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ABSTRACT

Investigating Changes Detection in Land Use and Land Cover Analysis of Opencast Singareni Coal Mine Area
Using Remote Sensing and GIS Techniques was the focus of the current investigation. Change Detection
Analysis for Land Use Land Cover over a decade frequency (2005-2015) of cultivated soils surrounding
OpenCast Coal Mine areas namely Ramakrishnapur, Srirampur and Medipalli of Telangana State. AWiFS data
of IRS Resoursesat Satellite images of 2005 and 2015 were taken for the detection of temporal variation in Land
use/ Land cover due to open cast coal mining.The ability of remote sensing techniques to produce precise
spatiotemporal statistics of LULC and its changes in the typical coal mining region has been demonstrated, in
open cast coal mining per year was the highest at Ramakrishnapur (@ 300 ha / year) followed by Srirampur (@
150 ha / year) and Medipalli (@ 100 ha / year).At Ramakrishnapur with the onset of mining there was
considerable decrease in agricultural land, shallow water bodies and deciduous forests i.e., conversion of these
land uses to mining was evident. Whereas, at other two mining sites (Srirampur and Medipalli) conversion of
scrubland followed by shallow water bodies, agriculture lands and deciduous forests into mining area was
detected. However, the built-up land at all three-mining site was from cultivated lands and at Medipalli and
Srirampur it was also contributed from scrubland. On the whole impact of open cast mining on deep water
bodies was not detected. If the mining and surrounding regions' continued and appropriate use of the land and
water resources at hand, careful long-term planning is of utmost importance.

KEYWORDS: Change detection, Land use Land cover, Mining activities and Remote sensing and GIS.

INTRODUCTION

There is a requirement to comprehend the dynamic surface and structural changes in a landscape, which can be
successfully tracked using remote sensing and Geographic Information System approaches (1,2,3). GIS is a
sophisticated tool for presenting and analyzing spatial relationships between geographic phenomena using
vectors and pictures (3,4). Thematic mapping has undergone a revolution in recent years as a result of
improvements in the geographic information system (1). Integration of Remote Sensing into a GIS database can
minimize costs, shorten survey times, and enhance the amount of comprehensive information collected (5).
There is still significant untapped potential in Indian soils to increase crop output through efficient and
sustainable use of soil resources, including water and nutrients (6,7).

Land use and land cover (LU/LC) can be classified via remote sensing region’s quantitative digital image
processing techniques or qualitative visual interpretation approaches (8,1,9). Even with quantitative approaches
based on objective numerical methods, classification outputs are usually scene-dependent, making it difficult to
apply the same processing strategy to an image scene with varying properties with the same level of success
(10,11,12). Long-term LU/LC classification and change detection systems based on remote sensing face
difficulty as the dynamics of LULC change in an active mining area naturally affect the picture sceneries
(13,14,10). Another issue is the availability of data for the same season across numerous years. As a result of the
seasonal variation, the LU/LC Classification and Change Analysis may contain additional inaccuracies (12).
Despite these disadvantages, a number of employees have successfully tracked coal mining activities and their
impacts on the environment, terrain, and LU/LC over very long time periods using remote sensing photos.
(8,16,17,18,19).

The current study offered an approach to incorporating landscape ecology principles into land use plans, with
the goal of reducing the effect of land conversion by guiding such transformations in ecology, including proper
edaphic direction (20,21,22). Furthermore, the study aims to comprehend, develop, and demonstrate a
methodology for an integrated application of Remote Sensing (RS), Geographic Information System (GIS),
Landscape ecological principles in anticipating Land Use, Land Cover changes (LU/LC) due to open cast coal
mining and in developing rehabilitation strategies based on the principle of prioritization in the open cast mining
areas of Singareni Coal Mine area, in the Telangana region.
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MATERIALS AND METHODS

Change Detection

Satellite images of the research area were acquired from 2005 to 2015 for this investigation. Awifs data for 2005
and 2015 were provided by the National Remote Sensing Centre (NRSC) in Hyderabad (23). A topographical
map of the region obtained from the Indian survey was used for ground reference (Fig 1). The topographical
map of India from the Survey of India (SOI) was rectified using geographic latitude-longitude and WGS 84
datum. A satellite image was registered using a georeferenced topographical map and both a map to image and
image to image registration technique (24,3). The ERDAS imagine programme version 9.2 was used for
georeferencing and registration (24). Table 1 details the satellite and auxiliary data used.

