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Abstract: Mining is an inherently invasive process that causes damage to a landscape in an area much larger than the mining site, 
resulting into a high social and environmental cost. Strip mining clears trees, plants and topsoil; which is evidently the case in about 
40% of the world’s coal mines. Also, the forest fires, health impacts due to air and water pollution; the ill effects due to mining operations 
are enormous.  
This research is based on delineated coal mining area by weighted overlaying of vector layers such as tectonic faults, geological, 
geochemical, etc. over satellite imagery and Support Machine Vectors for identification and quantification of land cover changes in 
Jharkhand, India.  The paper further analyses the environmental impacts of improper and illegal mining operations, related with these 
land cover changes using results of the spatio-temporal analytics. 
The research focuses on environmental impacts, being caused by coal mining on biodiversity, by realizing the various levels of air, 
water, soil and noise pollution. Finally, the authors conclude on policy level interventions in the coal mining operations for Indian system 
of governance. 
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1. INTRODUCTION 

The energy supply in India (2017) is dominated by Coal sector which constitutes of 48% of the total 9256 TWh/year. 
Other sectors comprise majorly of oil sector, natural gas, Renewable energy and bioenergy. This total energy supply is being 
estimated to rise by about 175% in the next 30 years; coal supply along with it to triple the current amount of 4429 TWh/year 
(2017). Our import dependence of coal will rise approximately from 20 % (2017) to about 59% (2049) along with the import 
costs- INR 1 trillion (2017) to 9 trillion (2047) per year; even with a determined effort towards renewable energy usage. 

Mining in India comprises of about 600 coal, 35 oil and 6000 metalliferous mines of different sizes employing over one 
million persons on a daily average basis (2013), which are an important source for earning foreign exchange as well as 
satisfying domestic needs. The GDP contribution of the mining industry varies from 2.2% to 2.5% only but going by the 
GDP of the total industrial sector it contributes around 10% to 11%. India had estimated coal reserves of 306.6 billion metric 
tons (2015), the fifth largest coal reserves in the world. India is the fourth largest producer of coal in the world, producing 
536.5 million metric tons (2014). Jharkhand having the largest coal reserves (27%), is also one of the largest producer of 
coal in India. 

2. STUDY AREA: JHARKHAND STATE 

The state of Jharkhand, carved out of eastern Bihar, is confined between latitude 21.968N - 25.332 N and longitude 
83.318 E – 87.911 E. Jharkhand State with area of 79,710 km2 and a population of about 33 million out of which 28% is 
tribal, 12% people belonging to Scheduled Casts is India’s second poorest state, after Chhattisgarh. It also accounts for 40% 
of the mineral reserves of India, second largest producer of Coal, which is about 95% of the total mining operations in 
Jharkhand state. 

Coal is the major source of income for Jharkhand. Manpower and environment is exploited for mining in the name of 
national interest. Natural resource wealth is inversely to the poverty of Jharkhand. Need for rapid industrialization 
empowered by richness in key ores and minerals and availability of cheap labor is leading towards devastation of 
environment in Jharkhand. 

Coal mining industry was identified as major cause of damage to the environment, with more than 80sq.km of land being 
destroyed every year, degrading its productive capacity (1980). The forest cover of Jharkhand suffered steep decline from 
2.6 million Ha (1997) to 2.2 million Ha (1999) in just two years and continuous to deteriorate. Untreated waste from mines 
and mineral treatment facilities enter rivers and streams as toxic biological impurities making it unfit for consumption. 
Ambient noise pollution levels may range from 80 dB(A) to 1040 dB(A) due to mining activities. Coal mining releases 
methane which is 84 times as powerful as carbon dioxide at disrupting the climate over a 20-year timespan. Also, there’s 
the issue of coal fires. India has the world’s greatest concentration of coal fires. Hence a need for identifying and quantifying 
the environmental impact of coal mining on Jharkhand.  
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3.  METHODOLOGY 

Satellite dataset of Landsat 7 ETM+ and Landsat 8 level 1 product 
were obtained for the state of Jharkhand, India. The imagery was 
obtained for the post monsoon season (October-December) as per 
availibility of near cloudless data (CC<4). This research is based on 
multitemporal change detection scheme based on Landsat 7/8 imagery 
and fusion of spatial and spectral information using Support Vector 
Machines (SVM) which are based on a group of supervised 
classification algorithms that have been recently used in the remote 
sensing field. The identification, quantification and analyzing the 
spatio-temporal response due to mining activities for evaluating the 
impact of environment due to mining activities on Jharkhand. The 
mining activity interpretation model implemented proved successful 
in monitoring the level of mining operations and policy based 
interpretations for the state of Jharkhand, India- for the period of 15 
years. 

