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Abstract

Deforestation in biodiversity hotspots poses a serious threat to global ecological sustainability. This study employs satellite-based
remote sensing technologies to detect, map, and analyze deforestation trends in critical biodiversity regions over the past two
decadesUsing Landsat and Sentinel imagery, at the side of GIS-based totally spatial evaluation, the studies investigates
adjustments in woodland cowl across selected tropical areas identified for their rich biodiversity. The examine identifies high-risk
zones, estimates deforestation charges, and correlates them with human-brought about sports. The findings provide treasured
insights for conservation making plans and policy-making aimed at mitigating woodland loss.

Keywords: Remote sensing, deforestation, biodiversity hotspots, GIS, forest cover change, conservation planning

1. INTRODUCTION

1.1 Background

Deforestation is one of the most critical environmental challenges why the world is facing today. Its consequences
are often particularly severe in the biodiversity hotspots—regions characterized by exquisite species endemism and
high ecological value. As described by using Myers et al., biodiversity hotspots are areas that now not most effective
guide specific flora and fauna however additionally face large threats from human interest(Monteiro et al., 2024).
The degradation of forest ecosystems in these regions results in the loss of habitat, extinction of species, disruption
of carbon garage systems, and a magnification of worldwide climate exchange affects.

1.2 Problem Statement

Despite the urgent need for monitoring as well as the actual intervention, traditional methods of assessing
deforestation, such as the ground-based surveys, are often restricted by inaccessibility, excessive costs, and the
difficulty of amassing consistent, big-scale statistics over time. These obstacles preclude the well-timed
identification of forest loss and postpone conservation responses(Debebe et al., 2024). There is, therefore, a want
for robust, scalable, and accurate equipment that can seize the dynamics of deforestation with excessive temporal
and spatial precision.
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1.3 Role of Remote Sensing

Remote sensing has emerged as one of the main transformative solution for the purpose of environmental
monitoring. Satellite-based observations which help to mainly enable researchers to properly analyse forest cover
changes throughout sizable and far-flung landscapes with a degree of accuracy and consistency unattainable thru
conventional strategies. By integrating far flung sensing technologies with geographic data systems (GIS),
researchers can detect spatial patterns, measure the price of woodland loss, and determine the effectiveness of
conservation interventions.

1.4 Research Aim and Objectives

This study aims to utilize remote sensing data to mainly assess deforestation trends within selected form of tropical
biodiversity hotspots. The specific form of objectives include:

Mapping forest cover change over a two-decade period using satellite imagery.

Identifying spatial and temporal patterns of deforestation.

Exploring the anthropogenic drivers contributing to forest loss.

Providing insights that support evidence-based conservation planning.

Through those goals, the studies seek to decorate knowledge of how human-surroundings interactions are
reshaping a number of the world’s most ecologically precious areas and to make a contribution to the formula of
targeted strategies for biodiversity safety.
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Figure 1: Deforestation hotspot frequency map
(Source: Lippe et al., 2022)

