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Abstract

Remote sensing and GIS (Geographic Information Systems) are increasingly integral parts of
modern spatial planning solving the issues quickly based on data collected, analysed and displayed
in a meaningful way. This research examines the usage of remote sensing and GIS in micro-level
planning along the foothill section of Bhunga area in Hoshiarpur District, India. The study intends
to evaluate whether these technologies are well-suited for improving planning and effectiveness
of decision making at the local level. This research takes satellite imagery, spatial analysis and
field surveys as a whole, and identifies land pattern use, natural resources distribution and social
and economic features of the study area. This study in particular will aid in deepening the
knowledge of remote sensing and GIS utilization in promoting sustainable development and
resource governance in similar contexts of geography.
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Introduction:

Foothill zone of Bhunga Block, which belongs to Hoshiarpur District, appears as a multifaceted
ecosystem, where the land use diversity is accompanied by natural resources, as well as by social
and economic activities. A sound planning and management of this area involve a deep
comprehension of the region’s (its) spatial dynamics that are related to the use of land, distribution
of resources and demographic trends. The ways how we are collecting and processing data keeping
the usual difficulty to understand about the complexity and scale of the spatial occurrences. High
precision and reliability remain the challenges of ground surveys but, the remote sensing and GIS
produce powerful tools for systematic data acquisition, processing and visualization in the process.
Ground-based remote sensing uses the sensing from satellite or aerial sensors to gather spatial data
at various distances and Imagery of the Earth surface. Such imagery delivers information on types
of land cover and its use; vegetation distribution and surface topography. GIS provides remote
sensing operations with a platform that is capable of storing, analysing, and visualizing data that
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is spatially distributed. Through combining remote sensing images with GIS technology, scientists
can carry out the analysis of spatial patterns, find the effect of changes on time, and work out
projected scenarios with a high degree of accuracy.

At the micro-level stage of planning inside the Bhunga Block extension, the application of the
remote sensing and GIS techniques encompasses several prospects. First of all, it helps quickly to
develop map of land covers, where places of agriculture, forestry, residential areas, and other types
of land use are indicated. It goes without saying that this information is needed for mapping natural
resources in space, and at the same time it assists in recognition of areas where conservation and
development initiatives are required. Along with that, satellite data can be used for detecting the
land cover variation throughout the time and it provides knowledge about the water clumps such
as deforestation, urbanization and soil erosion. Next, GIS assists in spatial analysis procedures,
such as suitability modelling and spatial interpolation, which can guide decision-making methods
relating to land use planning, infrastructure development and disaster management activities. This
research would aim at understanding the factors influencing man-induced changes in this region,
through the effective use of remote sensing & GIS technologies, and contribute towards designing
effective micro-level planning strategies for the foothill area of Bhunga block. Spatial analysis
using satellite imagery, field made surveys as well as spatial modelling are among the main
techniques employed in this research with the ultimate aim of providing timely and relevant
information for the policymakers, planners, and local communities. Underlyingly, that means
finding the best compromise between preserving environmental protection and the continuous
developmental benefits in this environmentally sensitive area in the long run.

Study Area

The study area includes the mountain slope of the Bhunga Block spread in Hoshiarpur District,
Punjab, India. This area is situated in the northwestern part of the country, towards its north lies
the lower Himalayan range, while the Siwalik range is to the east of it. The foothill zone is flat to
undulating, covering an area of 250 square kilometres and a series of ridges and valleys with an
elevation that ranges from mean sea level to 800-meter above mean sea level.

The climate of the study area is characterized as subtropical, with three distinct seasons: a very hot
and dry season (April to June) which is usually followed by a sticky monsoon (July to September)
and a fair winter (November to February). Typically the annual rainfall is 1000 mm on average
and during monsoons the rainfall is maximum. There are extremes where the weather can vary
from the highest temperature of 40°C in the summer to the lowest of 5°C in the winter. The area
is characterized by a number of seasonal streams and rivulets that are ultimately participants of the
river system of the Beas River which is the principal river of Punjab. A dendritic drainage pattern
is seen which helps to reflect the geological substrata and topography of the area being discussed.
The study area has several kinds of soils, with the valleys having the sandy loams, while the ridges
have the clay loams. The soil fertility ranges from very low to very high due to the fact that the
factors such as slope, drainage, and vegetation cover can change it significantly. Soil erosion is
one of the most critical issues in the region where the land is undulated and receives the most
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rainfall usually in the monsoon season. Throughout the tilling area in Bhunga, where agriculture
is the major activity, the cultivation of crops like wheat, maize, rice, and vegetables is the common
practice. We have extensive woodlands too in this region that are composed of a mixture of
coniferous and deciduous tree species.
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Figure 1. Study area map Bhunga

Methodological Tools

Data Acquisition and Preprocessing: Satellite data from the Landsat-8 Operational Land Imager
(OLI) sensor and base maps at a scale of 1:50,000 were used to cover the area of interest with
appropriate details. The satellite images, through geometric and radiometric corrections, gained
spatial accuracy and radiometric consistency. Atmospheric adjustments were executed using the
FLAASH (Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes) module to account
for the effects of the atmosphere and improve the quality of the data before further processing.

