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CHAPTER 1 

STUDY AREA AND DATA COLLECTED 

1.1 STUDY AREA 

        The study area is the Thiruvananthapuram Corporation. It is bounded by 

Lakshadweep Sea to its west and Western Ghats to its east. T     ty  s lo  t    t 8 3   N 

 n  76 54  E on t   w st  o st n  r t   sout  rn t p o  m  nl n   The Corporation is in the 

low-land region. The corporation was divided into 24 wards covering an area of 30.66 km
2
 

in 1940. In 1966, its area increased to 74.86 km
2 

and further grew to 141.74 km
2 

in 1990. 

Now the city corporation has grown to 100 wards with an area of 215.86 km
2
. The study 

area is shown in figure 1.1. 

 

Fig. 1.1: Study Area 

The city has a Development Plan, sanctioned by Government in 1971 and a 

Second Development Plan was prepared in 1993 (Thiruvananthapuram Master Plan, 

2012). Both these Plans cover only the central area of the present extent of 

Thiruvananthapuram Corporation. The city expanded significantly since then and its limits 

surpassed the planning area of the sanctioned Development Plan and second Development 

Plan. 

Thiruvananthapuram is a place of importance in the history of region and the State 

of Kerala. It is blessed with all essential natural resources and skilled human potential, 

with its best health care institutions and as an international tourist destination, it is now a 

city in the southernmost tip of India which is gearing up to find a new rank in the global 
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arena. The literacy rate of Thiruvananthapuram Corporation is 83.82%. It generally has a 

hot and humid climate. The average rainfall is 170 cm/annum. The study area became a 

Corporation in 1940. During the reign of Sree Chithira Thirunal Maharaja, it was given 

Corporation status. 

The distance from Thiruvananthapuram Corporation to major urban centers of the 

State like Kochi and Kozhikode by road is 222 km and 446 km and by rail is 221 km and 

441 km respectively. The Proposed International Container Port at Vizhinjam will bring in 

more business and livelihood in trade related functions. 

Population growth rate of Corporation was lesser than the district during 1981-91 

and 1991-2001. But it was greater than the district during 2001-2011. The population 

density is more towards city core and coastal wards.  

While monitoring the occupational structure, cultivators and agricultural labourers 

constitiue only 2% of the population, indicating the urban nature of the Corporation. 

Agricultural laboourers, Cultivators, and Household Manufacturers are mainly 

concentrated in the out skirts of Corporation (Thiruvananthapuram Master Plan, 2012). 

Other workers are evenly distributed. 

While considering land use, major single land use (56%) is residential followed 

by agriculture (22%). The commercial areas are increasing along the transport corridor 

and new commercial clusters have developed near Kazhakootam and Vizhinjam areas.   

The Centarl Business District (CBD) area has the highest concentration of commercial 

activity. Agriculture area is more concentrated at the periphery of city. There is  a 

considerable incerase in the conversion of paddy fields to other use. Landuses in the area 

have changed over time from predominantly residential to public/semi-public and  

commercial land uses. This puts tremendous pressure on the remaining residential 

landowners to sell their land. 

More than ¾ of the area of corporation is having urban form and  is dominated by 

residential, commercial and industrial activity. The land use distribution and analysis 

shows that in the central area of the city, dominant land use is for commercial usage. 

Industrial land use is concentrated in coastal areas, and also towards Kazhakootam and 

Thirumala. Veli-Akkulam and Vellayani Lake region have agricultural concentration. 
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T   nop rk T  ruv n nt  pur m,  s In   ‟s   rst  n orm t on t   nology p rk  

With the rise in population and land value, the prospects of large scale industries in the 

urban area have diminished to a large extent even within the industrial estates. The added 

Grama Panchayats to the Corporation has given some scope for industrial development in 

the city. Within the central part of the City there is scope for mini- micro enterprises and 

traditional industries. 

