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Abstract: Rapid urban expansion in the surrounding area is a 

major reason of ecological environment deterioration. This 

research adopted SLEUTH model and imported the result of 

ecological environment analysis as the excluded layer by building 

multi-factor comprehensive decision model, therefore, realized a 

loose couple of urban growth model and ecological environment 

analysis. The result indicates that this methodology is able to 

simulate urban expansion on the condition of effective ecological 

environment protection, thus proposes a relatively new idea and 

foundation to evaluate the existing land use situation and assist 

future land use planning. 
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I.  INTRODUCTION  

Since 1980s, China has entered into an era of rapid 
urbanization and land use has changed dramatically. Land 
cover is an essential element of ecological function[9]. Since a 
great amount of natural lands such as forests and wetlands are 
replaced by construction land, ecological crisis like soil erosion 
and lake eutrophication are coming up and getting worse. 
Therefore, how to build dynamic urban expansion and land use 
change model has now become a subject worth studying for 
land use planning and ecological environment protection. Such 
models are able to simulate urban expansion on the conditions 
of ecological environment protection on the basis of recreating 
dynamic land use change during historic time period. The 
result could be adopted to assist the government to make 
scientific land use planning and bring forward effective land 
use policies to avoid ecological environment aggregation. 

A class of bottom-up models, Cellular automata (CA), is 
highly dynamic and has a strong ability to simulate time-space 
evolution of complex systems [5]. Given such advantages, CA 
has gained wide attention from researchers attempting to 
simulate and predict spatial patterns of urban development. 
SLEUTH model (slope, land use, exclusion, urban extent, 
transportation, hillshade) belongs to the CA class of models 
and was first developed by Keith. C. Clark in 1998[10]. It is a 
CA-based urban growth model (UGM) coupled with a land-
cover-change model (US Geological Survey 2003)[4]. SLEUTH 

has been quite successful at recreating patterns of urban growth 
and land use change by analyzing historic datasets. So far, it 
has been adopted to simulate urban growth in several regions, 
such as San Francisco and Baltimore-Washington corridor[10]. 
All of these researches have got reliable results and provided 
significant reference for the study of urban expansion 
mechanisms. Besides, some researchers have also adopted 
SLEUTH to simulate land use change under different policy 
conditions, so as to study the impacts of future policy on land 
use and assist land use planning[3,7]. However, in these 
researches, probabilities of exclusion or levels of protection for 
each kind of land use were only set by supposition, rather than 
systematic analysis. 

The objectives of this research are: (1) to quantify 
ecological environment protection and (2) to simulate urban 
expansion on condition of ecological environment protection. 
Dianchi basin in Kun Ming, Yun Nan province is extracted as 
the study area and relevant land use data in past 30 years are 
collected to calibrate SLEUTH. Ecological environment is 
analyzed by building multi-factor comprehensive decision 
model and the quantified result is imported as excluded layer of 
SLEUTH. On the basis of these, urban expansion and land use 
change in Dianchi basin with effective ecological environment 
protection has been successfully simulated. Finally, the 
simulated land use and the real land use situation are compared, 
and the causes of inconsistencies are carefully discussed, so as 
to provide useful reference and suggestion for land use 
planning. 

II. STUDY AREA AND DATA 

A. Extraction of Study area 

So far, there are several definitions of Dianchi basin, most 
of which are conformed to administration boundaries. In 
consideration of the integrity of the ecosystem of Dianchi 
basin, this research breaks out the restriction of administration 
boundary. Instead, hydrological analysis is used to extract 
study area, which is defined as Dianchi basin in this paper. Fig 
1 shows the extraction process. In this method, DEM of 
Kunming with no sink is the foundation for the following 
analysis. To generate DEM with no sink, algorithm D8 is first 
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adopted to calculate flow direction and then each sink are 
found out and filled. Then, flow direction is calculated again on 
the basis of DEM with no sink. On one hand, the whole basin 
is generated with this modified flow direction. However, such 
basin is too large and further segmentation is needed to distract 
small units. On the other hand, flow accumulation at each pixel 
is calculated, and stream net is generated with a threshold of 
5000 for further procession. In order to distract small basin 
unit, the outlet of the whole basin should be set at first, and 
then all the grids on the up stream of the outlet and flowing 
through it are searched out according to the stream net 
generated before, till all the pixels in the basin area have been 
extracted, which means the boundary of the sub-basin is 
defined. This sub-basin is the study area of this paper – Dianchi 
basin. 

