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ABSTRACT 

Cellular automata （CA） modeling is one of the recent advances in spatial–temporal modeling techniques to the field 
of urban growth dynamics. A number of CA-based models of urban growth have produced satisfactory simulations of 
spatial urban expansion over time. The paper explained the parameters, transformation and calibration of the SLEUTH 
model-one specific format of the cellular automation model, on the base of which the process of urban growth of 
changsha city between the year 1996 and 2005 is rebuilt. Moreover the spatial morphology of Changsha city in 2015 and 
2030 is separately predicted with the method of scenario simulation. The results of analysis and simulations indicate that 
application of the SLEUTH model to simulation of urban growth is advisable and the accuracy of simulation is 
acceptable. 
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 1.   Introduction 
Cellular automata (CA) which is brought forward by Ulam in 1940s is generally used in the evolvement process of self-
organized system. Cellular automata is a kind of “bottem-up” study methods, i.e., individual simple activity may lead to 
complicated system of global ordered mode, which embodies the concept that complex system comes from the inter-acts 
of simple subsystems. Cellular automata is capable of simulating two-dimension state in discrete time, hence it is of 
spatial-temporal dynamics and the characteristic makes it superior in simulating urban growth and land use change[1]. 

 In recent years, the application of CA to urban growth has been studied by a great many scholars and a lot of results 
have been obtained. For example, Batty el. made further studies on urban space evolvement with fractal dimension 
theory and CA model [2-4]; Clarke K el. simulated the urban development of San Francisco on the west coast of the U.S. 
and east Washington – Baltimore urban area according to the historical data of urban evolvement and long term forecast 
was made[5-6]; White R. el. applied CA model to simulation and forecast of Cincinnati city in the U.S.[7-11]; Wu F studied 
urban land expansion of Guangzhou City in China with integrated CA model and AHP[12]; Almeida el. (2003) 
constructed urban model on the base of CA model as well as Bayes principle and probability theory[13]; Liu (2004) 
designed CA urban model based on Markov random territory[14] and stated that time span had great impact on CA urban 
model with experiments on the base of the model. Ping LUO el. considered both geometrical and non-geometrical 
elements that control geographical properties, built geographical property cellular automata, and simulated and 
forecasted the land use evolvement rationalization[15]; Xia LI el. (1999) set up CA models based on environment 
constraint, urban modality constraint, expansion density constraint and comprehensive constraint from the respect of 
constrained rule of sustainable land development such as environment protection and land resource protection, especially 
plantation protection, rational development of urban modality and compact urban pattern, feasible construction density, 
etc. The model was applied to simulate sustainable development planning of Dongguan City[16, 17].  

The paper gives specific description and statements of urban growth model based on cellular automata model- SLEUTH. 
In addition, the SLEUTH is applied to simulate the process of urban growth of Changsha city in the last 10 years and the 
following 25 years so as to validate the precision and feasibility of the simulation.  
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 2.   Methods 
2.1 Study area and data 

The Changsha City is located in the southern Yangtze River in the central China（Fig.1）. It covers five administrative 
Districts, named Yuelu District, Kaifu District, Furong District, Tianxin District, and Yuhua District, with total area of 
around 556 km2 and the current population is around 2.03 million. As the capital and the largest city in Hunan Province, 
Changsha is the center for administration, culture, economy, and transportation. Since the building up the bridge over 
Xiangjiang river in 1972, Changsha has experienced rapid urbanization along with riparian of the Xiangjiang river. Data 
used in study consists of landsat TM image data of Changsha in 1996, 1999, 2002, 2005, and land use data, regulatory 
planning results, DEM etc. of Changsha in 2006. According to the need of study and data property, data is divided into 
layers of land use, present urbanization, traffic network, restriction elements, slope, hillshade. Layer of historical land 
use could be acquired by classification of remote sensing images; Layer of present land use and layer of present 
urbanization could be gotten from land use data of Changsha city in 2006. For present regulatory planning results of 
Changsha city has covered the urban area and the defined urban construction land would basically not change. Urban 
land that cannot be developed such as water area, hills, public greenbelt, nature protection area, fundamental farmland 
protection area has definitely been controlled, hence restriction elements could be acquired from regulatory planning 
results. Traffic network includes main roads and train way. Slope and mountain shadow could be gotten from DEM data.  

