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China’s  urbanization  has  resulted  in significant  changes  in  both  agricultural  land  and  agricultural  land
use.  However,  there  is  limited  understanding  about  the  relationship  between  the  two  primary  changes
occurring  to  China’s  agricultural  land  – the  urban  expansion  on  agricultural  land  and  agricultural  land
use  intensity.  The  goal  of  this  paper  is  to understand  this  relationship  in  China  using  panel  econometric
methods.  Our results  show  that  urban  expansion  is  associated  with  a decline  in agricultural  land  use
intensity.  The  area  of  cultivated  land  per  capita,  a measurement  about  land  scarcity,  is  negatively  corre-
and use change
fficiency
griculture
ulti-cropping index
ff-farm opportunities

lated  with  agricultural  land  use intensity.  We  also  find  that  GDP  in the industrial  sector  negatively  affects
agricultural  land  use  intensity.  GDP  per capita  and  agricultural  investments  both  positively  contribute
to  the  intensification  of agricultural  land  use.  Our  results,  together  with  the  links  between  urbanization,
agricultural  land,  and  agricultural  production  imply  that agricultural  land  expansion  is highly  likely with
continued  urban  expansion  and  that  pressures  on  the  country’s  natural  land  resources  will  remain  high
in  the  future.

© 2013 Elsevier Ltd. All rights reserved.
ntroduction
During the past several decades, China has experienced rapid

rban transformation, represented by significant changes in its
emographic composition and large-scale expansion of the urban

andscape (Pannell, 2002; Wang et al., 2012). Satellite imagery
how that the urban areas of China increased by almost 25% during
he 1990s (Liu et al., 2005) and that urban land cover is expand-
ng at rates faster than the growth of urban population (Seto et al.,
011). This has resulted in both the massive loss of cultivated land

n the coastal and central provinces and the expansion of culti-
ated lands into other regions, especially the northern and border
rovinces of the country (Deng et al., 2006; Lichtenberg and Ding,
008; Yue et al., 2010). Although the exact figures on the loss in
otal cultivated land area in China remain controversial, there is
ome consensus that the newly reclaimed cultivated land is less
roductive than the converted land (Doos, 2002; Yan et al., 2009).

iven the decline of cultivated land, the level of inputs and out-
uts or frequency of cultivation against constant land (Turner and
oolittle, 1978), or intensity of agricultural land use, is of great
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importance for maintaining the food production capacity. However,
urban expansion and economic development can lead to a rise in
the off-farm opportunities and the resulting labor shortage in the
agricultural sector (Wu  et al., 2011). Declines in the intensity of
agricultural land use and farmland abandonment have been docu-
mented for many regions and for different crops (Chen et al., 2009;
Li and Wang, 2003; Liu and Li, 2006). This has posed additional
challenges for the security of food provision and the preservation
of natural ecosystems.

Both the urban expansion on agricultural land and agricultural
land use intensity affect agricultural production (Long and Zou,
2010; Jiang et al., 2012). The nature and magnitude of their relation-
ship directly influence agricultural production and food provision
and may  have further outcomes on the patterns of a nation’s agri-
cultural land. An understanding of the relationship between urban
expansion and agricultural land use intensity is critical in order
to formulate appropriate policies that will balance the pressure
between urban growth and agricultural land use and preservation.
In addition, a decrease in agricultural land use intensity implies
more future farmland expansion at the expense of other ecosys-

tems. Therefore, understanding how urban land expansion affects
agricultural land use intensity will facilitate a better examina-
tion of the environmental impacts of farmland expansion and the
sustainability of the utilization of land resources.

