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Abstract-This paper presents land use / land cover changes of the 

Halabja city in the north part of Iraq over 1986 to 1990 by 

utilizing multi-temporal remote sensing imagery. Halabja city 

has been facing severe land use/land cover changes following a 

series of wars beginning with Iraq-Iran war (1980-1988) to the 

just concluded invasion of Iraq (March 19, 2003 – 2011). In this 

study, multi-temporal Landsat images (TM) between the years 

of 1986 and 1990 were used. All images are rectified and 

registered to Universal Transverse Mercator (UTM), zone 38N 

and WGS_84 datum.  Hybrid classification as a combine of k-

Means and Maximum Likelihood Classification (MLC) 

algorithms were applied to classify the images in five different 

land cover categories: water body, cultivated area, shrub land, 

urban area and bare land. Quantitative analysis was conducted 

by using post-classification change detection technique. The 

results show an overall accuracy for 1986 and 1990 images are 

92.2% and 96.8% respectively. During 1986 to 1990 land use / 

land cover changes a lot  with a huge decrease about 40.8% in 

cultivated area whereas, urban area, Shrub Land and bare land 

classes increased by 57.9 %, 67.1 % and14 % respectively.  

 

Keywords — Landsat TM, Land Use/ Land Cover, K-Means, 

Hybrid Classification, Maximum Likelihood Classification. 

I. INTRODUCTION 

Land use/ land cover (LULC) is a fundamental 

environmental variable for understanding the 

causes and trends of human and natural processes 

[1]. Basically LULC consists of two terms; Land 

use (LU) and land cover (LC).  Land cover is that 

which covers the surface of the earth such as water, 

snow, forest, grassland, and bare soil; while land 

use describes how the land cover is modified into 

use for example agricultural land, built up land etc. 

[2]. There are many approaches to monitor LULC ; 

traditional techniques such as field survey and 

remotely sensed images such as satellite images, 

aerial photographs and others.  

Satellite remote sensing is the most common data 

source for detecting, quantificating, and mapping 

LULC changes at various scales [4] because  its 

availability and repetitive data acquisition,  

improved quality of multi-spatial and multi-

temporal remote sensing data at different spatial, 

spectral, and digital format suitable for computer 

processing  and new analytical techniques [5]. 

Hence, detecting temporal changes of LULC by 

observing them at different times, is one of the 

most important applications of earth-orbiting 

Satellite sensors.  

Recently, there are numerous satellites in 

operation among them medium resolution satellite 

imagery such as Landsat that has been used 

broadly by many researchers for LULC changes 

because it provides a historical and continuous 

record of imagery the uniqueness of the dataset as 

the only long-term digital archive with a medium 

spatial resolution and relatively consistent spectral 

and radiometric resolution [17]. The successful use 

of satellite remote sensing for LULC change 

detection depends upon an adequate understanding 

of landscape features, imaging systems, and 

methodology employed in relation to the aim of 

analysis. A number of studies have attempted to 

use Landsat data to address LULC change for 

example Gilman and Baz  used Landsat TM and 

Landsat Geo-Cover LC satellite images used for 

detecting land-cover changes in the Istanbul 

metropolitan area [18]. While, Wen used Landsat 

Multi-Spectral System (MSS) to derive land cover 

information and changes in Guam, USA [19].  

Change detection using remote sensing data is 

the process of identifying and examining temporal, 

spatial and spectral changes in the pixels [6]. 

Continual, historical, and precise information about 

the LULC changes of the Earth‟s surface is 

extremely important for government agencies and 

research institutions and organizations that have to 

deal with land management decisions as well as to 

develop strategies for sustainable development and 

improve the livelihood of cities [3]. Change 

detection had become a key in many applications 
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related to LULC changes for instance, agricultural 

monitoring [7], deforestation assessment [8], yield 

estimation and assessment [9], coastal zone 

changes [10], land degradation detection [11], 

vegetation mapping [12], wetland landscape 

changes [13], snow cover changes [14], urban 

change detection [15], burned area [16] and other 

applications. 

