1995‒2000. In other words, a 1 percent increment in land productivity 

increases a land parcel’s propensity to being designated as basic farmland by around 2.8 percent (the 

elasticity is evaluated at the sample mean). This positive value is consistent with the second condition 

necessary for an effective Regulation. The remaining estimates are still negative but statistically 

insignificant. 

Therefore, the balance of evidence from this section suggests that the Regulation was effective in 

preserving farmland with high land productivity potential within a county during the period 1995‒2000. 

The selection of preserved parcels is less likely to be based on irrigation conditions or biophysical 

suitability for rice, maize, and wheat. There is no evidence of the effectiveness of the Regulation in 

farmland protection in the period 2000‒2005, regardless of land quantity or quality. These findings are 

generally consistent with the descriptive statistics summarized from the satellite remote-sensing land use 

database. A total of 0.73 million ha of farmland were lost to development from 1986 to 1995. The amount 

decreased to 0.39 million ha in the period 1995‒2000 but increased again in the period 2000‒2005, during 

which the developed farmland reached 2.22 million ha, almost twice as much as the total conversion from 

1986 to 2000 

Importance of Favorable Socioeconomic Context 

A comparison of Tables 4.5 and 4.6 reveals stark differences in the policy effectiveness between the two 

treated periods, which brings out the importance of a favorable socioeconomic environment for farmland 

protection. The Regulation was less successful in the period 2000‒2005, although the central government 

reinforced this policy in the 1999 Amendments. Possibly this lack of success was not because of the 

policy instrument itself, but rather because the Regulation was implemented in a socioeconomic context 

that did not favor the policy.  

This period coincides with the implementation of several economic development policies. For 

example, China launched housing monetization reform in 1998 to replace the long-standing in-kind 

housing subsidy and targeted the housing industry as “a new growth focus” (Lee and Zhu 2006). China 

also made a tremendous investment in road construction. The country’s total road length increased almost 

2.5-fold, from 1.4 million kilometers in 2000 to 3.46 million kilometers in 2006 (NBSC 2010). Further 

investigations of the impacts of these development strategies on farmland protection are beyond the scope 

of this study. Nonetheless, these development strategies appear to enhance the role of local officials in 

land development, making the top-down farmland protection policy less effective. 

The observations in this paper are similar to Jacobs’s (1999) and Alterman’s (1997) analyses of 

agricultural land protection strategies in Western countries. Both note that success in agricultural land 

protection is less strongly related to the characteristics of the particular approaches taken and instead is 

more a factor of the sociopolitical environment that supports it. Thus, creating a socioeconomic and 

political policy environment that is capable of reconciling the conflict between economic development 

and farmland retention is a key consideration for policymakers. 
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5.  SUBSTITUTION EFFECTS AND LAND USE SPILLOVERS 

Urbanization has many secondary ripple effects. It may induce conversion of non-farmland, especially 

forests and grassland, to crop production due to substitution effects. When some farmland is converted to 

development, farmers may either voluntarily substitute other land for crop production because of 

economies of scale, fixed input effects, or market schemes (Wu 2000) or be required by the administrative 

order to offset the loss of farmland by the same amount of new farmland somewhere else, which is 

referred to as dynamic balance in the Regulation.  

This section explores the potential substitution effects of farmland development on the conversion 

of forests and grassland (hereafter non-farmland) using a multivariate regression analysis: 

                                 ,  (13) 

where    and    are, respectively, cross-sectional fixed effects and time fixed effects; i is an index of the 

county; t is an index of the land use conversion period between 1986 and 2005;         and        are, 

respectively, the logarithm of the acreage of non-farmland converted to farmland and the logarithm of the 

acreage of farmland converted to urban use during each period; and     is a vector consisting of rural 

population, the ratio of per capita urban-to-rural GDP, elevation, terrain slope, precipitation, and 

temperature. The substitution effects are measured by   , the elasticity of     with respect to   , 

defined as the percentage change in converted non-farmland acreage caused by a 1 percent change in 

developed farmland acreage. 

Acreage of non-farmland converted to farmland is derived from the land use database using a 

procedure similar to that applied to derive the area of farmland converted to development as described in 

the data section. Rural population data are collected from the Ministry of Public Security of China (MPSC 

1996, 2001). This variable serves as a measure of pressure on forests and grassland. The ratio of per 

capita urban-to-rural GDP is calculated by dividing urban GDP per nonrural resident by rural GDP per 

rural resident. A high ratio indicates a large urban-rural income disparity. This variable is used to capture 

the effect of rural-to-urban migration on land use conversions. In a region with a larger urban-rural 

income gap, rural laborers are more likely to move to cities to work, which tends to relieve pressure on 

converting non-farmland to crop production. Annual climate data between 1991 and 2005 were initially 

collected from more than 600 weather stations and were interpolated by CAS from the point data into 

surface data. This paper calculates the average values of annual precipitation and mean annual 

temperature for each county and each land use conversion period. Summary statistics of all these 

variables are presented in Appendix B. 