dx.doi.org/10.1016/j.landusepol.2013.04.011
http://www.sciencedirect.com/science/journal/02648377
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There is limited understanding about the linkages between the
wo primary changes that are occurring on China’s agricultural
ands: the urban expansion on agricultural land and agricultural
and use intensity. Urban land expansion suggests both declining
gricultural land and a higher level of urban development. It is
xpected that land scarcity will trigger a more intensive use of
gricultural land (Ewert et al., 2006), while urban development
ncreases off-farm employments, which will enhance the opportu-
ity costs of more intensive farming (Phimister and Roberts, 2006;
chida et al., 2009). Previous studies have investigated the effects
f these factors related to urban expansion (Keys and McConnell,
005; Shriar, 2005). However, to date, no study has systematically
xamined the influence of urban expansion on agricultural land use
ntensity. Moreover, the majority of empirical evidence about the
hanges in the intensity of agricultural land use in China are limited
o regional case studies, with considerable variations for different
egions and for different periods (Chen et al., 2009; Li and Wang,
003; Liu and Li, 2006). Most of these studies have sought to explain
hanges in agricultural land use intensity with an analysis of the
hift in the socioeconomic environments, but the analysis is basi-
ally descriptive in nature. Therefore, our study also contributes to
he understanding about the mechanisms of the changes in China’s
gricultural land use intensity.

Our study examines the influence of the urban expansion and
ther socioeconomic factors on agricultural land use intensity at the
ational scale. The research questions that we ask include: What is
he relationship between the urban expansion and agricultural land
se intensity and what is the underlying mechanism? What is the

mpact of land scarcity on agricultural land use intensity? What is
he impact of increasing income and other economic opportunities
n agricultural land use intensity? What is the effect of agricultural
nvestment on agricultural land use intensity? We  aim to derive a
etter understanding about the links between urban expansion and
gricultural land use intensity, and the insights derived are based on
orrelation coefficients estimated from panel econometric models.
dentification of causality among the factors is not within the scope
f this study.

heories of agricultural land use intensity

The literature on agricultural land intensification provides
xplanations about the pathways through which these factors
elated to urban expansion affect the intensity of agricultural land
se, and about other major factors contributing to intensifica-
ion of land use. However, no study has empirically studied the
inks between urban expansion and agricultural land use intensity.
rban expansion on agricultural land is associated with changes in

he level of land scarcity and off-farm opportunities.
The classical land intensification theory is based on a unidirect-

onal process of intensification of land use in response to locally
riven increased demands for land-based products and services
Boserup, 1965). The underlying assumption here is that land use
ntensity is based on a finite amount of land. Boserup’s theory
nd others (Chayanov, 1966; Darity, 1980; Robinson and Schutjer,
984) describe the long-term process of land use intensification
s driven by population pressure and land scarcity, which endoge-
ously induces technological and institutional innovations to raise
gricultural output from the given land. The validity of the theory is
onfirmed by a large amount of evidence from the broad agrarian
hange history. Under the pressure of population growth, a shift
rom extensive to relative intensive systems of land use has been

itnessed in almost every part of the world (Boserup, 1965). This

xplanation of land use transitions emphasizes the relationship
etween demand and land resources. Based on this explanation,

t is anticipated that both increased demand caused by population
licy 35 (2013) 33– 39

growth and land scarcity caused by declining agricultural land are
likely to trigger intensification of land use. Later scholars extended
the theory, arguing that other demand factors such as consumer
diets and affluence may  also influence the intensity of agricultural
land use (Ewert et al., 2006; Keys and McConnell, 2005).

Market-based explanations of agricultural land use intensifica-
tion differ from Boserup’s theory and account for market demands
and off-farm employment (Lambin et al., 2000). Angelsen (1999)
builds conceptual models that explore open economy situations,
in which farmers make decisions about agricultural production by
responding to market demands and exogenously given commodity
prices. Angelsen finds that better off-farm employment opportu-
nities which results in higher real wage will lead to longer fallow
periods and less labor inputs. Despite an emphasis on the mar-
ket influence, Angelsen recognizes that neglecting demand factors
when analyzing agricultural land use intensity is less realistic for
the macro studies of a region or country. In fact, a generally accepted
view is that with a higher degree of the openness of economy, the
intensity of agricultural land use will be less related to population
and demand, but more dependent on production factors includ-
ing costs of land, off-farm employment, and market access, and is
closely related to environmental conditions (Keys and McConnell,
2005; Phimister and Roberts, 2006; Shriar, 2005).

