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China’s “building a new countryside” strategy for coordinating urban and rural development and gearing
up national economic growth brings challenges to the country’s farmland protection. The objective of this
study is to evaluate potential impacts of implementing the strategy on farmland and to provide scientific
guidelines and decision support for decision makers in northeast China. We analyzed three “building
a new countryside” implementation scenarios (Historical Trend, Intensive Development, and Extensive
Development) using the SLEUTH urban growth and land cover change model in combination with remote
sensing and GIS analysis. The results indicated that farmland loss was inevitable, but revealed large
differences in landscape patterns and the amount of farmland loss among the three BNC implementation
scenarios. The Extensive Development scenario showed the largest increase in urban and rural residential
land, the highest level of landscape fragmentation, and the largest loss of farmland. Farmland loss under
the Intensive Development scenario is higher than that under the Historical Trend scenario; however,
urban and rural sprawl and the fragmentation of landscape under the Intensive Development scenario
were lower than those under the Historical Trend scenario. Consequently, the Intensive Development
scenario was recommended for actual “building a new countryside” implementation in the study area.
Potential rural sprawl under the Intensive Development scenario was also discussed, which provided
useful information for guiding scientific-based decision support and policy making. While most studies
of sprawl prediction involve urban centers only, our study presents a case of predicting urban and rural
sprawl simultaneously.
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1. Introduction 2005; Su, Jiang, Zhang, & Zhang, 2011a). Farmland loss resulting

from urban and rural sprawl occurs both in developed countries

Sprawl of human settlements, both around existing cities and
within rural areas, is a major driving force of land use and land cover
change worldwide (Batisani & Yarnal, 2009; Gonzalez-Abraham
et al., 2007; Hawbaker, Radeloff, Clayton, Hammer, & Gonzalez-
Abraham, 2006; Liu, Daily, Ehrlich, & Luck, 2003). During sprawl,
urban and rural development moves out to occupy other land
resources such as farmland, forest, and wetland (Liu, Zhan, & Deng,
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and developing countries (Brown, Johnson, Loveland, & Theobald,
2005; del Mar Lépez, Aide, & Thomlinson, 2001; Hart, 2001; Seto,
Kaufmann, & Woodcock, 2000; Tan, Li, Xie, & Lu, 2005; Theobald,
2001, 2004). Farmland is very important for China because it still
supports a vast population even at a low proportion of farmland
per capita (Yang & Li, 2000). The Brown debate about who will
feed China emphasized the scarcity of farmland (Brown, 1995).
Urban sprawl is often considered an important driver of farmland
loss (Han & He, 1999; Lichtenberg & Ding, 2008; Lin & Ho, 2003;
LRDC, 2004), whereas rural residential land growth (rural sprawl)
has often been neglected in China (Long, Heilig, Li, & Zhang, 2007;
Tian, Yang, & Zhang, 2007). Rural residential land refers to the
built-up area of rural settlements, which includes buildings, roads,
huts, vegetable gardens, thickets, livestock enclosures, and the bare
lands associated with villages and small rural market towns (Petit,
Scudder, & Lambin, 2001; Tian et al., 2007). Rural settlements in


dx.doi.org/10.1016/j.landurbplan.2011.09.003
http://www.sciencedirect.com/science/journal/01692046
http://www.elsevier.com/locate/landurbplan
mailto:xifengming@iae.ac.cn
mailto:HeH@iae.ac.cn
mailto:kclarke@geog.ucsb.edu
mailto:huym@iae.ac.cn
mailto:xqwu@yic.ac.cn
mailto:lium79@163.com
mailto:Tiemaos@sjzu.edu.cn
mailto:gengyong@iae.ac.cn
mailto:gaochang717@163.com
dx.doi.org/10.1016/j.landurbplan.2011.09.003

F. Xi et al. / Landscape and Urban Planning 104 (2012) 34-46 35

China are small in typical size but numerous and scattered. A rural
population of nearly 810 million people was distributed among
730 thousand Chinese administrative villages in 2000 (NSBC, 2001).
The total area of rural residential land is much greater than that of
urban land. Rural residential land was 16.5 million ha, 5.61 times
the urbanlandin 1999 (LRDC, 2000). About 60% of the rural residen-
tial land was converted from farmland in China (Tian et al., 2007),
and more than 92% of the increased rural residential land was from
farmland in economic developed region of coastal China (Long,
Liu, Wu, & Dong, 2009). Rural housing and buildings are mainly
single-story in most of the countryside of northeastern China. In the
countryside around Shenyang City, the total rural residential land
was 658 481.44 ha, 3.6 times the size of the city (Xu & Wang, 2008).
The growth percentage of rural sprawl is lower, but the amount of
farmland involved is larger than in the better studied urban sprawl
(Hodge, 1996; Sargeson, 2002; Theobald, 2001, 2004). Thus, rural
residential land growth management is crucial for farmland pro-
tection in China, perhaps more so that for the zones surrounding
major cities.