To examine the presence of potential substitution effects and whether the effects change over 

time, this paper considers three specifications. The first specification is a one-way fixed effects model in 

which cross-sectional fixed effects are included. The second specification is a two-way fixed effects 

model in which both cross-sectional and time effects are considered. Finally, this study takes into account 

the interaction of substitution effects and time effects. If the enforcement of the dynamic balance strategy 

exaggerated non-farmland conversion, one would expect the interaction terms to be significantly positive 

for the treated periods. Table 5.1 presents the estimation results using data from all the counties over the 

three periods. The columns correspond to specifications 1‒3, reading from left to right.  
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Table 5.1 Impact of farmland development on conversion of forests and grassland to farmland, 

1986‒2005 

 
Dependent variable: Ln(area of forests/grassland converted to 
farmland) 

Variable (1)  (2)  (3)  

Ln(area of developed 
farmland) 0.101

***
 (0.014)  0.092

***
 (0.014)  0.145

***
 (0.016) 

Time fixed effects (1995‒
2000)     -1.219 (0.136) -1.205

***
 (0.138) 

Time fixed effects (2000‒
2005)     -0.245

**
 (0.116) -0.399

***
 (0.118) 

Ln(area of developed 
farmland) × time effects 
(1995‒2000) 

        -0.077
***

 (0.017) 

Ln(area of developed 
farmland) × time effects 
(2000‒2005) 

        -0.125
***

 (0.019) 

Ln(rural population)  2.401
***

 (0.261)  1.835
***

 (0.260)  1.678
***

 (0.260) 

Ratio of per capita urban-
to-rural GDP 

-0.006 (0.004) -0.012
***

 (0.004) -0.011
***

 (0.004) 

Elevation -0. 966
***

 (0.336) -0.821
**
 (0.331) -0.787

***
 (0.329) 

Slope_medium  0.482 (0.327)  0.535
*
 (0.322)  0.549

*
 (0.320) 

Slope_high -0.368 (0.345) -0.278 (0.339) -0.281 (0.337) 

Precipitation -3.268
***

 (0.925) -5.676
***

 (1.102) -6.185
***

 (1.100) 

Precipitation squared  1.678
***

 (0.373)  2.343
***

 (0.390)  2.383
***

 (0.388) 

Temperature  1.136
***

 (0.096)  0.888
***

 (0.096)  0.726
***

 (0.100) 

Temperature squared -0.004 (0.004) -0.023
***

 (0.005) -0.018
***

 (0.005) 

County fixed effects Yes Yes Yes 

Degree of freedom 4,458 4,456 4,454 

Adj. R-squared 0.684 0.696 0.699 

Source:  Author’s calculations  

Note:  *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 

Results from column 1 suggest that farmland development fosters the conversion of non-farmland 

to crop production. Holding other variables constant, a 1 percent increase in the acreage of developed 

farmland would induce an approximately 0.1 percent increase in non-farmland conversion. Columns 2 

and 3 report the results from incrementally adding time fixed effects and the interaction of substitution 

effects and time effects to the specification, respectively. In both cases, F-tests reject the null that 

additional parameters are jointly equal to zero. Including time fixed effects alone does not change the 

estimate of substitution effects by much. When accounting for the interaction terms, however, the 

estimation results suggest that the substitution effects decrease significantly over time. Given a 1 percent 

increase in the area of developed farmland, the converted non-farmland acreage is estimated to increase 

by about 0.14 percent for the period 1986–1995, 0.07 percent for the period 1995–2000, and 0.02 percent 

for the period 2000–2005. Therefore, there is no evidence that substitution effects are exaggerated by the 

enforcement of the dynamic balance instrument. 
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6.  CONCLUSIONS 

This paper evaluates the effectiveness of China’s Basic Farmland Protection Regulation in protecting 

high-quality farmland from urban development in the first decade after it became law (1995‒2005). The 

study employs a spatial urban development model with a splitting equation. Although the model does not 

include an explicit variable for the regulatory policy, it is capable of examining the presence of the 

farmland preservation scheme by using pairwise non-nested hypothesis tests. The model is characterized 

by a low data requirement for the unobserved, ground-based data useful for the identification of basic 

farmland zones. While collecting information on basic farmland is very laborious and costly, the present 

paper provides informative insights into the effectiveness of the policy on a national scale. This study 

selects three representative indictors to measure land quality. The analysis can be easily extended to other 

land quality indicators listed in the Regulation. 

Results indicate that the Regulation was effective in protecting farmland with high productivity 

potential from urban development during the period 1995‒2000. Given a 1 percent increase in land 

productivity potential, the probability of a land parcel being preserved increases by about 2.8 percent. 