In the case of China, the market of agricultural product is still
heavily controlled by the government and state-owned compa-
nies and provincial governors are required to take responsibility
for local grain self-sufficiency (Yang, 1999). Given the limited mar-
ket openness of agricultural product, both demand and production
factors determine agricultural land use intensity. Additionally, pol-
icy intervention seems to play an important role on the change
of agricultural land use and production in China. Most notably,
the Chinese government has consistently increased the amount of
investment allocated to agriculture in order to improve agricul-
tural productivity (Deng et al., 2008). The importance of subsidy
intervention on agricultural land use intensification has been
highlighted in a number of studies concerning the processes of
regional and global land-use changes (Ewert et al., 2006; Keys and
McConnell, 2005).

Data

Agricultural land use intensity is commonly measured in three
ways: (1) cropping frequency for a constant unit of land and time
period, (2) agricultural outputs per unit land per unit time, or (3)
inputs of capital, labor and skills that contribute to agricultural
production (Brookfield, 1972; Turner and Doolittle, 1978). We  use
cropping frequency as a measure of agricultural land use inten-
sity, a direct measurement about how frequently land is cultivated.
Cropping frequency has been used as a measurement of land use
intensity in both theoretical literature (Boserup, 1965) and empir-
ical studies (Li and Wang, 2003; Liu and Li, 2006). There are a
couple of reasons why  we use cropping frequency. First, this study
focuses on understanding changes in the management of agricul-
tural land rather than yield increase. Agricultural economists have
extensively studied yield increase, the outcome of agricultural land
use intensification, in relation to management practices and con-
ditions using production functions (Huang and Rozelle, 1995; Yao
and Liu, 2008). However, few studies have revealed the factors and
mechanism that lead to changes in land use management (Lambin
et al., 2000). Second, measures in value of production (e.g. total
value of output and total production cost) at the county level are

either not available or inconsistent (Fan and Zhang, 2002). Third,
because of the geographic and cultural diversity in China, there are
considerable variations in crop structure across regions. For exam-
ple, with the same grain output, the composition of output among
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heat, rice, and corn can be very different between counties in the
outh and north. Hardly does any single variable of output properly
easure overall land use intensity. Whereas cropping frequency

rovides a relatively standard way of measurement. Specifically,
e used multi-cropping index (MCI), defined as the ratio of total

own area of crops relative to cultivated land area in the current
ear, in this study.

We used two sources of data to construct the MCI: total sown
rea of crops and area of cultivated land. We  collected data on total
own area of crops in 1995, 2000 and 2005 from the China Sta-
istical Yearbooks. However, aggregated land use data published
y the Chinese government have been questioned for underesti-
ating the quantity of agricultural land and its rate of loss (Chow,

994; Seto et al., 2000). Therefore, we used a land use data set
hat was derived from the NASA Landsat TM/ETM satellite, and
nalyzed by the Chinese Academy of Sciences (CAS) (Liu et al.,
003, 2002). This national data set, which has undergone extensive
evelopment and testing, contains high resolution and spatially
xplicit information about the extent of urban and cultivated land
or the years 1989, 1995, 2000, and 2005. To facilitate the testing
f our main hypothesis, using data from these years as baselines,
e further calculated the amount of cultivated land loss resulting

rom urban conversion for the periods 1989–1995, 1995–2000, and
000–2005.

In addition to variables of the cultivated land area and
onversion land area, which were used for testing the main
ypothesis, we used two sources of information to construct the
ther explanatory variables. We  hypothesize that the intensity
f agricultural land use is influenced by other important socioe-
onomic factors documented in the literature, including off-farm
pportunities, income (affluence), and agricultural investments.
o construct those socioeconomic attributes, we  used data on
otal and sector gross domestic product (GDP) for individual
ounties, and data on total population for individual counties,
hich were collected by the CAS from Socioeconomic Statistical
earbook for China’s Counties and Population Statistical Year-
ook for China’s Counties (NBSC, 2001, 1996 and 1990). We
ynthesized the data of agricultural investment per capita in each
ounty.

