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Abstract

Raniganj coalfield area has a complex land use land cover degradation scenario due to opencast mining and associated development 
activities since 1960 [1-20]. Miscellaneous mining aids like dumper, dozer and dragline caused enormous amount of land degradation. Indeed the degraded
 land covers are changed into other land uses in due course of time. That′s why it is urgent necessary to understand and compute the land use conversion 
and transformation in Raniganj coalfield area and its surroundings. Land use change is occurred due to open cast coal mining and associated development
 activity is measured by assessing the change detection analysis in ERDAS Imagine environment using the algorithm of Zhang (1992) in 1973 to 2015.
 On average 30% forest is converted into other land use within only 10 years in Sonepur, Satgram, Sripur and Khottadih area. Contrary fallow land, 
agriculture, urban and quarry land retained and gained its original own land use. The changing process will tell us the inter class transformation rate 
and dominant land cover in Raniganj mining area in near future.

Keywords: change detection, land use conversion, accuracy assessment, changing parameter





Introduction


The researchers try to interpret land use land cover changes pattern in the focal areas of Raniganj coalfield and its surroundings using
 remotely sensed data. Opencast coal mining affects the local landscape, adversely causes widespread environmental decay especially land alteration and 
mutation [1]. Therefore preparation and identification of land use land cover change map in temporal manner for any particular area is very crucial 
nowadays in earth science in order to detect the temporal changes in land use land cover [2]. These anthropogenic changes put forwarded by mining and 
associated development activities are measured by computing the combine analysis in Arc GIS. Here the researchers compute parameter wise change detection 
for any particular land use class. Total Five parameter like decreased, some decrease, increased, some increased and unchanged are calculated.


Research Area

Raniganj coalfield is located within four districts of West Bengal i.e. Burdwan (71%), Birbhum (9%), Bankura (8%) and Purulia (7%). 
This coalfield is elliptical in shape where east-west extension is about 75 km and north-south extension is about 35 km. Raniganj coalfield has an area 
of about 1530 sq km and falls within latitudes 23° 30ꞋN to 23° 52Ꞌ N and longitudes 86° 38Ꞌ E to 87° 23Ꞌ E. As on 2016 this coalfield has 17 running OCPs 
and 21abandoned OCPs within 11 areas (ECL 2015). Mean elevation is 98.45m with broad undulation [2] (Figure 1).
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Figure 1:  Location of Research Area (Source: ECL & CMPDI).



Materials and Methods

Remote Sensing Data Sources


Five temporal cloud free satellite data is gleaned from USGS
Earth Explorer portal in order to prepare land use land cover
map from 1973 to 2015. Information about satellite data is
shown in Table 1. Topographical maps with a scale of 1:50000
namely 73M/1, 73M/2, 73M/5, 73M/6, 73I/13 and 73I/14 from
Survey of India is applied to built the base layer of these satellite
data.



Table 1: Details of remote sensing satellite data, Raniganj coalfield.
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Data Processing

Data processing tasks are done from spatial and spectral
enhancement menu of image interpreter tab in ERDAS Imagine
software. In order to extract the entire research area for the
year 1973 image stretching is performed using mosaic tool from
data preparation  tab [2]. Image enhancement techniques like
histogram equalization, contrast stretching and tail trimming
are accomplished in order to improve the visual interpretability
of remotely sensed image. RGB to IHS and the reverse IHS to RGB
colour space transformation functions are also accomplished for
the year 2002 and 2010 to extract more information.


Classification Scheme

Beyond of visual interpretation signatures are selected by
using AOI tool followed by parametric statistical method from
the signature editor menu bar with region growing properties
in Erdas Imagine. Signatures are collected from multiple areas
throughout the image for a single class and are merged which
belong to the same class and renamed after a land use land cover
class [3]. In this manner ten distinctive land use land cover classes
are captured. These are-forest, agricultural land, fallow land,
river, river sand, water body, exposure, mining lagoon, urban
and excavated. On average 125 forest signatures, 153 agriculture
signatures, 165 fallow signatures, 60 river signatures, 120
river sand signatures, 75 water body signatures, 87 exposure
signatures, 50 lagoon signatures, 155 urban signatures and 80
excavated signatures are determined for one temporal image.
Signature alarm and contingency matrix utility is also used
to evaluate signatures that have been created from AOI in the
image. After all these evaluations, supervised classification is
performed with a distance file from classification tab/signature
editor menu bar/classify/supervised to perform a supervised
classification. Under parametric decision rule, maximum
likelihood is selected. Then ok is clicked in the supervised
classification dialog to classify the image [4]. Post classification
filtering is applied from the viewer menu bar/select raster/
filtering/statistical filtering (median filter) to remove unwanted
discrete pixels from the thematic image and to producing
homogeneous region permanently (Figures 2-4).
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Figure 2:  Landscapes map of 1973 and 1992 (clock wise), Raniganj coalfield.
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Figure 3:  Landscapes map of 2002 and 2010 (clock wise), Raniganj coalfield.
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Figure 4:  Landscapes map of 2015, Raniganj coalfield.





