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Abstract

Shinhati is situated on the left bank of the Birai, a right-bank tributary of the Dwarkeshwar. Now, Shinhati
is part of the Ramsagar Fishery Project, operated by the government of West Bengal. Ramsagar has
identical climatic conditions and a very high range of fish production. The Shinhati Badland area,
characterized by its rugged terrain and intense erosion processes, has undergone significant transformation
due to anthropogenic factors that initiated and developed the fish production ponds. This study presents
an observation-based assessment of these changes using multi-temporal satellite data complemented by
extensive ground verification. High-resolution remote sensing imagery was analyzed to detect variations
in landform dynamics, vegetation cover, and hydrological patterns over time. Digital elevation models
(DEMs) and spectral indices were employed to quantify geomorphological shifts. Ground-truthing efforts
validated the satellite-derived interpretations, ensuring accuracy in identifying landscape alterations. The
findings indicate a significant change in landform morphology, characterized by the expansion of existing
fishponds and the construction of new ones. This transformation is altering the shape of gully channels,
which are areas where erosion and sporadic sediment deposition are actively occurring. Human activities
have intensified geomorphic instability in certain regions. This study emphasizes the importance of
ongoing monitoring in addressing environmental degradation in badland regions. The insights gained can
help policymakers develop sustainable land management strategies that balance ecological conservation
with developmental needs.

Keywords: Shinhati Badland, remote sensing, ground verification, geomorphology, erosion, landform
transformation.

ORCID:

Shreya Basak: 0009-0008-2673-0737 Email: shreyabasak0607@gmail.com

IJSAT25026687 Volume 16, Issue 2, April-dune 2025 1



https://www.ijsat.org/
mailto:shreyabasak0607@gmail.com
mailto:arindam.srkr1@gmail.com
mailto:janashreya19@gmail.com
mailto:shreyabasak0607@gmail.com

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

Arindam Sarkar: 0000-0002-3497-7640 Email: arindam.srkrl@gmail.com
Shreya Jana: 0009-0005-3648-2632 Email: janashreyal 9@gmail.com

1. Introduction
1.1 Background of the Shinhati Badland Formation, factors, and mechanisms

Badlands are intensely eroded landscapes that mainly develop in arid and semi-arid regions. They are
characterized by features such as steep slopes, sparse vegetation, and complex gully networks. These
landforms form due to the rapid erosion of sedimentary rocks. Typically, low vegetation cover leads to
rugged, barren terrain (Goudie, 2004). Shinhati Badlands are situated in the lateritic region near the fringe
of the lower Ganga basin. They result from intensive laterite erosion, seasonal rainfall, and sheet flow
primarily during the monsoon. The lack of proper vegetation directly affects the soil surface, creating a
complex gully network (Sarkar & Pal, 2018). The laterites deposited here were reworked through
weathering and redeposited as secondary lateritic deposits during the mid-to-late Pleistocene (Ghosh &
Majumdar, 1981). Major rivers, such as Dwarka, Ajoy, Mayurakshi, Damodar, Dwarkeshwar, Shilabati,
and Kangashabati, flow through the Rarh region of West Bengal. Shinhati, in the Bankura district, features
extensive lateritic Badlands. It is located 4 km northwest of Bishnupur and lies on the left bank of the river
Birai, a tributary of the Dwarkeshwar River. A localized badland has developed from the lateritic
sediments of the river Birai (Aown & Kar, 2016). In recent times, the Badlands have undergone significant
transformation, with numerous fish hatcheries being established to prevent the expansion of gully
channels. The laterites primarily deposited here were reworked through weathering and redeposited as
secondary lateritic deposits during the mid-to-late Pleistocene (Ghosh & Majumdar, 1981). The Birai
River flows near the Shinhati badlands. Its main river and tributaries are the primary sources of fish spawns
and eggs supplied to other states such as Jharkhand, Bihar, Odisha, and Uttar Pradesh. The vegetation
cover in the badlands has increased significantly over the past 5 to 10 years due to plantation efforts. These
methods include contour trenching, planting native drought-resistant species, and using fast-growing
grasses to stabilize the soil, which has also improved soil health and enhanced the area's biodiversity.

1.2 Significance of the study

The transformation of Shinhati Badland in the Ramsagar area, Bankura District, is of significant
importance for academic, environmental, and socio-economic purposes. Badlands are considered a
wasteland due to their rugged topography, fertile soil, and minimal vegetation. However, the
transformation of Badlands can be monitored and assessed to uncover vital insights, including
environmental, technological, socio-economic, and developmental significance. However, the
transformation can try to stabilize the rugged landscape by reducing further land degradation. This study
helps to track the changes in vegetation cover over time due to the plantation and development of the
watershed. Through ground verification, it ensures that the vegetation recovery and soil quality
improvement are possible. Due to the transformation initiatives, the event led to improvements in the rural
livelihoods of the surrounding villages. Previously, the area was considered economically unproductive;
however, it has now transformed into a representative site that adds significant academic value for
researchers. Based on these insights, this case study is selected for its fluvial and erosional processes of
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the lateritic zone. This study is more significant due to the application of modern technology and
traditional field techniques for the transformation of land and biodiversity.

