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This paper analyzes the spatio-temporal dynamic patterns of farmland and rural settlements from 1990
to 2006 in Su-Xi-Chang region of coastal China experienced dramatic economic and spatial restruc-
turing, using high-resolution Landsat TM (Thematic Mapper) data in 1990, 1995, 2000 and 2006, and
socio-economic data from both research institutes and government departments. To examine the spatial
patterns of farmland and rural settlements and their change over time, a set of pattern metrics that capture
different dimensions of land fragmentation was identified. The outcomes indicated that, to a large extent,
land-use change from 1990 to 2006 in Su-Xi—-Chang region was characterized by a serious replacement
of farmland with urban and rural settlements, construction land, and artificial ponds. Population growth,
rapid industrialization and urbanization are the major driving forces of farmland change, and China’s eco-
nomic reforms played an important role in the transformation of rural settlements. China’s “building a new
Building a new countryside countryside” is an epoch-making countryside planning policy. The focuses of building a new countryside
Su-Xi-Chang region in coastal China need to be concentrated on protecting the farmland, developing modern agriculture, and
China building “clean and tidy villages.” Rural construction land consolidation and cultivated land consolidation
are two important ways to achieve the building objectives. The authors argue that it is fundamental to
lay out a scientific urban-rural integrated development planning for building a new countryside, which
needs to pay more attention to making the rural have certain functions serving for the urban. In addition,
the cultural elements of idyll and the rural landscape need to be reserved and respected in the process
of building a new countryside in coastal China, instead of building a new countryside, which looks more
like a city.
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Introduction sustainability research (GLP, 2005; Turner et al., 2007). Recently,

issues related to LULC change have attracted interest among a

Much importance is attributed to the search for knowledge
about the impact of human societies on our environment as
rapid population growth and economic development intensify the
stresses that human beings place on the biosphere and ecosystems
(Omenn, 2006). Under the circumstances, land change science,
an interdisciplinary field seeks to understand the dynamics of
land use and land cover (LULC) as a coupled human-environment
system to address theory, concepts, models, and applications rel-
evant to environmental and societal problems, has emerged as
a fundamental component of global environmental change and
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wide variety of researchers, ranging from those who favor mod-
eling spatio-temporal patterns of land conversion to those who
try to understand the coupled system—causes, impacts, and con-
sequences (Verburg et al., 1999; Brown et al.,, 2000; Theobald,
2001; Irwin and Geoghegan, 2001; Veldkamp and Lambin, 2001;
Krausmann et al., 2003; Veldkamp and Verburg, 2004; Irwin and
Bockstael, 2007).

Remote sensing (RS) and geographic information systems (GIS)
have been recognized as powerful and effective tools for detect-
ing the spatio-temporal dynamics of LULC (Fazal, 2000; Weng,
2002; Herold et al., 2003; Nagendra et al., 2004; Gao et al., 2006;
Huang et al., 2007). Usually, spatially explicit time series of land-
use change can be developed based on RS (Moglen and Beighley,
2002; Poyatos et al., 2003; Himiyama, 1998). There are widely
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used approaches of change detection and statistical analysis, which
enable us to discover the structural variation among different
land-cover patterns and to diagnose land-use change based on
time-series socio-economic data (Liu et al., 2003a; Kaufmann and
Seto, 2001; Krausmann et al., 2003; Verburg et al., 1999; Aspinall,
2004; Xie et al., 2005; Long et al., 2007a). These time-series anal-
yses of land-use change and the identification of its driving forces
can provide decision-makers with important information for sus-
tainable land management and regional development.

Since China initiated economic reforms and an open-door policy
in 1978, tremendous changes in China’s development philosophy
and regional economics have occurred (Wei and Fan, 2000). As a
result, many coastal regions of China such as the Yangtze River
Delta region and Pearl River Delta region experienced dramatic
economic and spatial restructuring, which resulted in tremendous
land-use change (Streets et al., 1995; Lin, 2001; Weng, 2002; Seto
and Kaufmann, 2003; Li and Yeh, 2004; Long et al., 2007a). Land-use
changes, while restricted by physical conditions, are mainly driven
by socio-economic factors, and they can be mainly characterized by
the changes of farmland and construction land, which are tightly
inter-related with human production activities (Long et al., 2007b).
In China’s rural areas, farmland and rural settlements! are the two
most important land-use types depicting rural development.

The conversion of farmland to non-agricultural use during the
last two decades in China has been arguably the most widespread
in the country’s history, and in coastal China the process has been
more intense than any other regions (Yang and Li, 2000; Li and
Wang, 2003; Ho and Lin, 2004; Lichtenberg and Ding, 2008). The
accelerated industrialization and urbanization following economic
reforms and population increases have greatly affected land-use
change through the increase of rural settlements and urban sprawl
(Longetal.,2007a; Xie et al.,2007b). The fragmentation of farmland
can be also observed due to construction on land of the country-
side (Sargeson, 2002; Lin and Ho, 2003). In addition, the adoption
of market principles has resulted in the internal restructuring of
agricultural land use from traditional paddy production to more
diversified agricultural activities such as growing cash crops, fruits
and aquaculture (Heilig, 1999; Li and Yeh, 2004). A study of Land-
sat photographs of one south Jiangsu region revealed that because
rural settlements are scattered and use a large amount of land,
the shift in land use has not been restricted to a few major cities
but has been widely dispersed (Ho and Lin, 2004). Rural housing
development may have contributed greatly to the loss of farmland,
and there is considerable debate on the extent and magnitude of
Chinese rural land-use change since the onset of reforms in 1978
(Sargeson, 2002; Xu, 2004; Long et al., 2007b), largely because of
the complexity of land-use change regarding its process, dynamic
and driving forces (Theobald, 2001; Cai, 2001; Burgi and Turner,
2002; Lambin et al., 2001). With the continuous growth of China’s
economy, massive farmland loss for the benefit of market farming
and non-agricultural development may occur without appropri-
ate planning and management of existing land resources in coastal
China.

1 Rural settlements, also called rural housing land, refers to the land utilized by
rural residents for dwelling and living, i.e. land for building house and other struc-
tures or affiliated facilities (Long et al., 2007b). Since the early 1980s, the household
responsibility system has provided strong incentives for rural towns and villages
to diversify and grow their economies by developing nonagricultural enterprises,
which often involves small-scale, individual, privately owned, nonagricultural land
use, termed “rural construction” in official Chinese statistical yearbooks, with most
construction registered as rural housing. But the functional uses of such rural con-
struction are diverse; many individual houses are in mixed use, based on small
factories, craft and other retail shops, restaurants, and related privately owned and
operated businesses (Xie et al.,2007a). In coastal China it is a universal phenomenon.

Competition between agricultural and non-agricultural land
uses is at its most intense at the interface between the urban and
the rural, frequently resulting in a succession of land uses at any
one location over time, and the changing directions of agricul-
tural policy and countryside planning policies are the main factors
driving such successions as well as the fluctuating strengths of
urban and rural economies (Robinson, 2004, p. 206). Changes in
land and ecosystems and their implications for global environ-
mental change and sustainability are a major research challenge
for the human-environmental sciences (Omenn, 2006; Turner et
al,, 2007). While there are numerous studies analyzing the loss of
farmland in China due to urban sprawl and rural settlements con-
struction (Sargeson, 2002; Liu et al., 2003b, 2005a; Xu, 2004; Tian
etal., 2005, 2007; Long et al., 2007b), China’s rural land-use change
and its policy dimensional analysis has found much less attention.
The aims of this paper are: (1) to briefly introduce China’s “building
a new countryside,” an epoch-making countryside planning pol-
icy; (2) to examine the dynamic patterns of rural land (focused on
farmland and rural settlements) in Su-Xi-Chang region of coastal
China experienced dramatic economic and spatial restructuring,
using high-resolution Landsat TM (Thematic Mapper) data in 1990,
1995, 2000 and 2006, and socio-economic data from both research
institutes and government departments; and (3) to discuss some
of the major implications for building a new countryside in coastal
China.