For such a study on accurate quantification of the extent of mining 
activities, it is important to access the Land use land cover 
classification (NDVI) through change detection. The employed 
standard image processing techniques in conjunction with a temporal 
decision tree to track changes through time. Image processing operations being carried out through licensed ArcGIS© v.10.2. 

4. LAND COVER CHANGE DETECTION 

 

The changes were analyzed for a duration of 15 years- 2006, 2011 and 2016 for accessing the environmental impact on 
land use, vegetation cover and forest cover. The coal mining related changes as detected are listed below; 

Figure 1: Methodology of Research

Figure 2: Identification and Vector quantification of land cover in Jharkhand through Image Processing methods 
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 Exposure to underground layers 
 Material/soil pile transfer 
 Detect waste dumps 

 Health of vegetation cover 
 Soil degradation 
 Water bodies siltation 

 Manmade changes in built-up 

The SVM’s utilized for analyzing the impact of coal mining on land cover included normalized differential vegetation 
Indexing of the satellite imagery, and then using vector based analytics by SMV’s for identification and quantification of 
land cover change due to its environmental impact. 

The change detection in Jharkhand state land cover for the past 15 years (2006-2016) showed a significant increase in 
barren land and built areas, resulting from coal mining. Due to improper coal mining methods and ignorance towards mining 
regulations, the reclamation area has reduced with an increase in illegal mining activities. Even the water bodies such as 
lakes and rivers have reduced due to siltation from coal mining waste dumps. The ill effects can be seen through the health 
impacts on flora, fauna and local people of Jharkhand. The paper also identifies the environmental impacts which result in 
such drastic and unwarranted changes in land cover. The following table shows a quantitative comparison of 22 districts of 
Jharkhand state for land cover; 
Table 1: LULC Change Detection for Jharkhand State 