1.3 Literature survey

Badlands are one type of sensitive region that is shaped by intensive erosion, steep formations of gullies,
rugged terrain, and sparse vegetation. Numerous studies have been conducted on the vulnerability of
specific terrains where both natural processes and anthropogenic interventions are at play (Gallart et al.,
2022). The Shinhati Badlands are situated within the Rarh plain of West Bengal, a type of plateau fringe
zone, and the western tributaries of the Bhagirathi-Hugli River fan, comprising old alluvium
(Bandyopadhyay et al., 2014; Aown & Kar, 2016). Some research has been conducted using remote
sensing and GIS, which are reliable techniques that can monitor spatiotemporal landscape dynamics in
this region (Agarwal et al., 2002; Sharma & Mahapatra, 2021). Bankura is located in a semi-arid zone,
where the Badlands transformation has been influenced by the application of land-use change methods
and the implementation of fishery development projects (Singh & Singh, 2017). Some local studies mainly
focused on the direct geomorphological impacts of the expansion of fishponds in this Badlands area. Near
Ramsagar, Shinhati Badland is a unique case study area where the government is directly involved, having
led numerous fishery projects aimed at altering the physical environment and landscape. According to
Kirkby et al in 1990, there is a gap in empirical, ground verification research that assesses recent
transformations with the use of multi-temporal satellite imagery, DEMs, and spectral indices.

1.4 Formulation of research question

In the Badlands regions, concerns regarding environmental sensitivity and observable evidence of
transformation due to anthropogenic interference in the Shinhati area of Bankura have led to the
formulation of specific research inquiries: a) In what manner does anthropogenic activity in the Badlands
area affect this erosion-prone zone? b) How have the spatial and temporal patterns within the Badlands
region undergone geomorphological changes? ¢) What methods can be employed to modify the gully
structure? This study delineates precise and targeted research questions that are essential for guiding any
scholarly investigation. Based on these questions, the research aims to elucidate the relationship between
developmental activities and the fragile ecosystem of the Badlands, evaluate the effectiveness of Remote
Sensing and GIS techniques in environmental monitoring, and propose land degradation management
strategies to policymakers and planners to support sustainable economic development.

1.5 Objectives of the Study

First, systematically identify and analyse the human-induced changes that affect the natural
geomorphological process of Shinhati Badlands. Nowadays, a massive amount of intervention, mainly in
the form of fish hatchery construction and land use modification under the Ramsagar Fishery project, has
directly transformed the fragile landscape of Shinhati. This rugged and erosional topography has been
altered by anthropogenic interference, including the construction of artificial check dams, the levelling of
natural gully channels, and the redirection of water channels. Through the application of satellite imagery
and ground verification, the study focuses on measuring the spatial extent and transformation to
understand the impact of human activity on the landscape of the Badlands. Second, thoroughly emphasized
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the temporal dimension of the changes of the Badlands landscape. Here, we utilize multi-temporal satellite
data to investigate changes in landform dynamics over time, the rate of vegetation cover increase or
decrease, and the modification of the hydrological network due to the construction of fishponds and check
dams. Thirdly, a scientific framework was developed to investigate the modification of gully structure and
the expansion rate of fishponds using geospatial techniques. The ultimate goal of this study is to establish
a framework for environmental planning that incorporates erosion control and sustainable land use
policies.

1.6 Limitations of the Study

Several constraints have been noted regarding the study. Researching the Shinhati Badlands is challenging
for multiple reasons. Various human activities have transformed the landscape of the Badlands. There are
several limitations throughout the Badlands area. It requires multi-temporal satellite imagery to interpret
the historical data; however, only data from specific years are available. High-resolution satellite imagery
can identify fine-scale geographical changes in the landform, such as the advancement of minor gully
heads, sediment deposition within channels, and shifts in vegetation. However, not all of these may be
accurately captured from the satellite imagery, which affects the landform classification and erosion
analysis. This study mainly focused on the Shinhati Badlands within the Ramsagar area. In the case of in-
depth interpretation, there is a limitation to generalizing the environment of the Badlands in the Bankura
District. This study aims to examine human activities through the transformation of the terrain and
reducing the effects of rainfall erosion and mass wasting. However, it is not very easy to prevent this all-
natural process. Geomorphic transformation is the central focus of this paper, where socio-economic
conditions are deeply intertwined, including the local livelihoods of the fisheries, ownership and rights to
land, and community perceptions of environmental degradation.

2. Study Area

The Shinhati badlands are located 4 km northwest of the Bishnupur town in the Bankura district of West
Bengal. The extension of this badland region is 23°05'16" N to 23°05'34" N and 87°16'06" E to 87°16"24"
E (Fig. 01). It is located beside the left bank of the river Birai. This region of poor land is part of the Rarh
plateau fringe plain, situated at the transition zone between the Chhotanagpur plateau and the Bengal basin
(Sen et al., 2004). These types of landforms were originated over the unconsolidated secondary deposits
in the Pleistocene and reworked later as weathering and became the low-level lateritic Badlands (Oldham,
1939; Niyogi et al., 1968; Chakraborty, 1970; Bandyopadhyay 1987, 1988; Mukhopadhyay, 1992; Das
and Bandyopadhyay 1995, 1996; Sen et al., 2004; Dey et al., 2009; Aown et al., 2016). The overall area
of this Badland is composed of ancient lateritic crust, where the fluvial erosion process is very active and
the vegetation cover is very low. The red loamy soil cracks up due to hot and dry weather during summer.

