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Remote Sensing and GIS Based Terrain Analysis: A Case Study of Bhera River Watershed, Ranchi- Ramgarh Districts, Jharkhand, India


ABSTRACT 
Remote sensing (RS) and geographic information system (GIS) based terrain analysis is essential for characterizing watershed dynamics and aids in sustainable land and water resource management, particularly in hard rock terrain where primary porosity is minimal, and topography and lithology pose challenges for groundwater and erosion control. Despite advancement in geospatial techniques, integrated terrain- hydrological evaluations remain limited for watersheds in hard rock terrain, particularly in Jharkhand because of its diverse physiography and effects of multiple tectonism. This study aims to highlights the potential of geomatic techniques in assessing seven key terrain parameters, lithology, geomorphology, lineaments, soil, slope, drainage, and hydrological indices (NDWI, NDMI, EWI) for sustainable management of Bhera River watershed, Ranchi- Ramgarh districts, Jharkhand. The Bhera watershed, having an area of 269 sq. km, lies within the Chotanagpur Plateau and is characterised by dissected plateaus, undulating hills, and diverse lithology ranging from Precambrian granites and gneisses to Gondwana sediments. The thematic maps were generated using Visual and Digital Image interpretation, using the sources from existing thematic maps, satellite imageries- Landsat 8 and 9 (Date of acquisition- 20th  and 22nd November 2023), SRTM (Date of acquisition- 1st November 2023), and survey of India toposheets at 1:50,000 scale. The study reveals geologically complex landscape with dominant pediplains (70% coverage) indicating moderate groundwater potential, moderate structural control, luvisols as the dominant soil type with good nutrient retention, dendritic to sub-dendritic drainage pattern indicating uniform lithology and varied slopes heightening runoff and erosion risks. Hydrological indices highlight sparse water bodies (NDWI: -0.43 to 0.11), moderate vegetation moisture (NDMI: -0.09 to 0.26), and predominantly dry to sparsely vegetated soils (EWI: -0.60 to -0.35). These findings underscore the watershed's vulnerability to erosion and groundwater overexploitation despite adequate rainfall (1100-1400 mm annually), emphasizing the need for integrated RS-GIS approaches for terrain evaluation to guide conservation strategies and sustainable management in similar hard rock regions.
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1. INTRODUCTION 
Terrain analysis is a fundamental component of geospatial studies, enabling the interpretation of land surface characteristics such as elevation, slope, aspect, and drainage patterns. These features are crucial for understanding geomorphological processes, watershed behavior, erosion risks, soil development, surface runoff, infiltration and land suitability (Burrough & McDonnell, 1998; Wilson & Gallant, 2000; Nag & Lahiri, 2011). In addition, hydrological indices like Normalized Difference Water Index (NDWI), Normalized Difference Moisture Index (NDMI), Evapotranspiration Water Index (EWI) derived from multispectral satellite imagery provide dynamic environmental information on watershed such as vegetation vigor and its health, evaporation behavior, moisture conditions and surface water availability. (McFeeters, 1996; Gao, 1996; Zha et al., 2003; Nag & Kundu, 2018; Tang, L., and Ma, W. 2018; and Zheng et al., 2021).
This paper presents a comprehensive appraisal of the geospatial techniques for accurately characterizing the terrain of Bhera Watershed, a key tributary of the Damodar River.  The Bhera river traverses a landscape characterized by dissected plateaus and undulating hill ranges within Chotanagpur Granite Gneissic Complex (CGGC) (Kumar and Mallick, 2016). The area is geologically diverse, with formations ranging from hard rock lithology to alluvial deposits (Mahadevan,2002). Despite receiving sufficient rainfall, the region faces significant challenges due to lithological constraints and overexploitation of groundwater resources.  These complex challenges have been worked upon and several studies have revealed that incorporating the spatiotemporal assessment of terrain features are essential for watershed assessment. (Shakthivel et al. 2019; Raja Shekar and Mathew,2024; Seon Yeon Choi et al, 2025). The present study aims to analyze terrain parameters using remote sensing and GIS techniques to understand the watershed's physical and environmental characteristics, which are vital for its effective development and management. 
