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Abstract: 

World is growing with fast rate of urbanization and 

rapidly increasing population have led to improper 

infrastructure and urban settlements which needs to 

be monitored for sustainable planning and decision 

making. Urban prediction models are very important 

tools for analysing and predicting urban growth in a city 

which will be very useful for governmental agencies for 

decision making. This paper presents a study on 

SLEUTH with the help of GIS techniques and Satellite 

imagery which helps in predicting urban growth which 

is a very important aspect in this fast growing globe. 

The SLEUTH is a spatially explicit cellular automata 

model which is used to foresee urban sprawl of 

Udaipur City by 2020. For this, built up maps of Udaipur 

of year 1997, 2001, 2008, 2011, Road Layers of 2001, 

2008, 2011, one exclusion layer, one hill shade layer 

and one slope layer have been used respectively. It 

uses a Linux based Cygwin software to calibrate this 

model which gives us best fit values based on five 

factors.The top values shows us how the growth of the 

city has expanded and also on which factor it is based 

on.The result shows us that Udaipur being a hilly area 

yet a potential area for industries and education has 

expanded towards east west corridor due to slope also 

due to good road network expansion was observed 

towards NH-8 towards south.The encouraging results 

indicate the importance of urban prediction for making 

future master plan to serve as a management tool for 

the assessment of urban change. 
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Introduction  
Land use change is driven by interaction in space and time between humans and the environment that can be 

captured by computer simulation models (Veldkamp and Verburg, 2004). In the last few decades, land use 

change models have played an important role in understanding the causes, mechanisms and consequences of 

land use dynamics. The models have provided an opportunity to explore and evaluate land use policies, and 

have helped to visualize alternative futures. The success of these land use models is directly related to the 

availability of highresolution satellite images, with better precision and accuracy, and to the availability of 

increased computational power. Among the types of model that have been used to study land use change, the 

impact of cellular automata (CA) models has arguably been the greatest (Batty, 1997; Batty et al., 1997; 

Couclelis, 1997). These ‘flexible’ CAs divide the landscape into cells, and their behavior is determined by 

transition rules that capture the uncertainties of the real world system and simulate the pattern and process 

of urban growth (Batty, 2005). These mechanistic models have become successful largely because of their 

simplicity (Torrens and Sullivan, 2001). SLEUTH is one such CA model that has been successfully applied 

worldwide over the last 15 years to simulate land use change. The objective of this paper is to review the 

current status of the SLEUTH land use change model. Clarke et al. (2007) and Clarke (2008a) provided detailed 

reviews of the model and its application from its initial days until about 2005. This paper brings the debates, 

modifications and applications of the model up to date, and provides a brief discussion of past SLEUTH 

applications. We next highlight the technical modifications published after 2005 and provide a detailed review 

of applications published until 2012. Structurally, first this paper presents a brief history and description of the 

SLEUTH model, and then reviews the recent successful technical modifications and applications. 

 
Sleuth Model 
 
From humble origins as a cellular automata model for simulating wildfire spread and behavior (Clarke et al., 
1993; Clarke et al., 1995), SLEUTH has become one the most popular simulation models of urban growth and 
land use change. The model has been revised and modified many times to reach its present version (Clarke, 
2008a). From the beginning, the model and its documentation and source code have been publicly available and 
this fact has led to the model being modified by several researchers worldwide, other than its original authors, 
to adapt for their local applications. SLEUTH has been known to be applied to over 66 different cities and regions 
(Clarke and Gaydos, 1998; Clarke et al., 2007; Clarke, 2008a). The Land Cover Deltatron Model (LCD) is tightly 
coupled (i.e. integrated at the code level) with the earlier Urban Growth Model (UGM) and together they are 
called SLEUTH. The name of the model is an acronym for the six gridded raster maps used as input data layers 
in the model. The model is open source and runs under Unix, Linux and 90 Chaudhuri& Clarke / The International 
Journal of Environmental Resources Research 1, 1 (2013) Cygwin, a Windows-based Unix emulator (Clarke, 
2008a).The model uses two land use maps with a consistent classification scheme along with at least four urban 
maps to represent the unique historical pattern of growth during the model’s calibration and application (Gazulis 
and Clarke, 2006).The two land use layers are used in calculating the class-to-class transition matrix among the 
different land use classes (Clarke, 2008b).The exclusion layer is included to control urban growth in areas where 
urbanization is restricted according to local land use policies (for example water bodies, protected areas, etc). 
Digital elevation models are used to create the slope and hill shade layers for the area of simulation. Lastly, it 
requires multiple weighted road maps from different time periods that determine the probability of urban 
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development according to accessibility of the location. The two cellular automata run in sequence and the 
output of the newly urbanized cells determines the number of times the deltatron code executes (Clarke, 
2008b). 
 
 

AREA OF STUDY – UDAIPUR (RAJASTHAN) 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig: 1 – Area of study Udaipur(raj.) 