   Agriculture Barren land Mining Built Area Forest Waterbodies
1 Purba Singhbhum 

  
2006 1624.74 306.69 7.06 240.10 1263.66 90.76 

 2016 1731.44 317.52 3.18 218.04 1175.89 86.94 
2 Ranchi 

  
2006 3804.74 687.60 66.90 502.47 2488.39 145.89 

 2016 3860.68 762.68 85.79 496.46 2375.10 115.28 
3 Sahibganj 

  
2006 831.76 109.20 18.32 74.71 439.93 126.10 

 2016 822.88 84.90 3.63 79.11 491.09 118.41 
4 Saraikela Kharsawan 

  
2006 1299.69 263.06 8.84 135.69 792.75 139.96 

 2016 1394.19 276.73 0.00 105.24 746.67 117.16 
5 Simdega 

  
2006 1329.86 456.88 0.98 137.68 1771.87 58.69 

 2016 1190.09 650.23 0.00 125.75 1741.88 48.01 
6 Bokaro 

  
2006 1545.69 173.88 46.59 214.34 784.39 96.10 

 2016 1614.22 182.74 50.90 158.81 766.55 87.77
7 Chatra 

  
2006 1129.39 122.26 8.25 68.78 2322.00 55.41 

 2016 1084.74 270.45 5.65 68.60 2228.05 48.60 
8 Deoghar 

  
2006 1588.40 390.31 3.93 151.83 264.98 69.80 

 2016 1747.92 328.82 1.57 117.47 207.35 66.12 
9 Dhanbad 

  
2006 1564.42 237.26 171.78 323.29 553.73 145.11 

 2016 1985.90 166.77 93.64 230.38 372.59 146.31 
10 Dumka 

  
2006 2765.11 312.25 12.52 327.91 860.31 130.98 

 2016 3050.47 244.31 -0.16 236.52 744.26 133.68 
11 Garhwa 

  
2006 1739.11 311.84 2.21 64.32 1791.46 135.05 

 2016 1750.68 338.07 1.93 56.61 1790.00 106.70 
12 Giridih 

  
2006 2187.22 340.98 29.60 216.41 1158.67 78.57 

 2016 2217.89 513.26 11.89 103.22 1089.56 75.63 
13 Godda 

  
2006 1366.80 165.36 5.26 125.32 414.23 28.71 

 2016 1546.74 56.88 3.20 86.90 386.96 25.00 
14 Gumla 

  
2006 2949.90 529.39 15.28 123.86 1609.74 92.83 

 2016 3184.50 454.29 5.78 84.76 1512.40 79.27 
15 Hazaribag 

  
2006 1769.16 438.13 78.81 247.37 2257.94 125.59 

 2016 1767.06 528.81 45.82 217.47 2238.77 119.07 
16 Jamtara 

  
2006 1322.75 140.21 20.34 110.00 135.68 64.71 

 2016 1398.36 149.24 16.31 78.80 91.92 59.06 
17 Koderma 

  
2006 823.45 251.41 45.63 84.83 1294.31 45.03 

 2016 849.98 307.44 9.80 49.21 1285.72 42.51 
18 Latehar 

  
2006 1361.41 252.07 1.62 54.46 2508.38 71.84 

 2016 1251.08 354.53 0.90 47.02 2529.96 66.29 
19 Lohardaga 

  
2006 801.33 43.69 7.19 80.43 537.61 20.76 

 2016 799.76 84.74 2.95 76.20 512.83 14.53 
20 Pakur 

  
2006 1173.02 128.25 19.56 139.95 317.86 26.10 

 2016 1150.37 97.68 15.18 146.05 370.93 24.53 
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21 Palamu 
  

2006 2112.16 238.19 3.02 201.53 1766.57 187.52 
 2016 2143.88 252.92 0.96 199.43 1739.93 171.87 

22 
Paschim Singhbhum 

2006 2426.18 672.80 29.43 290.53 3761.67 86.39
 2016 2380.20 812.95 13.83 285.09 3729.92 45.01 

Although the figures above have a certain amount of error margin, the average change detected for the state of Jharkhand 
is as expected. Area of land under agriculture land use decreases, barren land and water bodies increased substantially, built 
area increased minimally. Surprisingly, land under forest area is on an increase, while mining area decreased. This was due 
to reclamation of land under mining land cover during the last 15 years into sparse forest cover. 

5. ENVIRONMENTAL IMPACT ASSESSMENT 

The main environmental impacts of mining include the loss of habitat, erosion, acid rock drainage or acid mine drainage, 
and dust pollution. These impacts are caused primarily by the disturbance of the ground surface as overburden is removed 
to access the coal seam. One of the major impacts of surface mining is the loss of wildlife habitat. The disturbance of the 
ground surface effectively destroys any wildlife habitat in the area. 

3.1. Soil Pollution 

In Jharkhand, soil is polluted due to strip mining as it involves removal of top soil, wind erosion from OB dumps, coal 
heaps, tailing ponds, dust generated due to heavy machinery used for extracting coal, burning of coal, loading and unloading 
of coal as this dust settles on nearby areas. Soil has poor texture, low organic matter, and exhibits change in nutrient content 
due to heavy metal toxicity, change in pH and electrical conductivity. Also, the soil above the fire areas is devoid of moisture 
and is baked making it biologically sterile (Singh 2004). The soil friendly organisms (bacteria, nematodes, earthworms, 
etc.) die under such harsh conditions, thus limiting the ability of the soil to support vegetation. The existing vegetation also 
dries up and ultimately dies due to the lack of water and other nutrients. Thus, it is observed that soils have poor potential 
for plant growth in Jharkhand. 

In a coal mining area, vegetation is directly affected by both opencast mining and underground mining. Which results in 
decrease in moderate vegetation and increase in sparse vegetation and barren areas. The change in area of different classes 
could be seen in Table 1. 