Building a New Countryside was put forward as China’s long-
term rural development strategy in 2003, and aims to coordinate
urban and rural development and to gear up national economic
growth. The strategy sets ambitious goals of advanced production,
improved livelihood, clean and tidy villages, a civilized social atmo-
sphere and efficient management (Long et al., 2009; Long, Liu, Li, &
Chen, 2010). Regional economic discrepancies, rural poverty, rural
land-use issues and the present international environment are four
factors that are influencing the strategy (Long et al., 2009). The
strategy represents a new form of central planning that focuses
on rural areas and has the potential to restructure both China’s
rural economy and rural landscape, especially rural sprawl induced
farmland loss. The ultimate goal of the rural development enacted
in the strategy is to reconstruct the countryside, such that farm-
ers have similar living standard to city dwellers, especially in their
housing and living environments (SCPRC, 2006; Xinhuanet, 2006,
2008). The strategy is very important to rural land use change
in China because of the dominance of rural settlements, which
carry the potential for reconstructing both China’s rural economy
and rural landscape. At the time the strategy was enacted, there
was a serious loss of farmland to rural residential land in China,
and Chinese central and local governments have introduced mul-
tiple protective measures for farmland in recent years (Ding, 2007;
Lichtenberg & Ding, 2008; Long et al., 2009; Tan et al., 2005; Tian
etal., 2007). The strategy implementations will have a large impact
on growth patterns and areas of rural residential land because
the ongoing rural industrialization and urbanization are directly
related to the amount and pattern of farmland loss caused by
rural infrastructure construction, rural housing improvement, rural
industrialization development, and the corresponding construction
of rural service establishments (Long et al., 2009, 2010). The strat-
egy poses an opportunity for more sustainable rural development,
but a challenge for further farmland protection (Long et al., 2009;
Xi et al., 2008). Meanwhile, however, there has been very little
research about the impacts of urban and rural sprawl on farmland
because of the strategy implementation.

Chinese local decision-makers and land managers need to care-
fully consider farmland loss and landscape change that will result
from urban and rural sprawl under different Building a New Coun-
tryside strategy scenarios. Land use and land cover change models
are useful tools not only to analyze and predict the changes and
theirimpacts, butalso to understand their causes and consequences
(Clarke, Hoppen, & Gaydos, 1997; Xi et al., 2009; Yang & Lo, 2003).
Using these models, decision-makers can visualize and analyze
alternative land use and land cover change scenarios and eval-
uate their impacts (Veldkamp & Lambin, 2001; Zhang, Ban, Liu,
& Hu, 2011). Recent research suggests that cities are complex

systems that mainly grow from the bottom up. Their size, scale and
shape result from intense competition for land (Batty, 2008). Urban
growth and land use change models based on the bottom up Cel-
lular Automata (CA) methods probably have been used extensively
in modeling and predicting land use changes when urban growth
is the main driving force (Wang, Li, Long, Qiao, & Li, 2011; Yang
& Lo, 2003; Zhang et al., 2011). CA-based land use change models
can easily integrate remote sensing, GIS, and spatial pattern analy-
sis technologies (Herold, Goldstein, & Clarke, 2003; Xi et al., 2009).
Researchers can use the integrated methods to objectively quantify
and predict farmland loss and rural landscape changes caused by
future strategy implementation.

In order to explore the potential impacts of implementing the
strategy on farmland and to provide guidelines and decision sup-
port to local decision-makers and land managers, the SLEUTH urban
growth and land use change model was used to conduct simula-
tion experiments with a goal of revealing the potential impacts of
strategy implementation scenarios on farmland. SLEUTH is a policy
driven, transparent, and spatial model, which is often chosen for
the quantitative simulation of urban growth and land use change
(Clarke et al., 1997; Dietzel & Clarke, 2006; Jantz, Goetz, & Shelley,
2003; Wu et al., 2009; Yang & Lo, 2003). It has been used in many
major cities in the U.S., Europe, and around the world (Clarke et al.,
2007; Rafiee, Mahiny, Khorasani, Darvishsefat, & Danekar, 2009;
Silva & Clarke, 2002; USGS, 2003; Xi et al., 2008, 2009). Specif-
ically, we intend to explore: (1) the impacts of Building a New
Countryside strategy implementations on urban and rural sprawl;
(2) the impacts of urban and rural sprawl on farmland and other
landscape types; and (3) an optimal Building a New Countryside
strategy implementation pathway that could benefit both farm-
land protection and rural residential land improvement through
alternative scenario design.

2. Materials and methods
2.1. Study area

The study area, the Shenyang metropolitan area, covers approx-
imately 3400 km?. Shenyang is the capital of Liaoning province and
the communication, commercial, scientific, and cultural center of
Northeastern China. The Hun River runs through the center of the
Shenyang city (Fig. 1). The industrial and agricultural production
of the area is about 287.53 billion RMB in 2007. The average dis-
posable annual income of urban dwellers was 14 607 RMB (about
2000 dollars), and the average annual disposable income of rural
dwellers was 6806 RMB (about 932 dollars) in 2007. The population
was 5048 558 in the study area in 2007 (Shenyang Statistics Bureau,
2008). The history of human settlement goes back more than 7200
years in the area (SCHRC, 1999). Urban and rural residential land
continuously expanded with the growth of population and industry
in Shenyang, especially after 2000 (Wu et al., 2009). Rural residen-
tial land grew rapidly in the past two decades (Zhao, Zhu, Shao,
& Ness, 2008). The resulting urban and rural sprawl has occupied
much of the surrounding farmland and created substantial change
to the region’s landscape and ecosystems (Xi et al., 2009).

2.2. SLEUTH urban growth and land cover change model

SLEUTH is a self-modifying probabilistic cellular automata (CA)
model (Clarke et al., 1997; USGS, 2003). The model’s acronym is an
abbreviation for the initials of input data layers: Slope, Land Use,
Exclusion, Urban, Transportation, and Hill Shade. Version 3.0Beta
used in this study consisting of an urban growth model (UGM) and
a Land Cover Deltatron Model (LCDM). The UGM simulates urban
growth, in which non-urban cells are converted to urban cells. The
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Table 1

Summary of growth types simulated by the SLEUTH model (based on Jantz et al., 2003).