The highest temperature in this region during summer reaches up to 40°C-45 °C. However, the temperature
ranges between 8°C and 34°C for the rest of the year (Fig. 8a), and the annual rainfall range in this region
varies between 1300 mm and 1400 mm, with 75% of precipitation occurring in June and September
(Ghosh, 2015). These seasonal rainfalls increase the rate of surface runoff during the monsoon, which is
a primary factor in the formation of gullies in this farmland. Various types of soil erosion occur, including
rain splash, non-concentrated flow (such as sheet flow or surface runoff), concentrated flow (like rill
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erosion), and gully formation. As a result, the region experiences intense physical weathering during the
summer and intense chemical weathering during the monsoon, due to the disintegration of rocks and soil.
Specific geomorphological characteristics, including deep gully channels, steep slopes, lateritic duricrust,
and undulating terrain, identify the badlands. However, the terrain has been smoother in recent years than
in previous times, mainly due to human interventions. Shinhati Badland is situated on the left bank of the
Birai River, and this river plays a significant role in sediment transportation, deposition, and gully
formation, providing a perfect example of dynamic landform changes.

The livelihoods of the local communities in this region depend on their agricultural activities. Mainly
rainfed paddy, pulses, and vegetation are cultivated in the surrounding areas of the badland. Most
individuals have been engaged in pisciculture in the region in recent years. Women are also participating
in these activities. In 2006, with the collaboration of the MGNREGA scheme and the West Bengal
Department of Fisheries, the Ramsagar Fishery Project was initiated, and the excavation of ponds began
under the RSVY scheme. Ponds were dug in the significant deep gullies, reducing the expansion of the
gully channels. The people in this region have become more economically stable than before due to the
development of fish cultivation activities. Over the past few years, afforestation and plantation programs
have been implemented in this arid area, which can help prevent gully expansion. Additionally, programs
were helpful in the growth of vegetation cover and restoring the ecological balance. The West Bengal
Forest Department and local authorities have initiated social forestry efforts to enhance the ecological
status of the badland area.
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Figure 01. Shinhati badland (23°05°16°’N to 23°05°34’N and 87°16°6”" E to 87° 16°24°’E) is located
on the concave left bank of the river Birali, a tributary of the Dwarkeshwar River. It falls under the
Ramsagar Gram Panchayat of Shinhati village, located in the northwest part of Bishnupur Town,
Bankura district, West Bengal, India.
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3. Methodology

To understand the geomorphological characteristics and land transformation of the Shinhati badland area,
multiple data sources are used. For multi-temporal analysis of this area, utilize high-resolution satellite
images from various platforms, such as Landsat and Google Earth. These datasets provide a significant
analysis of the changes in land cover and the decrease in gully expansion over time in this region. A field
survey has been conducted to verify the satellite imagery, collect ground truth evidence, and cross-check
the transformation of landform characteristics through GPS tracking, visual observation, and photographic
documentation. Mapping was conducted using geospatial tools. The satellite image is processed by
following radiometric and geometric corrections to get an accurate and high-quality image. Band rationing
techniques were employed through time-series analysis of multispectral satellite data, utilizing methods
such as NDVI and NDWTI analysis to detect changes in land cover (Fig. 8a, b, ¢). Badland mapping and
transformation were manually digitized from high-resolution images (Google Earth Pro) for gully and
badland features (Fig. 02). A spatiotemporal framework was established using selective satellite images
from different years to understand the transformation pattern of this badland area.

4. Results and Discussion
4.1 Morphological Changes in the Shinhati Badland

Over the past two decades, notable morphological changes have been observed in the Shinhati Badland,
located near the Ramsagar area of Bankura District. This land transformation has occurred due to fluvial
erosional activity, slope instability, and anthropogenic influences. The laterite soil surface became exposed
due to excessive deforestation and physical processes that created a highly gully-erosion-prone zone.
These are the primary factors contributing to the formation of dissected and rugged terrain (Sen et al.,
2004). Multi-temporal satellite images and ground truth verification are used to understand the expansion
of gully numbers and depth. These rills or gullies not only provide an example of the active denudation
process but also offer insight into the intensive classification of fluvial processes, especially during the
monsoon season when the rate of surface runoff is very high (Bandyopadhyay & Ghosh, 2019). The
landscape of this badland region has expanded due to the headward erosion of gullies between 2003 and
2023, creating an undulating, rugged terrain that surrounds the badlands. The high-resolution satellite
image and ground truth verification provide information about morphological changes, which assures the
accuracy of slope steepness and rapid displacement (Fig. 04). Unsustainable livelihood practices, such as
deforestation and unregulated fish farming, increase runoff and soil erosion in this land. This dynamic
transformation is the primary factor in badland formation, where natural processes are accelerated by
human activity.
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Figure 02. Shinhati Badland landscape from 2011 to 2014. Chronological maps have been collected
from the Google Earth historical maps section to represent the transformation in the badland and
surrounding area over time

4.2 Mechanism of transformation

Near the Ramsagar area, the transformation of the Shinhati badland is driven by human interference
through initiatives involving aquaculture practices, in collaboration with the West Bengal Department of
Fisheries and the MGNREGA scheme under the Ramsagar Fishery Project. From the satellite imagery, the
terrain modification is evident due to the construction and expansion of fish hatcheries (Fig. 03). This
anthropogenic intervention plays a significant role in reshaping the land's geomorphological features. In

