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ABSTRACT 

There exists an intricate and inseparable link between the land use and geomorphological settings of the 

area. These aspects are also essentially associated with resource management, inventories, and their 

utilization. The systematic and organized use of remote sensing and Geographic Information System 

(GIS) has proved to be a valuable tool in comprehending our spatial environment in various research 

platforms.  This research paper deals with the land-use dynamics and patterns in Mirzapur tahsil of 

Mirzapur district as a case study through seasonal remote sensing data. The aim of using seasonal data is 

to assess the spatial distribution and utilization patterns throughout the year and exploring the possible 

causes of variations and suggesting possible measures for further development of its natural resources. A 

composite map by the combination of kharif (October, 2016) and rabi (February, 2017) season is 

generated. This map is analyzed with reference to the region’s hydrogeomorphological characteristics. 

The region consists of Ganga alluvial plain in the north and the Vindhyan plateau in the southernmost 

part. The result states that nearly 56% of the cultivated region of the northern plain of the area, only 

30.8% of the land is exposed to double cropping. Nearly 14.4% of the land is subjected to single kharif 

crops and left as fallow land in another season, whereas nearly 10.8% of the total area is under single rabi 

crops and this percentage of land is again not in utilized for the rest seasons. The southern region, being 

plateau and forest-covered, only buried pediment zones suitable for utilization.  A proper drainage system 

development is required to convert seasonally left fallow land into multiple croplands. Various 

development prospects are also suggested for water and forest resources and their utilization.  

 

Keywords: Land use and land cover (LU/LC); Hydrogeomorphology; Remote sensing, GIS; Rabi and 

Kharif cropland 

 

INTRODUCTION 
The consistent interaction of human beings with their natural environment leads to some modifications or 

alterations to its present form with the time. It is now possible to estimate the changes from spatial to 

temporal scale through various parameters and processes using remote sensing and Geographic 

Information System (GIS) (Brooke et al., 2020; Wylie et al., 2019). These issues have got their inevitable 

importance in various research works regarding resources management and development (Ahmadi Sani, 

et al., 2016; Dong, et al., 2019; Fernandez-Carrillo, et al., 2019; White, et al., 2016). While the remote 

sensing acts as a data feeder to the GIS environment, the GIS in itself is quite efficient in handling and 

processing of those data. The full-fledged capacity of the information generated from a multitudinous 

range of data as well as the availability of multi-temporal, multi-resolution and multispectral data have 

boosted the capacities of researchers to explore the dynamics of the phenomenon as well as mapping, 

modeling, and its monitoring (Kandakji, et al., 2020; Musa, et al., 2017; Sciortino, et al., 2020). These 

technologies have facilitated to look into the relations, patterns, identification, and conversion of the 

phenomenon under investigation and also provide a deep insight to develop prospect strategies and 

opportunities to forecast (Hussain, et al., 2013; Kandakji, et al., 2020).  
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Mapping has always been an essential base and tool for geographers to address the information about the 

spatial phenomenon. Remotely sensed data carries lots of information which is easily processed and 

extracted at GIS platforms. The simple method to explain the phenomenon under investigation is the land 

use and land cover (LU/LC) mapping and change detection (Boakye, et al., 2020; Reba & Seto, 2020; 

Valjarević, et al., 2018). This comprehensive technique used to assess changes either at the local level, 

regional level, or global level (Friedl, et al., 2010; Gibbs & Salmon, 2015). The technique is quite 

competent enough to articulate the multipurpose objectives like what, where, how much, characteristics, 

and possible causes of variations (Ali, et al., 2016; Beitl, et al., 2019; Malambo & Heatwole, 2020). 

Mapping and analysis of spatial data is a prerequisite condition in the monitoring, inventories, planning, 

management, and evaluation of resources and environmental-related concerns (Hall & Hossain, 2020; 

Rudke, et al., 2020; Worqlul, et al., 2017).  

In the paper of Doan & Guo, (2019) have effectively presented the suggestive measures with the help of 

geospatial technologies in the conservation and protection of biodiversity in the Northern Great plain in 

North America. There are various methods of image classification, analysis, and detect changes 

(Blaschke, et al., 2014; He, et al., 2020; Lillesand, et al., 2004). Pre- and post-classification are the most 

common change detection methods and monitoring (Samal & Gedam, 2015; Butt, et al., 2015). Image 

differencing, band rationing, vegetation index differencing, principle component analysis, etc. are the pre-

classification approach of change detection (Dewan & Yamaguchi, 2009). In post-classification, classified 

land cover data is preferred for comparison and detection and is the most widely used in the analysis 

(Tehrany, et al., 2014). Analysts in this technique can classify land cover classes of the study area 

according to their desired categories. Merely quantitative detection through multi-date imageries is not 

enough. The LU/LC mapping study also needs to understand its land morphology that highly influences 

the nature and spatial distribution of its resources.  