China’s “building a new countryside” policy

Usually, the development of countryside will be paid more
attention to when the industrialization and urbanization of a coun-
try attain a certain phase, in the form of laying out a series of
favorable policies. However, the segmentation of rural policy has
become more and more unsustainable with the progress of social
and economic restructuring, and a more integrated rural policy
needs to be developed because of the diverse character of the con-
temporary countryside (Woods, 2005, p. 131). For example, several
general terms to all government bodies having a duty of care in rela-
tion to the countryside were referred in the Countryside Act (1968)
of UK (Mather et al., 2006). The ‘Rural White Papers’ for England,
Scotland and Wales (1995) were integrated statements of the gov-
ernment’s policies on a wide range of issues relating to rural areas,
from agriculture to telecommunications, housing to village halls,
and forestry to sport (Hodge, 1996; Woods, 2005). The policies and
funds associated with the basic agricultural laws of 1960 and 1962
have transformed many aspects of the French countryside over the
past half-century (Clout, 2006). In the 1970s, South Korea carried
out “New Countryside Campaign” to speed up the development of
rural areas.? Japan implemented similar campaign in the 1960s,
and established corresponding laws and regulations, which were
in favor of rural development.3

At present, both rural development and urban development in
China are in a transition period—the transformation of a traditional
agricultural society into a modern industrial and urban society, and
the economy is changing from a traditional planned economy to a
modern market system (Long et al., 2007b). In the process of indus-
trialization and urbanization since the economic reforms of 1978,
agriculture and the countryside have made a big contribution to, to
some extent, the huge sacrifices for the development of industries
and the cities in China. As a result, a series of problems that ham-

2 The new countryside campaign of South Korea (http://news.xinhuanet.com/
world/2006-02/16/content-4189182.htm).

3 “New countryside campaign” of South Korea and “55 years system” of Japan
(http://dycj.ynet.com/article.jsp?0id=7520089&pageno=3).
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per the social and economic development of China occurred (Cai
and Smit, 1994a, 1994b; Xu and Tan, 2001, 2002). First, the amount
of cultivated land shrunk from 138.38 Mha in 1978 to 122.07 Mha
in 2005. Lacking irrigation facilities, many farmers are forced to
depend on nature. Both scientific and financial supports on the
agricultural sector are weak. All of these make the country’s agri-
cultural sector lack a solid foundation for speeding up the social
and economic development of China and upgrading people’s liv-
ing standards in the countryside. Second, the income gap between
the rural and urban residents has been widened from 2.57 to 1 in
1978 to 3.22 to 1 in 2005 (NBSC, 2006). Third, building a harmo-
nious society demands that the achievements and responsibilities
of economic and social development be shared by all people, but the
widening gap between urban and rural quality of life will make a
harmonious society harder to achieve. Finally, rural residents, who
make up nearly 56% of China’s population, have contributed less
than one-third of the total retail output. The slow increase in farm-
ers’ income is hampering the overall economy from developing any
faster.

In 2003, China’s per capita gross domestic product (GDP)
reached 1090 US dollars, which indicates China’s economic and
social development enters an important, brand-new period. China’s
fast-growing economy and its stronger position in the global com-
munity make itself be ready for providing an atmosphere in which
industries support agriculture and cities support the countryside.
Furthermore, under the pressures of both the recently widening
income gap between the rural and urban population and the prob-
lems related to farmers, agriculture and rural areas, the central gov-
ernment of China recently mapped out a long-term development
strategy on “building a new countryside,” which was established
as one of the primary objectives of the 11th Five-Year (2006-2010)
Plan, and was expected to solve above problems through coor-
dinating urban and rural development. The Guidelines of PRC’s
11th Five-Year Plan for National Economic and Social Develop-
ment suggests that a new countryside means advanced production,
improved livelihood, clean and tidy villages, a civilized social atmo-
sphere and efficient management (SCPRC, 2006). To some extent,
the policy of building new countryside in China could be labeled
‘post-productivism’ (Evans et al., 2002; Mather et al., 2006; Clout,
2006). Not only agricultural production, social and environmental
objectives were also now explicitly included within it.

Developing modern agriculture and strengthening the produc-
tive forces of the countryside are the major elements of advanced
production. First of all, national food security was paid a high atten-
tion, and the total grain productive capacity is expected to amount
500 million tons by the end of 2010, through strengthening the
productive capacity building of main grain productive areas, and
enhancing the yield per unit area, quality and efficiency of grain
production. The policies concerning farmland protection will be
severely carried out, so as to ensure that the total number of basic
farmland® not to be cut down, and the quality of that not to be
lowered. Improving traditional cultivation techniques and popular-
izing agricultural standardization are also the important contents
of developing modern agriculture and strengthening the produc-
tive forces of the countryside. Second, the strategic adjustment of
agriculture structure will be promoted by optimizing the indus-
trial structure, the product structure and regional distribution of
agriculture.

4 Basic farmland consists of (Ding, 2003): (1) agricultural production bases (such
as crops, cotton, edible oils, and other high quality agricultural products) approved
by government; (2) farmland with high productivity and a good irrigation system
and that has been exploited; (3) vegetation production bases for large and middle
cities; and (4) experimental fields for science and educational purposes.

There is an obvious gap between China’s urban and rural areas
(NBSC, 2006).1n 2005, the disposable income of urban dwellers was
10 493 RMBY¥ (US$ to RMB¥: 1-8.0), which is 3.22 times over the
per capita net income of Chinese farmers (3255 RMB¥). In order to
increase the income of farmers, three measures were put forward in
the 11th Five-Year Plan as follows: (1) developing more profitable
agricultural products with improved breeds and individual char-
acteristics, and prolonging the industrial chains, such as storage
and process, fresh-keeping, transportation, and so on; (2) increas-
ing farmers’ non-agricultural income by promoting the structural
adjustment and institutional innovation of the Township and Vil-
lage Enterprises (TVEs); and (3) improving subsidiary policy and
lessening farmers’ burdens.

In most China’s current villages, “dirty, disorderly and bad” is
the general impression to the visitors. The “disorderly” was due to
two reasons. On the one hand, with the implementing of market
based economy after 1978, many farmers were becoming afflu-
ent and they began to prefer multi-functional, more comfortable
or spacious houses, which resulted in that rural housing has been
expanding sharply. Farmers prefer to build their houses in the val-
leys (instead of the hillside), and they prefer good location and
settle close to roads and other available infrastructure. However,
there was no scientific village plan. On the other hand, with the
progress of urbanization, some village houses are vacant in China’s
developed rural areas (especially in eastern/coastal China), either
because their owners have two or more houses or because they are
rural-urban migrators and live permanently in urban area, which
resulted in a serious waste of land resources and contributed to
the disorder. The blame of “dirty and bad” falls entirely on the lack
of process system for the living sewage, living garbage, and non-
point sources pollution of excrement and urine from livestock and
poultry breeding fields. The objectives of building clean and tidy
villages involve: (1) efforts will be made to expand the use of clean
fuels such as marsh gas and solar energy in rural areas; (2) the sta-
tus quo of more than 60% of rural households do not have access to
flush toilets will be gradually changed; and (3) to gradually improve
the rural houses according to scientific village plan (at present, the
houses of nearly 70 million rural residents need to be improved).