Various changes detection techniques have been 

developed and used for monitoring changes in 

LULC from remotely sensed data [5,20,21] such as 

Image Differencing (ID) [22], RGB-NDVI Change 

Detection Method [23,24] , Band Image 

Differencing [25], Principal Component 

Differencing (PCD) [26], Change Vector Analysis 

(CVA)  [27], Vegetation Index Differencing (VID) 

[28] and others. Generally, change detection 

techniques can be grouped into two: based on the 

classification of the input data and based on the 

radiometric value change between acquisition dates 

[3]. Recently, LULC information is obtainable by 

using classification techniques [5].  Image 

classification is a process of assigning pixels to 

classes [4]. According to whether prior knowledge 

is needed before classification, classification 

methods are usually grouped into two categories; 

the unsupervised classification and the supervised 

classification. One of the common change 

detection classification bases is post-classification 

technique [5]. The post-classification (map-to-map 

comparison) method identifies conversion from 

one LULC type to another with little information 

on the intensity of such changes.  

The post - classification method was employed 

typically, based on traditional unsupervised and 

supervised classification algorithms in different 

areas around the world. More recently, it was 

utilized based on newest classification algorithms 

for different purposes as to quantify land cover 

change, improve spectral classification, reduce the 

classification error propagation and improve the 

land-use and land-cover change classification 

accuracy such as using automated classification 

approach [29], Rx Classification Algorithm [30], 

Object-Based Classification[31] , Standardized 

Object Oriented Automatic Classification (SOOAC) 

Method Based on Fuzzy Logic [32], Knowledge-

Based Stratified Classification[33], Artificial 

Neural  Networks[34], Decision Tree 

Classification(DT) Method [35],  and Hybrid 

classifier [36].  

 In this study, post-classification change 

detection technique utilized based on hybrid 

classification as integration of k-means and 

Maximum Likelihood Classifier (MLC) to detect 

LULC changes in Halabja city, Iraq.  

The rest of the paper is organized into four 

sections; next section gives a general description 

about the study area. In section III explaining 

Landsat data sets used with a short explanation 

about classification algorithms and post-

classification change detection techniques. A 

methodology is presented in section IV. Section V 

focuses on data analysis and result presentation 

forms. Finally, a brief conclusion of this research  

is written in section VI.  

 

II. DESCRIPTION OF STUDY AREA 

Halabja city, with an area about 1258.74 km
2
 and 

a population about 70,000 people, is located in 

northeast of Iraq, about 80 kilometers from 

southeastern of Sulaimanya city, 241km northeast 

of the capital city Baghdad and about 16 Km away 

from the Iraq - Iran border. Geographically, 

Halabja lies within 35°04'22.5" and 35°20'29.7" 

latitudes and 45°37'39.4" and 46°07'10.2"E 

longitudes (Fig.1).  Topographically, it lies in 

southeastern Sharazur plain, surround by 

Hawraman and Balambo mountains to the north 

and south respectively. To the west, it is bordered 

by the man-made lake (Sirwan), which is fed by 

Sirwan, Zalm, and  Tanjro rivers, emptying via 

Darbandikhan dam into the Diyala river, and 

finally into the mighty Tigris as it flows toward the 

Arabic Gulf. These rivers are mainly fed by local 

rainfalls. The climate in Halabja is typified by hot 

weather in the summer with temperature ranging 

from 15
0
 C to 35

0
 C and sometimes up to 40

0 
C and 

bitterly cold during winter while it has a moderate 

climate in other season. 

Toward the end of Iraq-Iran war, exactly on 

March 16, 1988, Halabja city and surrounding 

villages such as Khormal were attacked with 
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chemical weapons  and artillery fire. The attack is 

said to have included the Nerve Agents, Tabun, 

Sarin, and VX, as well as Mustard Gas [39, 40]. 

After the attack, the Iraqi army moved in and 

completely destroyed the city [41]. At least 5,000 

people died as an immediate result of chemical 

attack and it is estimated that 7,000 people were 

injured or suffered long term illness [42]. Most of 

the victims of the attack on the Halabja city were 

Kurdish civilians [43]. Until this moment, Halabja 

attack still remains the largest chemical weapons 

attack directed against a civilian-populated area in 

history [44] 

Precipitation varies between 700 and 3,000 mm a 

year on the high plateau between the mountain 

chains. Despite this, much of the region is fertile 

area covered with forest vegetation with the 

historical antecedent of exported grain and 

livestock. Moreover, mountainous region with cold 

climate gets annual precipitation that is suitable to 

keep up temperate forests and shrubs [37, 38].  