 
 Figure1.  Procedure of basin extraction                  Figure2.  Study area 

Dianchi basin, the study area of this paper, is located at 
112°15’9”E~113°0’3”E, 25°55’2”N~26°45’5”N, covering an 
area of 4533km2. It is composed of a major part of Panlong 
District, Guandu District, Xishan District, Anning District, 
Chenggong County and Jinning County in Kunming, as well as 
some part of Songming County (Fig. 2). In geology, the study 
area lies in the center of Yunnan-Guizhou Plateau, and is the 
watershed of Yangtze River, Pearl River and Red River. The 
elevation is high in north and low in south. It is a lake basin 
surrounded by mountains and hills, which is wide from north to 
south and narrow from east to west. Kunming and Dianchi are 
located in this study area. 

B. Data 

Land use data of Dianchi basin used in this research are 
derived from interpretation of remote sensing imagery and land 
use map. The remote sensing imageries are 3 SPOT imageries: 
imagery of Landsat MSS in January 1974, imagery of Landsat 
TM in August 1992 and imagery of Landsat ETM+ in 
November 2000. Other data have also been collected, such as 
land use map in 1996 under the scale of 1:10000, and digital 
elevation model (DEM) of Kunming. For preprocessing, land 
use are divided into 5 categories, which are agriculture, garden 
and forest, urban and rural area, water, and bare land. This 
classification system is conformed to the principle of being 
scientific and systematic as well as being identifiable from 
remote sensing imagery. It bases on the national land use 

classification system and Yunnan land use classification 
system. Besides, real situation of land use in Kunming and the 
quality of the available remote sensing imageries are also taken 
into account.  

In addition, some materials related to ecological 
environment are also collected, including distribution of natural 
reserves, major tourism projects and ecological program. All 
these data are served as significant basis for ecological 
environment analysis. 

III. METHODOLOGY 

A. Land use change simulation 

This research adopts SLEUTH to simulate urban 
expansion. SLEUTH is an implementation of CA[3, 13], which 
couples a CA-based urban growth model (UGM) with a land-
cover change model. It has already been used in the simulation 
experiment of Los Angeles, Chicago and Washington, and the 
results are fairly reasonable. The most important, an excluded 
layer is included in the input data of SLEUTH, in which the 
difficulty to be urbanized during the process of urban 
expansion is set for each pixel. Therefore, it is the excluded 
layer that provides convenient interface for the extension of 
SLEUTH, so as to simulate urban expansion on the condition 
of environment protection. 

1) SLEUTH 

SLEUTH3.0 Beta[8] developed by Keith. C. Clarke requires 
six input data: slope, land use, urban extension, transportation 
network, excluded layer and hillshade. Growth Cycle is the 
fundamental function unit of SLEUTH. SLEUTH simulates 
four types of urban land use change: spontaneous growth, new 
spreading center growth, edge growth, and road-influenced 
growth. These four growth types are applied sequentially 
during each growth cycle, and are controlled through the 
interactions of five growth coefficients: dispersion, breed, 
spread, road-gravity, and slope (Tab. I) [3].  

TABLE I.  UMMARY OF GROWTH TYPES SIMULATED  SLEUTH MODEL 

Growth 

Cycle Order 
Growth Types 

Controlling 

Coefficients 

Summary 

Description 

1 Spontaneous Dispersion 

Randomly selects 
potential new growth 

cells 

2 
New Spreading 

Center 
Breed 

Growing urban 

centers from 
spontaneous growth 

3 Edge Spread 
Old or new urban 

centers spawn 

additional growth 

4 
Road 

Influenced 

Road-Gravity, 
Dispersion, 

Breed 

Newly urbanized cell 
spawns growth along 

transportation 
network 

Throughout 
Slope 

Resistance 
Slope 

Effect of slope on 

reducing probability 
of urbanization 
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Throughout Excluded Layer User-Defined 
User specifies areas 
resistant or excluded 