Geomorphology studies the landscape change (Murray, et al., 2009) in which topological relationships 

between the features of the landforms play a crucial role in understanding the spatial phenomenon 

(Abbaszadeh Shahri, et al., 2019; Bishop, et al., 2012). Therefore, it becomes very necessary to know the 

geomorphological settings of the area in landscape planning (Panizza, 1996; Parupalli, et al., 2019). 

Hydrogeomorphology, a subdiscipline of geomorphology, keeps its own an important place in the field of 

geomorphology. In natural resource evaluations, landscape conservation, and environmental management, 

the versatility of geospatial technology to comprehend the phenomenon and their characteristics have got 

immense utility in the field of hydrogeomorphology. Hydrogeomorphic probes are quite efficient in 

explaining the work of surface and subsurface water. It also investigates the features like an alluvial 

aquifer, flood plains, and other features carved by water that act as an important tool for further 

geomorphic resource inventories (Díaz-Alcaide & Martínez-Santos, 2019; Poole, 2010; Trisasongko & 

Paull, 2020; Voll, et al., 2020). These maps are essentially helpful in resources evaluation (Downs & 

Booth, 2011; Griffiths, et al., 2011). There are lots of applications where hydrogeomorphological 

mapping  becomes a fundamental need such as soil mapping, hydrological zonation, mapping, and 

investigation, land and forest resources, etc. (Hossain & Hashim, 2019; Marchetti, et al., 2020). 

The works regarding LU/LC change detection of post-classification methods are commonly focussed to 

estimate the temporal changes occurring in an area during specified periods. LU/LC mapping and change 

detection methods are highly considerable and used in many research projects (Matlhodi, et al., 2019), 

Their studies are crucial for the land parcel for development (Halmy, et al., 2015) but 

hydrogeomorphological aspects are too important to deal with the land-use dynamics and their influences 

on the spatial pattern.  

Mirzapur’s rich forest cover and fragmentation of forest at spatial and at temporal scale are important to 

understand in the conservation forest (Laxmi, et al., 2019). Flood plain features and soil properties are 

also important in the region like Mirzapur where alluvial plains offer major socio-economic and 

ecological values and significance (Kanhaiya, et al., 2017; Seema, et al., 2020).  The region consists of 

interesting as well as contrasting features like alluvial plain in the north and plateau regions in the south, 
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which offers settlement and wide scope for agricultural practices. Regarding the seasonal pattern of land 

use in cultivation practices is still not explored in the study region.  

 
Figure 1: Mirzapur tahsil: Location 

This paper primarily takes into account of LU/LC mapping and analysis through multi-seasonal remote 

sensing data in the study area Mirzapur tahsil (subdistrict) of Mirzapur district (Uttar Pradesh, India). It 

becomes necessary in the study area, where the climate is monsoon and variations exist in weather 

(http://mausam.imd.gov.in). Alterations in cropping patterns exist according to the seasons. The 

composite LU/LC map will provide the true picture of land use dynamics pertaining throughout the year 

in the region. To show the prevailing pattern in LU/LC, it is necessary to analyse each season's data 

separately and a combination of both (Ankana, 2016). Summer, winter, and rainy seasons are the 

characteristic features of the climate, and crop cultivation practices vary according to the seasons.  

During kharif (June to October) or monsoon season nearly 42.5% of the total land is under crop 

cultivation and 15.4% of the land is left as fallow land. Forest cover constitutes nearly 30.0% of the 

region. But during rabi (November to March) or winter season cropland area enhances to 48.5% of the 



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm 

2021 Vol. 11, pp. 7-21/Ankana et al. 

Research Article 

 Centre for Info Bio Technology (CIBTech)  10 

 

total area. Only 9.5% of the land is left unused. There are no appreciable changes seen in forest cover. It 

constitutes nearly 31.4% of the total land. The composite map of the LU/LC picture is different from its 

every season’s land use tendencies. Nearly 56.0% of total land is exposed to cultivation. But of the total 

56.0% of the total agricultural land, 30.8% is the land-only exposed to double cropping. Of this 56.0% of 

the land, 14.4% of such land exist, which are exposed only once during kharif season. Similarly, 10.8% of 

such lands are there which are used for only single rabi crops. Throughout the year only 6.0% of the total 

land is only found as permanent fallow land. Permanent forest covers constitute nearly 26.6% of total 

land.  