3. MATERIALS AND METHODS
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Figure 1. Location map of the study area.

 STUDY SITE
The Bhera River, an important tributary of the Damodar River, originates from west of Khirabera near Chuttupalu Ghat. The watershed falls within the administrative boundaries of Ranchi and Ramgarh districts of Jharkhand state and is well connected by national and state highways as well as railways. The study area lies between the Latitude 23° 25’N to 23° 40’N and Longitude 85° 25’E to 85° 45’E, occupying toposheet Nos:  73 E/6, 73 E/7, 73 E/10, 73 E/11. The total geographical area covered is about 269 sq. km. The region is predominated by tropical climates with minimal variation throughout the year. The annual average rainfall is around 1100 to 1400 mm (Ground Water Year Book, Jharkhand (2020-2021)). 
CLIMATIC CONDITION
Summer temperatures (March to June) are generally high, with average maximum temperatures ranging between 35°C to 45°C, winter months (November to February) are relatively mild, with temperatures dropping to an average minimum of 8°C to 15°C. The study area features highly dissected terrain within the Chotanagpur Plateau. The region's varied topography is a result of agricultural fields, mining areas, forested tracts, alluvial plains and water bodies.  The lithology is characterized by varied rock types such as granites, banded gneisses, amphibolites, charnockites, schists, phyllites with lateritic soils.
STUDY PROTOCOL
The delineation of watershed boundary and generation of base map was done using the SOI toposheets No 73 E/6, 73 E/7, 73 E/10, 73 E/11 on 1:50,000 scale. The thematic maps were generated from Landsat 8 and 9 satellite data, procured from USGS Earth Explorer with acquisition dates of 20th and 22nd November 2023, respectively, ensuring minimal cloud cover for accurate terrain and hydrological analysis. SRTM 30m resolution data was used to derive the elevation and slope parameters. The published geological maps were used to identify and extract the lithology, which was further verified by ground truthing. Various thematic layers such as geomorphology, geology, drainage, soil, slope, etc, were extracted and generated for terrain evaluation. QGIS v 3.40.6 has proved beneficial for the extraction of raster datasets. The methodology flowchart is shown in Fig.2
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Fig. 2 Methodology Flowchart
4. RESULTS AND DISCUSSION
4.1 Lithology
The lithological composition of the Bhera River Watershed is diverse and reflects a complex geological history, which significantly influences the hydrological behaviour, soil characteristics, and groundwater potential of the area. The rock range in age from Paleoproterozoic to Cenozoic, representing multiple deformation events (Mahadevan, T.M. (2002). The lithounits primarily comprise Chotanagpur granites and gneisses, metasediments, amphibolites, schist, quartzites, phyllites, etc. Gondwana coal-bearing sequence with sandstone and shales are observed in Rajrappa, located in the northern part of the study area. The lithological map is prepared and redrawn by digitizing the lithounits using the existing geological map of Jharkhand published by the Department of Mines and Geology, Government of Jharkhand (2023) with additional ground truthing. 
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Fig. 3 Lithological map of the study area.
4.2 Geomorphology
Understanding geomorphology is important in terrain analysis because it provides insights on various parameters, such as processes behind the current landscape, understanding how geological processes have operated in past, how land use has changed over time and managing natural hazards and natural resources such as soil, water etc. The geomorphological map of the Bhera River Watershed reveals a varied terrain, shaped by both erosional and depositional processes. Geomorphological features such as pediplains, pediment-tor composite, residual hills, dissected hills, valleys, ridges, waterbody and active coal quarry indicating anthropogenic modification are observed. Pediplains dominate the region, occupying 70 percent of the study area, indicating good groundwater potential for the area. Presence of dissected hills and ridges promote runoff and soil erosion .The geomorphic units (map) were prepared by digitizing the area using Bhukosh and further upgraded using Landsat 8 and 9.
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Fig. 4 Geomorphological map of the study area.