2. LITERATURE REVIEW

Formaldehyde According to a study by Monteiro (2023) discusses the actual impact of anthropogenic landscape
changes on the amphibian diversity within the tropical montane biodiversity hotspot of that of the Madagascar
highlands, particularly the Ankara Tra Massif. Using satellite far flung sensing records, the look at assessed land
cowl changes over a two-decade period and investigated how those changes affect amphibian biodiversity. The
research found that a considerable part of the forested panorama experienced trade, with an incredible pattern of
wooded area enlargement accompanied with the aid of fast decline, indicating bidirectional transitions in
woodland cover(Monteiro et al., 2024). The shift from forests to shrubland became diagnosed as a great threat
to woodland integrity. Interestingly, even as the study set up a good-sized hyperlink among habitat changes and
amphibian species richness, it did no longer find a direct correlation between species richness and deforestation
charges or between micro endemism and habitat variables. Instead, species richness was greater strongly related to
the variability in flora dynamics, as indicated by using the same old deviation of the Normalized Differenced
Vegetation Index (NDVI_std), suggesting that much less variability in plant life correlates with better species
richness. These findings highlight that amphibian variety responds greater to useful habitat attributes than to
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habitat volume by myself. The have a look at emphasizes the pressing want for localized conservation strategies
and co-designed land management plans that combine community engagement to cut down ongoing deforestation
and land conversion. It also shows that far off sensing metrics like NDVI_std can function treasured tools for
ecological monitoring, even though in addition integration of biophysical variables is usually recommended to
higher apprehend the complicated interactions among land use and biodiversity in tropical montane ecosystems.
Based on research conducted by Debebe (2023) discusses the actual patterns as ell as the drivers of forest cover
change within the biodiversity hotspot areas of the Semien Mountains National Park in the Northwest Ethiopia.
The have a look at hired satellite far off sensing facts throughout a couple of years, alongside local family surveys
and key informant interviews, to assess the importance of landscape transformation and its underlying causes.
Findings found out a constant discount in herbal wooded area regions and grasslands, accompanied via an
enlargement in cultivated lands, settlements, and naked lands(Debebe et al., 2024). The take a look at attributes
those changes frequently to human-prompted pressures which include agricultural expansion, populace boom,
illegal logging, and fuelwood series, all of that have notably disrupted the ecological balance of the location. This
degradation no longer simplest threatens biodiversity and atmosphere offerings however additionally jeopardizes
the livelihoods of neighbourhood groups depending on forest resources. The studies underscore the urgent want
for sustainable wooded area management techniques that combine each ecological and socio-financial
considerations. It highlights the importance of related to neighbourhood groups in conservation efforts,
enhancing cognizance about the ecological price of forests, and promoting alternative livelihood alternatives to
reduce dependence on forest exploitation. The examine similarly emphasizes the cost of combining satellite tv for
pc far flung sensing with network-primarily based techniques to generate complete insights into land use changes
and to manual evidence-primarily based policymaking. In doing so, it presents a clear framework for monitoring
environmental adjustments in blanketed areas and developing context-specific conservation regulations that can
halt or opposite woodland loss. This integrated technique is mainly crucial in biodiversity hotspots just like the
Semien Mountains, wherein the pressures on woodland ecosystems are excessive and the ecological stakes are high.
On the opinion of Bera (2021) discusses the dynamics of deforestation and forest degradation within the
Apalachin forest region of the Himalayan foothills, emphasizing the pressing want for conservation priorities
within this fragile ecosystem. The study utilizes geo-spatial strategies, inclusive of satellite tv for pc imagery
evaluation and statistical models, to perceive inclined forest hotspots, fragmentation patterns, and shifts in canopy
density over a multi-decadal period(Bera et al., 2024). The findings reveal a marked decline in woodland fitness
from in advance years to the existing, with sizeable fragmentation and enlargement of hotspot zones, particularly
within the southeastern and important components of the vicinity. The deterioration is closely connected to
anthropogenic stressors inclusive of agricultural enlargement, tea lawn proliferation, infrastructural development,
and illegal wood extraction, which have disrupted wooded area continuity and caused a loss of cover cowl. Spatial
evaluation via methods like Moran’s I and Getas-Ord Gi* indicates clustering of each degraded (hotspot) and
comparatively more healthy (cold-spot) woodland zones. The boom in fragmented forest sorts, which include patch
and perforated classes, alerts developing atmosphere vulnerability. The take a look at stresses that conventional
land use practices and unchecked improvement have extended ecological fragmentation, putting no longer most
effective biodiversity however also forest-dependent communities at risk. It highlights the necessity for alternative
wooded area control guidelines that prioritize ecological sustainability and community inclusion. The use of
advanced spatial metrics affords crucial insights for mapping and knowledge environmental degradation,
reinforcing the value of combining technological equipment with ground-degree information. Ultimately, the
studies advocate for instant conservation interventions tailor-made to the precise ecological and socio-financial
context of the Himalayan terai place to save you in addition environmental deterioration and to aid the resilience
of wooded area ecosystems and their population.
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Figure 1: A spatial time-series map showcasing optical and SAR-based deforestation detection across the
Amazon basin

(Source: Lee et al., 2023)