Growth cycle order Growth type Controlling coefficient Summary description

1 Spontaneous Diffusion, slope resistance Randomly selects potential new urban and rural growth cells

2 New spreading center Breed, slope resistance Growing urban and rural centers from spontaneous growth

3 Edge Spread, slope resistance Old or new urban and rural centers spawn additional growth

4 Road-influenced Road-gravity, Dispersion, Breed, Slope resistance Newly urbanized cell spawns urban and rural growth along
transportation network

Throughout Excluded layer User-defined User specifies areas resistant or excluded to development

Throughout Self-modification Critical high or low boom or bust Self-regulate growth race to simulate nonlinear urban and

rural growth process

LCDM driven by the UGM simulates land use and land cover change.
The LCDM can specify the nature of the non-urban to urban changes
and the transactions among different land covers (Candau & Clarke,
2000; Dietzel & Clarke, 2004, 2006). The UGM can run indepen-
dently, but the LCDM must run with the UGM. SLEUTH simulates
four types of urban growth (Spontaneous growth, New spreading
center growth, Edge growth, and Road-influenced growth) con-
trolled through the interactions of five growth coefficients (ranging
invalue from 0 to 100): Dispersion, Breed, Spread, Road gravity, and
Slope (Table 1). The meanings of the five growth coefficients have
been discussed in many publications (e.g. Clarke et al., 1997; Dietzel
& Clarke, 2006; USGS, 2003). The four urban development types in
UGM are described briefly below (Jantz et al., 2003; USGS, 2003).

Spontaneous growth simulates the chaotic or uncontrolled
urbanization of land in undeveloped areas, and has the potential to
capture low-density development patterns. The stochastic urban
and rural growth was controlled by the rule. The rural residential
lands under Building a New Countryside strategy implementa-
tion were given high growth rate. The overall probability that a
non-urbanized cell in the study area will become urbanized is
determined by the Dispersion and Slope coefficients. An increase
in the Dispersion coefficient results in a more diffused pattern of
urban growth.

New spreading center growth models the emergence of new
urbanizing centers by generating up to two neighboring urban-
ized cells from the previous step in selected areas. The rural and
urban sprawl around newly growth rural residential land under
the strategy implementations were simulated by the rule. The
development of new urban and rural residential areas is con-
trolled by the Breed and Slope coefficients. An increase in the
Breed coefficient will result in more spreading centers, while
an increase in the Slope coefficient will result in higher resis-
tance to growth on steeper slopes. The Moore neighborhood
of new urbanized cells and rural residential land cells under
the strategy implementation were given higher growth probabil-
ity.

Edge growth simulates the expansion of established urban and
rural residential cells into their surroundings, and is controlled by
the Spread and Slope coefficients. Only undeveloped cells that have
at least two urban or rural neighbors and pass the Spread coef-
ficient and Slope resistance tests can become new urban or rural
cells. The Spread coefficient controls the probability that nonurban
or non-rural land will become urban or rural residential land by
outward growth or infill. The rural residential land under the strat-
egy implementation showed similar growth rate with urban land
in this growth rule.

[ Urban
B Farmland [l Forest

[J Rural residential land[ilill Vater
I Barren
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Fig. 1. Location of Shenyang metropolitan area and land use in 2004 in China.
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Road-influenced growth simulates the influence of the trans-
portation network on growth patterns by generating spreading
centers adjacent to roads, and is controlled by the Dispersion, Breed,
Slope and Road gravity coefficients. For a selected urbanized or rural
residential cell, the existed roads are sought within a defined search
radius. If roads are found near the selected cell, a temporary urban
cell is placed at the closest location adjacent to the road. This tem-
porary urban cell then searches along the road for a final location.
The direction of the search along the road is random and the search
distance is determined by the Dispersion coefficient. The final loca-
tion becomes a new spreading center, and up to two neighbors are
urbanized. The implementation rural residential lands along with
main road under the strategy were given high growth probability.

Each of the growth rules is affected by the coefficient values set
at the beginning of a growth cycle, as well as the slope, urban extent,
land cover (if LCDM is used), and excluded layers (e.g. land such as
water area and national parks that cannot be urbanized). Combina-
tions of the five parameters are tested for their ability to replicate
historic growth patterns and landscape changes and the best are
selected to predict future urban growth patterns and landscape
changes.

The LCDM simulates land use/cover changes via a transition
matrix. The LCDM uses an updatable “Deltatron” layer to simulate
land use and land cover change. Deltatrons, which are agents of
change, track the spatial and temporal effects of land transitions.
They do not contain land class values, but act as a reference to
where and when a change has occurred. Depending upon the age (in
time steps) of the Deltatron, its locally associated land class may be
available for propagating change, or holding it in its current state.
The initial conditions of LCDM are definitions of cluster size and
minimal years between transitions. The LCDM operates as follows
(Candau & Clarke, 2000; Solecki & Oliveri, 2004):

Initiate change. Newly urbanized cells created in the UGM are
assumed to induce potential changes in land cover and, as a result,
produce deltatrons in selected cells (non-urban, non-water, non-
deltatron) at random. A probability of transition is then computed
based on the weighted average slopes for each land class type, the
historical land class changes, and the slope of the current cell. If a
transition does occur, a new deltatron is created.

Create change cluster. This is an aggregation process (growth)
of the newly created deltatrons and their associated land cover
transition. Neighboring cells of the new deltatrons are randomly
selected and tested by the weighted slope and historic transition
probabilities for potential transition. The cells can only change to
the same land class that the associated deltatron has, or remain
unchanged. The newly transitioned cell now acts as the land cover
change aggregation center again. The cluster_size, an initial condi-
tion, controls the extents to which each new deltatron cluster can
grow.

Propagate change. All non-deltatron cells which are neighbors to
at least two deltatron cells that were created in the previous year
are tested against the same weighted probability of transition to
either remain unchanged or change to the same land cover types
as a neighboring deltatron’s land cover type.