1.2 DATA COLLECTED  

The data collected for the study includes Road Network Map, Land-use Maps of 

2005 and 2011   of Thiruvananthapuram Corporation. Satellite image of 2015 has been 

collected for the preparation of Landuse/Landcover map of 2015. ASTER DEM data has 

been collected for the preparation of slope maps of the study region. A GPS survey has 

been conducted using hand held GPS to collect the ground truth information required for 

the classification of satellite image. The list of various data collected and the sources of 

data is shown in table 1.1.  

Table 1.1: List of Data collected 

 

 

 

 

 

 

 

 

 

 

 

Data Source 

Road Network Map NATPAC,  Thiruvananthapuram 

Landuse maps  

(2005 & 2011) 
KSREC,  Thiruvananthapuram 

Landuse/Landcover (2015) Ground truth survey (using GPS) 

Satellite image (2015) Earth Explorer website 

ASTER DEM USGS website 
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The road networks including major roads were collected from National 

Transportation Planning and Research Centre (NATPAC). The landuse maps of 2005 and 

2011 were collected from Kerala State Remote Sensing and Environment Centre 

(KSREC). The landuse maps were prepared on a 1:50000 scale. The location of builtup 

area was produced from these landuse maps.  

 

Fig. 1.2: Map of Thiruvananthapuram Corporation area 

The Landsat8 imagery for 2015 was downloaded from the Earth Explorer website 

which has a spatial resolution of 30m. Landsat 8 imagery has a 16-bit radiometric 

resolution. The GPS survey was conducted using hand held GPS to prepare the land-use 

map of 2015 from the satellite data through supervised classification. The Aster DEM of 

30m resolution has been obtained from USGS website. 

1.3 SOFTWARE USED 

The software used in the study are R, ArcGIS 10.1 and ERDAS IMAGINE. A brief 

explanation of all software is shown below. 

1.3.1 R Software 

R is statistical software which is capable of handling spatial data and GIS files. It 

is free software. It can do regression of millions of data. It has an effective data handling 

and storage facility. It has a large, coherent, integrated collection of intermediate tools for 

data analysis. It has a well-developed, simple and effective programming language 
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(  ll   „S‟) w      n lu  s  on  t on ls, loops, us r     n   r  urs v   un t ons  n   nput 

and output facilities. 

1.3.2 ArcGIS 10.1 

 It is used for mapping and editing tasks, as well as for map-based analysis. It 

works on 64-bit Windows and Linux operating systems. It is used for creating and using 

maps; compiling geographic data; analyzing mapped information; sharing and 

discovering geographic information; and managing geographic information in a database. 

1.3.3 ERDAS IMAGINE 

 It is basically image-processing software. Images can be fed, processed and 

output images can be created. The classification of images can be performed in this. 

Some other tools are image enhancement tools, mosaic, subset etc. Using model maker, 

different tools can be combined to create a desired combination of tools. 
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CHAPTER 2 

THEORY AND METHODOLOGY 

The methodology consists of modelling the urban sprawl using empirical 

estimation models and dynamic simulation model. Three methods are used in this study 

namely multivariate regression, logistic regression, and cellular automata. The first two 

methods are empirical estimation models and the third one is a dynamic simulation 

model. The methods utilized the thematic maps and data of three different years (2005, 

2011, and 2015) of the study area. The regression models used the landuse maps of 2005 

and 2011to generate the urbanization probability map and the landuse map of 2015 to 

generate the predicted builtup map. But the cellular automata model used only landuse 

maps of 2005 and 2011for generating the predicted builtup map. All the methods used the 

classified landuse map of 2015 for accuracy assessment.  

2.1 PROTECTED AREAS 

In this work certain areas which are not influenced by the normal urban growth of 

the city, such as zoo, research institutions, sites of historical importance, and other 

restricted areas are marked as protected areas and has not been included in the analysis.  

