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ABSTRACT 
In recent years, the Environment becomes major concern for the human survival across the 
countries. Now-a-days intellectuals, academicians and environmentalists put their concern at all 
platforms for betterment of society. A systematic and multidisciplinary approach of mapping, 
monitoring and controlling the impact caused by the mining activities is necessary so as to 
understand the character and magnitude of these hazardous events. This paper presents the spatial 
extent, magnitude and temporal behavior of opencast sandstone mining areas and land use land 
cover (LU/LC) changes around Jodhpur city, Rajasthan,India due to increasing population and 
urbanization in the past one decade (2002-2012). Satellite data of IRS-P6, Cartosat and GeoEye 
was used to carried out the change detection and preparation of GIS based outputs maps of 
opencast mining areas and Environmental Impact Analysis (EIA) of the study area. The analysis 
indicates that unscientific and non-mechanized methods in opencast mines pose threat to the 
environment, life and degradation of nearby land area. Results revealed significant changes in 
mining areas, LU/LC, vegetation cover and with changes categories like no change, positive 
change and negative change. Results were also verified using ground truth data.  
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INTRODUCTION 
The use of remote sensing data in recent times 
has been of immense help in monitoring the 
changing pattern of LU/LC. Change detection, as 
defined is the temporal effects as variation in 
spectral response involves situations where the 
spectral characteristics of the land cover type in a 
given location change over time. The purpose of 
this work is to map the LU/LC features over the 
period of time. The ERDAS Imagine, Arc GIS 
software is used to develop a land use 
classification and change detection using 
LANDSAT images of year 2002 and 2012. The 
generated land use classification were compared 
with a land use generated using ArcGIS9.2, to 
decide which method provides better land use 
classification. Image processing classification 
technique was also used and important land use 
features i.e. forest area, waste land, settlement, 
fallow land agricultural land etc. extracted on the  

basis of pixel variation and compare the results 
with the result came after on screen 
digitization.1  

AIMS AND OBJECTIVES 
The aim of this study was to analyze and 
monitor the spatio-temporal land use/land 
cover change patterns using multitemporal 
Landsat imageries in and around Jodhpur city 
during 2002- 2012. Satellite remote sensing 
provides useful data to monitor environmental 
impact on developmental activities of mining 
and mineral deposites. Therefore to identify 
the environmental imbalance caused by mining 
activities in Jodhpur city using Remote 
Sensing and GIS techniques was the objectives 
of the study.2  

METHODOLOGY 
Study area  
Jodhpur city is located at a latitude of 26º 18' 
North and longitude of 73º 1' East and is located *Author for correspondence 
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in the middle of the Thar Desert tract of western 
Rajasthan about 250 km from the Pakistan 
border (Fig. 1). Its general topography is 
characterized by the hills located in the North 
and North-west. The city has a natural drainage 
slope from North-North East to South-South East 
towards Jojari River and extensive stone quarries 
in the Northwest direction.3 The economy of 
Jodhpur thrives on industrial goods and cultural 
heritage. On account of its location and 
availability of better infrastructural facilities, 
industrial development in and around Jodhpur is 
quite noticeable for the last one decade. In the 
North and North-western part of study area, 
thousand of sandstone mine quarry are producing 
high quality of sandstone as building materials 
(Fig. 2). These opencast mines are producing 
sandstone for last three centuries. Satellite data 
of  Landsat,  IRS-P6,  Geo-Eye  and  Survey  

of India (SoI) maps are used in the present 
study. The data that has been used for studying 
the municipality level spatio-temporal land 
use/land cover change include four historical 
Landsat satellite images covering Jodhpur 
municipality for the years 2002-
2012.4Topographical map of the area were 
used for the ground reference. Survey of India 
(SOI) topographical map was rectified using 
geographic latitude-longitude and WGS 84 
datum. By using georeferenced topographical 
map, satellite image were registered using map 
to image as well as image to image registration 
procedure. ERDAS imagine software was used 
for the purpose of georefrencing and 
registration.3D Map of the mining area has 
been prepared using Cartosat Stereo Data and 
Geo-Eye for visualization of the natural 
landscape of the study area (Fig. 3).

 

Fig. 1 : Location map of the study area

 
Fig. 2 : Dense vegetation converted into sparse vegetation 
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Fig. 3 : 3D View of mining area using geo-eye satellite  

Details of various satellite data, their 
characteristics and ancillary data used in this 
study are given Table 1. In the present study 

the area of interest (AoI) has been identified on 
the basis of SoI toposheet and the mine cluster 
map of the Sandstone Quarry (Fig. 4).  