We included a group of biophysical variables to account
or the geographical heterogeneities across space. Biophysical
nd environmental factors including geographical location, ter-
ain conditions, temperature and precipitation constrain the
se of farmland and act in concert with economic and insti-
utional factors in shaping agricultural land use change (Keys
nd McConnell, 2005). The effects of those biophysical factors
n agricultural land use intensity are tested in our analysis
nd the second data source was used to provide the rele-
ant information. The distance from each county seat to the
rovincial capital was calculated by Deng et al. (2010, 2002)
sing data from the CAS data center. The measure about
otal length of all highways in a county was created by the
AS using a digital map  of transportation networks. The data
eflecting terrain attributes were generated from China’s digi-
al elevation model data set by the CAS. The climate data were
enerated by Deng et al. (2010, 2002) using the site-based
bservations from the China Meteorological Administration from
950 to 2000.

mpirical models and variable specifications
Our construction of the panel econometric model about the
ntensity of agricultural land use across space and time is based
n theories of changes in agricultural land use intensity. Boserup’s
ork has highlighted the importance of factors such as population,
licy 35 (2013) 33– 39 35

income, and land scarcity, while the market-based approach puts
emphasis on production factors such as off-farm opportunities,
market access and environmental conditions. We  combine these
two arguments and take account of policy interventions in the form
of agricultural investments.

We use MCI, a measurement about the frequency of cultiva-
tion for a county in a given year (1995, 2000 or 2005), as our
dependent variable. We  intend to explain the change in MCI  as a
function of the urban expansion, agricultural land scarcity, income,
other economic opportunities, agricultural subsidy, market access
and a range of environmental conditions. ConvertedLand repre-
sents the amount of cultivated land that in a county has been
converted to urban uses for each of the three time intervals:
1989–1995, 1995–2000 and 2000–2005. We  use it to examine
the relationship between urban expansion and agricultural land
use intensity. The urban expansion on agricultural land is asso-
ciated with both shrinking agricultural land area and a higher
level of urban development. The former triggers greater land
pressure and the latter indicates increasing off-farm employ-
ment opportunities. According to the theories of agricultural land
use intensification, these two processes will result in contrary
effects on the intensity of agricultural land use. Existing empirical
studies on China’s agricultural land use intensity contain lim-
ited and inconsistent information. Therefore, the nature of this
relationship has to be determined through an empirical investi-
gation.

AgriLand is the area of agricultural land per capita for a county
in a given year (1995, 2000 or 2005) and it directly measures
agricultural land scarcity. This variable, which captures the influ-
ence of land scarcity, is incorporated in the econometric model
to facilitate the investigation of our main research question. To
minimize the potential problem of endogeneity, which can jeop-
ardize the consistent estimation of parameters, the values with
a 5-year lag are used for the three socioeconomic explanatory
variables: GDP2, GDPpct and AgrInvest. GDP2 corresponds to gross
industrial output for a county in a given year (1989, 1995 or 2000).
High gross industrial output, which creates more off-farm employ-
ments, is expected to increase the opportunity costs of farming, and
result in labor scarcity in the agricultural sector (Conelly, 1994).
GDPpct is the gross domestic output per capita of a county for
a given year (1989, 1995 or 2000) and is used as a proxy for
population income. This variable is included for testing the influ-
ence of demand on agricultural land use intensity. A previous
study on food consumption has found that not the sheer growth
of population but the increase of income, which leads to a sub-
stantial change in dietary patterns, has significantly affected the
country’s grain demand (Pingali, 2007). AgriInvest means the agri-
cultural investments per capita for a county in a given year (1989,
1995 or 2000). Agricultural investments from the national and
provincial governments which are allocated at the county scale
are aimed at enhancing agricultural production and promoting
agricultural economic development. Since spatial heterogeneities
and environmental conditions constrain the use of agricultural
land, a group of biophysical variables, which do not vary over
time, are specified and used to account for heterogeneities across
space. Specifically, Highway is the total length of all highways in
a county and DistPCapit is the distance from the county seat to
the provincial capital. Together, they provide information about
the relative location or market access of a county. PlainRatio is
the ratio of land with an average slope in a county of less than
eight degrees and Elevation is the average elevation of a county.
These two variables measure the average terrain condition in a

county. Precipitation, which is the average annual precipitation
in a county, and Temperature, which is the average annual air
temperature in a county, are controls for climate characteristics
(Table 1).
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Table 1
Description of key variables.