There is no evidence of the effectiveness of the Regulation in preserving lands with good irrigation 

conditions or lands more suitable for growing rice, maize, and wheat. The Regulation was not effective in 

protecting farmland during the period 2000‒2005, regardless of land quantity or quality.  

Farmland development induces the conversion of non-farmland to crop production. The 

substitution effect decreased from 0.14 percent before the implementation of the dynamic balance strategy 

(1986‒1995) to 0.02‒0.07 percent after the policy instrument was enforced (1995‒2005). Therefore, the 

substitution effect is less likely to be enlarged by the dynamic balance policy. 
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APPENDIX A: FORMULAS OF    AND  ̂ (  ) IN THE COX-PESARAN  
NON-NESTED TEST 

For simplicity, assume the model to be tested is 

   :   (    )    ,       (    
  ) and (A.1) 

   :   (    )    ,      (    
  ),  (A.2) 

where y is a vector of observations on the N dependent variables,  ( ) and  ( ) are the corresponding 

vectors of predictions,    and    of errors, and X and Z are matrixes of predetermined variables.  

Let  ̂  and  ̂  be the maximum likelihood estimates of    and   , and  ̂ 
  and  ̂ 

  of   
  and   

 . 

By definition,  

  ̂ 
  

 

 
(   ( ̂ ))

 
(   ( ̂ )) and (A.3) 

  ̂ 
  

 

 
(   ( ̂ ))

 
(   ( ̂ )). (A.4) 

Let  ̂   be an estimate of    under   , given by 

  ̂  
   ̂ 

  
 

 
( ( ̂ )   ( ̂ ))

 
( ( ̂ )   ( ̂ )).  (A.5) 

The Cox test statistic is simply 

    
 

 
  

 ̂ 
 

 ̂  
 .  (A.6) 

An estimate of the variance of    is obtained from the formula 

  ̂ (  )  
 ̂ 

 

 ̂  
 ( ( ̂ )   ( ̂ ))

 
(   ̂( ̂  ̂)

  
 ̂ ) ( ( ̂ )   ( ̂ )),  (A.7) 

where  ̂ is the matrix of derivatives 
  (  )

   
, evaluated at  ̂ . 
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APPENDIX B:  SUPPLEMENTARY TABLE 

Table B.1 Summary statistics of variables used in estimation of substitution effects 

Variable Year N Mean 
Standard 
Deviation Minimum Maximum 

Area of forests and grassland 
converted to farmland 
(thousand ha) 

1986‒1995 2,234 2.93 11.01 0 318.31 

1995‒2000 2,234 3.93 9.59 0 214.01 

2000‒2005 2,234 3.12 7.31 0 127.73 
Area of developed farmland 
(thousand ha) 

1986‒1995 2,234 0.27 0.99 0 26.19 

1995‒2000 2,234 0.14 0.32 0 4.05 

2000-2005 2,234 0.84 1.65 0 28.83 
Rural population  
(million people) 

1986‒1995 2,234 0.385 0.291 0.001 2.314 

1995‒2000 2,234 0.401 0.303 0.004 2.709 

2000‒2005 2,234 0.407 0.306 0.003 2.140 
Ratio of per capita urban-to-
rural GDP 

1986‒1995 2,234 10.9 12.0 0.03 160.4 

1995‒2000 2,234 12.5 12.9 0.12 168.5 

2000‒2005 2,234 15.8 18.4 0.20 338.2 
Elevation (km) 1986‒1995 2,234 0.67 0.78 -0.08 4.81 

1995‒2000 2,234 0.67 0.77 -0.05 4.81 

2000‒2005 2,234 0.67 0.78 0.00 4.81 
Medium slope 
(0‒1 dummy, where 1 
indicates 5% ≤ slope ≤ 15%) 

1986‒1995 2,234 0.59 0.40 0 1 

1995-2000 2,234 0.57 0.40 0 1 

2000‒2005 2,234 0.59 0.38 0 1 
High slope 
(0‒1 dummy, where 1 
indicates slope > 15%) 

1986‒1995 2,234 0.42 0.38 0 1 

1995‒2000 2,234 0.40 0.39 0 1 

2000‒2005 2,234 0.41 0.37 0 1 
Precipitation (thousand mm) 1986‒1995 2,234 0.76 0.41 0.01 1.79 

1995‒2000 2,234 0.77 0.44 0.01 1.75 

2000‒2005 2,234 0.93 0.48 0.04 2.37 
Temperature (°C) 1986‒1995 2,234 12.13 5.68 -7.26 24.04 

1995‒2000 2,234 12.54 5.65 -6.52 24.33 

2000‒2005 2,234 12.94 5.51 -1.81 25.23 

Source:  Author’s calculations. 

Note:  ha = hectare; GDP = gross domestic product; km = kilometer; mm = millimeter; °C = degrees Celsius. 
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