Table 2.1: List of Protected Areas 

No. Name Area (km
2
) No. Name Area (km

2
) 

1 Zoo, Kanankakunnu 

Palace, Museum 

0.36 5 Raj Bhavan 0.14 

2 Military camp 0.15 6 HLL, Southern Air 

Command, ERTL 

0.50 

3 Kowdiar palace 0.21 7 Tuber Crops 

Research Institute 

0.19 

4 Gandhipark 0.61 8 Aakulam lake 0.42 
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This has been done by digitizing the boundary of the selected site with the help of 

high resolution satellite imagery of the area. The details of the areas considered as 

protected areas within the study region is given in Table 2.1  

2.2 INPUT RASTERS FOR CELLULAR AUTOMATA MODEL 

The raster layers of the independent variables were generated using ArcGIS. The distance 

map was prepared using Euclidean Distance tool in Spatial Analyst tool of ArcGIS. The 

slope map was generated from Aster DEM. DEM processing involves filling of DEM and 

the projection of the filled DEM to a suitable coordinate system. The projected DEM can 

be used to calculate the slope map. All these are done using different tools within the 

spatial analyst tools available in ArcGIS 10.1 software system. 

2.3 CELLULAR AUTOMATA MODEL 

Cellular Automata was originally introduced by Ulam and von Neumann in 1940s 

as a framework to study the behavior of complex systems. CA is defined as a dynamical 

discrete system in space and time that operates on a uniform grid-based space by 

implementing local rules. CA is an iterative computational process. Any CA system is 

composed of four components – cells (pixels in the GIS discrete grid artificial world), 

states (land use classes in classified images), neighborhood (Moore, circle ...etc) and 

transition rules (Sharaf and Jie, 2008). 

The method used in this study is SIMLANDerR. Here, SIMLANDerR stands for 

Simulation of Land use change in R, a spatial cellular automata for the R environment. 

T   so tw r  us    or t  s m t o   s „R‟  T   m t o ology   opt    or p r orm ng t  s 

model is shown in the following figure. 

This method requires landuse demand of a year and the transition potential to 

calculate the urban area map of next year. The landuse demand of a year is calculated by 

dividing the total urban growth from 2005 to 2011 by the number of years.  
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Fig. 4.2: Flowchart showing SIMLANDerR method 

The various factors considered for the preparation of TP are Neighbourhood rules 

(N), Stochasticity (α), Accessibility (A), Suitability (S) and Zoning(Z).  Neighbourhood 

rules (N) are the core of the cellular automata model. It is the susceptibility of an 

individual cell c to change state at time step Tn.  Human activity is not always 

deterministic, some things are effectively random. The method of giving high values at 

some random points  s   ll   sto   st   ty (α)  For t  s, t    omm n   n R so tw r   s 

used. Accessibility (A) is the ease with which the destinations can be reached is 

calculated. It is calculated using the following equation. 

                                                                           
 

  
                                                   (2.1) 

Where 

                  = accessibility 

               D = distance to roads 

                    = roads coefficient 
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The roads coefficient         is obtained by reclassifying the distance to roads map. 

It is done so that larger values of distance to roads are given a smaller roads coefficient. 

As the distance to road increases, the accessibility increases. 

Suitability (S) analysis is carried out using slope maps. According to the general 

consideration, the urban growth occurs in areas having low slope. So, the slope map was 

reclassified so that the low slope regions were made more suitable. The areas having a 

high slope were given a low suitability value. 

Zoning (Z) is the method of masking the conserved areas from analysis. They are 

not considered for the modeling. The conserved areas include historical sites, parks, 

museums etc. After calculating these factors, the transition potential (TP) is found out 

using the following formula. 

Transition Potential (TP)   =      N x α x A x S x Z                                  (2.2) 

After preparing the Transition Potential map, land use demand of the current year 

is given as the input. From this, predicted builtup map of the next year is developed. The 

process is repeated for simulating the urban area map of following years.  

2.4 SUPERVISED CLASSIFICATION 

 The landuse map of 2015 was not available with the Kerala State Remote sensing 

and Environment Centre. Hence the map has been prepared by the supervised 

classification of Landsat 8 image having a spatial resolution of 30m, down loaded from 

Earth explorer website. Landsat data has been selected for the study since its spatial 

resolution matches with the scale of the already existing land use maps of 2005 and 2011. 