IJSAT25026687 Volume 16, Issue 2, April-dune 2025 7



https://www.ijsat.org/

1JSAT

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

k=0

the primary stage, badland excavating and leveling were performed to accommodate fishponds, resulting
in a total alteration of the gully system. Previously, the gully channels were identified due to the
concentration of overflow and sediment transport through the fluvial activity of the Birai River. However,
in the present day, this structure has undergone significant changes, and the capacity for erosion has
decreased due to the redirection of water flow. This micro-terrain landscape illustrates the concept of
artificial land surface smoothing. Plantation has been done to prevent the expansion of gully channels.
Ground truth verification confirmed that the badland area is changed, and many fishponds have developed,
which exhibited high sediment deposition in the downstream area (Fig. 02). Additionally, the head part of
gullies is bounded with constructed ponds, check dams, which give a perfect example of slope
destabilization (Fig. 07).

Figure 03. This photo shows newly built fishery ponds in Shinhati Badland, part of the Ramsagar
Fishery Project. The human-made changes in the landscape are a sign of a significant transformation
from a barren area to a productive aquaculture zone. Government efforts to alter the gully channels, slow
down surface runoff, and stabilize the landscape have driven this change. The photo highlights the water
storage, which helps reduce erosion. While this construction has a positive impact on land reclamation
and economic stability, it also creates environmental stress as an adverse side effect.

4.3 Land Cover and Land Use Dynamics

Various satellite images have been observed, and through field visits, it is understood that the region of
Shinhati badland, as well as its land cover and land use patterns, have changed. According to the 2011
Google Earth data, only four fishponds and a significant number of gully channels were present. After 3
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years, in the 2014 Google Earth image, the number of fishponds had increased by only one. Again, in
2018, the number of fishponds increased significantly, as 10 fisheries were seen in that image.
Additionally, it has been observed that the number of gully channels has decreased, while in some areas,
there has been an increase in plantation. Nevertheless, in 2020, the picture is reversed. The number of
fishponds was reduced, and only eight fishponds were observed that year; additionally, the number of
plantations decreased. The gully channels were reduced in 2020. On the other hand, by 2024, the number
of fishponds had increased significantly after four years. Nearly 17 ponds were seen, and the gully
channels were reduced verily (Fig. 02). The vegetation cover also increased in that region, mainly in the
southern part. From the images, it is also evident that the river Birai has shifted. In 2014, the gully channels
merged with the river, but the gullies retreated and were reduced by time. Thus, the river Birai also shifts
to the right.

Figure 04. The Shinhati Badlands exemplify the quintessential badland topography, characterized by
steep gullies and deep vertical rills. These geomorphological features are the result of intensive soil
erosion in an area susceptible to lateritic soil development. The photograph shows the exposed soil

surface resulting from fluvial activity. The lack of vegetation and the presence of dry, red, loamy soil on
the slope highlight the geomorphic instability of this degraded land. Such landscapes are limited in terms
of agricultural productivity and are associated with significant sediment loss. This image depicts the pre-
transformation condition of the Badlands area prior to human interventions, such as the construction of
fishponds and plantations, which aim to mitigate erosional processes near the Ramsagar region.
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Figure 05. This photograph explicitly demonstrates geomorphological instability, predominantly in
regions susceptible to erosion. It depicts exposed soil strata exhibiting signs of undercutting and surface
fissures, all of which are indicative of highly active subsurface erosion. The exposed surface provides
evidence of frequent surface runoff and rill formation, which facilitate sediment transportation and
landform dissection. Ground verification confirms that this area requires land stabilization due to the
high levels of natural erosion activity. In contrast, the surrounding regions have undergone
transformation programs through the construction of fish hatcheries.

4.4 Human modification: Causes of Transformation

The Shinhati badland transforms in such a way that improves the economic status of the local people.
Many reasons are behind this transformation. Both natural and anthropogenic activities contribute to this,
but human activities have had a significant impact on this change. The Ramsagar Fishery Project
collaborates with the West Bengal Department of Fisheries and the Mahatma Gandhi National Rural
Employment Guarantee Act (MGNREGA) scheme to promote scientific aquaculture practices in erosion-
prone areas, transforming barren terrain into productive fishponds. It was initiated to increase fish yield
and improve the economic status of the local people in the Onda block of Bankura district. Under the
Rashtriya Sam Vikas Yojana (RSVY) scheme, ponds were excavated on the gully channels, and about 81
hectares of pond area were excavated. Initially, the number of ponds was fewer (610-612 hectares)
(Fisheries of Bankura), but it has increased in recent times. Over time, many modifications have been
made throughout this project. Many new ponds were excavated, and modifications to fishery training were
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implemented (Fig. 02). Numerous business people have invested in this area, resulting in improved
livelihoods for local people. Plantation and afforestation activities have been undertaken in recent years
with the assistance of the local administration and the West Bengal Forest Department. The West Bengal
Forest Department has also started social forestry. As a result, the vegetation cover of these regions has
increased. Initiatives were taken to establish and expand fishponds under the Ramsagar Fishery Project.
The ponds were created in deep gully channels, thereby reducing soil erosion in the gullies. To reduce the
rate of surface runoff, the expansion of gully channels involves constructing check dams, embankments,
and irrigation canals, which alter the flow and sediment transport in that region.