to development 

2) Model Calibration 

The goal of calibration is to derive a set of values for the 
five growth coefficients that can effectively model growth 
during historic time period. SLEUTH model calibration is 
performed in three phases: coarse, fine and final. Each 
coefficient are gradually modified through brute force Monte 
Carlo method and evaluated by accuracy metrics. The general 
process of brute force Monte Carlo method is as following. The 
range of value for each coefficient is first divided into four 
equal intervals in coarse calibration. In other words, each 
coefficient has five possible values: 0, 25, 50, 75 and 100. 
SLEUTH simulates land use change with each probable set of 
values and evaluates the accuracy of simulated results. Users 
then choose the best sets of values from the file 
Control_stats.Log, so as to narrow the range of value and 
repeat the above process, and focus the value to even narrower 
range. For each set of parameters, simulated growth is 
compared to actual urban growth using several metrics, and 
users can choose one or more as the primary measurements of 
accuracy. Since each metric indicates simulation accuracy in 
different terms, there is no standard metric for model 
calibration.  

TABLE II.  INPUT DATASET FOR SLEUTH  

SLEUTH Inputs Input Data Types Input Data Years 

Urban 
Landsat MSS, TM, ETM+, 

Land use map 
1974,1992,2000,1996 

Land use 
Landsat ETM+,  

Land use map 
1996,2000 

Road Landsat TM, ETM 1992,2000 

Excluded Landsat ETM+ 2000 

Slope DEM  

Hillshade DEM  

TABLE III.  INPUT DATASET FOR SLEUTH  

 In this research, for SLEUTH model calibration, 1974 is 
set as start year, while 1992, 1996, and 2000 are set as 
controlling years. Land use dataset of Dianchi basin in these 

years are input to the model. Input dataset is listed in Tab. . 

In addition, water is set 100% exclusive from developing. 
Lee-sallee metric[5] is chosen as the primary measurements of 
accuracy, because it is the only metric that specifically 
measures spatial fit. SLEUTH model calculates a modified Lee 
and Sallee index by taking a ratio of the intersection and the 

union of the simulated and actual urban areas (S = (A B) / (A

B , A is simulated urban areas, B is actual urban areas). A 
perfect spatial match would result in a value of 1. Calibration 

results at each phase are listed in Tab. . 

It is indicated that Lee-Sallee is as high as 0.57 or more 
throughout the three phases of calibration. However, urban 
growth simulation in some area is still not improper. For 
instance, edge growth of the existing urban area is too 
excessive. Besides, urbanization rate is too fast along the road 
as well as in mountain and semi-mountain area with steep 
slopes in the north part of study area. Given these 
inconsistencies, by comparing the simulation result and the real 
historic data and conducting several experiments, the final 
value of spread, slope and road-gravity are respectively 
reduced to 22, 20 and 19, while the final value of dispersion 
and breed are respectively increased to 4 and 9. As a result, 
simulation accuracy with these modified parameters has been 
apparently increased. That is to say, Lee-Sallee increases to 
0.62. 

B. Ecological Environment Analysis 

The purpose of this research is to simulate urban expansion 
on condition of effective ecological environment protection. 
Therefore, factors constricting urban growth and land use 
change are mainly selected in terms of ecological environment 
protection. These selected factors are analyzed and quantified 
by building multi-factor comprehensive decision model and the 
utility of overlay analysis technique. The general method is as 

following: Water is considered 100  exclusive form 

developing, that means exclusion value of water is 100. For the 
rest area, protection of natural reserves and tourism scenic 
spots are taken into account. Finally, by calculating respective 
exclusion value of each factor in each pixel, weighted sum of 
all the factors for each pixel are obtained and set as the 
exclusion value of each pixel in the study area. 

Data of natural reserves in this research is derived form the 
map of “natural reserves distribution in Kunming”, which is 
published on the website of Kunming environmental protection 
bureau (http://www.kmepb.gov.cn/). Through digitalization, 
location and area of each natural reserve are converted into 
vector format. Natural reserve protection level of each pixel in 
the study area is quantified through buffer analysis of each 
reserve according to distance. That is to say, pixels within 
natural reserves get the highest value, and pixels in surrounding 
areas get decreasing value according to its distance to the 

natural reserves (Tab. ). 