The supervised classification includes training stage, classification stage and output stage. 

In the training stage, the training samples are to be collected from the field and a 

signature set for each landuse class is to be created. A hand held GPS survey has been 

conducted on various parts of the study region for the collection of representative 

samples of land use classes that exist in the region. This has been done using Garmin e-

Trex 30 hand held GPS which has a horizontal position accuracy of 3m. Next, in the 

classification stage, each pixel in the image dataset is categorized unto the land cover 

class it most closely resembles. The classification is done in Erdas Imagine using 
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Maximum Likelihood Classification. The category label assigned to each pixel in the 

process is then recorded in corresponding cell of output image. The accuracy assessment 

of the urban sprawl prediction using each model has been done by comparing the 

predicted builtup area of 2015 with that of the urban area in the 2015 classified image.  

2.5 Accuracy Assessment Using Classified Image 

The methodology also includes a comparison of predicted builtup map with a 

reference map. The reference map has been prepared by supervised classification of 

satellite image with the help of ground truth data collected using GPS.  

The accuracy assessment of predicted builtup map is done by comparing with the 

actual landuse map. For this, the Combine tool in Spatial Analyst tools is used. Overall 

accuracy is calculated as the trace of the error matrix (sum of diagonal values in the error 

matrix) divided by n, the total number of sample locations (Lo and Albert, 2006). 

    (
  

 
)                     (2.3)      
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CHAPTER 3 

DATA PROCESSING 

3.1 THEMATIC MAPS 

The thematic maps include the maps of dependent variable and the independent 

variables. They were prepared in ArcGIS using various tools. They are discussed in the 

following sections. 

3.1.1 Generation of Landuse Maps 

The hard copies of landuse maps for 2005 and 2011 were obtained. These maps 

were digitized in ArcGIS. While digitizing, the different classes of landuse map were 

clubbed into four classes of builtup, vegetation, waterbody and barren. It was done so 

because the study was mainly concerned with the urban growth. After digitizing the 

polygons of different classes, all the polygons of each class was merged to a single 

polygon using the merge tool which is available in the Editor toolbar. For each class, 

merge was performed. Then, these vectors were converted into raster using Raster 

calculator tool to create the landuse map in digital form. 

 

Fig. 3.1:  Landuse maps used (a) 2005 (b)2011 
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The digitized landuse map of 2005 was reclassified into a binary map of builtup 

and non-builtup. The reclassification was done using the Reclassify tool in ArcGIS. The 

same was done for the second map. They are shown in figure 3.1. The avoidance areas 

were masked from this map so that the model should not predict urban sprawl in those 

areas.  

3.1.2 Preparation of Maps of Other Input Rasters 

The raster maps for eleven independent variables were generated in ArcGIS using 

the various tools in Arc toolbox. The tools used were spatial analyst tools like Euclidean 

distance tool. The other independent variables used in the study are shown below. 

 (i) Maps of distance to road networks 

The distance to road network refer to distance to nearest road pixel from each 

location. It is shown in figure 3.2. The data for road network were collected from 

NATPAC. For the preparation of these maps, the Euclidean Distance Tool in Distance 

tab of Spatial Analyst Tools was used. The distance to roads map showed the shortest 

distance from each place to its nearest pixel of road.  

The Environments were set. In the processing extent tab within Environments 

settings, shapefile of study area was selected. Mask (Environment setting) was set using 

study area boundary shapefile so that processing occurred only on locations that fall 

within the mask, and all locations outside of it was assigned NoData in the output. 

(ii) Slope map 

For the preparation of slope map, the Digital Elevation Model (DEM) was used. 

For this purpose, the ASTER DEM of 30m resolution was downloaded from the USGS 

website. The downloaded DEM was projected using Project Raster tool. Then, the 

projected raster was clipped using the shapefile of study area. Then, the Fill DEM tool 

was used to remove the imperfections in the downloaded DEM. After that, the slope map 

was prepared using the filled DEM. This tool is available in the Spatial Analyst tools. 