 

FIGURE1. MAP OF THE STUDY AREA 

This Figure Shows the Landsat Satellite Full Scene over Sulaimanya and 

Interested Area (Halabja City) 

 

III. MATERIAL AND METHODS 

A. Data Used 

Landsat satellites have been collecting images of 

the earth's surface for more than forty years. NASA 

(National Aeronautics and Space Administration) 

launched the first Landsat satellite in 1972, and the 

most recent one, Landsat 7, in 1999. Currently, 

only the Landsat 5 and 7 are still operating 

normally. Landsat 5 carries the Thematic Mapper 

(TM) sensor with 30m visible and IR (Infra-Red) 

bands and one thermal-IR band, with a 120m 

spatial resolution.  

The data used in this study include two Landsat 

Thematic Mapper (TM) images acquired on June14, 

1986 and June 9, 1990 for path 168, row 36 see 

(table1).  These images are freely available from 

the Landsat archive in the United States Geological 

Survey (USGS) website (http://glovis.usgs.gov). In 

order to reduce the impact of sun angle differences 

and vegetation penology differences, images were 

acquired with the same sensor and approximately 

the same time of the year during the fall growing 

season [45, 46]. Reference data consists of high 

resolution historical images were downloaded from 

Google earth and used mainly during the image 

classification process and accuracy assessment.  

TABLE 1 

LANDSAT SCENES USED FOR THE ANALYSIS 

Images Satellite Instrument Date Pixel Size 
(m) 

1986 image Landsat 5 TM June14, 1986 30x30 

1990 image Landsat 5TM June09, 1990 30x30 

Base Image  

2000 image 

 

Landsat 7 ETM+ 

 

June28, 2000 

 

30x30 

B. Methods  

 1.
 
K-

 
means 

 
This algorithm, classes

 
are

 
determined 

statistically by assigning pixels to the nearest 

cluster mean base on all available bands. It is 

relatively straightforward and has considerable 
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intuitive appeal. However, the output of this 

technique could be influenced by the number of 

cluster centres specified, the choice of the initial 

cluster centre, the sampling nature, the geometrical 

properties of the data and clustering parameters 

[47].  

 In K-Means, a sequence of iteration starts with 

an initial set C
-(0)

 [48], In each iteration t all c € C 

pixels are assigned to one of the clusters S
-(t)

 k as 

defined by nearest neighbour principle. A new 

centre C
-(t)

 k   for a cluster is computed as follows 

(Eq. 1): 

     Eq 1        

      

2.  Maximum-Likelihood Classifier (MLC) 

The maximum likelihood classifier (MLC) is a 

pixel-based method and it is considered as one of 

the most popular classification methods in remote 

sensing, in which a pixel with the maximum 

likelihood is classified into the corresponding class. 

The MLC procedure was chosen as a classification 

method in this study because of its ready 

availability and the fact that it did not require an 

extended training process [49]. The MLC is based 

on the assumption that the members of each class 

are normally distributed in feature space. In the 

case of normal distributions, the likelihood can be 

expressed in (Eq.2) as follows: 

Eq2 

Where Lci(x) = likelihood of x belonging to 

class i; k= number of image characteristic; x= 

image data of k; xi= mean vector of class I; Vi= 

variance- covariance matrix of class i. 

 

3. Post-classification comparison technique  

 The most obvious method of change detection is 

post-classification comparison which determines 

the difference between independent classified 

images for each of the dates in question [6]. It 

enables the recognition, quantifying and mapping 

of the type of land cover change as well as the kind 

of land cover changes that have occurred. However, 

the accuracy of this change detection technique is 

only as good as the result of the multiplication of 

the accuracies of each individual classification [5]. 

 

IV. METHODOLOGY 

The methodology in this study involves four 

steps; pre- processing, image classification and 

creation land cover maps for 1986, and 1990, 

accuracy assessment and implementation of change 

detection technique.  

A. Pre-processing  

Pre-processing of satellite images has the unique 

goal of establishing a more direct linkage between 

the data and biophysical phenomena [3]. The pre-

processing adopted to take geometric correction 

into consideration, image registration, radiometric 

correction, and atmospheric correction [50]. 