Flooding, waterlogging, groundwater resource availability, etc. are the major challenges in the land 

utilization for the crop cultivation practices in the northern part. Whereas highly dissected southern 

plateau region, where low infiltration, high runoff, and rugged terrain limits to land resources utilization. 

In this research work, these aspects and variations are studied and suggestive measures are discussed 

accordingly. 

 

GEOGRAPHICAL PROFILE 

This section deals with the location and general characteristics of the region. These are physiography, 

slope, aspect, geology, climate, and drainage. 

Location  

Mirzapur tahsil is located between 24°55´ N to 25°10´ N latitudes and 82°15´ E to 82°50´ E longitudes. It 

is one of the four tahsils of Mirzapur district (Uttar Pradesh, India) and lies in the northwestern portion of 

the district (Fig.1). 

 

 

 
Figure 2: Mirzapur tahsil: TIN and physiographic units 
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Physiography 

Almost the middle and the northern regions are located in Gangetic alluvial plain except some scattered 

residual hills. The plain nearly covers 71.9% (based on GIS computation) of the total area of tahsil. 

Elevation ranges even less than 50 m. Generally, the northern region can be described as a dead level 

plain and generally creates water logging problems in several parts of it. The southern upland is nothing 

but the extension of the Vindhyan plateau, which covers nearly 28.1% of the area. Lineaments, valleys, 

pediments, etc. are the characteristics features of the dissected plateau. The elevation of this southern 

plateau even goes beyond 300 m. Escarpment rises from the northern part of the plateau and faces 

towards the north (Fig. 2). Steep slopes are seen at the escarpment lying in the middle portion. The entire 

northern region reflects from level to the gentle slope (Fig. 3). Aspect is shown in Fig. 4. 

Geology 

From a geological perspective, Ganga alluvial plain in the north consists of sediments of Quaternary age, 

which is mainly composed of sand, silt, and clay. Vindhyan system in the southern part constitutes 

conglomerates, shale, sandstone, and carbonaceous beds. 

 

 
Figure 3: Mirzapur tahsil: Slope (in degrees) 

Climate 

The climate of the Mirzapur tahsil is the tropical monsoonal type. The seasons in the tahsil can be listed 

as follows. 

 Winter season or rabi season (November to February) 

 Summer season (mid of March to mid of June) 

 Southwest monsoon or kharif season (mid of June to mid of September) 

 

Drainage 

The chief river of the tahsil is the river Ganga. Other important rivers include Chatar Nadi, Madho, 

Ohjala, Karnauti, etc. They also flow in the northern region and join the main river Ganga. The drainage 
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density in the northern part is low and has a dendritic drainage pattern whereas the southern portion has 

high drainage density and they are showing almost trellised drainage pattern. Runoff is also very high in 

the southern portion (Fig. 5).  

 
Figure 4: Mirzapur tahsil: Aspect 

 

 
Figure 5: Mirzapur tahsil: Surface hydrology 
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DATA SOURCES AND METHODS 

The data sources and procedure are described in the next sub-sections. 

 

Data source 

Survey of India (SOI) topographical sheet numbers 63K/4, 63K/7, 63K/8, 63K/11, 63K/12, 63K/13, 

63K/15, 63K/16, 63L/1, 63L/2, 63L/5, and 63L/9 are collected from its official site Nakshe portal. 

Toposheets are used to produce a base map and hydrology map. Remotely sensed data are collected from 

BUVAN, ISRO’s Geoportal. Various thematic maps are based on IRS P6, LISS-III of 23.5 m resolution 

at scale of 1:50 000. DEM is obtained from CARTOSAT 1 of 2.5 m resolution. The various steps are 

clearly depicted in Fig. 6. 

 

 
Figure 6: Database and methodology 

 

 

Methodology 

ArcGIS 10.1 is used to georeference all the toposheets. Mosaicking is completed in ERDAS Imagine 

software and then a subset of the study area is extracted. This georeferenced subset of the study area is 

taken further to georeference the satellite imageries and DEM data. DEM data has been used to extract 

slope, aspect, and TIN to understand the terrain conditions.  