Variable Description

Dependent variable
MCI  Multi-cropping index (ratio)

Independent variables
ConvertedLand Area of land converted from agriculture to urban

uses in a county within 1989–1995, 1995–2000, or
2000–2005 intervals (thousand hectares)

AgriLand Area of cultivated land (thousand hectares)
GDP2 GDP in industrial sector (billion yuan)
GDPpct GDP per capita (thousand yuan)
AgriInvest Agricultural investment per capita (thousand yuan)
Highway Total length of all highways (km)
DistPCapit Distance from the county seat to the provincial

capital (km)
PlainRatio Ratio of land with a slope less than eight degrees

(ratio)
Elevation Average elevation (km)
Precipitation Average annual precipitation (mm)
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Table 2
Results from Panel Econometric Models for the Intensity of Agricultural Land Use.

Dependent variable: MCI

Fixed effects model Random effects model

Intercept 0.720*** (14.94)
ConvertedLand −0.010** (−2.19) −0.016*** (−3.75)
AgriLand −0.652*** (−6.60) −0.883*** (−17.81)
GDP2 −0.010*** (−3.99) −0.011*** (−5.61)
GDPpct 0.004* (1.89) 0.006*** (4.02)
AgrInvest 0.706** (2.55) 0.671*** (3.30)
Highway 0.0007*** (6.91)
DistPCapit −0.0005*** (−4.46)
PlainRatio 0.369*** (12.06)
Elevation −0.077*** (−4.80)
Precipitation 0.0002*** (7.45)
Temperature 0.027*** (8.62)
Observations 5010 5010
R-squared 0.21 0.31

Note: t statistics in parentheses.
* p < 0.1.
Temperature Average annual air temperature (degree Celsius)

 Chinese yuan ≈ 0.1574 US dollars.

The simplest linear panel econometric model for the relation
etween the MCI  and its socioeconomic and biophysical determi-
ants can be specified as

CIit = Xit� + uit (1)

here MCIit is the multi-cropping index for county i in year t. X
s a matrix of explanatory variables. � is a vector of regression
oefficients to be estimated. u is a random disturbance term with
ean 0. This standard linear pooling model assumes that � is

he same for all counties and all time periods. We implement the
agrange multiplier test of individual effect based on the result of
he pooling model (Breusch and Pagan, 1980) and we  reject the null
ypothesis that variances across entities are zero (Chisq = 2978.9,
f = 1, p-value < 0.0001). With evidence of significant differences
cross counties, models with a treatment of the individual effect
ave to be specified in order to capture county-specific heterogene-

ty that may  bias the coefficient estimates.
Either fixed effects model or random effects model can be

stimated to account for the spatial heterogeneity and stable
nobservable characteristics associated with individual counties
Baltagi et al., 2003; Croissant and Millo, 2008; Hausman, 1978).
ssuming that the random disturbance term has two  separate com-
onents, the resulting model can be described in a common form
s:

CIit = Xit  ̌ + �i + εit (2)

here � is the individual error component specific to each county
nd ε is the idiosyncratic error that is assumed independent of
oth the regressors and the individual error component. The choice
etween the fixed and random effects specifications for this equa-
ion depends on the properties of the individual error component.
f � is correlated with the regressors, the OLS estimator becomes
nconsistent. In this case, the fixed effects model in which � is
reated as a set of fixed but unknown constants, is used to derive
onsistent estimates. A disadvantage for the fixed effects model
s that it does not allow for estimating the coefficients of the
ime-invariant regressors. Alternatively, a situation in which � is
ncorrelated with the regressors, the random effects model is used.
his specification assumes � is drawn from a normal distribution
ith a zero mean and a variance of �2

�. In our study, both the
xed and random effects models are estimated and their estimation

esults are compared using the Hausman test. For the fixed effects
odel, we estimate a two-ways effect model which also incorpo-

ates the time effect to control for time trends that are uniform
cross counties.
** p < 0.05.
*** p < 0.01.