Coarse Fine Final 

Monte Carlo 
ierations = 5 

Monte Carlo 
ierations = 7 

Monte Carlo 
ierations = 8 

Total number 
of simulation 

= 3125 

Total number 
of simulation 

= 3600 

Total number 
of simulation 

= 2000 

Lee-Sallee 
=0.578 

Lee-Sallee 
=0.593 

Lee-Sallee 
=0.581 

Growth 
parameter 

range step range step range step 

Result 
value 

Dispersion 1-100 25 0-20 5 1-5 1 1 

Breed 1-100 25 0-20 5 1-5 1 3 

Spread 1-100 25 20-50 10 20-25 1 25 

Slope 1-100 25 0-25 5 15-27 4 23 

Road-
Gravity 

1-100 25 0-25 5 19-28 3 22 
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TABLE IV.  BUFFER DISTANCES AND CORRESPONDING SCORES OF 

NATURAL RESERVES PROTECTION  

buffer distance (meter) value of natural reserves protection 

500 100 

500~1500 80 

1500~3500 60 

3500~6500 40 

6000~10000 20 

10000 0 

For tourism scenic spots, each one is considered as a point 
at its location. Therefore, exclusion values of tourism scenic 
spots are graded by conducting buffer analysis for such points. 
In this research, tourism scenic spots are divided into two 
categories: natural scenic spots and artificial scenic spots. 
Influential range and intensity of each kind is set according to 
previous experience. Equations to calculate scores of tourism 
scenic spots are as following: 

0

100/100 d
f natural

   
1000

100000

d

d  

0

50/100 d
fartificial

   
5000

50000

d

d  

),max( artificialnatural ffF =  

Exclusion value of each pixel apart from water is the 
weighted mean of natural reserves protection score and tourism 
scenic spots protection score mentioned above. Here, the 
weight of natural reserve is set as 0.6, while the weight of 
tourism scenic spot is set as 0.4. The technique of overlay 
analysis based on grids is adopted to calculate the final 
exclusion value of each pixel (Fig. 3). The equation of 
calculation is as following: 

4.06.0
21

+=
iii

ees
 

Si -- final exclusion value of pixel i; 
e1i -- natural reserves protection score of pixel i; 
e2i -- scenic spots protection score of pixel i.  

 

Figure 3.  Ecological environment analysis 

C. Simulation of Urban Expansion with Ecological 

Environment Protection 

The calibrated SLEUTH model is able to simulate the 
inherent pattern of urban growth and land use change of the 
study area, thus predict urban expansion under this pattern and 
growth trend. However, urban growth and land use change can 
not be an arbitrary process. On the contrary, it must be 
constrained by some conditions. Ecological environment 
protection is significant to realize sustainable land use. 
Therefore, a constraint of environment protection should be 
added to urban expansion simulation, so as to make the result 
more reliable and be able to guide land use planning. 

As it is mentioned above, through ecological environment 
analysis, protection levels and its constraint to urban growth 
and land use change in different areas are quantified. Such 
result can be imported as excluded layer for SLEUTH. In other 
words, areas with relatively vulnerable ecological environment 
and needing highly protection have higher exclusion value, 
while those with relatively stable ecological environment and 
suitable for development have lower exclusion value. As a 
result, ecological environment analysis is loosely coupled with 
SLEUTH and urban expansion is reasonably controlled in the 
process simulation. Fig. 4 shows the whole methodology of 
simulation. 

 

Figure 4.  Simulation of urban expansion with 
ecological environment protection 

IV. RESULTS 

In this research, using the historic dataset of 1974 1992, 
1996 and 2000, urban expansion of Dianchi basin in 2005 on 
the condition of environment protection is simulated and the 
result is compared with the real land use situation in 2005. 

First of all, SLEUTH simulated urban expansion is more 
intensive from spatial distribution than the real situation (Fig. 
5). In the real course of land use change, urban sprawl is more 
serious, especially for the villages in Chenggong County. On 
the contrary, in the simulated course of land use change, 
growth types are mainly edge growth around the existing urban 
center and road influenced growth along transportation 
network. In addition, urban growth around Dianchi has been 
effectively controlled, which obviously indicates the constraint 
role of ecological environment protection on urban growth and 
land use change.  