Changes in topography in Jharkhand are derived due to clearing of land for opencast mining, erecting infrastructure 
related to underground mining, dumping of OB in nearby areas, subsidence due to fires as there is volume loss when coal 
turns to ash. Jharkhand is facing significant subsidence due to underground mining (Ghosh 1989; Singh 2008). Variations 
in OB geology, existence of a thick competent layer immediately above the coal bed, topography, structural features, 
presence of a groundwater aquifer above the coal, and geotechnical characteristics of the floor rock are major factors 
responsible for subsidence (Choubey 1991). Generally, subsidence occurs after mining has ceased in an area. But sometimes 
it occurs when a mine is still in function. In such a scenario, it may lead to destruction of mining infrastructure and a lot of 
mineable coal becomes locked and inaccessible due to subsidence. Subsidence also leads to damage of manmade 
infrastructure such as houses, roads, pipelines etc. In rare cases, subsidence could also lead to changes in natural drainage 
pattern of the area. Changes in land-use are due to both opencast and underground mining and surface and subsurface coal 
fires. Since coal mining is a dynamic process, the areas regularly undergo changes with one land use class changing to 
another. These changes may be easily quantified using temporal change detection from satellite data. LULC maps of 
different times throw valuable light on the changing LULC pattern. 

Acid mine drainage, sometimes simply referred to as acid drainage, is the seeping of acidic waters, which are produced 
when reactive sulfide materials are exposed to water and oxygen and are dissolved. The water that flows away from the 
drainage site contains high levels of metals, primarily iron, and a low pH. This water then flows into streams or the water 
table, raising the acidity of the stream and water resources. The lowering of water pH has a negative impact on the 
environment, stressing plant and animal populations alike. In some situations, entire stream systems are destroyed, as water 
acidity and dissolved solids may become too great for the survival of any aquatic life (Frank, 1983). 

Many aspects of coal mining can lead to acid drainage. Acid drainage is routinely found in abandoned underground mine 
workings which have been allowed to fill with groundwater. 

However, acid drainage can occur nearly anywhere the land surface is disturbed, and mineral materials are exposed to 
water and oxygen. Water that flows through coal stocks, waste tailings, and active mining sites can become very acidic and 
contain high levels of toxic metals. In addition, the construction of roads, railroads, and other mine infrastructure also causes 
large surface disturbances that may add to acid drainage as precipitation runs off across the disturbed area (USEPA, 2005). 
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3.2. Air Pollution 

The major pollutants are oxides of N and S, fine coal dust, suspended particulate matter, respirable particulate matter, 
polyaromatic hydrocarbons (PAHs) and benzene soluble matter. The major sources are blasting and drilling operations, coal 
fires, vehicular traffic, heavy trucks plying on haul roads, loading/unloading of coal, wind erosion from overburden (OB) 
dumps. Most of the dust is categorized into respirable particulate matter (RPM) which causes diseases of lungs and skin 
such as asthma and chronic bronchitis. The soot and particulate matter released from coal mine fires decrease the visibility 
in the area. Also, coal fires volatilize a large number of potentially harmful heavy metals like arsenic, selenium, mercury, 
lead, sulphur and fluorine. These could condense on dust particles and get inhaled or ingested by the local people or they 
could gain entry to local water bodies and thus enter food chain causing severe diseases (Finkelman 2004). 

Coal fires cast a serious impact on the environment. Oxides of N and S react with volatile organic compounds (released 
due to coal fires) in the presence of sunlight to form smog. During rainfall, NOx and SOx combine with water droplets and 
their pH is reduced leading to acid rains. The soil above the fire areas is devoid of moisture and is baked. The existing 
vegetation also dries up and ultimately dies due to the lack of water and other nutrients. Detecting the area covered and the 
extent of the fires may give estimates of the amount of gaseous pollutants released into the atmosphere. And knowing the 
direction of propagation of fire will lead to the estimation of how much additional area would come under fire in a particular 
time period. This information could be very helpful to mine planners for planning strategies so as how to control the spread. 

3.3. Water Pollution 

The factors responsible for causing water pollution include drainage from mining sites, sediment runoff from mining 
site, erosion from OB dumps and spoils heaps, leaking from tailing ponds/OB dumps, heated and heavy metals loaded 
effluents from coal industries and sewage effluents. Mine water discharged from underground mines has high hardness due 
to dissolved sulphates and chlorides (Tiwary 2001). Huge volumes of polluted water from underground mines are channelled 
into the Damodar thus polluting it chemically. Apart from actual mining activities, coal beneficiation and preparation plants 
also release a large amount of water effluents in the river which poses a threat to aquatic ecosystem and prevailing 
biodiversity (Singh and Gupta 2005). Mining also affects the groundwater. Continuous pumping out of mine water may 
lead to lowering of groundwater table in the region. Besides, there is a scarcity of potable water due to both, increased 
demand and contamination. Some parameters such as total dissolved solids (TDS), Fe, nitrite, hardness, conductivity, heavy 
metals in the surface and groundwater exceed the defined quality standards (Abhishek et al. 2006; Singh et al. 2012). 