Ground Truth and Training Data Map and Photographs

With the help of Google Earth and GPS device [5] 950
ground truth data has been gathered for full and accurate
characterization of ground truth geographic coordinates, land
use and land cover attributes, species information of different
landscapes using stratified random sampling method [6]. 950 insitu
GPS waypoints are plotted in the study region according to its
geographical co ordinate value shown in  Figure 5. Photographs
of different landscapes are collected and linked to the classified
map according to its geographical coordinate system with the
help of Google Earth in an aim to verify the classified land use
land cover map with the actual surface features [7]. Forest and
excavated quarry land photograph is taken from Purusattampur
area (23°42Ꞌ 10Ꞌ Ꞌ N and 87°16Ꞌ  16Ꞌ Ꞌ E) and Sonepur Bazari area
(23°39Ꞌ40ꞋꞋN and 87°11Ꞌ 0Ꞌ Ꞌ E) respectively shown in  Figure 6.
Photograph of agriculture and urban is taken from Kandra area
(23°25Ꞌ 42Ꞌ Ꞌ N and 86°42Ꞌ 41Ꞌ Ꞌ E) and near Barakar railway station
and bus stand area (23°54Ꞌ2ꞋꞋ2 and 87°03Ꞌ34ꞋꞋE) respectively
shown in  Figure 7. Fallow and river sand photograph is taken
from Mithali area (23°43Ꞌ00ꞋꞋ N and 87°03Ꞌ00ꞋꞋ E) and river bed of
Ajay (23°32Ꞌ25ꞋꞋN and 86°20Ꞌ15ꞋꞋE) respectively shown in Figure 8.
 Photograph of exposure land and water body is captured
from Sonepur Bazari area (23°38Ꞌ26ꞋꞋN and 87°12Ꞌ12ꞋꞋE) and
Dalurband area (23°42Ꞌ36ꞋꞋN and 87°01Ꞌ52ꞋꞋE) respectively
shown in Figure 9. Photograph of river and mining lagoon is
captured from Barakar river (23°59Ꞌ12ꞋꞋN and 87°04Ꞌ10ꞋꞋE)
and Poidih abandoned mine (23°29Ꞌ30ꞋꞋN and 87°12Ꞌ25ꞋꞋE)
respectively shown in  Figure 10.
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Figure 5:  Ground truth verification waypoints map, Raniganj
coalfield.




[image: ]

Figure 6: Landscape photograph of forest and quarry (clock wise), Raniganj coalfield.
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Figure 7:  Landscape photograph of agriculture and urban (clock wise), Raniganj coalfield.
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Figure 8: Landscape photograph of fallow and river sand (clock wise), Raniganj coalfield.
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Figure 9:  Landscape photograph of exposure and water body (clock wise), Raniganj coalfield.
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Figure 10:  Landscape photograph of river and mining lagoon (clock wise), Raniganj coalfield.




Accuracy Assessment

This work is done in ERDAS Imagine software followed by
classification tab and accuracy assessment tool. The accuracy
assessment algorithms are shown in Tables 2-7. Firstly stratified
random sampling method is used to furnish the 878 ground
truth reference data. These ground truth points are overlain
on the land use land cover map and value is extracted [8]. After
that a confusion matrix is generated and placed such that class
membership determined by ground truth values are along the
x-axis, and class membership determined by image classification
is along the y-axis [9]. When placed this way, correct values fall
along the major diagonal of the matrix [10]. Incorrectly classified
values lie in the off diagonal areas of the matrix; such that it is
apparent which class they are confused with [11]. Field data for
validation is not available for 1973, 1992, 2002 and 2010. So it
is assumed that a similar accuracy is achieved using the same
methods from the 2015 land use land over map [12]. Accuracy
result for the land use land cover map of 1973, 1992, 2002, 2010
and 2015 is shown in Table 3-7 respectively.



Table 2: Algorithms for accuracy assessment, Raniganj coalfield.
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Table 3:Confusion matrix for accuracy assessment of LULC map 1973, Raniganj coalfield.
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Table 4:Confusion matrix for accuracy assessment of LULC map 1992, Raniganj coalfield.
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Table 5: Confusion matrix for accuracy assessment of LULC map 2002, Raniganj coalfield.
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Table 6:Confusion matrix for accuracy assessment of LULC map 2010, Raniganj coalfield.
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Table 7:Confusion matrix for accuracy assessment of LULC map 2015, Raniganj coalfield.
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Identifying and Extracting Changes from LULC

Change detection from the classified images is performed
from interpreter menu following the utilities tab in ERDAS
Imagine software in order to measure the area and percentage
of land use land cover changes between two successive periods.
′Before image - after image′ algorithm is used to extract the
changes following 10% increase or decrease rules [13]. Image
difference file and highlight change file is also generated.
Principal component analysis has been tested from interpreter
menu following spectral enhancement tab in order to recognize
changes from bi temporal images. Accuracy of change map
is measured by multiplication method. Change maps are
re-sampled to bilinear interpolation from raster menu/set
resampling method tab to depict the spatial extent and locations
of land use land cover changes [12] (Figures 11-13).
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Figure 11:  Development and technical process of change detection after Zhang, 1992.
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Figure 12: Change map 2002 to 2010 and 2010 to 2015 (clock wise), Raniganj coalfield.
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Figure 13: Change map 1973 to 1992 and 1992 to 2002 (clock wise), Raniganj coalfield