 
 

Why Udaipur? 
• Urban sprawl has been one of the burgeoning issues of study in the present development situation 

where increasing population and migration for better livelihood opportunities have paved way for 
rapid expansion of the urban centres. 

• The study aims the magnitude, growth and trend of urban sprawl taking place along the major 
transport arteries linking Udaipur city of Rajasthan, India with the major development hubs of the 
nation during the last decades. The region is witnessing intense concentration of tourism and 
industrial activities. As hypothesized urban development occurs along the arteries taking advantage of 
existing infrastructure in a state where there is a lack of planned development. In lieu of this, built-up 
land advance take place which is mostly along the major accessible routes where land price are 
increasing. This mechanism of land encroachment degrades the existing green belt and results in a 
chaotic growth of the urban settlement. This has led to redistribution of land by the complementary 
tendencies of concentration and dispersion.  
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Fig: 2 – Area of study Udaipur(raj.) 
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Data Used 

Data Source 

Remote Sensing Data Landsat TM (30m) - USGS Earth explorer 

Year 1991, 2001, 2008, 2011 

 

Aster DEM (30m)  

Road Network, Thematic maps, Ward 

Boundaries 

 

 

Reference Images 

Udaipur Municipal Corporation 

Open street maps 

 

 

google.co.in 

Table 1 – Data used 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 3 – Landsat TM Image of Udaipur 
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Methodology 

A proposed methodology work flow which is based on monitoring temporal urban growth from remotely 

sensed imagery. This methodology consists of several steps: data collection from multiple sources, data 

processing such as image fusion and digitizing, temporal mapping, evaluation based on spatial indicators and 

comparisons. The main quantitative analysis includes morphology analysis, spatial pattern analysis and land 

use structure change with future sprawl prediction. Visual image interpretation has been performed on this 

remote sensing data. Visual image interpretation different layers like land use, urban, exclusion and 

transportation have been digitized. Results have been rectified with the earlier development plans. Factors 

effecting sprawl like outgrowth, roads, slope, land use are collected from ancillary data source and integrated 

to study probability of sprawl. 

 

SLEUTH input data 

For this study five temporal dataset of urban area from 1997, 2001, 2008, and 2011 have been digitized from 

satellite images. The model requires a binary classification of urban/non-urban data. Urban is given a value of 

100 and non-urban is given a value of 0. This layer was converted to raster and exported to GIF format with 

30m resolution. It assigns a value of 100 to urban areas and 0 to non-urban areas. Urban development is 

attracted to locations of increased accessibility. A transportation network can have major influence upon how 

a region develops. To include this effect, SLEUTH requires three road layers that change the city’s growth over  

 

time. Three time period road network for 2001, 2008 and 2011 has been digitized from the satellite images. 

Road network images are binary, road/non road. Road is given a value of 100 and non-road is given a value of 

0. These combined layers were exported as GIF format (Fig. 3). Slope is derived from Digital Elevation Model. 

DEM data from ASTER sensor with 30m resolution was used. Using Spatial Analyst toolbar, percent slope at 

each pixel was computed. Slope is reclassified and exported to GIF format with 30m cell size. Thus all the 

layers will be exported as GIF format, UTM projection and 30m resolution. Slope ranges are given as 0-5 

percentage is given 0 weight which is highly suitable for urban growth is shown in dark green color. Slope 

range from 5-10 percentages is given 25 weight which is suitable is shown in light green color. Slope range 10-

20 percentage is given 50 weight which means moderately suitable is shown in orange color and all the slope 

ranges above 20 percentages is given 100 weight which is not suitable is shown in red color in figure 4. A 

classification of land use was prepared based on using visual interpretation classification. Each land class was 

assigned a unique pixel value in attribute table. This layer was converted to raster and exported as GIF layer 

with 30m cell sizes. SLEUTH requires at least one layer of land use. In this study two land use layers have been 

prepared for 2005 and 2011. In the classified output shown in figure 5, urban is given value 1 (yellow), 

agriculture is given value 2 (blue), waste land is given value 3 (light green) and water body is given value 5 

(red). The excluded image defines all locations that are resistant to urbanization. Areas where urban 

development is considered impossible are given a value of 100. These areas include water bodies, public and  
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semi-public areas, mining areas, forest lands, airports and recreational areas. Locations that are available for 

urban development have a value of zero (0). These areas include open areas, vacant lands, construction sites 

and waste lands. Locations that are available based on conditions or they represent partial exclusion, are given 

a value of 50. These areas include wetlands and agricultural lands. SLEUTH requires 1 layer of exclusion. In the 

figure 7 green color shows urban area which is given exclusion weight as 100. All the region which have 

neutral changes of converting into urban are shown in blue color and weight given to them is 50 and areas 

shown in red are the areas which are non-urban and have high chances of converting to urban weight given to 

this class is 0. One excluded layer is created (2008). 