Second, as it is shown in Fig.6, quantity structure of all 
kinds of land use are various between the simulated result and 
the real land use situation. Simulated area of agriculture and 
garden and forest respectively account for 20.34% and 52.40% 
of the total study area  However, in 2005, agriculture and 

garden and forest only respectively account for 19.49  and 
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Figure 5.  Real and simulated land use in 2005 

 

51.56  of the total study area. In other words, simulated 
agriculture and garden and forest are respectively 38km2 and 
37km2 larger than the existing area in 2005. Meanwhile, 

simulated urban and rural area accounts for 10.85  of the total 
study area, while the existing urban and rural area in 2005 

accounts for 12.61  of the total study area. In other words, 
simulated urban and rural area is 80km2 less than the existing 
urban area in 2005. Besides, simulated water and the existing 
water in 2005 are almost the same. Therefore, it is concluded 
that, with ecological environment protection, the simulated 
land use maintains more natural land and is better for 
sustainable development in the future.  

 

Figure 6.  Real and simulated quantity structure of land use in 2005 

However, there are still some inadequacies in the SLEUTH 
simulation result, especially for urban growth in Jingning 
County. On one hand, it is because the multi-factor 
comprehensive decision model adopted for ecological 
environment analysis is to some extent subjective. According 
to this model, the protection level of Jingning County is 
relatively high. As a result, the urban growth in Jingning 
County is inadequate and far from the real situation. On the 
other hand, since the positive effect of Jingning Industrial Park 
on urban growth is not considered in SLEUTH, simulated 
urbanization speed is quite slower than the real development. 

V. CONCLUSION AND DISCUSSION 

Judging from the view of ecological environment 
protection, urban expansion in Dianchi basin is almost 
reasonable, which regards the protection of natural reserves, 
scenic spots and other areas with vulnerable ecological 
environment. However, there is still some unreasonable spatial 
distribution. For instance, urban growth is not quite intensive 
and some part of wet land is replaced by construction land or 
agriculture land, which is not conductive for water and soil 
conservation. Therefore, it is suggested that, conforming to the 
principle of keeping and improving ecological environment, 
the intensity of land development along Dianchi should be 
strictly controlled. Apart from assuring the needed construction 
land, it is necessary to recover natural wet lands, create 
artificial wet lands, and build transitional zone of ecological 
protection, so as to promote a coordinated relationship between 
of land use development and ecological environment protection 
and realize sustainable development of land use.  
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On the basis of SLUETH, this research realized a loose 
couple of land use change model and ecological environment 
analysis, by taking ecological environment protection as a 
major constraint to land use change. The result indicates that 
this methodology is able to simulate urban expansion on the 
condition of effective ecological environment protection, thus 
proposes a relatively new idea and foundation to evaluate the 
existing land use situation and assist future land use planning. 
On one hand, SLEUTH has the ability to simulate complicate 
process of urban growth and land use change on the basis of 
historic dataset and predict land use change in the future. On 
the other hand, ecological environment constraint is added to 
the model by building multi-factor comprehensive decision 
model and importing the result of ecological environment 
analysis as excluded layer of SLEUTH. 

However, there is still something in this research need to 
improve. First of all, higher precision of remote sensing 
interpretation is required. Remote sensing interpretation 
precision directly decides the quality of input dataset for 
SLEUTH, which is the foundation of model calibration. 
Remote sensing interpretation precision in this research does 
meet the requirement of SLEUTH, and the simulation result is 
quite reliable. However, if remote sensing imagery of higher 
resolution is available and the interpretation technology is 
improved, the simulation result will be even better. Second, 
urban expansion and land use change is a comprehensive and 
complicate process. It is not only constrained by objective 
conditions such as ecological environment, but also influenced 
by subjective factors such as economy, society and culture, 
which can hardly be all reflected in a model. This research 
mainly considers the constriction of ecological environment on 
urban growth. However, the effect of industrial park 
construction and related policies are not taken into account. 
Therefore, in further research, comprehensive factors 
influencing land use change should be involved as more as 
possible, only by which the simulation result can be more 
reliable and more comparable with the real situation. 
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