Results

We  estimate models for the intensity of agricultural land use
for 1670 counties across three time periods using both the fixed
and random effects models as specified in Eq. (2). The estimation
results in Table 2 show that each of the explanatory variables is
significantly correlated with the multi-cropping index. Moreover,
the coefficient estimates of all the socioeconomic determinants of
agricultural land use intensity have consistent signs with minor
differences in magnitudes between the fixed and random effects
specifications, indicating the robustness of these estimates. How-
ever, based on the Hausman test (p < 0.0001), we reject the null
hypothesis of no significant differences between the random and
fixed effects estimates. This demonstrates that the fixed effects
model, which generates consistent estimates even when the unob-
served factors are correlated with regressors, is a more appropriate
specification. Therefore, we use the fixed effects model to illustrate
the effect of each socioeconomic variable.

Both ConvertedLand, which is the urban conversion of cultivated
land, and AgriLand, which is the area of cultivated land per capita,
are negatively correlated with multi-cropping index. AgriLand is a
direct measure about land scarcity. Its estimated effect conforms
to our expectation declining cultivated area per capita may lead to
land pressures and more intensive uses of agricultural land. With
the control of the effect of land scarcity by AgriLand, the urban con-
version of cultivated land mainly serves as a proxy for the level
of urban development, which correlates with the ampleness of
off-farm employment opportunities (Burchfield et al., 2006). The
estimated effect of ConvertedLand indicates that increasing off-farm
opportunities associated with a higher level of urban development
is the dominant impact of urban land expansion. As urban devel-
opment continuous to attract agricultural labors from farming, a
smaller percentage of population will engage in agricultural pro-
duction. Given the rising labor scarcity in the agricultural sector,
there are two likely situations: changes is made in methods of agri-
cultural production to increase the profits of farming. If the profits
earned from changes in agricultural methods are still lower than
the opportunity costs of farming, farmland abandonment may  take
place. Both situations can lead to a decline of cropping intensity.

Two categories of changes in methods of agricultural produc-
tion can explain the decline of cropping intensity – productivity

increase or changes in crop type. A substantial improvement in
productivity has been documented since the introduction of the
Household Responsibility System (HRS) to China’s agriculture in the
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arly 1980s (Yang, 1999), evidenced by a large increase in agricul-
ural output and a modest decrease in total sown area (NBSC, 2006).
t appears that the gain in efficiency of agricultural production has
educed the need for intensive cropping. Technological innova-
ions including the application of new varieties and the adoption
f modern inputs have played an imperative role in promoting the
mprovement (Huang et al., 2006). Since the 1990s, the develop-

ent of land rental markets and the resultant increase in farm
ize, which facilitate mechanization and the implementation of
ew technologies, have also accelerated the progress (Chen et al.,
011; Deininger and Jin, 2005). The farmland rental activities are
ost prominent in the more developed provinces, where urban-

zation and the thriving of non-agricultural economy have induced
 greater tension of labor availability in the agricultural sector. For
xample, in Zhejiang, a province on the east coast, approximately
ne-third of cultivated land is being rented (Kung, 2002; Rozelle
t al., 2002).

To raise the profits of farming, there are also incentives for farm-
rs to transform traditional farming systems that are dominated
y paddy production to more diversified agricultural systems (Van
en Berg et al., 2007). With the rise in market demand for higher-
alue food products, an increasing area of agricultural land is used
or growing vegetables (Long et al., 2009; Wolf et al., 2003). Labor
onstraints, together with the relative low rice prices and the low
arginal return from double cropping have led to a sweeping shift

rom double-rice to single-rice production (Yang, 1999). Consid-
ring that the prevailing vegetable systems embrace one to three
onsecutive crops (Van den Berg et al., 2007), with similar aver-
ge rotations as traditional rice systems, their direct impact on
ulti-cropping index is small. Yet, the substantial drop in crop-

ing frequency associated with grain crops can ultimately result in
he decline of cropping intensity.

Reforms in methods of agricultural production have been car-
ied out actively in order to generate incomes comparable to urban
ages from the non-agricultural sectors. However, these reforms

an end up with a failure. In regions where industry and service
ctivities concentrate, opportunity costs of farming are especially
igh. Profits earned from changes in agricultural methods hardly
ompete with the opportunity costs of farming. In this situa-
ion, farmers will still leave their land to pursue non-agricultural
mployment, resulting in a decline of cropping intensity or even
armland abandonment (Baumann et al., 2011; Liu and Li, 2006).