All Landsat data used in this study were acquired 

under clear atmospheric conditions (Figure 2). The 

images were Geo-coded to the Universal 

Transverse Mercator (UTM) coordinate system, 

zone 38 and WSG84 Datum. Geometric correction 

was done using image-to-image method with a 

second-order polynomial by taking corrected 

Landsat 2000 images as a base image for all other 

images. A minimum of 24 regularly distributed 

ground control points (GCPs) was selected from 

the images. The transformation had a root mean 

square (RMS) error of 0.43 and 0.39 for 1986 and 

1990 images respectively, indicating that the image 

was accurate to within one pixel. Resampling was 

performed using a nearest neighbour algorithm; 

this algorithm takes the value of the pixel in the 

input image that is closest to compute the 

coordinate. This method is fast and does not alter 

the original pixel values.  

In the next step, the images were radiometrically 

normalized. For many change detection 

applications, radiometric correction is unnecessary, 

but variations in solar illumination conditions, in 

atmospheric scattering and absorption, and in 

detector performance need to be normalized [51]. 

In the course of this study, two images were 
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acquired by TM sensor and purchased from U.S. 

Geological Survey Imaging, which has processed 

the image data to a much higher degree of 

radiometric quality application. Further radiometric 

normalization will increase enhance radiometric 

resolution therefore, the relative radiometric 

correction method was applied to the three scenes. 

Relativistic radiometric correction is a two –step 

processes: First: converting 8-bit satellite-

quantized digital numbers (DN) to spectral 

radiance (Lλ) by using equation 3. 

   

Eq3  

    Eq.3 

Where:  

QCAL= the calibrated and quantized scaled 

radiance in     

               Units of (DNs)  

LMIN = the spectral radiance at QCAL = 0  

LMAX λ = the spectral radiance at QCAL = 

QCALMAX  

QCALMIN= the minimum quantized calibrated 

pixel value  

QCALMAX = the maximum quantized.  

 

The resulting radiance (Lλ) is in units of watts 

per square meter per steradian per micrometer (W/ 

(m2*sr*μm)). Second: spectral radiance (Lλ) 

values converted to top of atmosphere (TOA) 

reflectance units (P) using equation 2. 

Eq4 

Where: 

Lλ =the spectral radiance  

d = the Earth-Sun distance in astronomical units  

ESUN λ = the mean solar Exo-atmospheric 

radiance 

 COSS = the solar zenith angle in degrees 

LMINλ, ESUN λ and LMAXλ were derived from 

values published [52, 53] . 

 Images acquired at different times usually have 

different amounts of haze and dust in the 

atmosphere. To overcome this problem dark object 

subtraction model of atmospheric correction 

techniques was applied. 
 

B. Area Extraction and Image Enhancement  

For extracting area of interest, all images were 

subset spatially to 1400 samples and 999 lines 

followed by image enhancement. Image 

enhancement is the modification of an image in 

order to alter its impact on the viewer [54]. The 

general aim of image enhancement is to highlight 

features of thematic interest such as water, 

vegetations, rock and soil properties, etc., as well 

as image enhancement makes the images more 

interpretable for specific applications. Generally, 

image enhancement changes the original digital 

value and it should be carried out after Geo-

referencing. Major tools applied for the 

enhancement of the Landsat TM satellite data were 

histogram analysis and contrast stretching, edge 

enhancement, RGB-Coding and Principal 

Component Transformation. 

 

24



International Journal of Sensor and Related Networks (IJSRN) 

Volume 1,Issue1 , February 2013 

 

http://ijsrn.info/article/IJSRNV1I103.pdf

 
 

 
FIGURE2.FALSE COLOR LANDSAT 5 TM IMAGES FOR 1986 AND 1990 

C. Image Classification 

Digital analysis and image classification are 

carried out using ENVI 4.8 and ArcGIS 9.3 

softwares to produce thematic maps and analyze 

changes. Since 1970s, various classification 

approaches had been developed and employed to 

extract land cover information and monitor 

changes [55]. For this study, The Level-1 

classification of Anderson scheme classification is 

adopted to prepare LULC maps, five land cover 

classes were intended to be mapped: Water Body, 

Shrub Land, Cultivated Area, Urban Area and Bare 

Land. 

All data sets were classified by using k-means 

and maximum likelihood classification separately, 

the results of both techniques showed a poor 

accuracy as illustrated in table2 so the 

classification by means of a hybrid classifier that 

combines both of the k-means and maximum 

likelihood classification techniques was performed 

in this paper. 