Figure 06. This photograph depicts the transitional geomorphic features, specifically a low marshy
depression formed through natural processes and human interventions. The presence of stagnant water in
the shallow basin, surrounded by dense, moisture-tolerant vegetation, indicates poor drainage of the
micro basin due to sediment deposition and the convergence of surface runoff. These characteristics are
crucial in understanding the hydrological dynamics of the area. This temporary water retention zone
functions as a depression, promoting soil moisture accumulation. In the surrounding landscape, patches
of vegetation and trees suggest partial ecological regeneration, influenced by low erosional activity
during early interventions. From a geomorphological perspective, this marshy vegetation zone illustrates
the interaction between erosional and depositional activities, as well as the formation of varied micro
landforms within this rugged terrain.
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4.5 Feedback Mechanism of Birai Subsystem

Shinhati Badland is situated on the left bank of the Birai River, a tributary of the Dwarkeshwar River.
Positive feedback indicates that afforestation and soil conservation activities have been implemented in
the southern parts of the region's badlands. Thus, the soil stability is improved. Additionally, constructing
check dams and embankments in slope regions reduces surface runoff, which helps control the high rate
of sheet flow in the badlands. On the other side, the sediment trap of fishponds naturally moved through
the gully and fell into the Birai basin. For this reason, the lower part of gullies became more erosive due
to a deficiency of sediment-water, which can cause headward gully retreat and bank collapse. The
construction of fishponds and check dams is the primary driver of morphological changes in this river
subsystem. The feedback mechanism of this river also transformed from natural to human-modified,
resulting in a hybrid subsystem of Birai that monitors its. Erosion deposition dynamics

Figure 07. The photograph depicts a semi-constructed pond excavated for fish cultivation within the
Shinhati Badland. It exemplifies human-induced geomorphic modification, where predominantly eroded
landscapes have been reshaped for fish hatcheries under the Ramsagar Fishery Project. This pond
demonstrates partial water retention along the embankments. It is primarily influenced by fluvial
erosion, which has expanded the gully channels. The sparse vegetation surrounding the area indicates
pathways of surface runoff that may contribute to sediment redistribution into the pond basin during the
monsoon season. This image illustrates the dual impact of development activities and the emergence of
geomorphological challenges, such as riverbank erosion, sedimentation, and slope instability, within the
broader Badlands region.
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Figure 8(a) This map illustrates the distribution of Land Surface Temperature (LST) in degrees
Fahrenheit (°F) across a designated area. It depicts the spatial variation in surface temperature within a
specified boundary (a particular region or land parcel). Colour Classification (Legend): The LST is
categorized into five temperature intervals: Blue: < 83.4169°F (coolest zones), Green: 83.4169 —
84.2164°F, Yellow: 84.2164 — 85.0159°F, Orange: 85.0159 — 85.8154°F, Red: > 85.8154°F (hottest
zones). Key observations from these maps indicate that the central and eastern regions exhibit the
highest land surface temperatures (marked in red). Conversely, cooler zones (blue and green) are
predominantly situated in the southwestern and western areas. The LST tends to increase toward the
center and northeast.

4.6 Impact of Badland Transformation on Soil Erosion, Vegetation, and Water Resources

The transformation of the badlands has a significant impact on soil erosion, vegetation cover, and water
resources. The embankment of gullies was created to provide fish breeding grounds. Many fish and fish
spawns bred here are supplied to different districts. Thus, this place is a famous fish breeding ground in
the Bankura District. The management strategies were adopted gracefully to reduce soil erosion. Fish
hatchery ponds were built on the embankment of gullies. During the monsoon season, overland flow and
surface runoff are stored here (Fig. 03). These ponds also act as sediment trapping zones (Fig. 07). The
fish breeders leave the silted ponds and build new ponds at the end of newly formed gullies in order to
manage the gully erosion. As part of a management plan, a fish farm was established in the southern
section of the region, near the Birai River, to mitigate soil erosion and prevent soil loss. Small check dams
and bunds are constructed on the gully channels to concentrate the rills and gullies. These management
activities have reduced soil erosion over the past years. For afforestation, plantation activities were
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undertaken to increase the vegetation cover in that region. In the southern portion of the badlands,
vegetation has increased due to these activities (Fig. 6). During the monsoon season, rainwater is collected,
which also aids in pisciculture in this drought-prone area.
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Figure 08 (b), (c) The two maps depict the Normalized Difference Vegetation Index (NDVI) for the
Shinhati Badland area in 2011 (Map B) and 2024 (Map C), illustrating the temporal evolution of
vegetation cover. NDVI is a widely recognized remote sensing index employed to quantify and monitor
plant growth, vegetation coverage, and biomass production. Its values range from -1 to +1, where values
close to 0 or below signify bare soil or non-vegetated regions, and values approaching +1 denote dense
green vegetation. In Map (b), representing NDVI for 2011, the values vary from less than 0.0144 to
greater than 0.1088, with the colour spectrum transitioning from very light green (indicating low NDV1)
to dark green (indicating higher NDV1). The majority of the area falls within mid-range classes (0.0459—
0.1088), indicative of moderate vegetation coverage. Conversely, map (c) for 2024 shows NDVI values
ranging from less than 0.0513 to greater than 0.2011, reflecting a broader and higher range compared to
2011. The predominance of darker green shades suggests an enhancement in vegetation height
observation over the intervening years. A higher number of grid cells fall within higher NDVI ranges
(>0.1512), indicating improved or regenerated vegetation. Several changes have been made, with
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average NDVI values increasing from 2011 to 2024. A larger proportion of areas are classified within
higher NDVI categories in 2024, signifying improved vegetation density or health. The probable causes
include afforestation, conservation initiatives, natural regeneration, or diminished human interference.
The maps show a positive change in vegetation over time, from 2011 to 2024, with significant increases
in NDVI1 values, indicating improved ecological health or successful vegetation management within the
region.