Karimnagar district Map

Figure 1. Location map of the study Area

Table 1. List of data used and their specifications

Satellite Data Path/Row Date of Acquisition Spatial Resolution
15%" October 2005

AWIFS 99-60 20" March 2015 56 m

Land Use Land Cover Map

Comparing maps and photographs can reveal information on changes in land use and land cover. The current
study used map-to-map comparison to determine changes in land use and land cover (14,25). Temporal satellite
pictures were used to construct land utilization and land cover maps. Image processing and visual interpretation
techniques were used to track changes in land use and cover. Tone, texture, shape, size, association, drainage,
landform, soil, and vegetation are among the photographic and geotechnical features used to identify and
classify the various land use/land cover groups (1,2,26,27). Image interpretation of satellite data was done in
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2015 with reference to mapped Land use - Landover categories, followed by field validation. Using satellite data
assembled during 2005 and 2015, we identified spatiotemporal changes in the region's LU/LC over time. The
National Remote Sensing Agency's LU/LC classification scheme served as the foundation for the LU/LC
categorization used in this study (28,29). The level-II category changes were made with the area's coal mining
activity and related Land Use - Land Cover in mind. Built-up, Agricultural Land, Plantation / Orchard,
Deciduous Forest, Scrub Land, Waterbodies, Shallow waterbodies / Wet land, and Mining region were the eight
classes that made up the level-II categorization. Using Arc Map software (version 9.3), an on-screen digitization
approach was used to digitize the maps, and additional area statistics for other land use categories were
computed. Using land use-land cover information between 2005 and 2015, the percentage shift, pattern, and
pace of LU/LC change were calculated. The area and percent change for each land use and land cover type over
a ten-year period were calculated. Using the following calculation, we were able to compute the % change by
comparing the original (before) and final (after) LU/LC areal coverage (30,31):

Present LU/LC area — Previous LU/LC area
Per cent LU/LC Change = X100

Previous LU/LC area

where area denotes the size of each LU/LC type. Positive values indicate expansion, whereas negative values
indicate contraction. The methodology flow chart details the research approach employed. (Fig 5).

RESULTS AND DISCUSSION

Change detection of Land use / Land cover (LULC)

The land use of a region is the product of previous responses that projected the connections between the cultural,
ecological, and physical contexts. As a result, a location's land use pattern is the result of how people have
utilised natural and socioeconomic components over time and space (32,33). An attempt was made to detect
temporal variation of LU /LC over a period of 10 years i.e., 2005 to 2015 with open cast coal mining in selected
mining sites i.e., Ramakrishnapur, Medipalli and Srirampur. AWiFS data of IRS Resoursesat satellite images of
2005 and Resoursesat 2015 were used for this purpose (23). As the pedons and surface samples were collected
at different radial distances from opencast coal mining, the satellite image was also clipped with a radius of 10
km approximately from open cast coal mining for all three mining places separately and the images digitally
processed under ERDAS 9.2 software (24,34) and the steps involved were shown in the flow chart (Fig 5).

Ramakrishnapur 2005 Ramakrishnapur 2015

Ramakrishnapur coal mine site

Figure 2. Satellite images of Ramakrishnapur open cast coal mine area a) Year 2005 b) Year
2015
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Srirampur 2005 Srirampur 2015

Srirampur coal mine site

Figure 3. Satellite images of Srirampur open cast coal mine area a) Year 2005 b) Year 2015

Medipalli 2005 Medipalli 2015

Medipalli coal mine site

Figure 4. Satellite images of Medipalli open cast coal mine area a) Year 2005 b) Year 2015
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Figure 5. Flowchart demonstrating the methodology used to generate a land use/land cover map
with corresponding change detection statistics.

The use of remote sensing in conjunction with a geographic information system (GIS) provides the most precise
means of monitoring the extent and pattern of LU/LC changes in land scape conditions across time (1,2). The
major land use/land cover categories in the area were mapped using satellite images from 2005 and 2015 (Figs
2, 3, and 4). Built-up land, agricultural area, plantation / orchards, shallow water bodies / wet land, deciduous
forest, scrub land, water bodies, and mining area are the eight major categories.

1. Built-up land is territory that is covered by population-related settlements. The loss of farmland and
grassland areas is often linked to urban development and the resulting population growth (32). Built land can be
identified on false colour composite (FCC) by its cyan-light grey tone, coarse texture, dispersed pattern, and
uneven shape.