Age the deltatrons. All deltatrons are aged to the next time step.
The number or cycles a deltatron may live is defined by the constant
min_years_between_transitions. If they exceed a user set age, they
‘die’ and can potentially again become new deltatrons in the next
growth cycle.

SLEUTH also maintains an optional self-modification rule.
Self-modification alters the diffusion, breed, and spread coeffi-
cient values to simulate accelerated growth (boom condition) or
depressed growth (bust condition). At the end of a year, the amount
of growth is compared to a set of limits (critical_high, critical_low).
If the amount of growth exceeds the critical_high limit, the three
coefficients are multiplied by a value greater than one, increasing

growth. If the amount of growth is less than the critical_low limit, the
three coefficients are multiplied by a value less than one, depress-
ing growth. The coefficient changes take effect during the next year
of growth. The critical_high, critical_low, and multiplier values for
boom and bust are defined as constants in a scenario input con-
trol file that initiates model calibration and forecasting. The road
gravity factor is increased as the road network enlarges, promoting
a wider band of urbanization around the roads. The critical slope
value is increased, allowing expansion onto steeper slopes. When
new growth in a time cycle takes place on steeper slopes, the spread
factor is increased which accelerates urban expansion on flat land.
The self-modification rule makes the urban growth a nonlinear pro-
cess (Candau, Rasmussen, & Clarke, 2000; Clarke et al., 1997; Dietzel
& Clarke, 2004; USGS, 2003).

SLEUTH enables its users to define future urban growth and
landscape changes as a projection of the past, then to design future
alternative urban growth and land management scenarios (Clarke
etal,, 1997; Jantz et al., 2003; Silva & Clarke, 2002; Yang & Lo, 2003),
as well as to estimate the effects of increased urbanization on alocal
environment (Civerolo et al., 2007; Solecki & Oliveri, 2004; Xi et al.,
2008).

2.3. Scenarios design and assumptions

Three scenarios were created to represent different implemen-
tations of the strategy to explore the impacts of urban and rural
sprawl on farmland: (1) a Historical Trend scenario that allows
historical trend rural residential land growth, which is the busi-
ness as usual scenario, the urban lands were simulated as types
of urban growth while residential lands were simulated as types
of residential land growth; (2) an Intensive Development scenario
that selects rural residential lands (e.g., areas with good economic
conditions and large population) on which to implement the strat-
egy, the selected rural residential lands were simulated as types of
urban growth while the other residential lands were simulated as
types of rural residential land growth; and (3) an Extensive Devel-
opment scenario that implements the strategy on any available
rural residential land, all the human settlement areas (including
urban lands and rural residential lands) were simulated as types
of urban growth. If a rural settlement is selected to implement the
strategy, national and regional investment and a series of favorable
policies were placed into the area to promote rural development
(Fan & Zhang, 2004; Long et al., 2009). The policies of improved
livelihood, clean and tidy villages, and rural areas development are
direct driving forces of urban and rural sprawl (Xi et al., 2008).
The selected residential land that implemented the policies will
be given higher growth probability. The selected residential land
that implemented indirect policies of efficient agriculture, taxes
decrease on agricultural products, low-cost loans subsidization for
new farm equipment, rural electrification, 9-year education pro-
gram for rural children, etc. will be given lower growth probability
(Xi et al., 2008). The areas and pattern of the human settlements
and their impacts on farmland under different scenarios were com-
pared. The human settlement area is composed of both urban land
and rural residential land. The differences among the scenarios are
simulated through different types of rural residential land sprawl,
whether it is selected for implementing the strategy or not. The
selected rural residential lands showed the same sprawl types as
urban sprawl, while the other rural residential lands showed the
same sprawl types as that of the Historical Trend scenario.

The SLEUTH growth protocol has some limitations on conver-
sion of urban to other land use types (Jantz et al., 2003). Thus, there
are two assumptions in our study: (1) urban land cannot convert
to other land types once it become urban land; (2) once rural resi-
dential land of a particular administrative town or village is chosen
to implement the strategy, it is taken as urban land because it has
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Table 2
Six themes of layer and input data in the SLEUTH model.
Theme (number of layers) Year Sources
Urban extent and rural residential 1988 Classified from Landsat5 TM satellite images (1988, 1992, 19972, 2000, and 2004). The ancillary data: the
land extent (5) 1992 Topographical map (1:100 000) of 1981; the Shenyang central city maps derived from air photos
1997 (1:10000) of and 2001 (1:15000); the map of Shenyang city (1:10000) of 2000 and the ground survey
2000 information (GPS points). Classification overall accuracy (OA) of each classified image is more than 88.5%;
2004 Kappa index (KI) of each classified image is more than 0.847
Land use/cover (3) 1988 Classified from Landsat5 TM satellite images (1988, 19972 and 2004). Classification overall accuracy (OA)
1997 of each classified image is more than 85.5%; Kappa index (KI) of each classified image is more than 0.807.
2004 Land use data in 1997 and 2004 were used for calibration and prediction, while land use data in 1988 is
used for validation
Roads (5) 1988 Digitalized from Transportation Maps of Liaoning Province, and modified with Landsat5 TM satellite
1992 images (1988, 1992, 19972, 2000, and 2004) and transportation construction data and the historical maps
1997
2000
2004
Slope (1) 1980 Topographical map
Exclusion 1980 Classified from Landsat5 TM satellite image of 1988
(1) 2004 Conserves in China
Hill shade (1) 1980 Topographical map

aThe urban extent, rural residential land, land cover, and road in 1997 obtained from Institute of Applied Ecology, Chinese Academy of Sciences. The data sources and

classification methods are same as to the other years.

same development opportunity as city and a series of additional
favorable policies.