Study area

Suzhou, Wuxi and Changzhou three municipalities (usually
called “Su-Xi-Chang” region), the study area, is situated at the
lower reaches of the Yangtze River in the southern Jiangsu province,
one of the fastest growing regions in China (Fig. 1). It covers
about 1.76 million ha with average elevation below 50 m. The
northern subtropical monsoon climate dominates this region year-
round, with average annual temperature of 17.5°C, mean annual
rainfall of 1055 mm, all of which are beneficial for agricultural
production. Su-Xi-Chang region has a population of 14.29 mil-
lion (JSB, 2007), and it is unique because of its high population
density. In 2006, the population density in this region was up to
809 persons/km?2, which was much higher than the average popu-
lation density (137 persons/km?) of China at the same period (JSB,
2007; NBSC, 2007).

The growth of Shanghai, the most important industrial, com-
mercial and financial center of China, has pushed Su-Xi-Chang
region into the industrial age since the early 1980s. Unprecedented
changes in the local economy have taken place in recent decades,
and by the mid 1980s Su-Xi-Chang region provided a model, also
called “Sunan model,” for the development of rural industries based
on diversified collective enterprises run by the local municipal-
ity model (Tan, 1986; Xie et al., 2007a). The term “Sunan model”
was originally put forward by the eminent sociologist Fei (1983) to
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Fig. 1. Location and land use of the study area, Su-Xi-Chang region.

refer to the rapid development of the regional economy in southern
Jiangsu (Sunan) based on the massive surge of collectively owned
TVEs that prospered from the 1980s to the early 1990s. More specif-
ically, the model refers to the speedy growth of the rural economy
in Su-Xi-Chang region of southern Jiangsu where TVEs flourished
widely under the direct control of the local county and township
governments that ran their enterprises like diversified corporations
(Shen and Ma, 2005).

In 2006, the GDP per capita of Su-Xi-Chang region amounted to
67 833 RMBY¥, which was much higher than the GDP per capita of
China (16 042 RMBY¥) at the same period (JSB, 2007; NBSC, 2007). In
2006, the primary industry only provides 2.1% of the total GDP (969

billion RMBY¥) in Su-Xi-Chang region; however, 62.6% and 35.3% are
provided by the secondary industry and tertiary industry,” respec-
tively (JSB, 2007). However, with the growth of population and
economic activities, land use in Su-Xi-Chang region has changed
dramatically as evidenced by the continuous decline of farmland

5 In China, economic activities are categorized into the following three strata of

industry: primary industry refers to agriculture, forestry, animal husbandry and
fishery and services in support of these industries; secondary industry refers to
mining and quarrying, manufacturing, production and supply of electricity, water
and gas, and construction; tertiary industry refers to all other economic activities
not included in the primary or secondary industries (NBSC, 2007).
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Table 1
Explanation of pattern measures

Pattern measure Definition Explanation

Maximum patch area units=ha

Minimum patch area units=ha

Mean patch size Cn—/:" CA;, total class area of land use i; n;, total number of patches in land use i; units, ha

Patch density % A, total landscape area; units, 1/km?

Landscape shape index mfr‘w e;, total length of edge (or perimeter) of class i in terms of number of cell surfaces; min e;,

! minimum total length of edge of class i in terms of number of cell surfaces; >1, without limit

n
. Pij -1

Patch cohesion index 1- ,,;1” [] - ﬁ] 100 pij, perimeter of patch ij in terms of number of cell surfaces; a;;, area of patch ij in terms of

ZF]PU\/@ number of cells; A, total number of cells in the landscape; varies between 0 and 100
Aggregation index [mﬁ[gn ] 100 g;;, number of like adjacencies (joins) between pixels of patch type (class) i based on the

single-count method; max-g;;, maximum number of like adjacencies (joins) between pixels of
patch type (class) i based on the single-count method; varies between 0 and 100

(Long et al., 2007a). Moreover, due to loose and neglected protec-
tion of the environment, the consequences of uncontrolled rural
industrialization in this region are particularly serious (Xie et al.,
2007a). Rapid loss of farmland and ongoing deterioration of local
environment are major concerns in Su-Xi-Chang region, which
should take the lead in China in achieving the objectives of building
a new countryside.

Materials and methods
Data source and processing

The vector data of land-use and land-cover change was obtained
through detection analysis of historical Landsat TM (Thematic Map-
per) satellite images in 1990, 1995, 2000 and 2006, from the
Institute of Geographic Sciences and Natural Resources Research of
the Chinese Academy of Sciences and China National Environmen-
tal Monitoring Center. An efficient classification system was drafted
and an effective research team was organized to work on remote
sensed data through human-machine interactive interpretation to
guarantee classification consistency and accuracy (Liu et al.,2005b).
Based on these Landsat TM data, four land-use maps in 1990, 1995,
2000 and 2006 were classified into 10 LULC types: paddy fields,
dryland, forested land, grassland, natural lakes and rivers, artificial
ponds, urban settlements, rural settlements, unused land, and con-
struction land mainly for industry, mining and transportation. Then,
we measured the variations among the ten different LULC types by
converting the four LULC vector format maps into raster format
with a spatial resolution of 100 m x 100 m using ESRI's ArcGIS spa-
tial analyst module. In addition, some time-series socio-economic
data on land use and industry from 1990 to 2006 (JSB, 1991-2007),
were collected from the local governments and used to analyze

Table 2

potential driving forces resulting in land-use change in study
area.

Methods

The four gridded LULC maps were mainly used to detect the
internal variations of LULC in Su-Xi—-Chang region between three
different periods: from 1990 to 1995, from 1995 to 2000, and from
2000to0 2006. For each pair of gridded datasets, a change matrix was
constructed. Then, for each LULC categoryiin a change matrix A, the
change between the three periods was calculated according to the
following Eq. (1), and for each LULC type we calculated the percent-
age of “conversion loss to” or “conversion gain from,” in relation to
the total “loss or gain” conversion of a LULC type according to Eq.
(2) (Long et al., 2007b).

cH; = Pi=Pi 400 (1)
D.i
where CH; is the change of LULC in row i relative to the previous
compared year; p; is the row total of grid cells for category i; p; is

the column total of grid cells for category i.

Dj.i —Dij .

Ploss(i),j ¢ L x 100, 1+£]
Pi. —D.i (2)

P = D P 400, 4]

gain(i),j = Di=p; X , 1#F]

where Pjosq(j)j is the percentage taken by type j in the total “conver-
sion loss” of category row i; Pgyin(j); is the percentage taken by type
Jjin the total “conversion gain” of category row i; p;; and pj; is the
individual entry in a change matrix A.