The downloaded images of the study area are projected to WGS-84 datum and mosaicked. The subset 

from the satellite images is extracted with the help of the subset image generated from toposheets. A 

false-color composite (FCC) is generated from the study area (Fig. 7).  
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Figure 7: Standard FCC: Mirzapur tahsil. (a) Kharif season, October 2016, (b) Rabi season, 

February 2017) 
 

The FCC images are quite helpful in improving the visual interpretability of the imagery and in the 

demarcation of feature classes. Visual image interpretation technique is applied in the identification and 

delineation of training samples. Based on prior information and selected field check, training samples for 

each class in each season’s images are carefully marked. Supervised classification and maximum 

likelihood classifier is used in the LU/LC classification of October, 2016 and February, 2017 data.  

 
Figure 8: LU/LC of Mirzapur tahsil: kharif season, 2016 

 

Cropland, dense forest, open forest, scrub forest, fallow land, rural settlement, urban settlement, water 

bodies, and sand bars  are classified in the images which are shown in  Fig. 8 and Fig. 9 (Lillesand, et al., 

2004). The resultant statistics and obtained thematic maps are analyzed separately. Kharif and rabi season 

outputs were again summed up using ERDAS imagine to generate the final composite LU/LC map of the 

area (Fig. 10). The resultant map and statistics of the final map is again used in the analysis of resources 

utilization pattern.  Hydrogeomorphic features are categorized by taking February, 2017 image. The 
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purpose of the study of hydrogeomorphology is to understand the relation and spatial distribution patterns 

of resources and their utilization. The features are categorized into alluvial plain (type1), alluvial plain 

(type 2), buried pediment (type 1), buried pediment (type 2), pediment, valley fill, sand bars, escarpment, 

lineaments, residual hills, and dissected plateau.  

 
Figure 9: LU/LC of Mirzapur tahsil: rabi season, 2017 

 

 
Figure 10: LU/LC of Mirzapur tahsil: Composite map 
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RESULTS AND DISCUSSION 

This section analyses LU/LC patterns, utilization, problems, and possible prospects to the development 

and use of natural resources. Hydrogeomorphological aspects of the region are also dealt within this 

section. Based on information generated from LU/LC and hydrogeomorhological characteristics, 

groundwater prospect zones are also delineated.  

 

LU/LC 

The existing pattern of LU/LC in the Mirzapur tahsil is shown in Table 1. During the kharif season, 

nearly 42.5% area of land is under cultivation and 15.4% of the total land is left as fallow land. Nearly 

30.0% of the area during this season is under forest cover. Rural and urban settlements constitute nearly 

7.6% area of the total land. Most of the fellow land exists near the river channel in the north and north-

eastern region. Dense, open, and scrub forest covers lie in the southern plateau region and constitutes only 

26.6% of the total area. Water bodies in monsoon season nearly account for 4.5% in the region (Fig. 8).  

During the rabi season, most of the fellow land during kharif season near the river channel is utilized. 

Cropland area nearly constitutes 48.5% of the total area. Nearly 9.5% of the land is left uncultivated. 

Forest cover nearly constitutes 31.4% of the land. Water bodies make nearly 3.0 % of the total region 

(Fig. 9). 

The resultant composite map for the region (Fig. 10) reveals that nearly 56.0% of the total region is 

exposed to cropland cultivation including northern alluvial plain and southern buried pediment zones of 

the hilly tract. Out of 56.0%, only 30.8% of the land is exposed to double cropping. 14.4% of such land is 

there which are used only for single kharif cropping and left as a fallow land in another season. Similarly, 

nearly there are 10.8% of total land which is exposed to single-use during rabi season. Overall forest 

cover constitutes nearly 26.6% of the area almost occupying the southern plateau region. 

In spite of being rich in agricultural land resources, the land is not properly utilized in all the seasons. In 

the north, most of the land near the river and an appreciable portion of the Chhanwe block is utilized only 

in the rabi season. During another season, it remains as fallow land. Low drainage density, waterlogging 

in some areas, and inundation in the northern part during monsoon season create obstacles in the 

cultivation. Whereas rugged topography in the southern plateau region is the major resistance in land 

utilization. The major possible prospects of the study are briefly discussed as follows.  