The prepared slope map is shown in figure 3.3.  
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Fig. 3.2: Distance to major roads map 

 

Fig. 3.3:  Slope map 
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The various input data for cellular automata include the landuse map of 2005, 

landuse map of 2011, distance to road map and the slope map. The unit of slope map is 

percentage. The landuse maps of 2005 and 2011 are binary maps having two classes i.e., 

builtup and non-builtup. They were converted into ASCII format in ArcGIS using 

conversion tools. Then, they were imported to R software.  

All the input files had the same extent. The extent of each raster can be viewed in 

its properties. Slope raster had different extents. It was corrected in ArcGIS by setting the 

 nv ronm nts  T   Pro  ss ng Ext nt t b w s s l  t    n  t   „  st n   to ro  ‟ r st r 

was used in the Snap to Raster tab. The slope map was clipped using the shapefile of 

study area. Also, all the rasters had the same cell size.  

3.2 CELLULAR AUTOMATA   

The R software was used for this model. It is very efficient in handling images. 

The R 3.2.5 version was used because the plotting of rasters was required. The model was 

based on SIMLANDerR. Some additional packages are also required. They can be easily 

downloaded using the commands for downloading packages. The packages raster, aod 

and sp are required. After opening the R software, the required packages should be 

loaded each time in order to make them functional. For example, the raster package was 

loaded to display the raster files. 

3.2.1 Land Use Demand Calculation 

The increase in the number of urban cells from 2005 to 2011 were 6272 cells. It 

was obtained by finding the number of builtup cells in R software using frequency 

command. The numbers of builtup cells in both images were calculated. Then, they were 

subtracted to calculate the land use demand in that period. So it was found that there was 

a demand of 1045 cells per year. At each time step, 1045 urban cells needed were 

allocated. 

3.2.2 Neighbourhood Rules 

To account for the effect of neighbouring cells, a matrix of weights was generated 

using R software. As the number of urban cells in the neighbourhood of  a cell increased, 
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the total neighbourhood value of the central pixel also increased. The focal window used 

is shown in figure 3.4. 

 

Fig. 3.4: Focal window for neighbourhood rule 

Then, this focal window was moved on the initial landuse map of 2005. A 

zoomed view of the neighbourhood potential map after the aplication of the focal window 

is shown in figure 3.5. The existing builtup cells are shown in green colour. They showed 

the greatest potential. The cells at the fringes of the existing builtup area had the second 

highest potential for urbanization in the next time-step. They are shown in orange colour.   

3.2.4 Stochasticity 

Here, a map showing random values was generated. Most of the values had a 

value of 1 showing no random effect. Some values were made to be greater than 1. These 

values showed randomness. It showed the chance of a random urban growth. It was done 

using commands in R software. The runif command generated random values between 0 

and 1. Then, Weibull distribution was used to make all the random values greater than 1. 

The random map generated is shown in figure 3.6. 

3.2.5 Accessibility 

The distance to road map was imported to R software. It was reclassified to 

calculate roads coefficient. Reclassification was done in such a way that lower values of 

distance to roads were assigned a higher roads coefficient value. Value of roads 

coefficient ranged from 0.1 to 1. Then, the accessibility was calculated using the equation 

2.1. The accessibility map is shown in figure 3.7. The minimum value in accessibility 

map was 1. The minimum value of 1 was created automatically after using the equation 

2.1. The accessibility map was used for the preparation of total transition potential.  
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3.2.6 Suitability 

Slope map was used for preparing suitability map. It was reclassified so that high 

slopes were given a low suitability. Suitability map shows relative values of suitability. 

Values of this map ranged from 0.1 to 1. Then, a value of 1 was added to suitability map. 

So, all values were greater than 1 which was required for constructing total transition 

potential map. The generated suitability map is shown in figure 3.8. 

3.2.7 Zoning 

From all input data- landuse maps (2005 &2011), distance to road, slope, 

conserved areas were masked. Thus, the conserved areas were avoided from calculation 

of Total Transition Potential. Hence, at these places, total transition potential was not 

calculated. 