To examine the spatial patterns of farmland (including paddy
fields and dryland) and rural settlements and their change over
time, we identify a set of pattern metrics that capture different

Change matrix of each compared LULC type in 1990 and 1995, and its changes in 1995 (ha)

LULC type in 1995 LULC type in 1990

Changes in 1995 (%)

BE DL FL GL LR us RS CL UL Total

PF 908 085 5 16 622 7 16 908 751 —6.14
DL 3 95152 1 1 1 95158 —16.52
L, 1 96611 1 1 96614 —0.19
GL 4229 4229 —0.09
LR 680 359542 360222 0.18
AP 6026 146 2 87198 93372 6.29
us 23078 15433 13 0 5 50375 56 42 89002 76.65
RS 28763 3130 124 4 0 21 0 77 460 109502 41.23
CL 1555 123 43 3147 4868 52.65
UL 8 682 690 1.17
Total 968 198 113990 96794 4233 359558 87846 50384 77534 3189 682 1762408

Note: PF, paddy fields; DL, dryland; FL, forested land; GL, grassland; LR, natural lakes and rivers; AP, artificial ponds; US, urban settlements; RS, rural settlements; CL,

construction land; UL, unused land.
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Table 3
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Change matrix of each compared LULC type in 1995 and 2000, and its changes in 2000 (ha)

LULC type in 2000 LULC type in 1995

Changes in 2000 (%)

BH DL AL, GL LR AP us RS CL UL Total

PF 881290 357 30 4 29 4 10 881724 —2.97
DL 80 91569 123 37 1 91810 -3.52
FL 64 117 94210 23 94 414 —2.28
GL 10 11 4103 177 4301 1.70
LR 1 359257 359258 -0.27
AP 3372 193 161 15 624 92941 10 97316 4.22
us 9028 875 188 21 16 144 88992 99264 11.53
RS 13436 1423 997 49 49 211 5 109459 125629 14.73
CL 1470 624 852 41 95 10 4868 7960 63.52
UL 42 690 732 6.09
Total 908 751 95158 96614 4229 360222 93372 89002 109502 4868 690 1762408

Note: PF, paddy fields; DL, dryland; FL, forested land; GL, grassland; LR, natural lakes and rivers; AP, artificial ponds; US, urban settlements; RS, rural settlements; CL,

construction land; UL, unused land.

dimensions of land fragmentation (Table 1): (i) maximum patch
area, (ii) minimum patch area, (iii) mean patch size, (iv) patch den-
sity, (v) landscape shape index, (vi) patch cohesion index, and (vii)
aggregation index, which are calculated using FRAGSTATS, a spa-
tial pattern analysis program for categorical maps (McGarigal et
al., 2002). Considering the limitation of only 4 years of LULC data
(derived from remotely sensed images), we used the annual series
of farmland data to explore the possible driving forces contributing
to land-use change in study area. R (R Development Core Team,
2006), a language and environment for statistical computing, is
used to explore the correlations between different socio-economic
variables.

Results
Land-use change in Su-Xi—-Chang region

Land use has changed significantly over the whole period from
1990 to 2006 in Su-Xi-Chang region (Tables 2-4). During the
three periods of from 1990 to 1995, from 1995 to 2000, and from
2000 to 2006, paddy fields and dryland decreased by 6.14% and
16.52%, 2.79% and 3.52%, and 7.96% and 3.99%, respectively. In con-
trast, urban settlements, rural settlements and construction land
increased by 76.65%, 41.23% and 52.65%, respectively, from 1990 to
1995. These trends continued in the periods of from 1995 to 2000
and from 2000 to 2006. From 1990 to 1995 and from 1995 to 2000,
artificial ponds expanded by 6.29% and 4.22%, respectively; how-
ever, it shrunk a little (by 1%) over the period between 2000 and
2006. The change trends of forested land, grassland, natural lakes

Table 4

and rivers, and unused land are not obvious over the whole period
between 1990 and 2006, except for an increase of about 23.5% for
grassland and unused land from 2000 to 2006 (Table 4). To a large
extent, land-use change from 1990 to 2006 in Su-Xi-Chang region
was characterized by a serious replacement of farmland with urban
and rural settlements, construction land, and artificial ponds.

Dynamic patterns and driving forces of farmland change

Fragmentation is the obvious characteristics of paddy fields
change in the study area (Fig. 2), and we find substantial and sig-
nificant increases in mean fragmentation values of paddy fields
over the whole period from 1990 to 2006 in Su-Xi-Chang region
(Table 5).In 1990, the mean patch size of paddy fields was 1204.4 ha,
and by 2006 the size was only 138.8 ha. The patch density of paddy
fields increased by 331.5%, and it changed from 0.033 in 1990 to
0.144in 2006. From 1990 to 2006, the fragmentation of paddy fields
can also be proved by the continuous decline of aggregation index
and rapid increase of landscape shape index (Table 5). Neverthe-
less, the most interesting result we find is the decreases in mean
fragmentation values of dryland from 1990 to 2006 in the study
area, as evidenced by the values change of mean patch size, patch
density, aggregation index and landscape shape index (Table 5).

The accelerating industrialization and urbanization process may
increase the degree of fragmentation and structural complexity
of LULC. Our statistical analysis also suggested that population
growth, rapid industrialization and urbanization are the major driv-
ing forces of farmland change in Su-Xi-Chang region from 1990 to
2006 (Fig. 3).

Change matrix of each compared LULC type in 2000 and 2006, and its changes in 2006 (ha)

LULC type in 2006

LULC type in 2000

Changes in 2006 (%)

BE DL IFIL GL LR AP us RS CL UL Total

PF 801132 32 472 581 3638 2086 3158 48 413 811560 —7.96
DL 106 85665 517 30 302 396 1122 5) 88143 -3.99
FL 1909 91304 83 560 1137 17 108 23 95141 0.77
GL 370 3993 740 49 105 52 6 5315 23.58
LR 282 76 65 351487 250 3 352163 -1.97
AP 4478 31 123 15 3615 87334 40 669 6 35 96 346 —1.00
us 34632 1821 270 29 232 617 96615 3965 200 138381 39.41
RS 35186 1408 777 17 1508 3299 116 361 19 158575 26.22
CL 3419 2777 240 164 492 689 2 161 7906 31 15881 99.51
UL 210 646 13 1 33 903 23.36
Total 881724 91810 94414 4301 359258 97316 99264 125629 7960 732 1762408

Note: PF, paddy fields; DL, dryland; FL, forested land
construction land; UL, unused land.

; GL, grassland; LR, natural lakes and rivers; AP, artificial ponds; US, urban settlements; RS, rural settlements; CL,
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Fig. 2. Change pattern of farmland in Su-Xi-Chang region.

Rapid industrialization and urbanization in Su-Xi-Chang region
is a very significant factor of land-use change, which can be
illustrated by the strong negative relationship between farmland
and total industrial output value (Fig. 3a), and between farmland
and population (Fig. 3b). In addition, industrialization and urban-
ization have apparently triggered massive farmland loss for the
benefits of market-oriented farming and non-agricultural devel-
opment (Long et al., 2007b). According to Fig. 3¢, there was a
strong negative relationship between farmland and aquatic prod-
ucts.

Table 6 presents the land-use change resulted from industrial-
ization and urbanization. Urban settlements expansion accounted
for 38.81%, 33.39% and 46.39% of the decrease of paddy fields, and
for 81.95%, 26.11% and 38.86% of the decrease of dryland, during the
periods of from 1990 to 1995, from 1995 to 2000 and from 2000
to 2006, respectively. Similarly, the expansion of rural settlements
occurred mainly at the expense of paddy fields and dryland, which
accounted for 48.36%, 49.68% and 45.65% of the changes in paddy
fields, and for 16.62%, 42.5% and 7.8% of the decrease of dryland, dur-
ing the periods of from 1990 to 1995, from 1995 to 2000 and from
2000 to 2006, respectively. During the period between 2000 and

Table 5
Aggregate land-use pattern measures

2006, the expansion of construction land accounted for 75.73% of
the decrease of dryland. The expansion of artificial ponds occurred
mainly at the expense of paddy fields, which accounted for 9.09%
and 12.37% of the changes in paddy fields during the periods of
from 1990 to 1995 and from 1995 to 2000, respectively. In addition,
the decreases in mean fragmentation values of dryland may be due
to the demands for developing modern agriculture and the scale
management of agriculture.