 
Fig.1. The location map of study area 

2.2 SLEUTH urban growth model 

SLEUTH is one kind of realized CA model, with which a study area could correspond to a grid space, each cell 
represents a unit of land use, in this paper, the cellular space corresponds to the classified image of study area, and each 
cell corresponds to the pixcel of the image. In the process of simulation, whether a certain non-urbanized unit would be 
urbanized in the following time depends on the state of the cell and the evolution principles[18-20]. 
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2.2.1  Model coefficients and principles of urban growth  

 SLEUTH model is calibrated on the basis of historical dada. Coefficients adaptable to specific areas are selected to 
localize the model. Up to 5 coefficients and 4 growth principles affect urban growth. The 5 coefficients are spread 
coefficient, breed coefficient, dispersion coefficient, road coefficient and slope coefficient; the 4 principles are accrual, 
newly built area growth, and edge growth along traffic network. In the principle of accrual, spread coefficient decides the 
times a grid is picked to be urban unit. In the principle of growth along traffic network, dispersion coefficient defines the 
distance to road unit, road coefficient determines the distance to search unit, and breed coefficient decides the times to 
search the road. In the principle of newly built area growth, breed coefficient decides the feasibility of a urban grid to be 
a center of an expanding city. In the principle of edge growth, spread coefficient determines the feasibility that a nearby 
cellular of a random urbanized unit in the expanding center could be urbanized. Slope coefficient has the same effect on 
all growth principles. The higher slope coefficient of a unit is; the less probability of it could be urbanized. If the slope 
coefficient is close to 0, the feasibility of a unit to be urbanized could hardly be affected by the slope coefficient. It is 
demonstrative that the model is affected synthetically but not separately by the five coefficients, which promote the 
evolution of the model in defined principles.  

2.2.2  model calibration 

Model calibration is a process of sample training with historical data[21,22]. First of all, the initial value of breed 
coefficient, spread coefficient, slope coefficient, dispersion coefficient and road coefficient is set. The 5 coefficients are 
defined within the section [0,100] with the maximum 100 and minimum 0. Coefficients and data are input into the model 
for calibration. There are 3 stages in calibration, coarse calibration, exact calibration and final calibration, with section to 
be exact stage by stage. Each stage includes a great many Monte Carlo iteration. The model compares the training results 
with real data and evaluates their matching degree with Lee-Sallee index (S=(A∩B)/(A�B), A represents simulation 
results, and B represents real data) so as to determine the coefficient range of next stage and get a best group of 
coefficients with final revision. After calibration, the model adjusts the obtained growth coefficients with a self-
modification to make the process to be closer to real situation. The calibration process is shown in Fig.2. 

2.3 Simulation of urban growth 

SLEUTH urban growth model is developed according to definitions above and related references with VB6.0 
development language and ArcEngine component[19,20]. Prepared data of layers of land use, current urbanization, traffic 
network, restricting elements, slope and hillshade are input into the model and future urban growth could be predicted 
after model calibration. Flow chart of simulating urban growth based on SLEUTH model can be seen in Fig.3. 

 

 

 

 

 

 

 

 

 

 

Fig.2  Process of model calibration 

 3.  Results Analysis 
3.1 Analysis on model calibration 

According to methods of model calibration in section 2.2.2, Landsat TM images in the years of 1996, 1999, 2002 and 
2005 are training samples for model calibration and Lee-Sallee index is considered to be the main criterion to evaluate 
the match degree. The statistics in the three revision stage of the experiment are shown in table 1. 
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Values of Lee-Sallee in three stages respectively are 0.612, 0.632, and 0.624, all above 0.6. r2 of the amounts of 
simulated urban unit number and real urban unit number is over 0.96. After coarse calibration, each coefficient is defined 
into a narrower range, however, slope coefficient is in a wider range and it must be controlled with wider step in the 
following stages. After precise calibration, values of spread coefficient and dispersion coefficient are comparatively 
stable and hardly changes. Finally among the five obtained coefficients, spread coefficient and road coefficient weighs 
most, which means the urban areas expands from the center to the outside extendedly along the roads; low value of 
dispersion coefficient shows it is not obvious urban units form automatically in low density area.  

 

 

 

 
 
 
 

 

 
 
 
 
 
 
 
 

 
 
 
 

Fig.3  Flow chart of simulating urban growth based on SLEUTH model 

3.2 urban growth rebuilt from 1996 to 2005 

In order to study the mechanism and reasons for urban growth, the growing process of urban areas is rebuilt with the 
previous calibrated coefficients. During the rebuilding procedure, Value of Lee-Sallee is up to 0.64. Fig.4 shows 
comparison of simulation and real data in 1999, 2002 and 2005. In addition to Lee-Sallee, method of cell-by-cell 
comparison is also used to test the model precision. Accuracies of simulation with cell-by-cell comparison are obtained 
by analyzing present maps and simulated maps in 1999, 2000 and 2005 (Table 2): Accuracy of urban cell simulation is 
70.12% in 1999, 68.37% in 2002 and 60.25% in 2005, which means the accuracy of SLEUTH model is acceptable. 