 

Fig. 3.5:  Neighbournood potential map 
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Fig. 3.6:  Random map for 2006 

 

 

Fig. 3.7:  Accessibility map 
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Fig. 3.8:  Suitability map 

3.2.8 Total Transition Potantial Map of Study Area 

The total Transition Potential (TP) was obtained by multiplying all model 

parameters – Neighbourhood rules, Stochasticity, Accessibility and Suitability as Zoning 

was already taken into consideration. It was done in R software. The lowest possible 

value was 1. So, the chance of multiplying by zero was avoided. A sample of the 

transition potential map produced is shown in the figure 3.9. The Transition Potential 

map, random map and predicted builtup map were generated for each year. 

In the Transition Potential map, the urban cells were allocated according to the 

urban growth demand which was constant for every year. Thus, a predicted builtup map 

for succeeding year was produced. Using this predicted builtup map and the focal 

window, the neighbourhood potential for the next year was prepared. Random map for 

each year was prepared separately. So, the Transition Potential map varies for each year. 

Urban cells were allocated for each year according to the corresponding transition 

potential map. Then, the Landuse map for 2011 was simulated. It was compared with the 

actual landuse map of 2011. Then, a Kappa coefficient of 0.72 was obtained. This 

showed a good match between the predicted and actual maps. Using the same growth rate 

of urban cells, simulation was extended upto 2015.  
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Fig. 3.9: Total Transition Potential map 
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CHAPTER 4 

RESULTS 

 The predicted builtup map of 2015 using cellular automata was generated. Then, 

its accuracay was also obtained by comparing it with the actual landuse map of 2015. The 

actual landuse map had four landuse classes. Then, it was reclassified into two classes of 

builtup and non-builtup. 

4.1 PREDICTED BUILTUP MAP USING CELLULAR AUTOMATA 

 Here, the same urban growth demand used for simulating the map of 2011 was 

continued. In the programme, the urban growth demand was changed to ten times that of 

yearly demand. The number of iterations was also increased to ten. So, ten predicted 

maps were generated from 2006 to 2015. The predicted builtup map of 2015 is shown in 

figure 6.7. The output was in ASCII format. It was converted to raster using Conversion 

Tools in ArcGIS. 

 

Fig. 6.7:  Predicted buitup map of 2015 using cellular automata 
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4.2 SUPERVISED CLASSIFICATION 

The actual map for comparing the predicted builtup maps was prepared by doing 

supervised classification. Its accuracy was determined. 

4.2.1 Generation of Classified Image 

The ground truth was collected using GPS coordinates. More than fifty ground 

truth polygons were selected. Vegetation had more sub-classes which were rubber, 

coconut, shrubs, vegetation and grass. The Erdas Imagine software was used for the 

classification purpose. Initially, the signature set was created from the Landsat 8 imagery. 

The year of imagery was 2015. Then the Maximum Likelihood classification was used to 

produce the classified image. Then, this image was reclassified into four classes in 

ArcGIS using Reclassify tool. The classified image had four classes, namely, builtup, 

vegetation, barren and waterbody. The prepared map is shown in figure 4.1. 

 

Fig. 4.1:  Actual landuse map of 2015 

4.2.2 Accuracy Assessment of Classified Image 

The accuracy assessment of classified image was done. For this, the Combine tool 

in ArcGIS was used. The Environments were set by selecting classified image in the 
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„Sn p to R st r‟ t b  v  l bl   n „Pro  ss ng Ext nt‟  It   just   t    xt nt o  output 

rasters so that they matched the cell alignment of the specified snap raster.  The 

validation points were converted to raster. This raster and classified image were 

combined using Combine tool. Then, the output file was exported as a database. Then, 

Pivot table in Data Management Tools was used to create an error matrix inside the 

attribute table. This was exported into a Table format and opened in an Excel sheet. Error 

matrix is shown in Table 4 1  T   us r‟s    ur  y, pro u  r‟s    ur  y  n  ov r ll 

accuracy was found out. It is shown in table 4.2. The areas calculated for the different 

landuse classes in the classified image are shown in the table 4.3. It was calculated in 

Erdas Imagine  software using Add Area tool in Table tab. 