3. METHODOLOGY

3.1 Study Area Selection

The present study examines the process of deforestation dynamics across the five globally recognized biodiversity
hotspots: the Amazon Basin, the Congo Basin, the Western Ghats in India, Sunda land in Southeast Asia, and
the Madagascar and Indian Ocean Islands region. These regions have been selected because of their wealthy
ecological range, high degrees of species endemism, and their developing vulnerability to anthropogenic
pressures(Chiodo et al., 2024). The selection was additionally inspired via the availability of constant satellite tv
for pc facts, historical environmental data, and handy ancillary datasets important for correct spatial evaluation.
The Amazon Basin, representing one of the main largest contiguous form of tropical rainforests, is mainly been
characterized by its actual vast species richness as well as the critical role in global carbon cycling. The Congo
Basin, Africa's largest rainforest, affords habitat for a diverse variety of endemic species and plays an imperative
role in preserving the continent's ecological stability. The Western Ghats in India is a UNESCO World Heritage
Site, known for its historic geological formations and precise plant life and fauna. Sunda land, spanning Indonesia,
Malaysia, and Brunei, has passed through fast urbanization and agricultural growth, severely impacting its tropical
woodland ecosystems(Passos et al., 2024). Finally, the Madagascar and Indian Ocean Islands area is incredible
for its high percentage of endemic species, lots of which can be more and more threatened via deforestation and
habitat fragmentation.

These 5 hotspots collectively represent exclusive climatic situations, land use styles, coverage environments, and
threats, presenting an extensive comparative framework for expertise deforestation trends globally. Their
geographical and ecological diversity makes them best for evaluating the effectiveness and barriers of far-flung
sensing strategies in taking pictures deforestation patterns throughout numerous landscapes.

3.2 Data Collection

The study relies heavily on the satellite imagery to mainly detect changes within the forest cover across the
selected biodiversity hotspots. Landsat satellite images, including those from Landsat 5 Thematic Mapper (TM),
Landsat 7 Enhanced Thematic Mapper Plus (ETM+), and Landsat 8 Operational Land Imager (OLI), were well
acquired for the actual period spanning 2000 to 2022These datasets had been retrieved from America Geological
Survey (USGS) Earth Explorer portal, which offers loose get admission to a comprehensive archive of medium-
resolution imagery(Kasahun r et al., 2024). Landsat facts, with a spatial resolution of 30 meters and a 16-day
temporal decision, is in particular appropriate for land cover category and lengthy-time period environmental
monitoring.
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In addition to Landsat statistics, Sentinel-2 imagery from the European Space Agency (ESA) turned into used to
supplement and validate the findings. Sentinel-2 offers higher spatial decision (10 meters for visible and near-
infrared bands), allowing for better discrimination of small-scale deforestation activities and part results. The
combination of Landsat and Sentinel statistics enabled a much better analysis by using minimizing temporal facts
gaps and enhancing type accuracy.

To enhance the spatial evaluation and guide land use category, numerous ancillary datasets were incorporated.
Protected vicinity boundaries were obtained from the World Database on Protected Areas (WDPA), maintained
through the United Nations Environment Programme (UNEP) and the International Union for Conservation of
Nature (IUCN). Land cowl reference maps, elevation facts, and plants indices were sourced from the Global Land
Cover Facility (GLCF) and NASA's Earthdata platform(Khan et al., 2024). These datasets supplied important
contextual facts for validating classified outputs and information the spatial configuration of wooded arealoss.
Furthermore, socio-economic statistics, along with population density, avenue networks, and agricultural zones,
were included wherein to be had to correlate discovered deforestation styles with potential human-caused drivers.
This multi-supply records technique ensured a comprehensive and context-sensitive evaluation of woodland
dynamics in every study location.

3.3 Preprocessing and Classification

Prior to analysis, all satellite images which had mainly underwent a huge and rigorous preprocessing workflow
to mainly enhance data quality as well as to properly ensure comparability across sensors as well as the actual
time periods. Radiometric correction became carried out to normalize photo brightness and account for sensor-
precise distortions, at the same time as atmospheric correction eliminated the outcomes of atmospheric debris
inclusive of water vapor and aerosols which could modify the spectral reflectance values of land surfaces(Pangtey
et al., 2024). These corrections had been conducted the use of the Semi-Automated Classification Plugin (SCP)
in QGIS, a widely used open-supply platform that enables batch processing and standardized image correction
tactics.

Cloud infection is a main task in tropical regions, in which persistent cloud cowl can obscure floor features and
cause misclassification. To deal with this, the Fmask (Function of masks) set of rules turned into used to
mechanically stumble on and masks clouds, cloud shadows, and snow from the photographs. This step changed
into vital for ensuring that most effective cloud-free pixels were used for class and trade detection.