 

METHODOLOGY FLOW CHART 

 

 

 

Fig: 4- Flowchart of methodology 
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Layer used 

 

 

 

 

 
Fig: 5- Built up layers of udaipur 
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Fig: 6- Road network layers of udaipur 
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Fig: 7 & 8 – Landuse Layer (2008) and Slope layer of udaipur 
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Fig: 9 & 10 – Hillshade layer and Exclusion layer (2011) of Udaipur city 
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All these layers are given as input to SLEUTH model which calibrates the data with predefined rules in which 

the parameters are modified on the basis of the input data. Once the data is ready model is calibrated for 

which the input file names are modified in the scenario file. The model is run for coarse, fine, final and 

forecasting stages as shown in figure 2. In each of the stages the parameters are modified as the growth rule is 

applied which leads to self-modification and give the output statistics. For selecting the range of Coefficient 

range for the next step OSM (optimal SLEUTH Metric) is used and at the end it gives one value for coefficient 

for inputting in the predict stage. Prediction is done on the basis of the values obtained by calibrating the 

SLEUTH model. Output of the model is in graphical as well as statistical format which is then projected in GIS 

and analyzed. This model gives the future urban growth pattern. 

 

SLEUTH Implementation 

In SLUETH growth rules are applied on a cell-by-cell basis and the array is synchronously updated at the end of 

each year. The modified array forms the basis for urban growth in each succeeding year. Potential cells for 

urbanization are selected at random and the growth rules evaluate the properties of the cell and its neighbors 

such as whether or not they are already urban, what their topographic slope are, how close they are to a road 

(Clarke and Gaydos, 1998) In the model there are five factors controlling the behavior of the system: Breed 

Factor (Coefficient) determines how likely a newly generated, detached or road-influenced settlement is to 

begin its own growth cycle. Diffusion Factor (Coefficient) controls the overall depressiveness of growth. Spread 

Coefficient controls how much diffusion expansion occurs from existing settlements. Slope Resistance 

influences the likelihood of settlement extending up steeper slopes Road Gravity encourages new settlements 

to develop near the transportation network (Clarke and Gaydos, 1998). According to (Clarke et al., 1996), 

urbanization is the sum of the four types of the growth: Spontaneous Growth models the development of 

urban settlements in undeveloped areas. Diffusive Growth permits the urbanization of isolated cells, which are 

flat enough to be desirable locations for new urban spreading centers. Organic Growth promotes the 

expansion of established urban cells to their surroundings. Road Influenced Growth promotes the urbanization 

along the transportation network because of increased accessibility. 

 

 

SLUETH calibration 

The model runs in three modes; test mode, calibration mode and the prediction mode. In test mode data is 

tested for readiness of calibration and prediction. The purpose of the model calibration phase is to determine 

the best-fit values for the five growth control parameters including coefficients of diffusion, breed and spread, 

slope resistance and road gravity with historical urban extent data. (PROJECT GIGALOPOLIS, 2003). 
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Fig: 10 – Results of calibration showing best fir values 
 

Final Prediction (Output) 

 
  Fig: 11 – Final Predicton Ouput 
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Final output shows that based on the layers created on ArcMap 10.2.2 and inputting it into Cygwin for coarse, 

fine and final calibration which approximately took 6 hours to calibrate we got a GIF image showing colors 

which signifies orange color is built up area till 2011 and green color will be the new predicted built up in 2020. 

However, we can assume it for much more years too provided the level of data is rich and accurate. 

 

Conclusion 

The urban expansion in the study region is governed by the transport network mainly following a ribbon 

shaped linear spread. A marked growth has been noticed along the national highways and roads connecting 

the city radially in all directions. The main arteries along which the sprawl is taking place include, Ahmadabad 

route towards the SSW, Rajsamand and Ajmer route in NNE that are part of the National Golden Quadrilateral 

and Chittaurgarh route towards NEE that is part of the East-West corridor. This finding suggests that the road 

network has a significant influence on the expansion and transformation of land for different uses in and 

around the city. Also the plain areas where the accessibility is easy, the expansion of the built-up activities has 

increased tremendously, for example in the western plain area bordering Udaisagar, northern belt towards 

Bhuwana-Sukher and the western regions surrounding the lakes. Intense expansion of built up area is 

significant in the eastern flanks due to the industrial activities. Land has also been allotted to Special Economic 

Zone coming up at Kalarwas. The northern belt towards Bhuwana and Sukher has marble industry and is an 

export zone of handicrafts and marbles. The southern belt consisting of Saveena Kheda has grown up as a 

commercial node with the development Transport Nagar. All the 11 transformation and encroachment of land 

is mainly governed by its accessibility, availability and value. These phenomena interact with each other and 

give rise to redistribution of land through complementary tendencies of concentration and dispersion.  
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