Table 1: LU/LC: Mirzapur tahsil 

LU/LC category Area (%) 

 Kharif season Rabi season Kharif + Rabi Total 

Cropland 56.0 

Kharif cropland 42.5  14.4  

Rabi cropland  48.5 10.8  

Double cropping   30.8  

Fallow land 15.4 9.5 6.0 6.0 

Forest 26.6 

Dense forest 7.3 5.9 6.8  

Open forest 14.0 12.0 7.7  

Scrub forest 8.7 13.5 12.1  

Built-up  7.6 

Urban 1.3 1.3 1.3  

Rural 6.3 6.3 6.3  

Water Bodies 4.5 3.0 3.8 3.8 

     

Total 100.0 100.0 100 100 

Source: Based on IRS P 6, LISS-III, Image Interpretation and GIS based computation. 
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Since the areas which lie near the Ganga flood plain experience waterlogging problems. Dead level 

terrain and inundation lead to some parcels of land utilization only for single cropping. The development 

of a good drainage system and canal extension into the northern region can convert these land from 

moderate to well-cultivated zones. Depending on the moisture content, sandy waste near the river can be 

utilized for rabi pulses (gram, pea, etc.). Permanent fallow land and rocky wasteland which constitute 

nearly 6.0% of the total area can be utilized for fodder and fuel plantation.  Southern upland, on the other 

hand, should be encouraged for rainfed cultivation like jwar, bajra, etc. Agroforestry is suggested into 

buried pediment zones of the southern plateau region.  

Hydrogeomorphology 

The alluvial plain is categorized in two broad divisions, namely Type 1 and Type 2 (Table 2 and Fig. 11). 

Alluvial plain Type1 is categorized on the basis that they exhibit good to excellent cultivated zones. On 

the imageries, they appear in dark red tones with medium to smooth textures. Groundwater conditions are 

also excellent in these regions. Light to medium-dark red tone with medium to coarse texture is 

categorized under alluvial plain Type 2. Groundwater prospect ranges from good to moderate.  

 

Table 2: Hydrogeomorphic features. 

Hydrogeomorphic features Area (%) 

Alluvial plain Alluvial plain (Type 1) 37.4 

Alluvial plain (Type 2) 29.1 

 Sand bar 3.0 

   

Vindhyan upland Buried pediment (Type 1) 1.3 

 Buried pediment (Type 2) 1.0 

 Pediment 1.7 

 Valley fill 0.1 

 Residual hills 2.0 

 Dissected plateau 24.4 

   

Total 100 

Source: Based on IRS P 6, LISS-III , Image Interpretation and GIS based computation. 

 

Alluvial plain Type1 and Type 2 collectively cover nearly 69.5% of the total area respectively including 

flood plain features like sand bars, meander, and young terraces. Buried pediments are flat and smooth 

surfaces covered with weathered material offers a good prospect for cultivated zones in the hilly uplands. 

The groundwater potential range is moderate. It covers nearly 2.3% of the total region. Buried pediment 

Type 1 has medium to smooth texture with medium to dark red tone with well-cultivated zones. Buried 

Pediment Type 2 provides moderate cultivation prospects. Buried pediments are marked in villages 

Maholiya, Gaura Bisen, Bandhwa, Danti, and Dadri Khurd in the southernmost region and Dadar, 

Hatihar, etc. in the southwestern region.  

Pediments are appearing greenish-blue in the imagery identified in the southern part of the tahsil and 

share nearly 1.7% of the total area. These are marked near villages of Ram badh, Sadlupura, Chatura, 

Shantikuti, etc. Valley fills are the linear depression in between the hills filled with unconsolidated 

sediments. This is located near Gajiyan village in the northern part of the tahsil and constitutes nearly 

0.03% of the total area. Residual hills as the end product resulting from the process of pediplanation (Oh, 

et al., 2020) located in the southern part of the tahsil covering 2.0% of the total area. Dissected plateau 
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shares nearly 24.4% of the total area and from the groundwater potential perspective, residual hills and 

the dissected plateau are very poor. 

 

 
Figure 11: Hydrogeomorphic features demarcation through satellite image IRS P6, LISS-III, 

February, 2017. (a) Alluvial plain Type 1 and  Type 2, (b) Sand bars and valley fills, (c) Buried 

pediment Type 1, valleys, residual hills, pediment, and dissected plateau, (d) Escarpment, 

lineaments, and buried pediment Type 2 

 

Conclusion 

In conclusion, the aim of the present work is to explore the spatial distribution of natural resources with 

the region’s hydrogeomorphic characteristics and pattern of land utilization. It is oriented towards the 

uses of seasonal remote sensing data of kharif  (October, 2016) and rabi (February, 2017) seasons 

acquired from the IRS P6, LISS-III in Mirzapur tahsil of Mirzapur district, Uttar Pradesh, India. The 

physical division consists of Gangetic alluvial plain (nearly 71.9% of the total area) in the north and 

Vindhyan upland (nearly 28.9% of the total area) in the south. The composite mapping through kharif and 

rabi season data facilitates to identify the land parcels under double cropping, single cropping, and 

permanently fallow land existing in the region. Northern plain offers excellent prospects for cultivation 

practices whereas buried pediment is the only prospects in the upland region. Season wise the results state 

that nearly 42.5% of the land is exposed in kharif season for cropland and 15.4% of the land is left as 

fallow land. These percentages share changes to 48.5% and 9.5% of the land for cropland and fallow land 

respectively during the rabi season.   