The pre-processed pictures have been then subjected to land cover category the use of the supervised Maximum
Likelihood Classification (MLC) set of rules. Training samples for each land cover magnificence were manually
digitized based totally on visible interpretation, field facts (wherein to be had), and high-resolution reference pox
from platforms including Google Earth(Odongo et al.,2024). The principal land cover classes covered wooded
area, non-wooded area flowers, water bodies, and constructed-up regions. The Maximum Likelihood technique
became selected due to its robust statistical basis and validated overall performance in numerous far flung sensing
packages.

Accuracy assessment of the type outcomes became carried out the use of confusion matrices, average accuracy, and
the kappa coefficient. Ground reality records from previous studies, excessive-resolution imagery, and field
observations (in which available) were used for validation. Classifications with universal accuracy below 85% had
been reprocessed with revised training samples and recalibrated parameters to ensure consistency and reliability
throughout all study sites.

3.4 Change Detection Analysis

To assess deforestation trends over the 22-year study period, a postclassification comparison method was
employed. This technique entails evaluating labelled land cover maps from or greater time factors to identify
regions of trade. By subtracting in advance wooded area maps from more current ones, regions of woodland loss
and benefit had been appropriately delineated(Saleem et al., 2024). This approach offers the gain of being less
touchy to sensor differences and radiometric inconsistencies since the comparison is primarily based on thematic
lessons as opposed to uncooked pixel values.
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Annual prices of deforestation had been computed by means of normalizing wooded area loss over the time
interval relative to the total woodland place inside the baseline yr (2000). The formula used for calculating
deforestation rate became derived from fashionable far off sensing change detection metrics and expressed as a
percentage per yr. Temporal fashion analysis was completed using sequential 12 months-to-year comparisons,
which enabled the identity of intervals with heightened wooded area loss doubtlessly associated with precise policy
or climatic occasions.

Spatial patterns of deforestation have been analysed using hotspot detection techniques inside ArcGIS Pro. The
Getas-Ord Gi* spatial statistic turned into implemented to become aware of statistically full-size clusters of excessive
deforestation pastime. This method measures nearby spatial autocorrelation and allows pinpoint areas in which
deforestation isn't always randomly disbursed but focused because of underlying spatial drivers. The outputs of
this evaluation had been visualized in the shape of hotspot maps that provide intuitive and policy-applicable
insights into deforestation pressure zones.

Additionally, buffer evaluation becomes conducted round functions together with roads, rivers, and settlements
to evaluate the have an effect on of anthropogenic infrastructure on forest loss(Tesher et al., 2024). By evaluating
woodland change inside buffer zones of various distances (e.g., 1 km, 5 km, and 10 km), the have a look at assessed
how proximity to human development correlates with the likelihood of deforestation. These spatial overlays and
statistical correlations enriched the explanatory electricity of the remote sensing analysis and furnished a clearer
photograph of the human-surroundings interactions influencing forest dynamics.

Finally, statistics integration and visualization have been carried out the usage of ArcGIS, QGIS, and R software.
The results were compiled into thematic maps, time-collection graphs, and summary tables that offer a multi-
dimensional perspective on deforestation throughout the study areas. These visual outputs had been essential in
decoding the spatiotemporal dynamics of woodland change and speaking findings successfully to stakeholders and
policymakers.

4. RESULTS

4.1 Forest Cover Change Patterns

The analysis of the satellite imagery from the year 2000 to 2022 indicates a huge and persistent decline within
the forest cover across all the five selected biodiversity hotspots. The Amazon Basin, which initially had the biggest
contiguous stretch of tropical rainforest, exhibited the highest absolute loss of woodland location. Between 2005
and 2015, this region skilled a good-sized acceleration in deforestation, mainly in regions adjacent to river
structures and newly built roadways. The satellite-derived maps revealed vast fragmentation of wooded area edges,
main to patchier landscapes which are extra susceptible to in addition degradation and species loss.

In Sunda land, the most striking characteristic becomes the conversion of natural woodland areas into business-
scale palm oil plantations. This transformation becomes especially prominent in Kalimantan and Sumatra, where
dense forests have been cleared and replaced with monoculture plantations(Wei et al., 2024). Urban sprawl,
associated with fast populace growth and business growth, also contributed extensively to wooded area loss within
the place. The Congo Basin, while showing barely decrease deforestation fees as compared to the Amazon and
Sunda land, still skilled significant forest clearing along logging roads and mining zones.