Land Use/Land Cover Mapping: LULC patterns of the area of study were conducted by means
of supervised classification techniques. The training data with different LCS classes, such as,
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agriculture, forest, water bodies, and built-up areas, were collected via field surveys and visual
interpretation of high-resolution imagery. These training samples prepared the algorithm to
differentiate between the wide range of features that could be present in the satellite imagery.The
Maximum Likelihood Classification (MLC) algorithm is employed to classify the satellite images
into preidentified LULC categories. MLC is a method of categorization that is extensively used
because of its reliability and simplicity. It takes into account the probability of a pixel belonging
to a specific class by considering the spectral features of a pixel and the statistical properties of the
training samples.

To validate the results of the classes the ground truth data was obtained from field surveys and
high-resolution images. By analysing the ground truth data, we obtain information about the land
cover types at the instances of interest within the study area. High-resolution imagery, for instance
drone pictures and aerial surveys, supplied detailed visual information that could be contrasted
with the classified output to measure accuracy levels.

Further Methodological Considerations: In light of this, the methodological sections came with a
few additional concerns that were taken into account to maximize the robustness and reliability of
the findings:

1. Image Enhancement: At first, through the use of image enhancement methods
(improvement of visual quality and interpretability of the satellite images) our dataset was
prepared for the type of output we desired to achieve. In this case, the near-infrared
comparative analysis, expanded contrast stretching, histogram equalization techniques, and
sharpening filters were used to enhance certain features and improve interpretability.

2. Feature Selection: The choice of relevant spectral bands, image acquisition, and
processing was the key factor determining classification accuracy. Different land emerging
types show unique spectral signatures for various bands, so identifying the most significant
ones expands the classification procedure. Techniques such as correlation analysis,
grouping analysis, and dimensionality reduction (e.g. Principal Component Analysis) were
used to choose the most trait with a good quality use for taxonomy.

3. Accuracy Assessment: Once the data had been classified, then the industrious analysis of
the accuracy assessment followed to establish the fidelity of the classified output. The
evaluation comprises of comparing the classified delineation with judgment data [e.g.,
ground truth points or high-resolution imagery] in order to find the accuracy measure
parameters namely overall accuracy, user’s accuracy, output’s accuracy as well as kappa
coefficient.

4. Post-Classification Processing: Following that, the post-classification processing
methods were used to generalize and enhance the spatial influences of the lands that were
classified by the system. The filtering operations with the majority rule to get rid of isolated
mislabeling, the clump removal to clean small clusters of misclassified dots and the edge-
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matching algorithms to smoothen the transitions between different land cover classes were
examples of these methods. Moreover, the recommendation results were placed with

supplementary data sources, which are the topographic maps and the existing land use/land
cover datasets in order to enhance accuracy in the output.

Figure No. 1 Methodological Flow Chart

Data Data Image
Acquisition | | Preprocessing | | Enhancement
|
V/
Feature Land Use/Land Accuracy
Selection | | CoverMapping | | Assessment
|
Vv
Post- Final LULC
Classification [——> Map and
Processing Analysis

Table No. 1 Satellite Dataset Source and date

1 Landsat 8 (OLI) OLI 18-OCT-2013 25m 7 148 38

2 Landsat 8 (OLI) OLI 06-OCT-2023 25m 7 148 38
Source: Bhuvan Official Website
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Figure No. 2 Land use/Land cover Map
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Figure No. 3 Land use/Land cover Map, 2023

Table no. 2 Land Use/Land Cover (LULC) Category wise distribution, 2023

Land Use/Land Cover Area (km?) Percentage
Agricultural Land 101.04 40%
Forest Cover 63.15 25%
Water Bodies 25.26 10%
Built-Up Areas 37.89 15%
Total 252.6 100%

Source: IRS Resourcesat LISS 11l March 2023

Table no. 3 Slope Analysis

Gentle (0-5%) 75.78 30%
Moderate (5-15%) 63.15 25%
Steep (>15%) 113.67 45%
Total 252.6 100%

Table no. 4 Landuse/Landcover Site Suitability

Suitability Area (km?) Percentage
Agriculture 88.41 35%
Afforestation 50.52 20%
Construction 37.89 15%
Unsuitable 75.78 30%
Total 252.6 100%

Results and Discussions

Land Use/Land Cover (LULC) Distribution: Land Use/Land Cover (LULC) Distribution:
It is discovered through the study that agricultural land land covers the largest part of the study
area, amounting to 40% of the whole land. These demonstrates agriculture like the key land user.
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The forest harbours an area occupying 25% which suggests that this a vast natural vegetation and
the numerous wild animals inhabiting that space. The area of water covers 10% of total territory;
it is the keystone of hydrological processes and the endurance of water communities. Upon this
category falls 15% of the entire land area, where urban and infrastructure developments are the
main dimension of human expansion on land and transformation processes.