Fig.4 indicates the phenomena of distinct urban expansion along the roads, which means the larger road coefficient 
results in too rapid development of urban along the roads. Next, the expansion speed of west land where is mountain area 
is over expected, for it should expand much slower than east south area because of topography. But the slope restriction 
is so loosened that slope coefficient equals 21.0, urban expansion in mountain area is not controlled. Lastly, urban blocks 
are more fragmental in reality than in simulation. Edge growth weighs more in simulation. Larger spread coefficient 
leads urban area to expand from current urban cell and automatic growth and growth to form new spread center are not 
much simulated. According to statistics, urban growing rate in three stages are respectively 3.72%，4.28% and 4.93%. 
Yearly average growth rate increases gradually. Construction land takes 36.69% in 1999, 44.67% in 2000 and 50.86% in 
2005. Land has been developed more rapidly in recent years and will be expanding in future drived by economy 
elements.  
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3.3 Senario simulation of future urban growth 

According to transform rules of SLEUTH model and calibrated coefficients above, senarios of urban growth in 2015 and 
2030 are simulated, which are:  

Planning scenario 1: urban areas grows to current trend with no considerations of loss of farmland, forestland and green 
land. 

Planning scenario 2: Aimed to protect farmland, urban growth occupies the least farmland, forestland and green land 
with no consideration of current trend. 

Planning scenario 3: Aimed to protect farmland, urban growth occupies the least farmland, forestland and green land 
with consideration of current trend[23,24]. 

Fig.5 shows senarios of urban growth in different proposals. It can be seen clearly in figure: In planning scenario 1, 
urban areas keeps the growing trend and occupies plenty of farmland, forestland and green land, which is a unsustainable 
growing mode; In planning scenario 2, most farmland remain, but urban morphology is disordered because of 
overemphasizing on farmland protection; In planning scenario 3, not only most farmland and forestland are kept, but also 
urban areas growing trend remain. To sum up the simulated senarios above, land use in future could be found to be tense. 
There will be no land to use in center urban areas. Urban areas will expand from the outskirt to villages and towns with 
better traffic conditions. With urban growth, occupation of farmland, forestland and green land will not be avoidable, so 
government should take positive action in restrictively controlling excessive urban growth and protecting farmland for 
fear security of area food supplies and ecological environment is over destroyed.  

Table 1 Statistics of model calibration 

Coarse revision Precise revision  Final revision 

iteration＝6 iteration＝7 iteration＝8 

times of simulation=3125 times of simulation=7776 times of simulation=5250 
Regress analysis on 

amount of total urban unit 
(r2) =0.962 

Regress analysis on 
amount of total urban unit 

(r2) =0.971 

Regress analysis on 
amount of total urban unit 

(r2) =0.963 

Lee-Sallee＝0.612 Lee-Sallee＝0.632 Lee-Sallee= 0.624 

 

Range Step Range Step Range Step 

Final 
 

value 

Spread 
Coefficient 1-100 25 0-25 5 5-17 2 14 

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

dispersion 
coefficient 1-100 25 0-25 5 5-25 5 21 

road 
attraction 
coefficient 

1-100 25 0-25 5 1-15 3 6 

Slope 
coefficient 1-100 25 25-75 10 25-50 5 21 
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Table2 Accuracies of the simulation according to the cell-by-cell comparison 

Year 1999 2002 2005 
Accuracy(%) 70.12 68.37 60.25 

 4.   Conclusion and discussion 
The paper introduces a realizing format of cellular automata -SLEUTH model to simulate urban growth and its 
coefficients, transform rules and calibration process, and applies the model to simulate and forecast urban growth of 
Changsha city. By analyzing the simulation results, it could be stated that it is feasible to using SLEUTH model in urban 
growth simulation and the accuracies are acceptable. 

By rebuilding urban growth of Changhsa city between 1996 and 2005 and forecasting urban morphology in 2015 and 
2030 with combination of scenario simulation and SLEUTH model, the growing type is found to be edge growth. With 
urban growth, occupation of farmland, forestland will not be avoidable, so governments should take positive action in 
restrictively controlling excessive urban growth and protecting farmland for fear security of area food supplies and 
ecological environment is over destroyed. 

Limited by time and data, impact of space scale on simulation has not been taken into account, which will be considered 
in further study in order to improve the accuracies and applications ability of the model. 