The classification process involved three steps: 

the first stage of a hybrid classification is clustering, 

k-means algorithm as unsupervised classification 

that was adopted to generate forty different clusters 

from the Landsat data. This is an iterative approach 

of classification that was run for ten iterations on 

the remaining unknown clusters from each step 

until all were classified.  

Secondly, Cluster labelling was used to separate 

clusters into 5 land cover or an unknown class if 

the clusters could not be identified by plotting in 

spectral space and a visual check was made based 

on terrain knowledge; referring to Google earth. 

 Finally, once the 5 land cover classes were 

deemed satisfactory then they were entered as 

spectral signature into the supervised classification 

process. The maximum likelihood method as a 

supervised classification method run and the 

outputs were two thematic maps for 1986 and 1990 

(the classified image).  

D.  Classification Improvement 

Visual interpretation was adopted to improve 

classification accuracy and reduce mis-

classifications. This method has been proven in 

many researches for increasing classification 

accuracy and consequently the quality of the LULC 

maps produced [56]. In this study, we integrated a 

process involved applying an overlay operation 

using ENVI 4.8 of the initial LULC maps resulting 

from hybrid classification with the high resolution 

images from Google earth. Finally, we produced 

accurate LULC maps (Fig. 3). 

E. Accuracy Assessments 
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Accuracy assessment involves statistical 

estimates obtained from remote sensing 

classification output and an independent reference 

dataset in order to measure the probability of error 

for the classified map. The popular method is 

named „confusion matrix „method. Error matrix is 

included n by n, the rows of the matrix represent 

the classification points, the lines represent the 

reference points and the points in the main 

diagonal of the matrix are the correct points after 

classification [57].  

A stratified random sampling design was 

adopted for the accurate assessment of both maps. 

The sample points were generated and their 

locations were chosen to represent different land 

cover classes in the area. In all, a total of 500 pixels 

was selected. In order to increase the accuracy of 

land cover mapping of the two images, all the 

pixels were checked and visually interpreted based 

on RGB color composition imagery and high 

spatial resolution images of Google earth. 

Generally, four measures of accuracy were tested 

in this study, namely the overall accuracy, user‟s 

accuracy, producer‟s accuracy and kappa index (K) 

used to estimate the results.  

 

F. Change Detection  

Change detection statistics used to compile a 

detailed tabulation of changes between two 

classification images. To perform change detection 

over a 4 year time period, the post-classification 

comparison change detection technique was 

employed. This technique is widely used and 

requires final classification maps with the highest 

accuracy possible to be compared pixel-by-pixel. 

One of the great advantages of the post 

classification technique is easy to use so that it 

allows the analyst to identify and understand the 

nature of the changes occurring in the study region 

[57]. In this study, Landsat TM data of both dates 

were independently classified using the hybrid 

classifier and the results compared using this 

technique to detect the differences between LULC 

maps 1986 and 1990 by taking 1990 as final map 

and 1986 initial map.  

 

V. DATA ANALYSIS AND RESULTS 

In comparison of the results of both techniques 

k-means and MLC as they were applied separately 

and tabulated in table 2 with the hybrid 

calcification results. One can see clearly, the 

accuracy is increased by utilizing hybrid 

classification to generate LULC maps of the study 

area . 

The error matrix of the LULC maps obtained for 

the years 1986 and 1990 by utilizing hybrid 

classification tabulated in tables3 and 4 and Figures 

4a and 4b show the map after the classification of 

different LULC changes over the Halabja city with 

the highest accuracy achieved. Tables3 and 4  show 

for 1986 map, 461 by 500 pixels were correctly 

assigned with an overall accuracy that is about 92.2% 

and a kappa index of agreement of about 0.9. In 

comparison, 1990 map, 484 by 500 pixels were 

correctly assigned with an overall accuracy about 

96.8% and a kappa index of agreement of about 

0.96. In terms of both the producer and user‟s 

accuracies, the producer‟s accuracy (1986) 

exceeded 90% for all classes except the bare land 

about 79%, while the (1990) map exceeded 89% 

for all the classes. In the same vein, user‟s 

accuracies for both years and, for all the classes 

exceeded 83%. This implies that the hybrid 

classification gives the highest accuracy and the 

classes classified .  

Table 5 shows the statistical analysis of LULC 

changes in the Halabja city from 1986 to 1990. 