5. Implications and Challenges

The Fishery Project led the transformation of the Badlands, which also benefited the environment and
ecology of this area. The construction of the fishponds disrupted the native geomorphological balances by
altering the gully channels and redirecting natural flows. This anthropogenic interference increases erosion
in some untreated zones where the vegetation cover has been removed (Fig.8 b,c) due to the construction
of fishponds. This deforestation activity is also a contributing factor to biodiversity loss. The ecological
balance has also disrupted due to fish feed, fertilizers, antibiotics which also threaten for soil and water
quality (Fig. 06). From the socio-economic point of view the changes of badland into productive fish
hatcheries under the government project has provide economic opportunities to the local communities
which benefited in their employment and livelihood diversification. Previously, some local communities
that relied solely on agricultural labour have now found a new income source in pond construction, fish
feeding, cultivation, and maintenance. This activity raises their income levels and helps to improve food
security in the surrounding villages. The badlands of Shinhati have been transformed suitably. However,
there are some challenges in monitoring and managing the degradation of the badlands, including the rapid
excavation of fishponds and plantation activities. Additionally, these changes in land use patterns affect
the communal grazing area, agricultural land, and access to natural resources. The shift to a water-based
economy was introduced alongside increased vulnerability to climate variability. Due to decreased rainfall
rates, water scarcity is affecting fishery production, which in turn impacts the environment and the
sustainability of local livelihoods.

6. Conclusion and Recommendations

Through the study, it is observed that the Shinhati badlands were once rugged and barren. However, under
the Ramsagar Project, the formation of fish hatchery ponds and the development of this region have been
done positively. The economic status of the local people has improved. The increase in vegetation cover
through plantation and social forestry initiatives by the local administration and the West Bengal Forest
Department has a positive impact on the region's ecology and environment. The soil erosion by gully
channels has been reduced by making check dams and embankments, and the sheet flow or surface runoff
has also been reduced to a lesser number than before. Overall, it is observed that the transformation has
a positive impact on the badlands. Although the management works effectively, other policies should also
contribute to the sustainable management of the badlands. One is mulching, plantation, and grass cover,
which would have been perfect for resisting soil loss in this region. The excavation of new ponds is
complete, but fish breeders leave the old ponds as siltation occurs in these ponds, which affects and reduces
fish yields. Their agriculture would benefit from the siltation process. The sand mining on the bank of the
Birai River needs to be reduced to decrease the rate of riverbank collapse. Planting native vegetation rather
than introducing exotic plants would be better. The fish hatchery ponds and afforestation will increase in

IJSAT25026687 Volume 16, Issue 2, April-dune 2025 15



https://www.ijsat.org/

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

numbers in the badland in future years. Additionally, land cover and land use patterns will change in
response to socio-economic patterns. Thus, further research would be beneficial for this arid region of
Shinhati.

References

10.

11.

12.

Aown, A., & Kar, N. S. (2016). Lateritic Badlands of Sinhati, Bankura, West Bengal: A Geomorphic
Investigation. In B. Das, S. Ghosh, A. Islam, & M. Ismail (Eds.), Neo-Thinking on
Ganges-Brahmaputra Basin Geomorphology (pp. 19-31). Springer. https://doi.org/10.1007/978-3-
319-26443-1 2

Agarwal, C., Green, G. M., Grove, J. M., Evans, T. P., & Schweik, C. M. (2002). A review and
assessment of land-use change models: Dynamics of space, time, and human choice (Gen. Tech.
Rep. NE-297). U.S. Department of Agriculture, Forest Service. https://doi.org/10.2737/NE-GTR-297
Bandyopadhyay, S. (1987). Man-initiated gullying and slope formation in a Lateritic terrain at
Santiniketan, West Bengal. Geographical Review of India, 49(4), 21-26.
https://doi.org/10.1016/S0167-1987(02)00045-4

Bandyopadhyay, S. (1988). Drainage evolution in a badland terrain at Gangani in Medinipur district,
West Bengal. Geographical Review of India, 50(3), 10-20.
https://www.researchgate.net/publication/349848289 Drainage evolution in_a badland terrain at
Gangani_in_Medinipur district West Bengal

Biswas, A., Bandyopadhyay, S., & Chakraborty, A. Characterizing Gully Morphology using
Structure from Motion-Multi-View Stereo (SfM-MVS) technique in Garhbeta Badlands, West
Bengal, India. https://doi.org/10.5281/zenodo.5336981

Chakraborty, S., Bera, M., & Chatterjee, P. (2020). Human-induced erosion in lateritic terrains: A
remote sensing approach. Remote Sensing Applications: Society and Environment, 18, 100307.
https://doi.org/10.1016/j.rsase.2020.100307

Cheng, J., & Yu, X. (2024). Regional differences, distributional dynamics and convergence of
multidimensional food security levels in China. PLoS One, 19(8), e0309071.

Datta, S., Manna, S., & Roy, T. (2019). Aquaculture expansion in lateritic West Bengal:
Socio-economic and environmental perspectives. Eastern Geographer, 25(1), 89-97.