Dynamic patterns and driving forces of rural settlements change

From 1990 to 2006, rural settlements change in Su-Xi-Chang
region has a dual characteristic of coexisting fragmentation and
aggregation (Fig. 4), as evidenced by the changes of mean frag-
mentation values of rural settlements over the whole period from
1990 to 2006 (Table 5). On the one hand, the fragmentation of
rural settlements can be proved by the continuous increase of
landscape shape index and patch density from 1990 to 2006
(Table 5). On the other hand, during the same periods, the max-
imum patch area is continuously increased double or more, and
the value of patch cohesion index has been keeping on increasing

Pattern measure Paddy fields Dryland Rural settlements

1990 1995 2000 2006 1990 1995 2000 2006 1990 1995 2000 2006
Maximum patch area 87847 82960 77509 86193 15475 13875 13430 15252 142 369 504 1261
Minimum patch area 0.020 0.017 0.014 0.005 0.009 0.021 0.021 0.005 0.010 0.011 0.011 0.007
Mean patch size 1204.4 1409.3 1017.2 138.8 75.2 85.7 76.0 112.4 8.4 12.0 114 121
Patch density 0.033 0.029 0.042 0.144 0.075 0.057 0.062 0.029 0.511 0.499 0.585 0.646
Landscape shape index 76.7 85.8 92.6 137.6 68.1 64.9 66.1 39.0 123.5 1253 134.7 153.4
Patch cohesion index 99.96 99.95 99.95 99.78 97.19 97.38 97.36 96.93 71.56 76.98 78.42 87.61
Aggregation index 92.30 91.09 90.23 82.44 80.05 79.22 78.41 83.49 55.85 62.31 62.17 60.22
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Fig. 3. The correlationship of farmland vs. industrial output value (a), farmland vs. population (b), farmland vs. aquatic products (c), and industrial output value vs. net income

per capita of rural households (d) of Su-Xi-Chang region between 1990 and 2006.

(Table 5). Patch cohesion index measures the physical connectedness
of the corresponding patch type. Below the percolation thresh-
old, patch cohesion is sensitive to the aggregation of the focal
class. Patch cohesion increases as the patch type becomes more
clumped or aggregated in its distribution; hence, more physically
connected (Gustafson, 1998). The expansion of rural settlements
occurred mainly at the expense of farmland, as evidenced by more
than 92% of the increased rural settlements are from farmland
(Table 6).

The China’s economic reforms played an important role in the
transformation of rural settlements. The implementation of the
responsibility system has aroused Chinese peasant’s enthusiasm,
liberated Chinese countryside from the self-sufficient status to
open up a new prospect with the emerging of TVEs. China’s TVEs
are widely regarded as the primary form of rural industrialization
(Shen and Ma, 2005). As Lin and Ho (2003) pointed out, the expan-
sion of construction land is largely a result of rural industrialization
in China. Numerous factory buildings can be easily seen in the res-

Table 6
The percentages taken by corresponding types in internal conversions of PF, DL and RS (%)
LULC type PF~ DL- RS*

1990-1995 1995-2000 2000-2006 1990-1995 1995-2000 2000-2006 1990-1995 1995-2000 2000-2006
PF 0.01 8.27 —2.02 89.92 83.25 97.21
DL 0.00 -1.02 0.11 9.79 8.82 0.87
FL 0.13 2.05 —0.18 -14.10 0.38 6.04 2.03
GL 0.04 0.53 0.01 0.30 —0.11
LR 1.12 —0.01 -0.43 1.25 0.30 4.58
AP 9.09 12.37 1.20 0.78 4.66 -7.39 0.07 1.25 7.98
us 38.81 33.39 46.39 81.95 26.11 38.86 -0.18 0.03 -12.03
RS 48.36 49.68 45.65 16.62 42.50 7.80
CL 2.62 5.44 4.80 0.65 18.64 75.73 -0.49
UL 0.01 -0.29 -0.14 -0.04

Note: PF, paddy fields; DL, dryland; FL, forested land; GL, grassland; LR, natural lakes and rivers; AP, artificial ponds; US, urban settlements; RS, rural settlements; CL,

construction land; UL, unused land; —, conversion loss to; *, conversion gain from.
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1995

Fig. 4. Change pattern of rural settlements in Su-Xi—-Chang region.

idential backyards of the villagers in coastal China (Shen and Ma,
2005). In addition, rural industrialization contributes significantly
to the increase in rural income levels and employment by making
full use of the local resources, utilizing the capital scattered in the
peasant’s hands, developing the wisdom of the skilled craftsmen,
and rising up the peasant’s income, which can be illustrated by the
very strong positive relationship between industrial output value
and net income per capita of rural households (Fig. 3d).

Usually, peasants in China want to build another new multi-
functional, more comfortable or spacious house if they become
affluent, although present housing can fundamentally meet their
needs. Farmers prefer to build their houses close to roads and
other available infrastructure. The houses usually have small-scale
household (in which only three persons or so live) and larger court-
yards. There is a short cycle of replacing old house with a new one.
As aresult, there is more idle rural housing land, vacant rural hous-
ing, with unoccupied land in villages. That can explain the fact of
the expansion of rural settlements (Tables 2-4), although there was
a decline trend in rural population and the number of rural house-
holds, which decreased 214 thousand, from 2945 thousand in 2000
to 2731 thousand in 2006 (JSB, 2001, 2007). Over the period from
2000 to 2006, we can find an obvious transformation from rural set-
tlements to paddy fields and dryland, which amounted to 4280 ha
(Table 4). However, from 1990 to 2000, only 27 ha rural settlements
was changed to farmland (Tables 2 and 3). That is mainly due to the
new policies of building a new countryside and carrying out rural
construction land consolidation.

Discussion and conclusions

The rapid industrialization and urbanization in coastal China
increased the demand for non-agricultural land, which diminished
farmland and withered the traditional agriculture. The industrial-
ization pushed forward the development of TVEs, which led the
expansion of rural settlements and the pollution of local environ-

ment. Hence, the focuses of building a new countryside in coastal
China need to be concentrated on protecting the farmland, devel-
oping modern agriculture, and building “clean and tidy villages.”

In coastal China with rapid urbanization and industrializa-
tion, local further development needs land, which is very scarce.
However, local government grasped the opportunity of an innova-
tive land management policy called “linking up increased urban
construction land with decreased rural construction land”.® Land
displacement and centralized settle-down is a principal model, also
a successful model that local governments thought, of building new
countryside in coastal China.