Table 4.1: Error matrix of classified image 

Classification Data Builtup Vegetation Waterbody Barren Row Total 

Builtup 25 3 0 3 31 

Vegetation 4 20 0 1 25 

Waterbody 0 0 3 0 3 

Barren 0 0 0 4 4 

Column Total 29 23 3 8 63 

 

Table 4.2: Accuracy assessment of supervised classification 

Class Producer’s accuracy User’s accuracy Overall Accuracy  

Builtup 86.21 80.65  

 

82.54% 

Vegetation 86.96 80 

Waterbody 100 100 

Barren 50 100 
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Table 4.3: Landuse classes 

CLASS AREA (HECTARES) PERCENTAGE AREA 

Builtup 12580.5 57.86 

Vegetation 9054 41.64 

Barren 84.69 0.40 

Water 21.15 0.10 

 

4.3 ACCURACY ASSESSMENT OF CELLULAR AUTOMATA 

The predicted builtup map of 2015 was compared with actual map obtained by 

supervised classification. It was done by using Combine tool in ArcGIS. After using the 

Combine Tool, the attribute table showed the different combinations of builtup/non-

builtup in one map to that of the other. Finally, an overall accuracy of 57.73% was 

obtained. 

Table 4.4: Accuracy Assessment of Cellular Automata 

Quantity Percentage 

Overall accuracy 57.73 

Error1  32.98 

Error2 9.29 

  Where,  

Error1 = Cells which are builtup in actual map and non-builtup in predicted map 

Error2 = Cells which are non-builtup in actual map and builtup in predicted map 

 The logistic regression model showed the highest overall accuracy. While the 

multivariate regression model had the least overall accuracy. The overall accuracy of 

cellular automata could be improved by changing the values of focal window and the 

randomness values. Then, simulations could be carried out to find better simulations. 
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Then, using the focal window and randomness of best simulation, the simulation of 2015 

could be generated. For finding the best simulation, statistical measures like kappa 

coefficient and fractal dimension can be used. 

4.4 COMPARISON OF VARIOUS MODELS 

The comparison of various models is shown in Table 4.5. 

Table 4.5: Comparison of Three Models 

 Multivariate 

Regression (%) 

Logistic Regression 

(%) 

Cellular Automata 

(%) 

Overall accuracy 55.17 61.21 57.73 

Error1 
22.46 19.43 32.98 

Error2 
22.36 19.36 9.29 

 

Here, Error1 and Error2 has the same description as in Table 4.4. 
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CHAPTER 5 

CONCLUSION 

The methodology consists of modeling the urban sprawl using empirical 

estimation and dynamic simulation models. Three methods were used in the study, 

namely multivariate regression, logistic regression and cellular automata. The regression 

models used the landuse maps of 2005 and 2011 to generate the urbanization probability 

map and the landuse map of 2015 to generate the predicted builtup map. The cellular 

automata could generate the predicted builtup map using only landuse maps of 2005 and 

2011. All methods used the classified landuse map of 2015 for accuracy assessment. The 

classified image had four landuse classes which include builtup (57.86%), vegetation 

(41.64%), barren (0.40%) and water (0.10%).  

The overall accuracy for multivariate regression model was 55.14%. It was a 

comparatively low value because the independent variables were not exactly following a 

normal distribution. But a normal distribution was fitted to find the accuracy of 

prediction. The overall accuracy for logistic regression model was found to be 61.21%. 

This model had obtained the highest accuracy. It may be because the urban sprawl 

followed a logistic curve rather than a normal curve. The cellular automata had an overall 

accuracy of 57.73%. It achieved an overall accuracy which was very close to that of 

logistic regression model. Eventhough the accuracy of the cellular automata model was 

less when compared with logistic regression model, we cannot say that cellular automata 

model is an inferior one because the builtup area of the year 2015 was not considered for 

the prediction in the cellular automata model which resulted in less accuracy.  
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