Das, M. K., Sharma, A. P., Sahu, S. K., Srivastava, P. K., & Rej, A. (2013). Impacts and vulnerability
of inland fisheries to climate change in the Ganga River system in India. Aquatic Ecosystem Health
& Management, 16(4), 415-424. https://doi.org/10.1080/14634988.2013.851585

Ganguly, A., Konar, U., Kundu, A., Chatterjee, S., Nandi, S., Duari, M., ... & Mohapatra, P. K. D.
(2022). Traditional fishing gears of Bankura District, West Bengal, India: Some uniqueness in fish
catching. Notulae Scientia Biologicae, 14(1), Article 11132. https://doi.org/10.15835/nsb14111132
Ganguly, A., Banerjee, A., Mandal, A., Dutta, T. K., & Mohapatra, P. K. D. (2018). Study of
indigenous freshwater fish diversity of Bankura (West Bengal), India with special reference to
Clarias batrachus. Journal of Applied and Natural Science, 10(4), 1162-1172.
https://doi.org/10.31018/jans.v10i4.1892

Gallart, F., Llorens, P., Latron, J., & Reguiés, D. (2002). Hydrological processes and their seasonal
controls in a small Mediterranean mountain catchment in the Pyrenees. Hydrology and Earth System
Sciences, 6(3), 527-537. https://doi.org/10.5194/hess-6-527-2002

IJSAT25026687 Volume 16, Issue 2, April-dune 2025 16



https://www.ijsat.org/
https://doi.org/10.1007/978-3-319-26443-1_2
https://doi.org/10.1007/978-3-319-26443-1_2
https://doi.org/10.2737/NE-GTR-297
https://doi.org/10.1016/S0167-1987(02)00045-4
https://www.researchgate.net/publication/349848289_Drainage_evolution_in_a_badland_terrain_at_Gangani_in_Medinipur_district_West_Bengal
https://www.researchgate.net/publication/349848289_Drainage_evolution_in_a_badland_terrain_at_Gangani_in_Medinipur_district_West_Bengal
https://doi.org/10.5281/zenodo.5336981
https://doi.org/10.1016/j.rsase.2020.100307
https://doi.org/10.1080/14634988.2013.851585
https://doi.org/10.15835/nsb14111132
https://doi.org/10.31018/jans.v10i4.1892
https://doi.org/10.5194/hess-6-527-2002

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org
13. Ghosh, S., & Das, A. (2019). Erosion and land degradation in the Rarh region: A case study of

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27,

28.

29.

Bankura. Indian Journal of Landscape Studies, 7(1), 45-56.

Huynh, C. (2023). Affecting of Nature and Human Activities on the Trend of Vegetation Health
Indices in Dak Nong Province, Vietnam. Sustainability, 15(7), 5695.

IMD. (2021). Climate summary of Bankura district. India Meteorological Department, Govt. of
India.

Kirkby, M. J., Bracken, L. J., & Reaney, S. M. (1990). The influence of land use, soil and topography
on sediment delivery to streams. Earth Surface Processes and Landforms, 15(6), 577-589.
https://doi.org/10.1002/esp.441

Kundu, A., & Dutta, M. (2018). Topographic evolution of badlands in lateritic zones: A case from
Bishnupur sub-division. GeoAnalysis, 6(2), 55-63.

Maldonado, A., Collins, T., Grineski, S., & Chakraborty, J. (2016). Exposure to Flood Hazards in
Miami and Houston: Are Hispanic Immigrants at Greater Risk than Other Social Groups?
International Journal of Environmental Research and Public Health, 13(8), 1-20.

Majumder, S. M., Maji, B. M., Chakraborty, S. C., Patra, P. P., Dey, D. D., Ghosh, S.G., ... &
Kundu, S. K. (2019). Red tide and algal bloom hampering the fish production of the ponds of
Bankura town of West Bengal, India.

Majumder, S., Bhowmik, B., Dey, D., Banerjee, S., & Ghosh, S. (2019). A comparative study among
three different types of productive ponds of Bankura district of West Bengal, India.

Majumder, S., Patra, M., Banerjee, S., Konar, S., & Saha, D. (2019). A study of plankton diversity of
some ponds of Bankura town, West Bengal, India. Environment and Ecology, 37(4), 1115-1123.
Mandal, R., & Chakrabarty, P. (2021). Badlands of gangani in West Bengal, India: An assessment on
account of geotourism development. International Journal of Geoheritage and Parks, 9(2), 147-156.
https://doi.org/10.1016/j.ijgeop.2021.02.001

Modak, P., Mandal, M., Mandi, S., & Ghosh, B. (2022). Integration of Geospatial Technology and
AHP knowledge Based Technique in Preparation of Susceptibility Modelling to Gully Erosion: A
Study from Cratonic Part of Eastern India. https://doi.org/10.1007/s11356-022-22118-5

Murthy, K. S. R. (2000). Ground water potential in a semi-arid region of Andhra Pradesh - a
geographical information system approach. International Journal of Remote Sensing.
https://doi.org/10.1080/014311600209788

Mukhopadhyay, P., Ganguly, A., Ghanta, R., Mallick, S. K., Mandal, A., & Mukherjee, S. K. (2024).
A detailed survey on fungal distribution and characterization under Bankura District, West Bengal,
India. Acta Biologica Slovenica, 67(2), 44. https://doi.org/10.14720/abs.67.2.18621

Mukhopadhyay, S., & Dasgupta, R. (2016). Lateritic badlands of Bengal: Genesis and evolution.
Bulletin of the Geological Society of India, 73(4), 341-350.