Usually, the model is operated in this way: at first, village col-
lectives jointly with some enterprises with strong economic base
invest to construct a brand-new community (Fig. 5); then, try to per-
suade the peasants to give up their farmland and rural housing land
and move into the new community by promising to provide new
apartments (or subsidies) and employment in the enterprises for
those who moved in, thus the peasants can live the ‘city life’. In most
cases, peasants submitted to the village collectives (or local gov-
ernments) driven by immediate interests, and gave up their land.
The village collective put together the let farmland and subleased
them to some plant companies or individuals who want to manage
a lot of land; in return, the peasants who found a job in enter-
prise and gave up their land could get limited money for their land
shares. Much ‘new’ land is displaced out by carrying out rural settle-

6 The policy “linking up increased urban construction land with decreased rural
construction land” means that, in a county level, the increased construction land for
future urban development should be no more than the decreased rural construction
land, which will be turned into cultivated land through carrying out rural construc-
tion land consolidation, so as to keep the total construction land in this county not
to increase, to keep the quantity and quality of local farmland not to decrease, and to
form a rational land-use patterns. The actual potential of existing rural construction
land in a county needs to be investigated and corresponding plan for carrying out
rural construction land should be laid out before implementing this policy.
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Fig.5. Anew rural community in Kunshan city of Su-Xi-Chang region. (Photo taken
by the first author.)

ments consolidation. However, most are allocated as construction
land instead of returning to arable land according to the innovative
land management policy. The enterprises who invested for building
new community get enough land for expanding their production
scale. The village collective builds some standard rental factory
workshops on the ‘new land’, and promised that the rent will be
used for the expenditure of village public affairs and capital bonus
assigned to villagers. To great extent, this kind of model contributed
to the aggregation of rural settlements from 2000 to 2006 (Fig. 4
and Table 5).

This model of building new countryside in coastal China brought
about obvious land-use change, and the impacts of which on the
livelihood of rural residents were far-reaching. Although the farm-
land per capita was declined from 0.052 ha in 2000 to 0.04 ha in
2006, the livelihood of rural residents is improved greatly. Guohao
Liu, the village head of Taixing village in Shaxi town of Taicang city
in the northeast of Su-Xi-Chang region, told us that the increased
villagers’ net income per capita in 2006 from collective-owned land
was 1880 RMB¥, which was composed of 560 RMB¥ capital bonus
of collective assets, 900 RMB¥ rent of farmland subleased to Ltd.
Company of Suzhou Urban Greenbelt, and 420 RMBY¥ laborage for
working at the Company.

However, in general, there are some latent problems in the back
of the so-called successful model. To some extent, the village and
township governments are selling off land to developers in a dis-
guised form just to feed their staff, because township and village
governments are paralyzed from lack of funding since the cen-
tral government’s decision 2 years ago to abolish the agricultural
tax, although it can bring some help for village public affairs. But
they did not care of the peasants’ future livelihoods. First of all,
those peasants who lack of special skills and are employed in the
enterprises will confront the situation of unemployment to a great
extent, because most of the enterprises what they are working at
are labor-intensive industries, which are experiencing the phase
of industrial upgrade. At present, lots of polluted, labor-intensive
industries in eastern/coastal China are being gradually transferred
to central region and western region. But the pace of peasants’ skill
improvement cannot chase up that of industrial upgrade, which
may cause their unemployment in the near future. In addition, the
enterprises, in order to save more land for their industrial devel-
opment, try to build high-rise apartment buildings (some even
with 35 floors) without considering the carrying capacity of local
resources and environment, which brings a lot of inconvenience

for the new dwellers. Cultural landscape should not be overlooked
in land consolidation (Cai, 2004). Lacking of original rural land-
scape and rural culture, some interviewed older peasants, who have
moved into the new apartments, usually miss the life living in their
old houses, which were already not existed.

Rural construction land consolidation may play an important
role in protecting the farmland and building “clean and tidy vil-
lages.” First, farmland may be increased or ‘new’ construction land
may be available for meeting the needs of future economic devel-
opment, which can also reduce the conversion of farmland in the
future. Second, consolidating rural construction land accompanied
with the campaign of building new countryside is an effective
prescription of changing the appearance of “dirty, disorderly and
bad” in rural China. Finally, it can improve the villagers’ living con-
ditions. Accordingly, consolidating rural construction land needs
to be carried out by the following ways: (1) local governments
should first register idle rural housing land, vacant rural housing,
idle workshop of insolvent TVEs, unoccupied land in villages, and
cases where one household owns two or more houses according to
local conditions, so as to estimate the actual potential of existing
construction land, then set down and implement rational plans of
consolidating rural construction land according to the general land-
use planning and local developing strategy, in order to enhance
the intensity of land use in town and village and save land for fur-
ther needs; (2) putting together the dispersed rural housing (needs
to be improved) and TVEs to establish new residential areas and
new industrial areas with unified planning and design and perfect
infrastructure (roads, water, electricity, sewage, gas, heating and
telecommunications), for the purpose of improving villagers’ liv-
ing conditions and building a clean and tidy village. From 2000 to
2006 rural settlements consolidation contributed to the increase of
4280 ha farmland (Table 4). However, it should be clear that rural
construction land consolidation will confront many obstacles. For
example, most peasants have strong reminiscent mood and are not
willing to move to live in another area; China’s land legal and man-
agerial system is somewhat problematic involving rural housing
land consolidation in the aspect of land-use rights (Ding, 2007); and
the benefit allocation system of stakeholders concerning rural con-
struction land consolidation needs to be established, which cannot
come to an agreement in a short time.

The study of Li and Wang (2003) showed that the low incen-
tive for raising agricultural land-use intensity may more seriously
threaten food security than the shrinking cultivated land area or
the low technological potential in China. At present, China’s farmers
have seldom interest in pursuing grain production, largely because
it generates very low net income,” which resulted in millions of
farmers being out of countryside and the continuous decline of the
percentage of primary industry in the GDP of the Su-Xi-Chang
region, from 15.35% in 1990 to 2.11% in 2006 (Fig. 6). On the
contrary, it creates some opportunities for developing modern agri-
culture and the scale management of agriculture. During the period
between 2000 and 2006, many modern agricultural gardens were
established. Through carrying out cultivated land consolidation, the
maximum patch area of paddy fields and dryland in study area
increased from 77 509 ha and 13430 ha in 2000 to 86 193 ha and
15252 ha in 2006, respectively (Table 5).

7 Our household interview in a village of coastal China showed that a farmer can
only obtain profit of 580 RMBY, which still includes his man-days pay, from planting
1 mu (1 mu=0.067 ha) rice: the annual yield is 600 kg, the price is 1.48 RMB¥ per kg,
and the total income from planting rice is 888 RMB¥; however, the total expenditure
is 308 RMBY¥, which includes 100 RMB¥ for fertilizer, 160 RMB¥ for pesticide, and
48 RMBY¥ for plowing land. But he can earn 40 RMB¥ per day if he pursues other
labor activities on building site.
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Fig. 6. Change in industrial structure of Su-Xi—Chang region between 1990 and 2006.

Frankly, cultivated land consolidation may contribute to devel-
oping modern agriculture and strengthening the productive forces
of the countryside in the following aspects: (1) to enhance land
productivity and labor productivity through improving land quality,
irrigation conditions and machinery accessibility; (2) toreduce land
fragmentation and improve the efficiency of agricultural produc-
tion; (3) to form rational, efficient and intensive land-use structure
by reallocating land resources; (4) to facilitate adjustments to the
crop structure through general improvements in land conditions;
and (5) to promote the progress of agricultural industrialization and
scale management of agriculture.

To achieve coordinated and balanced development between
urban and rural areas in Su-Xi-Chang region, it can be seen
from the dynamic patterns of farmland and rural settlements
in Figs. 1, 2 and 4 that an urban-rural integrated development
planning is necessary. Urban sprawl is increasingly considered a
significant and growing problem that entails a wide range of social
and environmental costs (Bengston et al., 2004). China’s rural area
used to pay the bill for these costs due to lacking early planning.
When some loads resulting from urban expansion were shifted
upon rural area, the rural had no choice but to take over the heavy
burden, although without any preparation. It is fundamental to lay
out a scientific plan for building a new countryside, and the plan
should coincide with local land-use planning, urban planning and
land consolidation planning. Hence, for the long run, the plan for
building new countryside needs to pay more attention to making
the rural have certain functions serving for the urban, e.g. accepting
some transferred industries, providing ecological and other kinds
of services for urban population. In addition, we need to reserve and
respect the cultural elements of idyll and the rural landscape, in the
process of building a new countryside in coastal China, instead of
building a new countryside, which looks more like a city.