2.4. Data preparation

Data sources for historical urban and rural extents and other
input layers are listed in Table 2. Urban extents and rural res-
idential land data for the Shenyang metropolitan area for the
years 1988, 1992, 1997, 2000, and 2004 were derived from Land-
sat TM images and based on corresponding urban administrative
maps (1:100 000), supplemental ground survey information, and
municipal infrastructure distribution maps. The urban spectrum
characteristic of Landsat TM images, distribution of municipal
infrastructure, administrative level, urban development zones, and
urban land classification standards were considered in extracting
the urban extent and rural residential land (MHURDPRC, 1994,
2008).The three scenarios of implementing the strategy mean three
different types of urban and rural sprawl, so also in the calibra-
tion and prediction phases of the SLEUTH application. The slope
and hill shade layers were derived from the topographical map of
1980 (1:100000). The transportation networks were derived from
Transportation Maps of Liaoning province (1:550 000) for their cor-
responding years. The excluded layer is typically defined as large
areas of water, existing parks and conservation lands, which are
excluded from future development. The excluded layer is from the
topographical map in 1980 (1:100 000) and the Natural Reserves of
China (Xie, Wang, & Schei, 2004). The land use layer for 1988, 1997
and 2004 were derived from Landsat TM images.

The three scenarios of the strategy have the same excluded layer,
slope, transportation network, non-residential land use, and hill
shade layersin the calibration and prediction stages. The urban land
and rural residential land were analyzed by one human settlement
land type in output analysis of each scenario. The parameter sets for
the three scenarios derived from calibrations were used to predict
urban and rural sprawl, farmland loss, and changes of forest, water,
and barren from 2005 to 2045, with a 70% and above urbanization
threshold probability and 100 Monte Carlo simulations for each
year in both graphical and tabular forms. The graphical outputs
from the year 2005 to 2045 were analyzed using ArcGIS.

2.5. SLEUTH model calibration and validation

The calibration of SLEUTH is the most important phase for the
capture of urban growth characteristics and for success in model

forecasting. The calibration approach explores parameters sets for
each scenario by synthesizing physical, economic, political, policy,
planning, and the management factors that influence the spa-
tiotemporal dynamics of urban and rural sprawl, farmland loss,
and landscape changes. Using the “brute force calibration” method
(Silva, 2004; Silva & Clarke, 2002), the three different urban and
rural sprawl scenarios were tested to determine differences in the
model parameter set, and future urban and rural sprawl and farm-
land loss. The SLEUTH model performed well in this area (Wu et al.,
2009). The three different scenarios of implementing the strategy
resulted in three different parameters sets from calibrations. The
calibration phases and best fit metrics are shown in Table 3. The
best fit metrics are high in each of the calibration processes (Dietzel
& Clarke, 2006; Silva & Clarke, 2002; USGS, 2003). Parameters sets
for the different scenarios were shown in Table 4.

The Kappa index is an effective tool for map comparison and
consists of the standard Kappa, location Kappa, and quantity Kappa
(Pontius, 2002; Stehman, 1999). It can reveal the accuracy of the
simulated map with respect to the observed map, from the quan-
tity and location (of urban grid) when used in model validation
(Oguz, Klein, & Srinivasan, 2007; Xi et al., 2009). The urban extent
in 1988 and the land use map of each scenario in 1988 were used as
input seed layers. Then, the SLEUTH model was run to predict urban
growth and land use pattern in 2004. The simulated urban extent
and land use maps of each scenario in 2004 were obtained from
running the SLEUTH model using growth coefficients derived from
calibration. A Kappa index was calculated using the simulated maps
and the observed maps of 2004. All the Kappa indices in the three
scenarios were more than 0.75 (Table 5), which revealed that the
simulated map had high coherence to the observed map of 2004.
The SLEUTH model had higher quantity simulation accuracy than
location simulation accuracy (Wu et al., 2009). It had high simula-
tion accuracy in both the class level and the landscape level in the
study area.

2.6. Landscape metrics

In order to compare the impacts of urban and rural sprawl on
farmland under the three scenarios of the strategy in Shenyang, four
landscape metrics (Annex 1), Class Area (CA), Number of Patches
(NP), Mean Patch Size (MPS), and Aggregation Index (Al) were
used in farmland and urban and rural residential at the class level,
and in the whole landscape at the landscape level (He, DeZonia, &
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Mladenoff, 2000; Kong & Nakagoshi, 2006; Li et al., 2005; Lin, Hong,
Wu, Wu, & Verburg, 2007; Long et al., 2009; Sui & Zeng, 2001; Xie,
Mei, Guangjin, & Xuerong, 2005). The landscape metrics were cal-
culated using the Fragstats software (McGarigal, Ene, & Holmes,
2002).

3. Results
3.1. Landscape changes at the landscape level

Urban land and rural residential land were combined as one
human settlements land landscape type in outcomes analysis.
There were five landscape types in the simulation result under
each scenario, urban and rural residential land (human settlements
land), farmland, forest, water, and barren. The trajectories of the
different landscape types are shown in Fig. 2. The areas of farm-
land, forest, water, and barren decreased in each scenario, while
urban and rural residential land type increased. The urban and rural
residential land is the most significant change landscape type in
each scenario. The Extensive Development scenario showed the
largest urban and rural residential land growth area, largest farm-
land loss, and largest loss of forest, water and barren land. Farmland
was the dominant landscape type in both the Historical Trend sce-
nario and the Intensive Development scenario from 2005 to 2045.
In the Extensive Development scenario farmland was the dominant
landscape type from 2005 to 2039, after which urban and rural resi-
dential land landscape type is larger than farmland and is dominant
from 2040 to 2045. The landscape matrix remains farmland in each
scenario from 2005 to 2045 except for the Extensive Development
scenario which changed to the urban and rural residential land-
scape type from 2040 to 2045. The areas of landscape types in 2045
were different. The areas of farmland were 174211.2 ha in 2045 in
the Historical Trend scenario, 173 224.08 hain 2045 in the Intensive
Development scenario, and 141959.52 ha in 2045 in the Exten-
sive Development scenario, respectively. The areas of urban and
rural residential land were 135331.20 ha in 2045 in the Historical
Trend scenario, 137 673.00 hain 2045 in the Intensive Development
scenario, and 174418.20 ha in 2045 in the Extensive Development
scenario, also respectively.