Nijland, W., Coops, N. C., Nielsen, S. E., Stenhouse, G. B., & Huettmann, F. (2014). Remote
sensing—based predictive models for nesting habitat in a gradient-based approach. Ecological
Modelling, 277, 50-59.

Pal, S., & Bandyopadhyay, S. (2017). Hydrological disruption due to fish pond construction in
lateritic zones. Indian Journal of Hydrology, 9(3), 213-229.

Rawat, J., Biswas, V., & Kumar, M. (2013). Changes in land use/cover using geospatial techniques:
A case study of Ramnagar town area, district Nainital, Uttarakhand, India.
https://doi.org/10.1016/j.ejrs.2013.04.002

IJSAT25026687 Volume 16, Issue 2, April-dune 2025 17



https://www.ijsat.org/
https://doi.org/10.1002/esp.441
https://doi.org/10.1016/j.ijgeop.2021.02.001
https://doi.org/10.1007/s11356-022-22118-5
https://doi.org/10.1080/014311600209788
https://doi.org/10.14720/abs.67.2.18621

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org
30. Roy, A., Das, B., Das, B., Debnath, S., Parida, P., Karnatak, G., Borah, S., Pandit, A., Das, A.,

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bhattacharya, B., Bhattacharya, S., Chandra, G., Mondal, K., Chakraborty, S., & Chandra, P. (2025).
A Conceptual Framework for Sustainable Governance of Self-Recruiting Small Indigenous Fishes in
the Lower Gangetic Floodplain Wetlands of Eastern India. Sustainability, 17(5), 2226.

Roy, P., Pal, S. C., Chakrabortty, R., Chowdhuri, 1., Saha, A., Islam, A. R. M. T., ... & Costache, R.
(2023). Linking hydrological connectivity to gully erosion in the lateritic badland of sub-tropical
environment: An in-situ experimental study within the Grand Canyon of Bengal, Eastern India.
https://doi.org/10.21203/rs.3.rs-1986049/v2

Roy, R., Chatterjee, S., & Mondal, S. (2020). Monitoring land transformation using Landsat and
Sentinel data in the Bankura upland. Journal of Remote Sensing and GIS, 12(1), 31-42.

Rehman, A., Qin, J., Qin, J., Ullah, S., Ahmad, K., & Faheem, M. (2022). Modelling of Land
Use/Cover and LST Variations by Using GIS and Remote Sensing: A Case Study of the Northern
Pakhtunkhwa Mountainous Region, Pakistan. Sensors, 22(13), 4965.

Sharma, R., & Mahapatra, B. S. (2021). Monitoring and analysis of land degradation using RS-GIS
in semi-arid India. Environmental Earth Sciences, 80(2), Article xyz.

Singh, A., & Singh, R. B. (2017). Geomorphological hazards and their management through
geospatial techniques in rural areas of India. Journal of Rural Studies, 55, 34-45.
https://doi.org/10.1016/j.jrurstud.2017.08.001

Singh, N., Maddheshiya, S. K., Jha, M., Tignath, S., & Singh, B. N. (2020). Hydrogeomorphic
assessment of badlands in part of the Mandakini River watershed, Chitrakoot, India. Arabian Journal
of Geosciences, 13(20), 1066. https://doi.org/10.1007/s12517-020-06041-y

Salata, S. (2017). Land use change analysis in the urban region of Milan. Management of
Environmental Quality, 28(6), 879-901.

Sarkar, A. (2020). Badland denudation process and management: A case study of Garhbeta badland,
West Medinipur, West Bengal, India. https://doi.org/10.1007/978-3-319-26443-1 2

Saha, A., Pal, S. C., Arabameri, A., Chowdbhuri, I., Rezaie, F., Chakrabortty, R., ... & Shit, M.
(2021). Optimization modelling to establish false measures implemented with ex-situ plant species to
control gully erosion in a monsoon-dominated region with novel in-situ measurements. Journal of
Environmental Management, 287, 112284. https://doi.org/10.1016/j.jenvman.2021.112284

Sen, S., Chakraborty, D., Chakraborty, J., & Das, K. (2020). Application of geospatial techniques for
land resource characterization and management of micro-watersheds: A study in the lateritic
micro-watersheds of River Kangshabati, Block Ranibandh, District Bankura. In Recent Trends in
Agriculture, Environment, Sustainability and Life Sciences (pp. 126-155).

Sarkar, A. (2021). Geospatial analysis of erosion-prone areas in Bishnupur Badlands (Unpublished
MSc dissertation, University of Calcutta).

IJSAT25026687 Volume 16, Issue 2, April-dune 2025 18



https://www.ijsat.org/
https://doi.org/10.21203/rs.3.rs-1986049/v2
https://doi.org/10.1016/j.jrurstud.2017.08.001
https://doi.org/10.1007/s12517-020-06041-y
https://doi.org/10.1007/978-3-319-26443-1_2
https://doi.org/10.1016/j.jenvman.2021.112284

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

k=0

IJSAT25026687 Volume 16, Issue 2, April-dune 2025

19


https://www.ijsat.org/