 
Fig.4  The simulated and actual urban growth of Changsha city in 1999, 2002 and 2005
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Fig.5   Scenario simulation results of urban growth of changsha city in 2015 

Proc. of SPIE Vol. 7143  714314-7



 
 

 
 

REFERENCES 

1. Allen, P. M., “Cities and regions as evolutionary, complex systems,” Geographical Systems. 4, 103-130(1997). 
2. Batty M., “Urban evolution on the desktop: simulation with the use of extended cellular automata,” Environment 

and Planning A. 30, 1943-1967(1998). 
3. Batty M, Couclelis H, Eichen M.,“Urban systems as cellular automata,” Environment and Planning B: Planning and 

Design. 24, 159 -164(1997). 
4. Batty M, XieY, Sun Z., “Modeling urban dynamics through GIS-based cellular automata,” Computers, 

Environment and Urban Systems. 23,  205- 233(1999). 
5. Clarke K C, Gaydos L J., “Loose-coupling a cellular automaton model and GIS: long-term urban growth prediction 

for San Francisco and Washington/Baltimore,” International Journal of Geographical Information Science. 12, 699- 
714(1998). 

6. Clarke K C, Hoppen S, Gaydos L., “A self-modifying cellular automaton model of historical urbanization in the 
San Francisco Bay area,” Environment and Planning B: Planning and Design. 24, 247-261(1997). 

7. WhiteR, EngelenG., “Cellular automata and fractal urban form; a cellularmodelling approach to the evolution of 
urban land-use pattern,” Environment and Planning A. 25,1175-1189(1993). 

8. White R, Engelen G, Uljee I., “The use of constrained cellular automata for high-resolution modelling of urban 
land-use dynamics,” Environment and Planning B: Planning and Design. 24, 323- 343(1997). 

9. White R, Engelen G., “Cellular dynamics and GIS: modeling spatial complexity,” Geographical Systems. 1, 237-
253(1994). 

10. White R, Engelen G., “Cellular automata as the basis of integrated dynamic regional modeling,” Environment and 
Planning B. 24, 235-246(1997). 

11. White R, Engelen G., “High-resolution integrated modeling of the spatial dynamics of urban and regional system,” 
Computer, Environment and Urban System. 24, 383-400(2004). 

12. Wu F, Webster C J, “Simulation of land development through the integration of cellular automata and multicriteria 
evaluation,” Environment and Planning B: Planning and Design. 25(1), 103-126(1998). 

13. Almeida C M, Batty M, Monteiro A M V, “Stochastic Cellular Automata Modeling of Urban Land Use Dynamics: 
Empirical Development and Estimation,” Computers, Environment and Urban Systems. 27(5), 481-509(2003). 

14. Liu X H, Anderson C, “Assessing the Impact of Temporal Dynamics on Land-use Changes Modeling,” Computers, 
Environment and Urban Systems. 28(1-2), 107-124(2004). 

15. Wu. F, "Calibration of stochastic cellular automata: the application to rural-urban land conversions," Int. J. Geogr. 
Inf. Sci. 16(8), 795-818 (2002). 

16. Longley P.A. et al, Geographical Information Systems:Principles,Techniques,Management and Applications, Wiley, 
New York, 1999. 

17. Dietzel. C, Herold. M, Hemphill. J. J, Clarke. K. C, "Spatio-temporal dynamics in California’s Central Valley: 
empirical links to urban theory," Int. J. Geogr. Inf. Sci. 19(2), 175-195 (2005). 

18. Herold. M, Couclelis. H, Clarke. K. C, "The role of spatial metrics in the analysis and modeling of urban land use 
change," Comput. Environ. Urban Syst. 29(4). 369-399 (2005). 

19. Darla. K. M and Daniel.M, "Issues in spatially explicit statistical land-use/cover change (LUCC) models: Examples 
from western Honduras and the Central Highlands of Vietnam," Land Use Policy. 24(3), 521-530 (2007). 

20. Silva E A, Clarke K C., “Calibration of the SLEUTH urban growth model for Lisbon and Porto, Portugal,” 
Computers, Environment and Urban Systems. 26(6), 525-552(2002). 

21. Kok, K., Farrow, A., Veldkamp, A., & Verburg, P., “A method and application of multi-scale validation in spatial 
land use models,” Agriculture, Ecosystems and Environment. 85, 223–238(2001). 

22. Kocabas, V., Dragicevic, S., “Assessing cellular automata model behaviour using a sensitivity analysis approach,” 
Computers, Environment and Urban Systems. 30(6), 921-953(2006). 

23. Liu XiaoPing, Li Xia, Anthony Gar-On Yeh et al, “Discovery of transition rules for geographical cellular automata 
by using ant colony optimization,” Science in China Series D: Earth Sciences. 50(10), 1578-1588 (2007). 

24. Liu XiaoPing, Li Xia et al, “Simulating complex urban development using kernel-based non-linear cellular 
automata,” Ecological Modelling. 211(1), 169-181 (2008). 

Proc. of SPIE Vol. 7143  714314-8