2. Agricultural land can be summarised as land utilised primarily for the production of food and fibre. It
includes agricultural land. (irrigated and non-irrigated, present fallow, and so on). Croplands are places with
standing crops as of the date of the satellite above. Cropped regions are bright red to crimson in colour, have
varying sizes and shapes, and have a regular or sub-regular outline shape in a contiguous to non-contiguous
pattern. Fallow lands are cultivated fields that are temporarily un-cropped for one or more seasons, but not for
less than one year or more than five years. On the FCC image, its light brown to light yellow tone, medium to
smooth texture, non-contiguous pattern, and uneven form were used to identify it.

3. Plantation/Orchard regions are planted with agricultural tree crops using agricultural management
techniques. These also include land use strategies and practices in which the cultivation of herbs, shrubs, and
vegetable crops is purposely integrated with agricultural crops, generally in irrigation settings, for ecological and
financial reasons. Plantations have irregular and sharp boundaries and are dark-red to crimson in colour,
indicating that they are surrounded by a fence.

4. A deciduous forest is characterized as land having a tree canopy cover of more than 10% and an area
greater than 0.5 hectares. Forests are determined both by the presence of trees and the absence of other
predominant land uses within the notified forest boundaries (35,36). Dense Forest can be interpreted from the
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FCC image by its dark red tone, coarse - medium texture, contiguous pattern and regular to irregular shape.
Open Forest exhibit crown density in between 40% to 10%. It is easily identified on FCC image by its light red -
pinkish colour, smooth - medium texture, contiguous to noncontiguous pattern with irregular outline.

5. Scrub land: Scrub has shallow and skeletal soils that are sometimes chemically damaged, extreme slopes
that are badly eroded, and lands that are prone to excessive aridity where scrubs dominate the landscape (37).
They have a tendency for intermixing with cropped areas. On the FCC image it can be identified by its pink -
light yellow tone, coarse to medium texture scattered pattern and irregular outline boundary. If the vegetation
cover is more dense it is called as dense scrub and open scrub if it is having thin soil cover.

6. Water Bodies are areas containing surface water, either impounded as ponds, lakes, and reservoirs or
flowing as streams, rivers, canals, and so on. Depending on the depth of the water, these can be seen clearly in
blue to dark blue or cyan on the satellite view (38).

7. Shallow Water Bodies / Wet Land are places with very shallow water bodies. These lakes of water arise as
a result of the collection of rainwater or ground water in mining depressions (39,40).

8. Mining area denoted by blue to dark tones in the satellite image with mottled texture nearby current fallow
and forest area as shown in satellite images Figs 2, 3 and 4.

a) LU/ LC per cent area in 2005 ® Built up land
(Urban/Rural)
u Agricultural Land
0%

= Plantations / orchards
B Deciduous forest
¥ Shallow water bodies /

wetland
E Scrubland

m Waterbodies
0%
Mining area

b) LU / LC per cent area in 2015 ® Built up land
(Urban/Rural)
= Agricultural Land

3%
m Plantations / orchards

Deciduous forest
® Shallow water bodies /

wetland
m Scrubland

®m Waterbodies

1% »
= Miming area

Figure 6. Pie chart showing the per cent area of Ramakrishnapur open cast coal mine a) year 2005 b)
year 2015

The satellite photos of the Ramakrishnapur open cast coal mine region from 2005 to 2015 are presented in Fig 2,
and the categorized map of the related images is shown in Figs 7 and §, which illustrate eight categories of land
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use/land cover. Table 2 shows the area under various categories and dynamics in LU/LC, as well as the
percentage area. Table 2 compares the extent of that LU/LC in 2005 and 2015. Positive values of % change
indicate an increase, whereas negative values indicate a reduction. In Ramkrishnapur, mining was started just
three years ago only, which was reflected in nil mining area during 2005. By the year 2015 it was increased to
1008 ha i.e., 3.1 per cent which was depicted in pie diagram (Fig 6).

N

Ramakrishnapur 2005 A

Il Mining Area

I Builtup land

[1 Agricultural cropped area
I plantation/Orchards

B Dpeciduous Forest
[ Scrubland

B Shallow water bodies/wetland
L L L L L 2 ) N ) H Waterbodies

Legend
Il Mining Area

-+ [ Agricultural cropped area
[T plantation/Orchards
= M Deciduous Forest
| Scrubland
I shallow water bodies/wetland
I Waterbodies

o 225 45 9 Km
L s L L L 1 1 ' ]

Figure 8. Ramakrishnapur open cast coal mine area land usage / land cover map (AWiFS, 2015)