Acknowledgements

This work was supported by the National Natural Science Foun-
dation of China (grant nos. 40635029 and 40771014), the Ministry of
Science and Technology of China (grant no. 2007BAC03A11-01),and
Programme of Excellent Young Scientists of the Ministry of Land
and Resources of China. The insightful and constructive comments
of two anonymous reviewers are appreciated. We would especially
like to thank Professor SHE Zhixiang for arranging our fieldwork.

References

Aspinall, R., 2004. Modelling land use change with generalized linear models—a
multi-model analysis of change between 1860 and 2000 in Gallatin Valley, Mon-
tana. J. Environ. Manage. 72, 91-103.

Bengston, D.N., Fletcher, J.O., Nelson, K.C., 2004. Public policies for managing urban
growth and protecting open space: policy instruments and lessons learned in
the United States. Landscape Urban Plann. 69, 271-286.

Brown, D.G., Pijanowski, B.C., Duh, ].D., 2000. Modeling the relationships between
land use and land cover on private lands in the Upper Midwest, USA. J. Environ.
Manage. 59, 247-263.

Burgi, M., Turner, M.G., 2002. Factors and processes shaping land cover and land
cover changes along the Wisconsin River. Ecosystems 5, 184-201.

Cai, Y.L., 2001. A study on land-use/cover change: the need for a new integrated
approach. Geogr. Res. 20, 645-652 (in Chinese).

Cai, Y.L., 2004. Pay more attentions to cultural landscape and farmers’ participation
in land consolidation. China Land 8, 20 (in Chinese).

Cai, Y.L., Smit, B., 1994a. Sustainability in agriculture: a general review. Agric. Ecosyst.
Environ. 49, 299-307.

Cai, Y.L, Smit, B., 1994b. Sustainability in Chinese agriculture: challenge and hope.
Agric. Ecosyst. Environ. 49, 279-288.

Clout, H., 2006. Rural France in the new millennium: change and challenge. Geog-
raphy 91, 205-217.

Ding, C.R,, 2003. Land policy reform in China: assessment and prospects. Land Use
Policy 20, 109-120.

Ding, C.R., 2007. Policy and praxis of land acquisition in China. Land Use Policy 24,
1-13.

Evans, N., Morris, C., Winter, M., 2002. Conceptualizing agriculture: a critique
of post-productivism as the new orthodoxy. Progr. Human Geogr. 26, 313-
332.

Fazal, S., 2000. Urban expansion and loss of agricultural land—a GIS based study of
Saharanpur City, India. Environ. Urban. 12, 133-149.

Fei, X.T., 1983. Small town, big issue. In: Fei, X.T. (Ed.), 1996. Love My Hometown.
Qunyan Press, Beijing (in Chinese).

Gao, ], Liu, Y.S,, Chen, Y.E, 2006. Land cover changes during agrarian restructuring
in Northeast China. Appl. Geogr. 26, 312-322.

Global Land Project (GLP), 2005. Science plan and implementation strategy. IGBP
Report No. 53/IHDP Report No. 19. IGBP Secretariat, Stockholm, 64 pp.

Gustafson, E.J., 1998. Quantifying landscape spatial pattern: What is the state of the
art. Ecosystems 1 (2), 143-156.

Heilig, G.K., 1999. China Food: Can China Feed Itself? International Institute for
Applied Systems Analysis (IIASA), Laxenburg, Austria.

Herold, M., Goldstein, N.C., Clarke, K.C., 2003. The spatiotemporal form of urban
growth: measurement, analysis and modeling. Remote Sens. Environ. 86,
286-302.

Himiyama, Y., 1998. Land use cover changes in Japan: from the past to the future.
Hydrol. Process. 12, 1995-2001.

Ho, S.P.S,, Lin, G.C.S., 2004. Converting land to nonagricultural use in China’s coastal
provinces—evidence from Jiangsu. Modern China 30 (1), 81-112.

Hodge, 1., 1996. On penguins on icebergs: the Rural White Paper and the assumptions
of rural policy. J. Rural Stud. 12 (4), 331-337.

Huang, Q.H., Cai, Y.L, Peng, J., 2007. Modeling the spatial pattern of farmland using
GIS and multiple logistic regressions: a case study of Maotiao River Basin,
Guizhou Province, China. Environ. Model. Assess. 12 (1), 55-61.

Irwin, E.G., Bockstael, N.E., 2007. The evolution of urban sprawl: evidence of spatial
heterogeneity and increasing land fragmentation. Proc. Natl. Acad. Sci. U. S. A.
104 (52), 20672-20677.

Irwin, E.G., Geoghegan, ]., 2001. Theory, data, methods: developing spatially explicit
economic models of land use change. Agric. Ecosyst. Environ. 85, 7-23.

Jiangsu Statistical Bureau (JSB), 1991-2007. Jiangsu Statistical Yearbook. China
Statistics Press, Beijing.

Kaufmann, R.K,, Seto, K.C., 2001. Change detection, accuracy, and bias in a sequen-
tial analysis of Landsat imagery in the Pearl River Delta, China: econometric
techniques. Agric. Ecosyst. Environ. 85, 95-105.

Krausmann, F., Haberl, H., Schulz, N.B., Erb, K.H., Darge, E., Gaube, V., 2003. Land-
use change and socio-economic metabolism in Austria. Part I. Driving forces of
land-use change: 1950-1995. Land Use Policy 20, 1-20.



H. Long et al. / Land Use Policy 26 (2009) 322-333 333

Lambin, E.F, Turner, B.L., Geist, HJ., Agbola, S.B., Angelsen, A., Bruce, ].W., Coomes,
O.T,, Dirzo, R, Fischer, G., Folke, C., George, P.S., Homewood, K., Imbernon, J.,
Leemans, R., Li, X.B., Moran, E.F,, Mortimore, M., Ramakrishnan, P.S., Richards,
J.E, Skanes, H., Steffen, W., Stone, G.D., Svedin, U., Veldkamp, T.A., Vogel, C., Xu,
J.C., 2001. The causes of land-use and land-cover change: moving beyond the
myths. Global Environ. Change 11, 261-269.

Li, X.B., Wang, X.H., 2003. Changes in agricultural land use in China: 1981-2000.
Asian Geogr. 22, 27-42.

Li, X,, Yeh, A.G.0., 2004. Analyzing spatial restructuring of land use patterns in a
fast growing region using remote sensing and GIS. Landscape Urban Plann. 69,
335-354.

Lichtenberg, E., Ding, C.R., 2008. Assessing farmland protection policy in China. Land
Use Policy 25, 59-68.

Lin, G.C.S., 2001. Evolving spatial form of urban-rural interaction in the Pearl River
Delta, China. Prof. Geogr. 53 (1), 56-70.

Lin, G.C.S.,Ho, S.P.S., 2003. China’s land resources and land-use change: insights from
the 1996 land survey. Land Use Policy 20, 87-107.

Liu, Y.S., Gao, J., Yang, Y.F,, 2003a. A holistic approach towards assessment of severity
of land degradation along the Greatwall in northern Shaanxi province, China.
Environ. Monitor. Assess. 82, 187-202.