However, it is concluded from the composite map that nearly 14.4% and 10.8% of the total area is used 

only for single kharif and single rabi crops, respectively throughout the year. Only 30.8% of the total 

exposed 56.0% for the cropland is available to all the seasons. At present, there is a challenge to convert 

the gap of nearly 25.2% of land to multiple cropping. Furthermore, a proper drainage system along with 

groundwater resources development is needed in the northern part to enhance the percentage share of land 
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resources utilization. The southern region, which experiences high runoff and low infiltration due to the 

hilly rocky tract, lineaments can be a good prospect for the exploration of potential sites for groundwater 

storage. Agroforestry is suggested in the southern upland region. There is a strong need to understand the 

hydrogeomorphic aspects to develop the land, water, and forest resources of the region to achieve 

sustainable growth of the region. 

 

REFERENCES 

Abbaszadeh Shahri A, Spross J, Johansson F & Larsson S (2019). Landslide susceptibility hazard 

map in southwest Sweden using artificial neural network. CATENA, 183, 104225. 

Ahmadi Sani N, Babaie Kafaky S, Pukkala T, & Mataji A (2016). Integrated use of GIS, remote 

sensing and multi-criteria decision analysis to assess ecological land suitability in multi-functional 

forestry. Journal of Forestry Research, 27 (5), 1127-1135. 

Ali I, Cawkwell F, Dwyer E, Barrett B  Green S (2016). Satellite remote sensing of grasslands: from 

observation to management. Journal of Plant Ecology, 9 (6), 649-671. 

Ankana (2016). Land and forest management by land use/land cover analysis and change detection using 

remote sensing and GIS. Journal of Landscape Ecology, 9 (1), 63-77. 

Beitl C M, Rahimzadeh-Bajgiran P, Bravo M, Ortega-Pacheco D Bird K (2019). New valuation for 

defying degradation: Visualizing mangrove forest dynamics and local stewardship with remote sensing in 

coastal Ecuador. Geoforum, 98, 123-132. 

Bishop MP, James LA, Shroder JF & Walsh SJ (2012). Geospatial technologies and digital 

geomorphological mapping: Concepts, issues and research. Geomorphology, 137 (1), 5-26. 

Blaschke T, Hay GJ, Kelly M, Lang S, Hofmann P, Addink E, Queiroz Feitosa R, van der Meer F, 

van der Werff H, van Coillie F, & Tiede D (2014). Geographic object-based image analysis – Towards 

a new paradigm. ISPRS Journal of Photogrammetry and Remote Sensing, 87, 180-191. 

Boakye E, Anyemedu FOK, Quaye-Ballard JA & Donkor EA (2020). Spatio-temporal analysis of 

land use/cover changes in the Pra River Basin, Ghana. Applied Geomatics, 12 (1), 83-93. 

Brooke SAS, D’Arcy M, Mason PJ & Whittaker AC (2020). Rapid multispectral data sampling using 

Google Earth Engine. Computers & Geosciences, 135, 104366. 

Butt A, Shabbir R, Ahmed SS & Aziz N (2015). Land use change mapping and analysis using remote 

sensing anf GIS: A case study of Simly watershed, Islamabad, Pakistan. The Egyptian Journal of Remote 

Sensing and Space Science, 18, 251-259 

Dewan AM & Yamaguchi Y (2009). Land use and land cover change in Greater Dhaka, Bangladesh: 

Using remote sensing to promote sustainable urbanization. Applied Geography, 29 (3), 390-401. 

Díaz-Alcaide, S., & Martínez-Santos, P. (2019). Review: Advances in groundwater potential mapping. 

Hydrogeology Journal, 27 (7), 2307-2324. 

Doan T & Guo X (2019). Understanding bison carrying capacity estimation in northern great plains 

using remote sensing and GIS. Canadian Journal of Remote Sensing, 45 (2), 139-162. 

Dong J, Metternicht G, Hostert P, Fensholt R & Chowdhury RR (2019). Remote sensing and 

geospatial technologies in support of a normative land system science: status and prospects. Current 

Opinion in Environmental Sustainability, 38, 44-52. 