Table 1 : Details of the satellite data used in the study area 

Satellites/ 
Sensors Resolution Path/Row Date of acquisition 

Landsat TM 30m 149/42 29-10- 2002 
Landsat ETM 15m 149/42  27-10- 2012 
GeoEye-1 2m 92/53 12-10-2012 
IRS-P5 2.5m 0505/0276 07-03-2010 
Survey of India  Toposheets 1:50,000 scale 1973 

 
Fig. 4 : Map showing sandstone mining quarry in the study area 

Now the AoI has been identified and demarcated 
on the LANDSAT data. Based on the satellite 

imagery interpretation, seven Land Use and Land 
Cover (LU/LC) classes are identified and also 
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verified on the field visit. NDVI Map for the 
vegetation classes are also computed using ENVI 
software. In this study, GIS is used for analyzing 
and visualizing the classification results obtained 
satellite data.5,6 Classification results of the 
remotely sensed images dated 2002 and 2012 in 
vector format were imported to the GIS in to two 
different layers including land cover classes -
water, forest, stone quarry and others- as the sub 
layers (Fig. 4). Overlay analyze was executed on 
these layers for detecting the changes of the 
quarry areas.  

RESULTS AND DISCUSSION 
Land use pattern of the area 
Land use / land cover map is an important input 
required for environmental analysis of mining 
area. The land use/land cover map showing the 
extent and spatial distribution of different land 
use/land cover classes is presented in Fig. 5.  
Using remote sensing and GIS techniques land 
cover classes are mapped and temporal changes 
in each class were computed between the year of 
2002 and 2012 (Table 2 and Table 3). Results 
shows that there has been considerable land 
cover changes in this decade as a result of surface 
mining  activities.  It  was  found  that  the area of  

sandstone quarries was 7.71 sq km (18.18%) in 
the year of 2002; this value has notably 
increased to 9.71 sq km (22.91%) in the year of 
2012.7-13 The area of dense forest decreased to 
3.21 sq km (7.63%) from 3.91sq km (9.21%) in 
10 years period. This means that the total forest 
area was decreased about % 3.1 (dense and 
scrub) between the year of 2002 and 2012. On 
the other hand, in the field surveys it is seen that 
the change in the water area is derived from the 
mining activities as a result of the large mining 
holes filled by water. These significant results 
show that the study area has not affected by the 
urbanization yet and the most of the forests in 
the study area destroyed as a result of the 
mining activities. Topography and land scenario 
changes due to digging of open pits and 
dumping of overburden rock mass in the form 
of the heaps (Fig. 6 to Fig. 8). The land-use 
pattern undergoes a change due to the use of the 
land for mining, dumping and other mining and 
associated activities.  The land-use in the 
surrounding areas may get affected due to the 
impacts of mining on water regime. The 
statistical results of classification obtained by 
using RS technology verified visually in GIS 
environment (Fig.5).  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : LU/LC classes map of the study area based on the images of a) 2002, b) 2012 

      

   

 

(a) 

(b) 

(a) 

(b) 
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Table 2 : Land cover classification and description 

Land cover classes Descriptions 
Settlement Includes urban and rural habitation and industrial units 
Scrub forest Consist of grass, shrub and agricultural fields 
Dense forest Comprises of protected forest area with plants and local vegetation 

associations 
Barren/rocky area Open spaces along with bare rocks hillocks, sparsely vegetated areas 
Fallow land Uncultivated and empty pale yellow land 
Water bodies Lakes, ponds, mine filled with water and water streams 
Mining area Sandstone quarry of clusters 

                                 Table 3 : LU/LC change statistics for the decade (2002-2012) 

Land use/ 
Land cover classes 

Year 2002 Year 2012 2002-2012 
(%) change Area(sq.km) Area% Area (sq.km)  Area % 

Mining area 7.704015 18.181 9.708120 22.911 4.73 
Water body 0.254836 0.601 0.290233 0.684 0.083 
Dense forest 3.236117 7.637 2.786616 6.576 -1.061 
Rocky barren 8.119259 19.161 8.000607 18.881 -0.28 
Scrub forest 7.089920 16.732 6.231549 14.706 -2.026 
Settlement 1.813968 4.281 4.495660 10.609     6.328 
Fallow land 14.153935 33.404 10.859265 25.628 -7.776 
Total area 42.372050 100 42.372050 100 -- 