Result and Discussion

878 ground truth points are accurately classified resulting
in an overall accuracy is 90.74% and Kappa coefficient is 0.92
in 2015 shown in  Table 7. Forest, agriculture, fallow, river sand,
mining lagoon, urban and excavated have similarly high user
and producer accuracy value. These land use classes never fall
below 88% accuracy. River shows a low user accuracy of 75.3. It
indicates that about 24.7% of time pixels that is classified as river
is actually a member of another class. Water body has lowest
producer accuracy with a value of 74.7%. This means about
25.3% of time pixels that was actually water body was incorrectly
classified to another class. Similar results are calculated in the
same manner or true for the year 1973, 1992, 2002 and 2010 shown in  Table 3-6 respectively [14]. Inaccuracies in the error
matrix are as follows-forest confused with agriculture and
exposure. Water body confused with lagoon, excavated confused
with fallow and urban, fallow land confused with river sand [15]
(Figure 14).

The highlight change image is typically divided into five
categories of decreased, some decreased, unchanged, some
increase and increased [16]. Four change maps are prepared
namely 1973 to 1992, 1992 to 2002, 2002 to 2010 and 2010 to
2015 shown in Figures 12 & 13. Near existing forest, agriculture,
fallow, wetland and urban areas experienced the most consistent
changes throughout the study area. In the map 1973 to 1992 the
most prevalent area of change was from forested areas to fallow,
agriculture and mining quarry. This change occurred most
prevalently in the North East area and central area of Raniganj
coal field. In the year 1992 to 2002 urban area experienced a
noticeable amount of increase (almost doubled in area) in south
and eastern parts of this coalfield. In the year 2002 to 2010
mining quarry increases vastly and some decrease of forest
and agriculture. In 2010 to 2015 agriculture and urban have
increased in south and south western parts respectively. And
major decrease is happened in north eastern and north western
parts of the study area.


Parameter wise distribution of changes is shown in
Figure 14. This diagram shows that Raniganj coalfield and its
surroundings exhibits maximum unchanged land use. In 1973
to 1992 unchanged area is about 244174.25 hectare followed by
225580.32 hectare in 1992 to 2002, 159449.58 hectare in 2002
to 2010 and 158870.88 hectare in 2010 to 2015 respectively.
Around Sonepur Bazari, Bankola and Kenda, Sodepur, Slanpur
and Pandaveswar area this unchanged land use dominated. The
declining rate of unchanged land use indicates vast pressure
on land use land cover. In near future the rate will be increased
rapidly. Decreased land use is maximum in 2010 to 2015 that is
about 89590.95 hectare near Dalurband and Shibpur. Contrary in
1973 to 1992 decreased area is about 18037.15 hectare followed
by 20124.27 hectare in 1992 to 2002, 24727.77 hectare in 2002
to 2010 respectively. The increasing trend of this parameter
denotes transformation and fragmentation of land use. Some
decrease land use is higher in 2002 to 2010 that is 84426.84
hectare followed by 54124.29 hectare in 2010 to 2015, 12735.33
hectare in 1973 to 1992 and hectare in 15690.51 1992 to 2002
respectively. This parameter also indicates same trends of
decreased. Maximum land use increased in 2002 to 2010 that is
7644.24 hectare. In 2010 to 2015 it is 4676.76 hectare followed
by 35703.73 hectare in 1973 to 1992 and 33705.9 hectare in
1992 to 2010. Slanpur, Satgram, Sonepur Bazari, Kenda, Dabor,
Sripur and Slanpur areas experienced highest rate of increased
land use. This parameter indicates dominance of particular
land use in any area. Here urban and agriculture dominates this
foresaid area. Some increased area also indicates the same of
increased parameter. Maximum 39754.71 hectare is increased
in 2002 to 2010 and minimum 8740.26 hectare in 2010 to 2015.
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Figure 14:  Parameter wise change detection from 1973 to 2015, Raniganj coalfield.




Conclusion

This huge level of land use change in Raniganj coalfield area
is occurred due to extension of mining areas, development of
infrastructure and residential complexes of mining industry and
thermal power plants [17]. This intensive analysis indicates that
forest, water body and river are acutely affected land use. These
land uses are more affected in past 40 years because of around
38% change area. Forest and river are most prone to future
transformation. Contrary fallow, agriculture, river sand is and
moderately effective land use because of around 75% retention
in last 40 years [18,19]. Urban is acutely effective land use in
Raniganj coalfield area because of about 93% retention area in
past 40 years. In the conclusion it can be said that agriculture
and urban will dominate this area in near future. Agricultural
expansion, land abandonment, illegal small scale mining, large
scale opencast mining, deforestation and rapid urbanization
predominately occurred in and around the periphery of Raniganj
mining area will make the landscape or ecosystem more complex
and fragmented in near future [20].
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