Downs PW & Booth DB (2011). Geomorphology in Environmental Management. In K. J. Gregory & A. 

S. Goudie (Eds.), The SAGE Handbook of Geomorphology (pp. 78-104). SAGE. 

Fernandez-Carrillo, A., Sánchez, E., & Rodriguez-Galiano, V. (2019). Characterising marshland temporal 

dynamics using remote sensing: The case of Bolboschoenetum maritimi in Doñana national park. Applied 

Geography, 112, 102094. 

Friedl MA, Sulla-Menashe D, Tan B, Schneider A, Ramankutty N, Sibley A & Huang X (2010). 
MODIS collection 5 global land cover: Algorithm refinements and characterization of new datasets. 

Remote Sensing of Environment, 114 (1), 168-182. 

Gibbs HK & Salmon JM (2015). Mapping the world's degraded lands. Applied Geography, 57, 12-21. 



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm 

2021 Vol. 11, pp. 7-21/Ankana et al. 

Research Article 

 Centre for Info Bio Technology (CIBTech)  20 

 

Griffiths JS, Smith MJ & Paron P (2011). Introduction to Applied Geomorphological Mapping. In M. 

J. Smith, P. Paron & J. S. Griffiths (Eds.), Geomorphological Mapping: Methods and Applications - 

Developments in Earth Surface Processes (Vol. 15, pp. 1-11). Elsevier. 

Hall J & Hossain AKMA (2020). Mapping urbanization and evaluating its possible impacts on stream 

water quality in Chattanooga, Tennessee, using GIS and remote sensing. Sustainability, 12 (5), 1980. 

Halmy MWA, Gessler PE, Hicke JA & Salem BB (2015). Land use/land cover change detection and 

prediction in the north-western coastal desert of Egypt using Markov-CA. Applied Geography, 63, 101-

112. 

He D, Zhong Y & Zhang L (2020). Spectral–spatial–temporal MAP-based sub-pixel mapping for land-

cover change detection. IEEE Transactions on Geoscience and Remote Sensing, 58 (3), 1696-1717. 

Hossain, M. S., & Hashim, M. (2019). Potential of Earth Observation (EO) technologies for seagrass 

ecosystem service assessments. International Journal of Applied Earth Observation and Geoinformation, 

77, 15-29. http://mausam.imd.gov.in accessed on 23/04/2020. 

Hussain M, Chen D, Cheng A, Wei H & Stanley D (2013). Change detection from remotely sensed 

images: From pixel-based to object-based approaches. ISPRS Journal of Photogrammetry and Remote 

Sensing, 80, 91-106. 

Joshi PN, Maurya DM & Chamyal LS (2013). Morphotectonic segmentation and spatial variability of 

neotectonic activity along the Narmada–Son Fault, Western India: Remote sensing and GIS analysis. 

Geomorphology, 180-181, 292-306. 

Kandakji T, Gill TE & Lee JA (2020). Identifying and characterizing dust point sources in the 

southwestern United States using remote sensing and GIS. Geomorphology, 353, 107019. 

Kanhaiya S, Singh BP, Tripathi M, Sahu S & Tiwari V (2017). Lithofacies and particle-size 

characteristics of late Quaternary floodplain deposits along the middle reaches of the Ganga river, central 

Ganga plain, India. Geomorphology, 284, 220-228. 

Laxmi G, Ahmad F & Sinha D (2019). Quantification and Conservation Status of Forests Fragments of 

Tropical Dry Deciduous Forests—A Geospatial Analysis Running Head: Tropical Dry Deciduous 

Forests. Contemporary Problems of Ecology, 12 (6), 629-641. 

Lillesand TM, Kiefer RW & Chipman JW (2004). Digital Image Processing. In  Remote Sensing and 

Image Interpretation (5 ed., pp. 491-637). Wiley. 

Malambo L, & Heatwole CD (2020). Automated training sample definition for seasonal burned area 

mapping. ISPRS Journal of Photogrammetry and Remote Sensing, 160, 107-123. 

Marchetti ZY, Ramonell CG, Brumnich F, Alberdi R & Kandus P (2020). Vegetation and 

hydrogeomorphic features of a large lowland river: NDVI patterns summarizing fluvial dynamics and 

supporting interpretations of ecological patterns. Earth Surface Processes and Landforms, 45 (3), 694-

706. 