 

 
   Fig. 6 :   Large OB dump near sandstone mine in Fidusar area 

 
Fig. 7 : OB dump near habitation in Mandore mining area 
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Fig. 8 : Graphical representation of relative changes of LU/LC classes 

NDVI of the area 
The Normalized Difference Vegetation Index 
(NDVI) values for JMC area varied mostly 
from -1 to 0.7. As it can be seen clearly the 
forest area has maximum NDVI values then 
comes the non forest area followed by the 
habitation, mines and finally water body shows 
the least. From Fig. 9, it is clear that most area 

in 2002 was covered by forest (Fig. 2). In the 
2002 and 2012 NDVI maps, there is gradual 
decline in the forest area and the increase in 
mines can be clearly seen. The area occupied 
by the mines and settlements has low NDVI 
values nearer to zero. Table 4 shows the 
variation of NDVI values for different classes 
in the year 2012.   

 
Fig. 9 : NDVI map of satellite images for year 2002 and 2012 

Table 4 : NDVI values and class types 

S/N Class type NDVI 
1 Forest/vegetation  0.39 to 0.59 
2 Mining area -0.28 to 0.00 
3 Water body -0.54 to -0.41 
4 Other land  0.10 to 0.28 

 
Land use/Land cover classes 
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Environment Impact Analysis (EIA) of the 
area  
Effect of mining on nearby water bodies  
Open water bodies and groundwater in the 
nearby mining area gets polluted due to 
leaching from overburden dumps (Fig. 10), 
discharge  of pumped out mine water and other  

activities in the vicinity of the water bodies. 
During rainy seasons the runoff water from the 
areas surrounding the mines may carry with it 
a large doze of suspended solids into the 
nearby water bodies. Water quality analyses 
were carried out for the surrounding water 
bodies (Table 5). 

 

 

 

 

 

 

 

 

Fig. 10 : View of OB dump reclamation for sandstone cutting unit 

Table 5 : Water quality data of lake in the study area 

Parameters Acceptable 
limit 

Kaylana 
Lake Lal Sagar Takhat Sagar 

pH 6.5-8.5 7.5 7.5 7.7 
TDS 500 275 705 640 
Hardness 300 174 306 254 
Chloride Cl 250 83 122 118 
Residual 
chloride 0.20 0.3 0.15 0.35 

F 1.0 1.1 0.6 0.4 
NO3 45 14 21 17 
SO4 200 110 140 130 
Alkalinity 250 175 204 157 
DO 2.0 6 6 5 
BOD 2.0 1.7 1.3 1.6 

 
Noise level 
Due to continuous mining and use of 
machines and motors the area is also shows 
noise level not comfortable for nearby 
habitant and also for mine workers. A noise 
level field data were also collected            
from various sites in the study area        
(Table 6).  

Impact on demographic profile  
The impact of mining on social demographic 
profile is positive because displacement of 
habitat and take over agriculture land are not 
involved in the mining project. The mining in the 
area has generated rural employment. The entire 
people have been employed from nearby villages 
except technical personal.  
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Table 6 : Noise level results in study area 

S/N Area name Noise level (dBA) 
1 Sodho ki dhani 67.8 
2 Bhomiyaji ki ghati 69.4 
3 Akalbhakri 68.5 
4 Fidusar Gora Chati 69.3 
5 kaliberi 71.8 

CONCLUSION 
The present study is very useful in assessment of 
some change in land use pattern and landscape 
due to sandstone mining activity.  LU/LC 
changes in surrounding area are effectively 
mapped and monitored by remote sensing and 
GIS technology. Results show that LU/LC 
changes of major classes were significant during 
the period from 2002 to 2012. NDVI pattern of 
the study area also shows the decrease intensity 
of vegetation. Thus it is clear that large scale 
mining leads to massive deforestation as can be 
seen in Jodhpur city area. The present study can 
useful to identify the vegetation areas which are 
under risk due to mining activity.  From the 
analysis of land use land cover classification of 
multitemporal satellite data it is observed that 
there are enormous changes especially in 
vegetation and agricultural area. Almost scrub 
vegetation have been converted either into mine 
area and mine overburden.  The water bodies has 
also increased due excavation of huge quantity of 
sandstone excavation, not because of natural 
water surface bodies. Environment for habitation 
is also affected due to pollution of air, water and 
noise level. The result of study will certainly be 
helpful in designing the proper land use 
management plan and environment friendly 
habitation near mining and surrounding area.  
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