As anticipated, GDP2, GDP in the industry sector, as an indi-
ator of off-farm economic opportunities, is negatively correlated
ith the multi-cropping index. That explains why  farmers in the

conomically advanced regions are more likely to leave land and
ecome migrant workers. Labor absorption from the industry sec-
or can result in a decline in the intensity of agricultural land
se. GDPpct has a positive effect on the multi-cropping index.
he increase of income can stimulate agricultural production and

 more intensive use of agricultural land through the change in
ietary patterns – a decrease in the consumption of food grains
nd a rise in the consumption of egg, milk and livestock products.
his dietary change can significantly increase the country’s grain
emand, which requires a corresponding increase in agricultural
roduction. AgrInvest has a positive effect. As an important policy

ntervention, agricultural investments essentially subsidize agri-
ultural production. This result shows that agricultural investments
ave had success in boosting the intensity of agricultural land use
nd production.

The results of the random effects model provide coefficient
stimates for a group of time-invariant biophysical variables. The

oefficient estimate associated with Highway is positive and that
ssociated with DistPCapit is negative, indicating that counties with
ocational advantages or better market access tend to have their
gricultural land more intensively cropped. This conforms to the
licy 35 (2013) 33– 39 37

prediction of the market-based explanation that market proxim-
ity facilitates agricultural production and therefore will promote
a more intensive use of agricultural land (Keys and McConnell,
2005; Shriar, 2005). PlainRatio,  Precipitation, and Temperature are
positively related to the multi-cropping index, while Elevation is
negatively related. This result is not surprising since areas with
good terrain and climate conditions are generally more favorable
to agricultural production. We  expect that counties with flatter ter-
rain, more precipitation, and warmer climates will experience more
intensive agricultural land use, ceretis paribus. This is consistent
with the fact that most of China’s agricultural land is concentrated
in the South, which is both relatively warmer and flatter than the
rest of the country.

Discussion

Both the urban conversion of agricultural land and GDP in the
industrial sector are negatively correlated with agricultural land
use intensity. Why  would urban expansion on agricultural land
result in a decline in agricultural land use intensity? First, it is useful
to note that it is in the southern provinces where urban conversion
of agricultural land is primarily taking place. Because of the warmer
climate and abundant rainfall, the southern provinces have higher
rates of farmland multiple cropping (Lichtenberg and Ding, 2008).
Since the 1990s, the rate of urbanization and the resulting trans-
fer of farm labors have led to a decline of the agricultural land use
intensity in these provinces (Chen et al., 2009). During the same
period, farming investments, multiple cropping, and mechaniza-
tion consistently increased in the central and northern provinces
(Long and Zou, 2010). We  expect that as the southern provinces
become increasingly urbanized and developed, the growth of the
more “cropping intensive crops” will shift to the inland regions of
the country.

Our findings illustrate the linkages between urban expansion,
agricultural land, and agricultural production. We  identified a neg-
ative relationship between urban expansion and agricultural land
use intensity. A declining level of agricultural land use due to urban
labor absorption suggests that other factors of production have to
compensate for the decrease in agricultural production capacity in
order to meet the country’s increasing demand for food. There are
several possible outcomes: improvement of agricultural produc-
tivity, agricultural imports, and agricultural land expansion. Land
consolidation and extended mechanization might lead to further
improvement in the efficiency of production. However, the con-
tributions of technology improvements will be limited (Kastner
et al., 2012; Long and Zou, 2010). Between 1995 and 2005, imports
and exports of grain fluctuated and approached a net balance,
while imports of oil-crop and soybeans increased multi-fold (Yue
et al., 2010). In 2003, China imported 56% of the soybeans it con-
sumed (Lichtenberg and Ding, 2008). Extrapolated from this trend,
it is likely that China will partially alleviate its scarcity of land by
increasing the import volume of non-strategic commodities such
as oil-crop and livestock feeds. However, given the sheer amount
of land required for grain and other food and the government’s
stringent control for self-sufficiency in strategic commodities, agri-
cultural land expansion is inevitable.