The increased areas of urban and rural sprawl by 2045 were
547 26.84ha, 57 068.64 ha,and 93 813.84 ha in the Historical Trend,
Intensive Development, and Extensive Development scenarios
respectively. The increased areas of urban and rural sprawl were
converted from farmland, forest, and other landscape types. The
urban and rural sprawl occupied mainly farmland. The areas of
corresponding farmland loss were 40 061.52 ha, 41 048.64 ha, and
72313.20ha in the Historical Trend, Intensive Development, and
Extensive Development scenarios (Fig. 3).

The number of patches increased at the landscape level under
each scenario from 2005 to 2045 (Fig. 4a). The Extensive Develop-
ment scenario had the largest increase of the number of patches.
The Historical Trend and Intensive Development scenarios showed
similar increased rates of number of patches, whereas the Inten-
sive Development scenario showed the least increase. The value of
mean patch size decreased under each scenario (Fig. 4b), whereas
the Extensive Development scenario had the lowest mean patch
size value at each simulation year, the Historical Trend and Inten-
sive Development scenarios show similar mean patch size value,
and the Intensive Development scenario had the lowest value. The
aggregation index shows similar tendency to the mean patch size
(Fig. 4c¢). In general, the Extensive Development scenario showed
the most fragmented landscape pattern, the Historical Trend sce-
nario showed a medium fragmented landscape pattern, and the
Intensive Development scenario showed the least fragmented
landscape pattern (Fig. 5).

Table 3

Calibration process, best fit metrics, and results for SLEUTH model of Shenyang under three scenarios (based on Dietzel & Clarke, 2006).
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Table 4

Calibration parameter sets in three implementation scenarios of “building a new countryside” strategy.

Scenarios of “building a new countryside” strategy implementations

Parameter sets

Diffusion Breed Spread Slope resistance Road gravity
Historical Trend scenario 13 30 41 60 63
Intensive Development scenario 6 92 30 3 78
Extensive Development scenario 87 52 13 14 50
Table 5
The Kappa index of the simulated map to the observed map in 2004.
Scenario types Kappa index Agricultural Urban Rural Forest Other land Landscape
Standard Kappa 0.900 0.775 0.835 0.821 0.827 0.929
Historical Trends scenario Kappa location 0.901 0.885 0.923 0.847 0.964 0.958
Kappa quantity 0.996 0.900 0.904 0.980 0.859 0.970
Standard Kappa 0.912 0.798 0.853 0.831 0.817 0.938
Intensive Development scenario Kappa location 0.903 0.880 0.903 0.852 0.954 0.961
Kappa quantity 0.998 0.914 0.884 0.986 0.879 0.983
Standard Kappa 0.856 0.755 0.821 0.801 0.803 0.914
Extensive Development scenario Kappa location 0.879 0.849 0.899 0.889 0.935 0.937
Kappa quantity 0.900 0.889 0.900 0.923 0.898 0.916

3.2. Landscape changes at the class level

Human settlements land (including urban land and rural res-
idential land) and farmland were two dominant landscape types
from 2005 to 2045. The total percentage of the two landscape types
was more than 84.8% in each scenario in 2005 and more than 89.0%
in each scenario in 2045. The proportion of the other landscape
types is relatively small. Urban and rural sprawl and farmland loss
were key issues. The urban and rural residential land and farmland
were two landscape types were subjected, and the other landscape
types not further considered.

3.2.1. Urban and rural sprawl at class level
The urban and rural land sprawl patterns of the three differ-
ent scenarios showed large differences in 2045 (Fig. 5). The area
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of urban and rural residential land increased under each scenario
from 2005 to 2045, the Extensive Development scenario showed
the highest sprawl rate both urban and rural, the Intensive Devel-
opment and Historical Trend scenarios show similar growth rates
(Fig. 6a).

The number of urban and rural residential patches increased
under each scenario from 2005 to 2045. The Extensive Devel-
opment scenario showed the largest number of urban and rural
residential patches, the Intensive Development scenario shows the
lowest number, and the Historical Trend scenario was in the mid-
dle at each year from 2005 to 2045. The number of urban and
rural residential patches increased dramatically from 2005 to 2030,
but decreased from 2031 to 2045 under the Extensive Develop-
ment scenario. The number of urban and rural residential patches
increased slowly from year 2005 to 2030 and decreased slowly from
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Fig. 2. The areas changes of landscape types from 2005 to 2045 and areas of landscape types in 2045 (HT: Historical Trend scenario; ID: Intensive Development scenario;

ED: Extensive Development scenario).
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Fig. 3. The increased area of urban and rural sprawl (IAURS) and the decreased area
of farmland and other landscape types in 2045 (HT: Historical Trends scenario; ID:
Intensive Development scenario; ED: Extensive Development scenario).

year 2031 to 2045 under the Intensive Development scenario, and
the number of urban and rural residential patches increased equally
from 2005 to 2045 under the Historical Trend scenario. The number
of urban and rural residential patches was 1353 in 2004, increas-
ing to 4167, 3046, and 5315 under the Historical Trend, Intensive
Development, and Extensive Development scenarios respectively
in 2045. The highest value of the number of urban and rural resi-
dential patches (maximum sprawl) was 5999 that appeared in 2030
under the Historical Trend scenario (Fig. 6b). The changes in the
number of urban and rural residential patches under the Extensive
Development and Intensive Development scenarios exhibit the pat-
tern of diffusion and coalescence of the urban and rural residential
patches observed by Dietzel, Herold, Hemphill, and Clarke (2005a,
2005b).