This mine was only three years old when it began, therefore an average of 300 ha per year is being turned into
mining territory. Mining activity increased during the course of the year, and enormous amounts of mining
debris, such as overburden, were deposited on neighbouring land, damaging the quality of the soil and limiting
its potential to produce, transforming it to barren land (41,42,43). Previously, this area was covered in forest,
wetlands, and agricultural land. The removal of brush and agricultural areas during mining operations was often
followed by significant environmental damage (18,19,44,50). According to the LU/LC change analysis, there
was conversion and a decline in scrubland (sparse or open forest). When coal mine overburden is placed in
regions that haven't been mined, it produces mine spoils, which eventually have an impact on the nearby
vegetation. Around the littoral swamp, the vegetation experienced a negative change of 9.7 %. The shallow
water bodies had a decline of 9% during a ten-year period and were turned into mining areas (38,40), as seen
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plainly on satellite and classified maps. Table 2 makes it clear that built-up land has increased throughout this
time, from 12.1% to 13.7% (Figs 4 and 5), including contributions from agricultural land and water bodies
(32,33,45). 3.7% of water bodies were found to have changed negatively due to building up land.

a) LU/ LC per cent area in 2005

2%

B Built up land
(Urban/Rural)

u Agricultural Land

¥ Plantations / orchards

= Deciduous forest

m Shallow water bodies /
wetland

m Scrubland

® Waterbodies

= Mining area

b) LU / LC per cent area in 2015

= Built up land
(Urban/Rural)

= Agricultural Land

= Plantations / orchards
Deciduous forest

® Shallow water bodies /
wetland

® Scrubland

® Waterbodies

= Mining area

Figure 9. Pie chart showing the per cent area of Srirampur open cast coal mine a) year 2005 b) year 2015

Table 2. Land use / Land cover statistics and its dynamics during the study area from 2005-2015 at
Ramakrishnapur open cast coal mine area.

Year 2005 Year 2015 ?Sh ange in Area 2005-
S.No. Land use / Land cover
Areainha | Areain% | Areainha | Areain % }/l\area mn Area in %
Built up land
1 (Urban/Rural) 3942 12.1 13.7 -519 13.2
2 Agricultural Land 12341 37.9 322 1855 -15.0
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3 Plantations / orchards 162 0.5 157 0.5 5 -3.1

4 Deciduous forest 3503 10.8 3467 10.6 36 -1.0

5 Shatlow water bodies /| 175 5.5 1612 4.9 174 9.7

6 Scrubland 8673 26.6 9297 28.5 -624 7.2

7 Waterbodies 2178 6.7 2097 6.4 81 -3.7

8 Mining area 0 0.0 1008 3.1 -1008 0.0
Total Area 32585 32585

The Satellite images of Srirampur open cast coal mine area of year 2005 and 2015 are shown in Fig 3 and
classified map of the respective images are shown as Figs 10 and 11 which shows 8 categories of Land use/Land
cover. The detailed percent change, area statistics and area dynamics are shown in Table 3. As this mine was
started 10 years back i.e., 2005, the mining area was 1.7 percent only (556 ha) which was increased to 6.3 per
cent (2047 ha) which shows an average increase of 150 ha per year (Fig 9) the percent LU/LC change was 268.2
here the conversion of mining area was from Agriculture land, Scrub land and Shallow water body / wetlands
which are associated with coal mines. The Deciduous Forest was decreased from 0.7 to 0.5 % in the area scrub
land decreased from 23.2 to 18.8 %. Forest destruction during mining operations was always followed by severe
environmental harm (35,36). The conversion of agricultural land, plantation land, and scrub land at this location
also contributed to a favorable improvement in the built-up area (32,33). There was a small decline in water
bodies of (0.3%), or from 9.9% to 9.6%, which indicates that there was reportedly no effect of coal mining on
water bodies.

Table 3. Land use / Land cover statistics and its dynamics during the study area from 2005-2015 at
Srirampur open cast coal mine area.