Using satellite images, Deng et al. (2006) estimated that between
late 1980s and 2000, 5.7 million hectares of new cultivated land
were created. We  analyzed the same data set and calculated the
area of the remaining and new cultivated land for individual
provinces across our study period, using 1989 as the reference year

(Fig. 1). The results demonstrate that land reclamation took place
in all provinces, including both the developed southern provinces
such as Guangdong and Zhejiang and the less developed north-
ern provinces such as Xinjiang and Inner Mongolia. The net gain
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Fig. 1. Remaining and new cultivated land area for Guangdong, Zhejia

f cultivated land in the northern provinces coexisted with the
et loss of cultivated land in the developed provinces. Given the

nferior soil and climate conditions in the northern provinces (Ash
nd Edmonds, 1998), more land reclamation is required to off-
et the lost production capacity in the southern provinces. This
s likely to put additional pressures on the country’s natural land
esources.

Our results draw attention to the tension between China’s urban
rowth and agricultural land use and the sustainability of its use
f land resources. Examples from other parts of the world show
hat land conversion is necessary for urbanization and economic
evelopment (Ramankutty et al., 2002). However, urban expansion
lso leads to a decline of agricultural land use intensity, which will
enerate continuing pressure on the country’s agricultural land and
atural land resources. Although China has remained largely self-
ufficient in food supply for several decades, this does not mean
hat its agricultural production and the use of land resources are
ustainable in the long run.

In order to achieve the twin goals of urban growth and preserva-
ion of farmland, effective land use management and planning are
ritical. Rigid designation of basic farmland and a one-fits-all farm-
and preservation policy may  result in leapfrog urban development,
haotic land use patterns, and inefficient use of land resources
Lichtenberg and Ding, 2008). Integrated land use management
hich incorporates urban planning into the formulation of farm-

and preservation policy could improve the land use inefficiency
nd alleviate the tensions between urban growth and farmland
reservation. In addition, investments in agricultural infrastruc-
ure and institutions such as tenure security which can enhance
he economic returns from intensive farming are important for

aintaining the intensity of agricultural land use. This will reduce
he need of land conversion from natural ecosystems into agricul-
ural land, hence preventing excessive exploitation of natural land
esources.

Our attempt to evaluate the influence of the urban expansion

nd other socioeconomic factors on agricultural land use inten-
ity has several limitations. First, using counties as the analytical
nit, our study is capable of capturing the overall process by which
rban expansion affects agricultural land use intensity. However, a
jiang, and Inner Mongolia provinces, with 1989 as the reference year.

more profound understanding about how decisions made by farm-
ers (to work on or off farm) influence land use dynamics may
require further research at the micro level. Second, it is possible
that lower quality associated with new cultivated land causes a
decline in land use intensity. Given the data constraints, we  are
not able to treat land use intensity for existing and new culti-
vated land separately. Third, the design of this study only examines
how urban expansion in one place affects agricultural land use
intensity in the same location. The influence of cross-regional
migration and how urban expansion in one place affects agricul-
tural land use intensity in other places are issues that require more
research.

Our study evaluates the impact of urban expansion on agri-
cultural land use intensity at the national scale. There may be
variations in terms of the impacts of urban expansion across
regions. Our analysis indicates that the coefficient estimates of all
socioeconomic variables of agricultural land use intensity have con-
sistent signs across regions, but there are variations in magnitudes
for some of those estimates. These provide some evidence about
the existence of regional differences in terms of the impact of urban
expansion and other socioeconomic forces.

Conclusion

In this paper, we  used panel econometric models to investi-
gate the influence of urban expansion and other socioeconomic
factors on agricultural land use intensity. Our results show that
urban land expansion is associated with a decline in agricultural
land use intensity. The area of cultivated land per capita, a mea-
surement of land scarcity, is negatively correlated with agricultural
land use intensity. We also find that GDP in the industrial sector has
a negative impact on agricultural land use intensity. Finally, consis-
tent with expectations, GDP per capita and agricultural investments
both positively contribute to the intensification of agricultural land
use. Our results suggest that with the ongoing urbanization-driven

labor transfer, the spatial patterns of agricultural land use are
likely to change, with a shift of the “cropping intensive crops”
to the inland provinces. Our results suggest that agricultural land
expansion is likely to continue. Without expansion of agricultural
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