The value of mean patch size (urban aggregation) under the
Intensive Development scenario was the highest in each forecast
year, the value of mean patch size under the Extensive Develop-
ment scenario was the lowest, and the value of mean patch size
under the Historical Trend scenario was in the middle (Fig. 6¢).

Fig. 6d shows that the values of the aggregation index under
the Historical Trend and the Intensive Development scenarios were
similar, ranging from 90.21 to 91.91. The values of the aggregation
index under the Extensive Development scenario decreased dra-
matically from 91.55 to 85.89 and then increase slowly to 86.91.
The highest values of the number of urban and rural residential
patches, the lowest values of the mean patch size, and the low-
est aggregation index under the Extensive Development scenario
showed its most diffused urban and rural sprawl pattern, and vice
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versa, the Intensive Development scenario shows the least diffused
urban and rural sprawl pattern and the Historical Trend scenario
shows a moderate diffused urban and rural sprawl pattern (Fig. 5).

3.2.2. Farmland loss and fragmentation at class level

The predicted results show that the areas of farmland decreased
in each scenario from 2005 to 2045. The areas of other non-
settlement land types also decreased accordingly (Fig. 7a). The
Extensive Development scenario showed the largest decrease in
farmland, while the Intensive Development and Historical Trend
scenarios show similar lower rates of farmland loss. The number
of farmland patches was the highest, and increased dramatically
under the Extensive Development scenario; but increased only
slowly under the Historical Trend and Intensive Development
scenarios from 2005 to 2045. The number of farmland patches
under the Intensive Development scenario was lower than that
under the Historical Trend scenario at each year (Fig. 7b). The
mean patch size for farmland decreased under each scenario from
2004 to 2045, implying greater fragmentation. The Historical Trend
scenario showed the largest value, the Extensive Development sce-
nario shows the lowest, and the Intensive Development scenario
was in the middle (Fig. 7c). The aggregation index decreased under
each scenario from 2005 to 2045. The Historical Trend and Intensive
Development scenarios showed a similar lower aggregation index
ranging from 95.47 to 91.66 and the Extensive Development sce-
nario showed the lowest value ranging from 95.31 to 84.19 (Fig. 7d).

The Extensive Development scenario had the largest loss and
fragmentation of farmland in each year from 2005 to 2045. The
Historical Trend and Intensive Development scenarios showed sim-
ilar loss and fragmentation of farmland. Farmland loss under the
Intensive Development scenario was slightly higher than under the
Historical Trend scenario from 2005 to 2045 at the class level, but
the sprawl of urban and rural residential and the fragmentation
of the landscape under the Intensive Development scenario were
lower than those under the Historical Trend scenario.

4. Discussion

4.1. Building a New Countryside strategy implementation and
farmland protection

The farmland loss and fragmentation is dire when considering
the implications for the strategy, although it has been observed due
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Fig. 4. Landscape metrics of three scenarios at landscape level (a) number of patches, (b) mean patch size, (c) aggregation index.
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Fig. 5. The landscape pattern under each scenario in year 2025 and 2045 (HT: Historical Trend scenario; ID: Intensive Development scenario; ED: Extensive Development

scenario).

to the construction of residential settlements in the countryside
(Lin & Ho, 2003; Tian et al., 2007; Xu, 2004). Different scenar-
ios for implementing the strategy show only different degrees of
additional loss and fragmentation of farmland in Shenyang. The
Extensive Development scenario will lead to more rural sprawl,

more rural construction, and more rural residential land increases
(Fan & Zhang, 2004; Shen & Ma, 2005). The Extensive Development
scenario showed the largest urban and rural sprawl and the largest
landscape fragmentation, which will result in the largest loss and
fragmentation of farmland. The rural residential land growth and
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farmland loss seem inevitable in implementing this strategy for
rural residential infrastructure and housing improvement and in
implementing the related development policies. The farmland loss
in the Intensive Development scenario was a little higher than
that in the Historical Trend scenario. The Historical Trend scenario
also does not prevent urban and rural sprawl, farmland loss and
landscape fragmentation. The lower urban and rural sprawl and
landscape fragmentation in the Intensive Development scenario
compared to Historical Trend scenario benefited from selectively
intensive development policy and control of some rural sprawl in
the scenario designs. The diffused urban and rural sprawl pattern
will result in fragmentation of farmland and accelerated farm-
land loss (Xie, Yu, Bai, & Xing, 2006), biodiversity decrease (Liu
et al,, 2003), water quality decline (Wang, Da, Song, & Li, 2008;
Zhang et al., 2007), and other ecological impacts (Goetz, Wright,
Smith, Zinecker, & Schaub, 2003; Zhao et al., 2008). The reduced
rural investment, less rural construction, and lack of favorable poli-
cies in the Historical Trend scenario can only lead to a slowing
down of the rural settlement development and improvement of
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housing conditions (Zhang & Fan, 2004), not their reversal. Thus,
even the Historical Trend scenario cannot achieve the target of
Building a New Countryside strategy. The Intensive Development
scenario is good for farmland and landscape protection if urban and
rural sprawl could be further controlled considering the strategy.
The environmental impacts of the Intensive Development scenario
are comparatively smaller. While most studies of sprawl prediction
involve urban centers only, the study presents a case of predicting
urban and rural sprawl simultaneously.