Change in Area
Year 2005 Year 2015 2005-15
S.No. Land use / Land cover
Area in | Area in | Area in | Area in | Area in | Area in
ha % ha % ha %
Built up land
1 (Urban/Rural) 4880 15.0 5465 16.8 -585 12.0
2 Agricultural Land 15067 46.2 14756 453 311 2.1
3 Plantations / orchards 268 0.8 254 0.8 14 -5.2
4 Deciduous forest 214 0.7 174 0.5 40 -18.7
5 Shallow water bodies / | ¢ 5 25 643 2.0 172 21.1
wet land
6 Scrubland 7560 23.2 6129 18.8 1431 -18.9
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7 Waterbodies 3224 9.9 3116 9.6 108 -3.3

8 Mining area 556 1.7 2047 6.3 -1491 268.2

Total Area 32584 32584

The Satellite images of Medipalli open cast coal mine area of year 2005 and 2015 are shown in Fig 4 and
classified map of the respective images are shown as Figs 13 and 14 which shows 8§ categories of Land use/Land
cover. The detailed percent change, area statistics and area dynamics are shown in Table 4. As this mining was
started more than 15 years i.e., 2005 the mining area was 4.9 percent only (1586 ha) which was increased to 7.9
per cent (2561 ha) which shows an average increase of 100 ha per year (Fig 12) the percent LU/LC change was
61.5 here the mining area is coming from Scrub land which is associated with coal mines. When mining
operations destroyed scrub (sparse forest) forests, the ecosystem was almost always severely harmed (37).

N
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Figure 11. Land use / Land cover map of Srirampur open cast coal mine area (AWiFS§, 2015)
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Table 4. Land use / Land cover statistics and its dynamics during the study area from 2005-201S5 at
Medipalli open cast coal mine area.

Change in Area
Year 2005 Year 2015 2005-15
S.No. | Land use / Land cover
Area in | Area in | Area in | Area in | Area in | Area in
ha % ha % ha %
Built up land
1 (Urban/Rural) 5306 16.3 6152 18.9 -846 15.9
2 Agricultural Land 13629 41.8 13671 42.0 -42 0.3
3 Plantations / orchards 492 1.5 388 1.2 104 -21.1
4 Deciduous forest 118 0.4 97 03 21 -17.8
5 Shallow water bodies /| 5 0.9 255 0.8 49 -16.1
wet land
6 Scrubland 7247 22.2 5676 17.4 1571 -21.7
7 Waterbodies 3898 12.0 3780 11.6 118 -3.0
8 Mining area 1586 49 2561 7.9 -975 61.5
Total Area 32580 32580

On average, the extent of area converted into open cast coal mining per year was highest at Ramakrishnapur (@
300 ha/year), followed by Srirampur (@ 150 ha/year), and Medipalli (@ 100 ha/year). Methods for remote
sensing have proved their ability to generate reliable spatiotemporal data of LULC (14,1) and its variations in
the coal mining area.

a) LU/ LC per cent area in 2005
5% ® Built up land (Urban/Rural)
= Agricultural Land
m Plantations / orchards
Deciduous forest
H Shallow water bodies /

wetland
m Scrubland
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b) LU / LC per cent area in 2015 = Built up land
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' Deciduous forest
m Shallow water bodies /
wetland
1% = Mining area
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Figure 12. Pie chart showing the per cent area of Medipalli open cast coal mine a) year 2005 b) year 2015
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Figure 14. Land use / Land cover map of Medipalli open cast coal mine area (AWiFS, 2015)
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With the start of mining in Ramakrishnapur, there was a significant decline in agricultural land, shallow water
bodies, and deciduous forests, indicating that these land uses had been converted to mining. In contrast,
conversion of scrubland followed by shallow water bodies, agriculture areas, and deciduous forests into mining
area was identified in the other two mining sites (Srirampur and Medipalli). However, the built-up land at all
three mining sites came from cultivated areas, with scrubland also contributing at Medipalli and Srirampur. The
overall impact of open cast mining on deep water bodies was not discovered. Long-term planning is critical for
the sustainable and proper use of limited land and water resources in mining and adjacent regions (46,47,48,50).

CONCLUSION

The extent of area converted into open cast coal mining per year was highest at Ramakrishnapur (@ 300
ha/year), followed by Srirampur (@ 150 ha/year), and Medipalli (@ 100 ha/year) as determined by the
spatiotemporal statistics of LULC and its changes in coal mining area on average. With the start of mining,
agricultural land, shallow water bodies, and deciduous forests in Ramakrishnapur significantly decreased; this
was evidence of the change of these land uses to mining. The conversion of scrubland, followed by shallow
water bodies, agricultural fields, and deciduous forests, into mining area was found at the other two mining sites
(Srirampur and Medipalli). However, the developed land at each of the three mining sites came from cultivated
land, with additional contributions from scrubland at Medipalli and Srirampur. On the whole, there was no
evidence of an influence of open cast mining on deep water bodies. For the mining and neighbouring regions to
manage the available land and water resources sustainably and effectively, careful long-term planning is
essential.
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