Liu,J.Y., Liu, M.L,, Zhuang, D.F,, Zhang, Z.X., Deng, X.Z., 2003b. Study on spatial pattern
ofland-use change in China during 1995-2000. Sci. China (Series D) 46, 373-378.

Liu, J.Y.,, Zhan, ].Y., Deng, X.Z., 2005a. Spatio-temporal patterns and driving forces
of urban land expansion in China during the economic reform era. Ambio 34,
450-455.

Liu,].Y., Liu, M.L,, Tian, H.Q., Zhuang, D.F,, Zhang, Z.X.,Zhang, W., Tang, X.M., Deng, X.Z.,
2005b. Spatial and temporal patterns of China’s cropland during 1990-2000: an
analysis based on Landsat TM data. Remote Sens. Environ. 98, 442-456.

Long, H.L,, Tang, G.P, Li, X.B., Heilig, G.K., 2007a. Socio-economic driving forces of
land-use change in Kunshan, the Yangtze River Delta Economic Area of China. J.
Environ. Manage. 83 (3), 351-364.

Long, H.L., Heilig, G.K., Li, X.B., Zhang, M., 2007b. Socio-economic development and
land-use change: analysis of rural housing land transition in the Transect of the
Yangtse River, China. Land Use Policy 24 (1), 141-153.

Mather, A.S., Hill, G., Nijnik, M., 2006. Post-productivism and rural land use: cul de
sac or challenge for theorization? J. Rural Stud. 22, 441-455.

McGarigal, K., Cushman, S.A., Neel, M.C,, Ene, E., 2002. FRAGSTATS: Spatial Pattern
Analysis Program for Categorical Maps.

Moglen, G.E., Beighley, R.E., 2002. Spatially explicit hydrologic modeling of land use
change. J. Am. Water Resour. Assoc. 38, 241-253.

Nagendra, H., Munroe, D.K., Southworth, J., 2004. From pattern to process: landscape
fragmentation and the analysis of land use/land cover change. Agric. Ecosyst.
Environ. 101, 111-115.

National Bureau of Statistics of China (NBSC), 2006-2007. China Statistical Yearbook.
China Statistics Press, Beijing.

Omenn, G.S., 2006. Grand challenges and great opportunities in science, technology,
and public policy. Science 314, 1696-1704.

Poyatos, R., Latron, J., Liorens, P., 2003. Land use and land cover change after agri-
cultural abandonment—the case of a Mediterranean Mountain Area (Catalan
Pre-Pyrenees). Mountain Res. Dev. 23, 362-368.

R Development Core Team, 2006. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria, ISBN 3-
900051-07-0, http://[www.R-project.org.

Robinson, G.M., 2004. Geographies of Agriculture: Globalisation, Restructuring and
Sustainability. Pearson, Harlow.

Sargeson, S., 2002. Subduing “the rural house-building craze”: attitudes towards
housing construction and land-use controls in four Zhejiang villages. China
Quart. 172, 927-955.

Seto, K.C., Kaufmann, R.K., 2003. Modeling the drivers of urban land use change in
the Pearl River Delta, China: integrating remote sensing with socio-economic
data. Land Econ. 79, 106-121.

Shen, X.P,, Ma, LJ.C., 2005. Privatization of rural industry and de facto urbanization
from below in southern Jiangsu, China. Geoforum 36, 761-777.

Streets, D., Chung, C., Su, H., 1995. Remote sensing of global change: growth in China’s
Jiangsu province. Int. J. Sustain. Dev. World Ecol. 2 (4), 257-266.

Tan, K., 1986. Revitalized small towns in China. Geogr. Rev. 76, 138-148.

The State Council of the People’s Republic of China (SCPRC), 2006. Guidelines of PRC’s
11th Five-Year Plan for National Economic and Social Development. People’s
Press, Beijing (in Chinese).

Theobald, D.M., 2001. Land-use dynamics beyond the American urban fringes. Geogr.
Rev. 91, 544-564.

Tian, G.J., Liu, J.Y., Xie, Y.C,, Yang, Z.F, Zhuang, D.F,, Niu, Z., 2005. Analysis of spatio-
temporal dynamic pattern and driving forces of urban land in China in 1990s
using TM images and GIS. Cities 22 (6), 400-410.

Tian, GJ., Yang, Z.F,, Zhang, Y.Q., 2007. The spatio-temporal dynamic pattern of rural
residential land in China in the 1990s using Landsat TM images and GIS. Environ.
Manage. 40, 803-813.

Turner, B.L., Lambin, E.F,, Reenberg, A., 2007. The emergence of land change science
for global environmental change and sustainability. Proc. Natl. Acad. Sci. U. S. A.
104 (52), 20666-20671.

Veldkamp, A., Lambin, E.F,, 2001. Predicting land-use change. Agric. Ecosyst. Environ.
85, 1-6.

Veldkamp, A., Verburg, P.H., 2004. Modelling land use change and environmental
impact. J. Environ. Manage. 72, 1-3.

Verburg, P.H., Veldkamp, A., Fresco, L.O., 1999. Simulation of changes in the spatial
pattern of land use in China. Appl. Geogr. 19, 211-233.

Wei, Y.H.D., Fan, C.C., 2000. Regional inequality in China: a case study of Jiangsu
province. Prof. Geogr. 52 (3), 455-469.

Weng, Q.H., 2002. Land use change analysis in the Zhujiang Delta of China using
satellite remote sensing, GIS and stochastic modelling. J. Environ. Manage. 64,
273-284.

Woods, M., 2005. Rural Geography: Processes, Responses and Experiences in Rural
Restructuring. Sage, London.

Xie, Y.C., Yu, M., Tian, G.J., Xing, X.R., 2005. Socio-economic driving forces of arable
land conversion: a case study of Wuxian City, China. Global Environ. Change 15,
238-252.

Xie, Y.C., Batty, M., Zhao, K., 2007a. Simulating emergent urban form using agent-
based modeling: desakota in the suzhou-wuxian region in China. Ann. Assoc.
Am. Geogr. 97 (3), 477-495.

Xie, Y.C,, Fang, C.L, Lin, G.C.S., Gong, H.M,, Qiao, B., 2007b. Tempo-spatial patterns
of land use changes and urban development in globalizing China: a study of
Beijing. Sensors 7, 2881-2906.

Xu, W., 2004. The changing dynamics of land-use change in rural China: a case study
of Yuhang, Zhejiang Province. Environ. Plann. A 36, 1595-1615.

Xu, W,, Tan, K.C., 2001. Reform and the process of economic restructuring in rural
China: a case study of Yuhang, Zhejiang. J. Rural Stud. 17, 165-181.

Xu, W, Tan, K.C., 2002. Impact of reform and economic restructuring on rural systems
in China: a case study of Yuhang, Zhejiang. J. Rural Stud. 18, 65-81.

Yang, H., Li, X.B., 2000. Cultivated land and food supply in China. Land Use Policy 17,
73-88.


http://www.r-project.org/

	Spatio-temporal dynamic patterns of farmland and rural settlements in Su-Xi-Chang region: Implications for building a new countryside in coastal China
	Introduction
	Chinas "building a new countryside" policy
	Study area
	Materials and methods
	Data source and processing
	Methods

	Results
	Land-use change in Su-Xi-Chang region
	Dynamic patterns and driving forces of farmland change
	Dynamic patterns and driving forces of rural settlements change

	Discussion and conclusions
	Acknowledgements
	References