4.3 Lineaments 
Lineaments are surface indicators of subsurface fractures and other planes of weakness (SubbaRao,2006). Lineaments act as secondary porosity and act as a controlling factor for groundwater occurrence in hard rock terrain. Lineaments are unevenly distributed across the watershed, with higher densities observed in the central and southwestern regions, suggesting intense tectonic activity and structural deformation. The lineaments show a predominant NW-SE trend. Lineaments are aligned with geomorphic features such as ridges and valleys in the study area, suggesting structural influence on landform development. The map was prepared using SRTM, by creating a hillshade layered and lineaments were traced, followed by cross-checking with google earth.
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Fig. 5 Lineament map of the study area.
4.4 Soil 
Soil is a natural body made up of mineral and organic components, with a distinct genesis and nature of its own (Dokuchaiev, 1900). Soil forms the controlling parameter for infiltration and surface water flow and is a function of climate, parent material, relief, organism and time (Toppo M.M. and Sinha J, 2024). Three predominant soil orders which have been identified in the study area, are Inceptisols, Luvisols, and Nitosols.  Luvisols cover a major portion of the central and eastern part of the watershed. Characterised by a significant accumulation of clay in the subsoil, these soils typically have high base saturation and good nutrient-holding capacity associated with iron-rich conditions. Inceptisols are primarily located in the western part of the watershed, indicating relatively young age and are moderately developed.  Nitosols are found in a narrow belt towards the central-western part of the watershed within dissected hills and valleys. These soils are deep, well-drained, and rich in iron, imparting reddish colour, have high clay content, and water infiltration decreases with depth (R. Njore et al., 2025), requiring appropriate soil and water conservation techniques to reduce soil erosion by runoff (Jakir et al.,2025). The soil map was prepared using Food and Agricultural Organization (FAO) soil taxonomy in QGIS.
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Fig. 6 Soil map of the study area.
4.5 Slope
The slope provides critical insights into the topographic variation of the region and its implications for soil erosion, runoff behaviour, land stability, and land use potential. The higher slope degree leads to rapid runoff, increased erosion rate, and limited recharge potential (Magesh et al.,2012; Basavarajappa et.al., 2013). The analysis has been done by QGIS on SRTM which enable accurate assessment of slope essential for understanding hydrological behaviours and planning of water harvesting structures to reduce runoff therby enhancing soil conservation and disaster reduction (Patel et al., 2012; Kumar, S., and Kumar, M. 2025) Four categories of slope have been identified as very gentle, moderate, Steep and Very Steep.
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Fig. 7 Slope map of the study area.
4.6 Drainage 
The Study of drainage is essential for understanding the fluvial structure and drainage hierarchy within the watershed. The Bhera River is a sixth-order stream flowing from the southwest to north. The drainage pattern varies from dendritic to sub-dendritic, and at few local places it exhibits parallel pattern. The stream ordering was done using Strahler’s (1957) method of stream classification. The dendritic to sub - dendritic drainage pattern is typical in regions representing almost uniform lithologies and strata that are horizontal or gently dipping (Toppo et al., 2024).
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Fig. 8 Drainage map of the study area.

4.7 Hydrological indices
 Remote Sensing and GIS have proven their efficacy in the timely monitoring of water bodies by leveraging the accessibility of satellite data and aiding decision-making and policy-making processes (Verpoorter et al., 2012). Numerous water extraction algorithms have been developed and applied for remotely sensed imageries. Among them, index methods such as Normalized Difference Water Index (NDWI) (McFeeters (1996), Normalized Difference Moisture Index (NDMI) (Gao, 1996), and Enhanced Water Index (EWI) (Wang ,S. et al., 2015; Yang, J., and Du, X. 2017) are mostly used for surface water estimation which separates the water and background based on a threshold value. Generally, thresholds have fixed value of either 0 or 1, but are challenging in the case of shades, hills, forest, urban areas and even coastal lines (Acharya, T.D. et al., 2018). The hydrological indices were generated based on Landsat 8 data.
