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Abstract: 

The landcover forms and patterns have changed over 

the past few years and this has affected the earth’s 

surface in many ways. One of the most important 

effects is the change in temperature of the surface 

which not only hampers the water distribution but 

also the climate in a way. The present study is an 

attempt to correlate the effect of surface emission 

over the landuse pattern thus bringing out a possible 

flow of landuse change and its hamper on the natural 

resources. The study has been accomplished using 

multispectral multitemporal satellite imageries and 

GIS software. The results show a distributed variation 

in the emission and thus its gradual relation with 

landuse patterns. The study brings the side effects of 

the fast urban growth expansion and increasing 

population demand scenario which is being quenched 

by cut-off in the agricultural lands being converted to 

built up land. This, on the other hand disturbs the 

water cycle of the region locally. The problems arising 

could thus be suggested to the local management and 

policy makers for controlling and organizing the 

anthropogenic growth threatening its very own 

existence.  
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Introduction: 

The quick and fast paced urban expansion results in deterioration of the local environment and atmosphere in 

many ways. The constructions and landuse changes result due to cut-off in agricultural lands and deforestation 

to some extent. Temperature gradient represents the anthropogenic contrast to a great extent, where the 

surface is replaced by non-evaporating and non-porous materials; thereby blocking water percolation to sub-

surface. This reduces the aquifer recharge potential to great extent, especially in regions of high water 

requirements. This results in reduced evapotranspiration and rapid run-off of surface water (Carison, 1986). 

Most of the anthropogenic behavior and conditions can be determined by the thermal behavior, which is an 

important characteristic of human induced changes. Surface emission is an important parameter for 

assessment of landcover changes and surface induced studies (Kalnay et. al, 2003; Srivastava et. al, 2010; 

Chang et. al, 2010; Odunuga et. al, 2015). Remote sensing is capable of providing information on various 

parameters like albedo, vegetation indices, surface emissivity and temperature helping in estimating heat 

fluxes through spectral variations and effective modeling structures. This knowledge comes in handy with the 

use of temporal data and in-situ measurements. In basic, surface heat flux consists of two major components; 

solar powered heat radiation and anthropogenic activity discharge (Kato et. al, 2005; Chakraborty et. al, 2013; 

Li et. al, 2013.); the latter be studied under this study. The increasing emission rates and heat increase effects 

the surface water reversely, specially the plants and vegetation. Crop evapotranspiration rates increase, which 

hamper crop health and the local productivity (Webb et al, 1980; Allen et. al, 1998). The present work deals 

with the study of anthropogenic effects on regional conditions of area; and the implications of this heat 

change over the local water availability and surface water conditions. 

 

Study Area: 

Gorakhpur is one of the most important districts in Uttar Pradesh, India and covers almost 7483.8 km2 area. It 

is bounded by Maharajganj district in the north and Kushinagar, Deoria districts in the east. To the south lies 

Ambedkarnagar, Azamgarh and Mau; to the west is the SantKabirnagar district. Gorakhpur lies between 

extents 83°7’29.951”E, 27°6’50.433”N top to 83°38’17.821”E, 26°12’42.012”N bottom and 83°4’8.82”E, 

26°24’21.002”N to 83°40’24.599”E, 26°18’34.934”N (Figure 1). The district houses a population of 4436275 

and a population density of about 1336 per km2. The population growth rate of the district is 17.69% within 

the last 10 years. A fairly high literacy rate (73.25%) of the district indicates the job and thus the possible 

growth of industrial section. The district lies on the banks of the river Rapti which not only provides water, but 

is also the key source of vast agricultural lands in the district and nearby areas.  

 

Landuse/Landcover Distribution: 
The landuse distribution pattern of the district stretches vast in terms of areal as well as homogeneity. The 

major landuse in the study area consists of agriculture, forests and vegetation followed by water bodies. A 

relative change detection of the landuse/landcover of the district suggests a vast increase in built-up land with 

a relatively increase in vegetation. The major drawback is the absolute decrease in the surface water which 

drops to 5336.6 hectares with the rising urbanization from 17453.6 ha. to 222257.3 ha. A rising population and 

thus increase in industries indicates a relative pressure on the available water resources. The following table 

(Table 1) shows a basic averaged change in area within past few years: 
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Table 1: Areal Distribution of LULC in the study area 

LULC Type Water bodies Vegetation/Forests Agriculture Built-up 

Area 

(ha.) 

2008 23287.6 33433.7 259897 17453.6 

2012 17951 48037.7 246368 22257.3 

 

Data and Materials: 

The data used for the current study is chiefly the satellite imageries together with the geological maps of 

survey of India. Multi-temporal images of LISS 3 and latest images of Landsat 8 have been used for conducting 

the study based on heat radiations. The thermal bands of the imageries have been used which are basically 

the band 10 and 11 with wavelengths of the order of 11 to 12 micrometers and resolution of 30 m. The 

software used for the study is Arc GIS Desktop 10 with spatial analyst tools, which has supported in estimating 

the surface emission and landuse distribution of the district. The geological maps have been used to identify 

the geological distribution of the area, descending down from years.  