3.4. Noise Pollution 

Noise pollution is now being recognized as a major health hazard as well as being an annoyance. Effects include partial 
hearing loss and even permanent damage to the inner ear after prolonged exposure. The problem with underground mining 
is of particular concern because of the acoustics within the confined space. The ambient noise level of the underground 
mining area is affected by the operation of the cutting machines, tub/conveyor movement and blasting of the coal. The 
movement of coaling machines and the transport unit-conveyor, tubs and transfer points causes audible noise which becomes 
all the more troublesome underground because of the poor absorption of the walls. 

Underground blasting causes high frequency sub-audible noise measured in terms of air over pressure. The magnitude 
of air pressure is found to be 164 dB (1) at a 30m distance reduced to 144 dB (l) at a distance of 70m.  The total noise 
pollution due to underground blasting is the result of the audible and sub-audible noise. The sub-audible noise is responsible 
for vibrations in the surface features and cases of thin overburden cracks in surface structures can be observed. The impacts 
of the blasting are as follows; 

 Damage to old structures due to vibrations. 
 Public nuisance vis-à-vis disturbance of sleep. 
 Disturbance of sewerage and water supply line. 

The noise control measures in general are categorized into three groups: personal protective measures, engineering 
control measures and administrative measures. The engineering control measures are the most effective as they are based 
on sophisticated techniques such as a Retrofit approach i.e. the installation of noise control treatment on mining equipment. 
Designing inherently quiet mining equipment is also included in this technique, which aims to control and reduce noise 
emission. The preferred cost effective system for the underground mining has been the personal protective system –earmuffs 
for the operator of the noise producing units (Walsh, 1991). 
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6. MINING POLICIES  

The policy formulation and Legislation part for mining is governed by Ministry of Mines (GoI) and State Government; 
while its regulation is undertaken by Indian Bureau of Mines (GoI) and Directorate of Geology and Mining (State).  

6.1. Land Reclamation procedures  

Central Mine Planning and Design Institute (CMPDI) at Ranchi is the governing administrative body for conforming to 
mined land reclamation and mine closure, as remedial activities for environmental protection. Reclamation is intended to 
stabilize the terrain, assure public safety, return the area to a useful purpose, and improve aesthetic quality. Despite of the 
pre-mining land use, reclamation involves backfilling the mined areas with overburden; reestablishing the approximate 
original contour; replacing topsoil and preparing the surface for seeding; spreading approved seed mixtures and finally, 
monitoring the vegetation growth and fauna proportions. CMPDI monitors the reclamation process through remote sensing 
and image processing of satellite imagery. 

Our analysis (table 1) show that the reclamation of mines is to a certain extent successful, but since illegal mining is still 
rampant in Jharkhand, the resultant requires a vectorization of the legal mining location and permit data to be considered 
for curbing that issue and further reducing the ecological footprint. 

7. INFERENCES AND RECOMMENDATIONS 

Minerals are exhaustible natural resources as well as a nation’s wealth. Rapid industrialization has accelerated the mining 
prospects, resulting into exploitation of these minerals and bought upon subsequent environmental risks. Policy regulations 
to curb overexploitation of these resources through mining are not stressed upon, unlike the developed countries.  The 
environmental conditions around coal mining sites in Jharkhand, continue to deteriorate and the reasons stem from 
ineffective enforcements, inadequate capacity of regulatory bodies, flaws in institutional structure, information deficits, etc. 

Due to advances in technology the usage of satellite imagery for mining can be enhanced to derive necessary results and 
help implement necessary regulations, for enforcing current regulations for mining, illegal mining detection, volumetric 
analysis and planning of usage of available natural resources optimally. By understanding the environmental impacts and 
reinforcing the results of the spatio-temporal analytics, can assure a better standard of life by reducing the environmental 
impact of coal mining on Jharkhand. 
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