Matlhodi B, Kenabatho PK, Parida BP & Maphanyane JG (2019). Evaluating land use and land 

cover change in the Gaborone dam catchment, Botswana, from 1984–2015 using GIS and remote sensing. 

Sustainability, 11 (19). 

Murray AB, Lazarus E, Ashton A, Baas A, Coco G, Coulthard T, Fonstad M, Haff P, McNamara, 

D, Paola C, Pelletier J & Reinhardt L (2009). Geomorphology, complexity, and the emerging science 

of the Earth's surface. Geomorphology, 103, 496-505. 

Musa SI, Hashim M & Reba MNM (2017). A review of geospatial-based urban growth models and 

modelling initiatives. Geocarto International, 32 (8), 813-833. 

Oh J-S, Seong YB, Larson PH, Hong SC & Yu BY (2020). Asymmetric hillslope retreat revealed from 

talus Flatirons on rock peak, San Tan Mountains, Arizona, United States: Assessing caprock lithology 

control on landscape evolution. Annals of the American Association of Geographers, 110 (1), 98-119. 

Panizza M (1996). Environmental Geomorphology. In  Environmental Geomorphology - Developments 

in Earth Surface Processes (Vol. 4, pp. 1-8). Elsevier, The Netherlands. 



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm 

2021 Vol. 11, pp. 7-21/Ankana et al. 

Research Article 

 Centre for Info Bio Technology (CIBTech)  21 

 

Parupalli S, Padma Kumari K & Ganapuram S (2019). Assessment and planning for integrated river 

basin management using remote sensing, SWAT model and morphometric analysis (case study: Kaddam 

river basin, India). Geocarto International, 34 (12), 1332-1362. 

Poole G (2010). Stream hydrogeomorphology as a physical science basis for advances in stream ecology. 

Journal of the North American Benthological Society, 29, 12-25. 

Reba M & Seto KC (2020). A systematic review and assessment of algorithms to detect, characterize, 

and monitor urban land change. Remote Sensing of Environment, 242, 111739. 

Rudke AP, Sikora de Souza VA, Santos AM d, Freitas Xavier AC, Rotunno Filho OC & Martins 

JA (2020). Impact of mining activities on areas of environmental protection in the southwest of the 

Amazon: A GIS- and remote sensing-based assessment. Journal of Environmental Management, 263, 

110392. 

Samal DR & Gedam SS (2015). Monitoring land use changes associated with urbanization: an object 

based image analysis approach. Eur. J. Remote Sens, 48, 85–99. 

Sciortino M, De Felice M, De Cecco L & Borfecchia F (2020). Remote sensing for monitoring and 

mapping Land Productivity in Italy: A rapid assessment methodology. CATENA, 188, 104375. 

Seema Ghosh, AK Thakur A & Yadav S. (2020). Spatial variability of soil properties of Mirzapur 

district of Uttar Pradesh. Indian Journal of Agricultural Sciences, 90 (1), 226-229. 

Tehrany MS, Pradhan B and  Jebuv MN (2014). A comparative assessment between object and pixel-

based classification approaches for land use/land cover mapping using SPOT 5 imagery. Geocarto 

International, 29 (4), 351-369. 

Trisasongko BH & Paull D (2020). A review of remote sensing applications in tropical forestry with a 

particular emphasis in the plantation sector. Geocarto International, 35 (3), 317-339. 

Valjarević A, Djekić T, Stevanović V, Ivanović R & Jandziković B (2018). GIS numerical and remote 

sensing analyses of forest changes in the Toplica region for the period of 1953–2013. Applied Geography, 

92, 131-139. 

Voll E, Silva AM & Pedrosa-Soares AC (2020). Tracking iron-rich rocks beneath Cenozoic tablelands: 

An integration of geological, airborne geophysical and remote sensing data from northern Minas Gerais 

State, SE Brazil. Journal of South American Earth Sciences, 101, 102604. 

White JC, Coops NC, Wulder MA, Vastaranta M, Hilker T & Tompalski P (2016). Remote sensing 

technologies for enhancing forest inventories: A review. Canadian Journal of Remote Sensing, 42 (5), 

619-641. 

Worqlul AW, Jeong J, Dile YT, Osorio J, Schmitter P, Gerik T, Srinivasan R & Clark N (2017). 
Assessing potential land suitable for surface irrigation using groundwater in Ethiopia. Applied 

Geography, 85, 1-13. 

Wylie B K, Pastick NJ, Picotte JJ & Deering CA (2019). Geospatial data mining for digital raster 

mapping. GIScience & Remote Sensing, 56 (3), 406-429. 

 
 