The centralized settle-down practice is another Building
a New Countryside tactic commonly used in the coastal
regions in China. Implementing this tactic requires farmland
expropriation—-compensation balance that may result in quality
decrease of newly increased farmland, that is, some farmlands with
good quality were expropriated for urban and rural construction
while newly increased farmlands with poor quality were used for
the occupied farmlands compensation (Yu et al., 2010; Zheng &
Shen, 2007). In addition, northeast China is the most important
grain production base and implementing such a tactic may lead
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Fig. 7. Landscape metrics of three scenarios at farmland class level (a) class area (b) number of patches, (c) mean patch size, (d) aggregation index (HT: Historical Trend

scenario; ID: Intensive Development scenario; ED: Extensive Development scenario).
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to decrease in both farmland quantity and quality, which endan-
gers national food security. Thus, the tactic was not simulated in
this study.

4.2. Policy implication

Building a New Countryside is a Chinese national strategy for
solving the three issues related to farmers, agriculture, and rural
area in China. Further, and even greater, rural residential land
growth and farmland loss seem inevitable in implementing the
strategy. China’s rural development should consider further how
to deal with rural land-use issues, especially the conflict between
rural residential land and farmland.

Building a new countryside in an intensive, compact and proven
way is a recommended policy in northeastern China. The Exten-
sive Development scenario projected the possible large amount of
farmland loss. Spontaneous urban and rural spatial growth should
be prohibited in future land management. So, building a new coun-
tryside in an intensive, compact and proven way can contribute
to reducing farmland loss and the related rural environmental
impacts. Su, Zhang, Zhang, Zhi, and Wu (2011b) study that rural
residential land sprawl typically occurs on farmland within 5km
of build-up rural settlements supported our policy implication,
which support our policy implication. Compact rural development
and smart-growth type rural residential land growth are impor-
tant visions for local planners and decision makers. Demonstration
projects for implementing the strategy in rural settlement with
large population are recommended to test these concepts. Through
field survey, we found that the use efficiency of rural public services
is very low in most existing Building a New Countryside implemen-
tation rural settlements with small populations, which result in not
only further loss of farmland, but also a waste of investment in the
public service infrastructure.

Rural land management legislation and regulations related to
the strategy implementation should be adopted. Although the
Chinese central government has adopted a “basic farmland pro-
tection areas regulation” policy to protect farmland from being
converted to developed land (Pan & Zhao, 2007), relative legislation
and regulations in implementing the strategy are few. For exam-
ple, excessive scattering of rural landholdings is also commonly
regarded as a major obstacle to farmland protection in China (Tan
et al., 2005; Wu, Liu, & Davis, 2005), yet there are few regulations
aimed at intensive rural land management.

A land law enforcement system should be established in China.
It is urgent to strictly enforce farmland protection laws and to con-
trol rural and urban sprawl in implementing the strategy in China.
Farmland loss in the Su-Xi-Chang region coastal China while imple-
menting the strategy through rural construction land consolidation
witnesses weak land law enforcement (Long et al., 2009). A national
land law enforcement system would be helpful to prevent farm-
land from converting to developed land under local protectionism.
Converting farmland to other build-up land is prohibited when
implementing the strategy.

Scientifically-based rural planning policies and management
programs for implementing the strategy should be critical from
the perspective of land management. There is a lack of plan-
ning in rural China, which has led to diffused rural residential
land growth, farmland loss, insufficient utilization and manage-
ment of land resources, and related environmental problems (Su
et al., 2011b). Local governors, managers, rural planners, and land
resource managers should put forward adaptive scientific village
plans to management old and new houses alike in developing the
strategy in rural China. Plans should coordinate among local land-
scape planning, local land-use planning, and industrial planning.

4.3. Limitations and future research directions

There were some limitations in the simulation assumptions
and SLEUTH model. The centralized settle-down practice in the
Chinese Building a New Countryside strategy is scarce in other
countries. There is no focused urban and rural growth model that
can simulate it. Although SLEUTH model can simulate all the imple-
mentation scenarios in Northeast China and west China, it cannot
simulate displacement, shrinkage and disappearance of urban and
rural construction land in only one type of Building a New Country-
side implementation practice in the Su-Xi-Chang region of coastal
China. Developing a model to simulate urban and rural land shrink-
age and disappearance is a future research direction. In addition,
how to protect farmland through improving land use efficiency and
enhancing labor productivity is good topic for future research when
implementing the strategy.

5. Conclusion

China’s Building a New Countryside strategy is helpful for rural
development, but represents a challenge to farmland protection. To
scientifically implement the strategy is critical for farmland protec-
tion. The farmland loss was inevitable inimplementing the strategy.
The combined methods of remote sensing, geographical informa-
tion system, landscape metrics, and the SLEUTH urban growth and
land cover change model are effective decision-support tools to
analyze and compare the impacts of classical urban and rural sprawl
patterns on farmland in China. SLEUTH model can simulate most
Building a New Countryside implementation scenarios in Northeast
China and West China, except for the displacement, shrinkage and
disappearance of urban and rural construction land. The Intensive
Development scenario, which selects rural residential land with
good economic conditions and large populations to implement the
strategy, is recommended if spontaneous urban and rural sprawl
can be further decreased. Possible policies include (1) to build a
new countryside in an intensive, compact and smart way, (2) to
establish rural land management legislation and regulations and
land law enforcement system related to the strategy implemen-
tation, (3) to implement scientific planning of a new countryside.
Local governors, managers, rural planners, and land resources man-
agers should put forward adaptive village plans and schemes that
are informed by scientific forms of inquiry to improve old hous-
ing while also building new houses under the strategy in rural
China, coordinating with local landscape planning, local land-use
planning, urban planning and industrial planning. Our findings and
suggestions will give not only decision-support for implementa-
tion of the Building a New Countryside strategy in northeast China
and west China, but also new perspectives for rural urbanization in
other developing countries.
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