From this table, it is obvious that there was a 

drastic change in planted/cultivated, shrub land, 

and urban area. Cultivated area decreases by 40.8% 

over the period. The total negative change of this 

class changed to the other class.  Much of this 

change is in the shrub land, bare land and urban 

area. Inversely, urban area increases by 67.13% 

within the same period of time. This could be as a 

result of new settling development in new Halabja 

(Halabja taza) for the survivors who returned after 

the war.  Consequently, a decrease in cultivated 

area is obvious, turning previously cultivated area 

to grow seasonal weeds and some eventually turn 

to barren land. 
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a) 1986 

 

b) 1990 

 

      Unclassified            Water Body        Planted/Cultivated Area   Shrub Land   Urban Area            Bare land 
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FIGURE3. THE CLASSIFICATION MAPS FOR DIFFERENT LULC CLASSES OVER HALABJA IN (A) 1986 AND (B) 1990 USING HYBRID 

CLASSIFICATION (K-MEANS AND MAXIMUM LIKELIHOOD CLASSIFIERS) 

 

 

 

TABLE2  

OVERALL ACCURACY AND KAPP FOR CLASSIFICATION ALGORITHMS 

Classification 

Algorithms 

Landsat 5TM 1986 Image Landsat 5 TM 1990 Image 

Overall Accuracy% Kappa Coefficient% Overall Accuracy% Kappa Coefficient% 

K-means Classification 68.8 0.61 86.6 0.8325 

MLC  Classification 62.8 0.535 68.2 0.6 

Hybrid Classification 92.2 0.902 96.8 0.96 

 

TABLE3  

ERROR MATERIX OF THE 1986 LULC MAP USING HYBRID CLASSIFICATION 

 

LULC classes  

Ground Truth (Pixels) 

Water  Planted/ Cultivated 

Area 

Shrub Land Urban Area  Bare Land Total rows  User Accuracy (%) 

 Water  100 0 0 0 0 100 100 

Planted/Cultivated Area 0 90 8 0 1 99 90.91 

Shrub Land 0 10 92 0 0 102 90.20 

Urban Area 0 0 0 100 20 120 83.33 

Bare Land 0 0 0 0 79 79 100 

Total columns 100 100 100 100 100 461  

Produce Accuracy (%) 100 90 92 100 79   

 

TABLE4  

ERROR MATRIX OF THE 1990 LULC MAP USING HYBRID CLASSIFICATION 

 

LULC classes  

Ground Truth (Pixels) 

Water  Planted/ Cultivated 

Area 

Shrub Land Urban Area  Bare Land Total rows  User Accuracy (%) 

 Water  100 0 0 0 0 100 100 

Planted/Cultivated Area 0 99 0 0 0 99 100 

Shrub Land 0 0 96 0 0 96 100 

Urban Area 0 0 2 89 0 91 97.80 

Bare Land 0 1 2 11 100 114 87.72 

Total columns 100 100 100 100 100 484  

Produce Accuracy (%) 100 99 96 89 100   

 

 

TABLE5. 

 LAND COVER/ LAND USE AREA CHANGE WITHIN THE HALABJA CITY FROM 1986 TO 1990 (UNIT: SQUARE KM) 

Land Cover Category 1986  Area 1990 Area Area Change Area Change 

% 

 Water  72.67 76.34 3.67 5.057 

Planted/Cultivated  Area 470.65 278.63 -192.02 -40.799 

Shrub Land 171.89 271.53  99.64 57.968 
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Urban Area 22.75   38.03  15.28 67.135 

Bare Land 520.78 594.20 73.42 14.099 

 
 
 
 

VI. CONCLUSION 

Through this study, the results indicate that multi-temporal 

Landsat time series has great potential for analysis LULC 

changes in Halabja city, north part of Iraq. In addition, hybrid 

classification as a combination of k-means and maximum 

likelihood algorithms was presented and tested. The results 

show the efficiency of hybrid classification to produce high 

accuracy LULC maps over the Halabja city for the 1986 and 

1990. Furthermore, the post -classification change detection 

method proposed here proved to be very efficient to identify 

land cover changes during the period of 1986-1990.  

Planted/Cultivated class decreased by 40.8%. Whereas, the 

urban area, Shrub Land and bare land classes increased by 

57.9 %, 67.1 % and14 % respectively. 
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