 

 

  

 

 

 

 

 

 

 

 
Figure 1: The study area: Gorakhpur district 

 

Methodology: 

The study of the region consists of analyzing the land surface emission and correlating it with the 

anthropogenic changes. For this purpose, the progress has been made in two paths, firstly use of LISS and 

Landsat images for generation of change detection and secondly utilizing Landsat latest imageries for 

generating surface emission maps. Firstly, the LISS images of 2008, 2012 and Landsat 8 images (tiles) of 2015 

have been mosaic, geo-rectified and supervised classification was performed based on digital signatures of the 

entities. Nearest neighborhood classifier based on proximal interpolation was implemented for appropriate 

close approximation. Secondly, the emission knowledge has been retrieved as per the methods of radiative 

transfer approach (RTA). The method is based on using the knowledge of normalized difference vegetation 

index (NDVI) and using to derive the surface emission (Se) as follows: 

             [
              

                
]
 
          (1) 

where, NIR = Near Infrared region of the wavelength, VIS = visible spectral reflectance measurements. The 

constants are obtained from the metadata of the satellite images for correction. Thus, the surface emission is 
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then studied with respect to the landuse change to determine the overall emission change and its effect on 

regional water conditions.  

 

Results and Discussion: 

The district Gorakhpur has overall a good distribution of vegetation and some parts chiefly consist of forests 

and heavy trees. A major portion is covered with built-up land and urbanization which has expanded since 

2008 (Figure 2). This increasing urbanization has put a check on the available surface water resources which 

due to overexploitation and consumption in different ways has reduced to a great extent. Further, due to lack 

of water, the agriculture has decreased from 259897 ha. to 246368 ha. Increase in anthropogenic causes 

disbalance in surface processes like hydrologic and emission processes. This in turn sensitively disturbs the 

energy and thermal balance of the surroundings of a region.   

 

     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)        (b)  
Figure 2: The change in landuse/landcover (a) LULC distribution in 2008, (b) the LULC distribution in 2012. 

 
A major reason for this reduction in surface water is also the emission which occurs simultaneously in the 

region. The vegetation indexing denotes an overall medium level of vegetation presence. This method 

provides good and reliable suitability in terms of consistency specially for assessing the temperature variations 

too (Weng et. al, 2004). The major portion of the area is covered with light vegetation which pertains to the 

agricultural lands and the orchids. The urban areas consist of parks and grasses which are a source of spectral 

reflectance orders adding to the overall source (Figure 3a). The major vegetation and thus the fraction of 

moisture are the source of bounded forest areas which are limited to the upper northern region of the study 

area. Thus the chief source of moisture and thus transpiration are obviously the high bound trees and dense 
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vegetation regions of the district. The emission study shows a high emission rate of about 0.98 within these 

regions, depicting an extensive loss of moisture and thus surface water from the trees through transpiration 

and evaporation (Figure 3b). The major urbanization areas show high emission at the range of 0.986 and are 

the chief contributors of the local emission. The emission from the forest regions is restricted to a limited area, 

although regionally the highest as 0.987 and above, however do not dominate the distribution spectrum. High 

emission rates on an average depict an unusual loss of surface water in the form of evaporation, 

evapotranspiration as well as vaporization. These processes occur from the surface water bodies like lakes, 

ponds, rivers, tree leaves and plantations where the upper layer of water is in close contact with the 

atmospheric wind and high temperature. The satellites record a surface temperature of the region to be as 

high as 46ᵒC and low as 26ᵒC proving the high temperature variation distribution in the overall district. This is a 

major threat to the regional hydrological cycle which is under approaching conditions of being critical, a major 

example is the Gwalior district case (Banerjee et. al, 2014). The high emission fosters conditions of high 

heating of land and atmosphere which demarcates a critical and exhaustive pattern of temperature thus 

affecting the regional climate year after year. This hampers not only social life but also lifestyle and 

agricultural patterns.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)       (b) 
Figure 3: The satellite imageries based study (a) NDVI distribution of the district, (b) the Land Surface Emission pattern 

of the study area. 

 
Excessive heat destroys agriculture and hampers cultivation and thus reduces production quality, increasing 

market rates of food products and commodities. The hydrological cycle is hampered by the drying up of water 
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channels and addition of pollutants by the local industries which are increasing in the region, in time; reducing 

water quality. For the past few years these anthropogenic changes have caused a major decline in the 

standards of water quality in the region and also on water availability and life standards, which can be 

considered a major drawback in rhythm to the perspective human growth in the 21st century of modernization 

and civilization. This era has witnessed some of the major drastic droughts and famines although being 

evidence to some milestone discoveries in the field of medicines, engineering and scientific achievements 

Conclusion: 

Anthropogenic activities extrude the ecological and hydrological balance in a negative way in most of the cases 

thereby bringing the complete dynamic system to an instable equilibrium or often to a halt. In one way or the 

other this relates to the hydrological balance as in the present case, where excessive man-made changes have 

brought the surface conditions to a decisive level. Increasing urbanization and industrial activities not only 

consume surplus water and impose pressure for its exploration but also hampers by reducing the availability 

to a great extent, thus creating a decline in productivity which results in straining economic conditions of 

people. Low productivity and water availability declination raises the market rates of the commodities and an 

overall chaos. On an average the emission increases the loss of surface water and drying up of water channels. 

GIS software, such as ArcGIS Desktop and its advanced tools facilitate a lot in assessing such scenarios by 

simulating and mapping such patterns and paradigms in a user friendly manner. Thus, it can be inferred that 

the impact of anthropogenic activities on surface heat paradigm declines the water resources and hampers 

the environmental conditions to considerable extent.  
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