Slope Analysis

The gradient analysis discloses nothing more than the morphology of the research area. About
30% of the landscape features present cultivation zones 0-5% in gradient that are suitable for
farming. The other 25% is made up of moderate inclines (between 5-15% degrees) which are ideal
for large-scale afforestation projects. The steeplest slopes that measure to at least 15%, occupy
45% of the plot, and may be too challenging for domestic development and use of the land. The
formation of slopes shows the urgent need to touch on the topographic factors when planners and
managers are planning for the land utilization activities.

Suitability Analysis

The assessment of suitability uses a wide range of factors: land cover, slope, soil characteri stics,
and land use objectives, to determine the suitability of various land uses within the study area.
Agriculture is considered acceptable for 35% of the land mainly in the form of gentle sloping area
which is located near to water resources. Afforestation which is found among 20% of the area
would concentrate mainly on the moderate slopes in order to provide the needed forest
conservation services and ecosystem functions. Allocation of the 15% of the area for construction
purpose is mainly in urban places with flatlands that are preferred for urban development. While
70% of the area is very suitable for this purpose, the rest 30% cannot be used because of steeps
slopes, poor drainage, and issues with soils.

Discussion

The outcomes of spatial analysis result in some important insights on the nature of the land use/land
cover, terrain, and land use suitability in the study area. The essence of agricultural land is down
to the fact that agriculture is the leading source of income meaning that there is need of sustainable
agricultural practices and land management strategies to maintain food security and livelihoods of
the rural people. The realities of a densely forested area point to the necessity of maintaining
ecological niches and their richness. It is of paramount importance to focus on forest conservation,
planting trees and sustainable forestry so that we can maintain the provision of ecosystem services,
fight climate change and build ecological stability.

Water bodies identification should be followed by such management and conservation measures
for water resources. Saving of waterbodies that involve deep rivers, shallow lakes, and small ponds
is essential for sustaining freshwater systems, sustaining biodiversity, and meeting the water needs
of both people and ecosystems.

Slope analysis provided a basis for studying the terrain characteristics with regards to challenges
and possibilities. Low slopes offer opportunities for agriculture, while steeper slopes need
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concerted efforts from the planning department to prevent soil erosion, landslides, and other
hazards from occurring. Sustainable land management methods for instance graded cultivation and
intercropping can efficiently fight the problem and save the soil from wastage.

According to the suitability assessment, it will be of use for planning departments and other
officials during decision making and land use procedures. Through the identification of appropriate
sites for agriculture, afforestation and construction, decision makers, and planners are able to
classify land usage, enact infrastructure projects, and equally allocate the natural resources to
achieve the ambitiously set goals of the sustainable development plan

Conclusion

The findings from the undertaken detailed analysis in the research acts as a foundation upon which
well-informed policies and future decisions on how to manage natural resources and dispose land
can be made in the study area. Through careful inspection, like for instance, of the land cover
distribution, slope behaviour and land use suitability to mention a few, stakeholders access helpful
data thus making informed decisions. Such perceptions being met, stakeholders come out with
strategies covering ecological, social as well as economic aspects of land management. Seeking
the understating and ecological relationships of the territory being managed is the most important
factor in coming up with sustainable land use practices. This is done by appreciating that these are
the forests, animal species, and the essential environmental gains responsible for our well-being
and quality of life. Classifying locations that provide higher ecosystem services allows the
managers to increase their relative conservation efforts. However, the integration of ecological
considerations into land use planning is not only aiming to solve the specific environmental issues
like a soil erosion, habitat loss, and water pollution, but also develop landscape resilience.
Furthermore, social sensitivity and influence in the community is a crucial requirement as it links
the community engagements and equitable social status. Knowing the hopes and desires of local
communities empowers one to design the land use plan that will fit in with social values and
aspirations. Other than this, the stakeholder approach that entails the process integrates the
stakeholders in the decision-making results which lead to the feeling of the ownership as well as
empowerment and more socially equitable and sustainable outcomes. Therefore, as well as the
economic impact should be taken into consideration to stimulate sustainable growth and
prosperity. To analysis whether the alternatives use of the land will be competitive in prospect of
different uses different stakeholders for instance can identify chances that will increase
productivity, generating employment and promoting economic growth. Furthermore, inclusion of
economic parameters in land use policies encourages the qualified use of resources for determining
the activities that generate maximum social as well as economic benefits and minimal
environmental damages.
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