4.7.1 Normalized Difference Water Index (NDWI) 
NDWI provides critical insights into the spatial distribution of water and non-water features across the watershed area. Based on raster calculation of the Green band and NIR bands of Landsat 8 NDWI map was generated. The NDWI values in the study area range from -0.4279 to 0.1137. The negative to low NDWI values (~ -0.42) are primarily indicative of non-water features, such as vegetation, bare soil, or built-up areas, and positive NDWI values (~ 0.11) represent the presence of water bodies, including streams, ponds, and parts of the Bhera River channel. NDWI not only highlights open water features in satellite images but is also useful for assessing the water quality issues, especially with turbidity estimations.
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Fig. 9 NDWI map of the study area.

4.7.2 Normalized Difference Moisture Index (NDMI)
NDMI is valuable in understanding the vegetative health and hydrological conditions of a watershed. The map was generated using NIR and SWIR band within the raster calculator in QGIS. The NDMI values ranges from -0.0910 to 0.2622, and based on that, the study area has been categorised into four classes as- Very Dry (-0.0910), Low Vegetation Moisture (0.0855), Moderate Vegetation Moisture (0.1739) and Dense Vegetation Moisture (0.2622). The study reveals that the entire watershed has moderate to low moisture, emphasising the need for prioritisation.
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Fig. 10 NDMI map of the study area.
4.7.3 Enhanced Water Index (EWI) 
The Enhanced Water Index (EWI) is a remote sensing-based indicator used to assess surface water presence and soil moisture conditions. The map was generated using the green, NIR, and SWIR bands of Landsat 8 using raster calculator in QGIS. The EWI values range from approximately -0.5972 to -0.3460, and accordingly the study area has been classified into three distinct categories as- Bare Land (-0.5972), Dry Soil (-0.4716) and Sparsely Vegetated Soil (-0.3460). The study shows that a significant portion of the watershed has very low soil moisture, negatively impacting the  agricultural developments and contributing in depleted groundwater levels in the watershed.
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Fig. 11 EWI map of the study area.

5. CONCLUSION
This present investigation intends to highlight the importance of spatiotemporal assessment using integrated remote sensing and GIS technologies, which have proven instrumental in unravelling the multifaceted terrain characteristics of the Bhera River Watershed, a tributary of the Damodar river, Jharkhand.  The study intends to assess the cost effectiveness of geomatic tools for geomorphological and hydrological assessment. The variables analysed within the watershed include diverse lithological units from Paleoproterozoic granites and gneisses to Cenozoic alluvial , with dominant pediplains that signify favourable groundwater recharge zones amid rugged residual hills and dissected terrain. The predominant gneisses signify absence of primary porosity in the region affecting the water infiltration capacity. Structural lineaments, predominantly aligned NW-SE, correlate with geomorphic features like ridges and valleys, indicating moderate tectonic influences on landform evolution and potential aquifer zones. Luvisols, primarily found in the central-eastern regions, play a crucial role in supporting agricultural viability. Nitosols with high amount of clay in dissected hills and valleys require targeted intervention for rainwater infiltration and harvesting. Steep slopes gradients identified underscore the runoff and erosion risks. The dendritic drainage patterns are indicative of homogeneous lithology. NDWI values (-0.4279 to 0.1137) indicate limited perennial water bodies, NDMI (-0.0910 to 0.2622) reveals heterogeneous vegetation moisture critical for agroforestry planning, and EWI (-0.5972 to -0.3460) suggest prevalent dry soil conditions exacerbating evapotranspiration losses and depleting groundwater levels in the study area. Collectively, the study reveals that the watershed is resilient in pediplain-dominated regions due to good groundwater recharge but fragile against anthropogenic pressures like coal quarrying and groundwater abstraction. For sustainable development, recommendations include targeted soil conservation in steep slopes, lineament-guided aquifer recharge structures, and vegetation restoration in low-moisture zones to enhance water availability and security. This geospatial appraisal will provide policymakers with actionable intelligence for effective watershed governance in the study area promoting ecological balance and socioeconomic development in the hard rock terrain of Jharkhand. The present study has well demonstrated the applications of geospatial technology in assessing the terrain characteristics. 
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