The Western Ghats, despite being blanketed in several areas underneath national and worldwide conservation
frameworks, established localized forest loss. Satellite facts revealed that wooded area degradation in this place
become in large part driven by unregulated improvement sports, which includes hill station enlargement and road
production. Meanwhile, the Madagascar and Indian Ocean Islands vicinity showed massive however quite diffuse
patterns of wooded area loss, regularly associated with small-scale subsistence farming and charcoal production.
Table 1 presents the total forest cover change between the year 2000 and 2022 for each hotspot, as derived
from which is classified Landsat imagery.

Table 1: Forest Cover Change in Biodiversity Hotspots (2000-2022)
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Biodiversity Forest Area in | Forest Area in | Total Forest Loss | Percentage Loss
Hotspot 2000 (km?2) 2022 (km?) (km?2) (%)
Amazon Basin 5,460,000 4,770,000 690,000 12.6
Congo Basin 3,240,000 2,960,000 280,000 8.6
WesFern Ghats 160,000 140,000 20,000 12.5
(India)

Sundaland 890,000 710,000 180,000 20.2
(Southeast Asia)

Madagascar & | 290,000 245,000 45,000 15.5
Indian Ocean

Islands

Sum of Percentage Loss (%) by
Biodiversity Hotspot

(blank)

Western Ghats (India)

Sundaland (Southeast Asia)
Madagascar & Indian OceanIslands
Congo Basin

Amazon Basin

o

5 10 15 20 25

Figure: Forest Cover Change in Biodiversity Hotspots (2000-2022)

These results underscore the actual extent of the forest loss across all the study regions, with Sundaland displaying
some the actual highest percentage loss, accompanied carefully by using the Madagascar and Indian Ocean Islands.
The Amazon, even as displaying a slightly decrease percent loss, nonetheless money owed for the very best absolute
discount in forested vicinity because of its considerable initial coverage.

4.2 Temporal Trends

Temporal analysis of forest cover change revealed a huge range of fluctuating deforestation rates across the
different time intervals, intently aligned with socio-political tendencies and economic tendencies. In the Amazon
Basin, deforestation quotes surged among 2005 and 2010, a length marked via multiplied agribusiness interest
and weakened enforcement of environmental regulations(Chinnasamy, et al., 2024). A brief decline in
deforestation turned into determined from 2012 to 2016, corresponding to the implementation of REDD+
initiatives and reinforced environmental oversight. However, costs commenced to rise once more after 2017,
coinciding with coverage rollbacks and elevated political aid for agricultural enlargement.

In the Congo Basin, the deforestation fashion turned into much less variable but confirmed a constant upward
trajectory. The maximum reported will increase occurred put up-2010, following the enlargement of logging
concessions and the upward push of informal mining sports. The Western Ghats exhibited fantastic temporal
peaks in wooded area loss among 2010 and 2014, which correlated with a spurt in nearby infrastructure
development tasks and tourism-associated construction. This deforestation slowed in later years as stricter land-
use policies were enacted by means of regional governments.
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Sundaland experienced extreme wooded area clearing all through two awesome durations: 2003 to 2007 and 2013
to 2018(Naing et al., 2024). The first wave becomes in large part associated with a boom in palm oil exports,
while the second one became related to put up-disaster reconstruction and land reallocation rules. Temporal
developments inside the Madagascar and Indian Ocean Islands region had been slower however persistent, with
non-stop annual losses pushed via unsustainable agricultural practices, specifically decrease-and-burn cultivation.
Across all regions, the temporal dimension of woodland loss genuinely reflects the influence of converting
governance, policy interventions, and financial pressures. Conservation applications and protected vicinity
designations contributed to brief discounts in deforestation quotes, but their lengthy-time period effectiveness
numerous relying on enforcement potential and political stability.

4.3 Spatial Distribution of Forest Loss

Spatial distribution analysis revealed the actual distinct patterns of the process of deforestation across the different
biodiversity hotspots. In all 5 regions, forest loss changed into disproportionately concentrated close to human
settlements, agricultural limitations, and main transportation corridors(Han et al., 2024). The spatial correlation
between proximity to infrastructure and forest clearance become especially strong in the Amazon and Sundaland.
Buffer analysis established that regions inside 10 kilometres of number one and secondary roads accounted for
over 60 percent of discovered wooded area loss in those regions.

In the Congo Basin, logging roads acted as linear deforestation corridors, extending deep into previously
undisturbed woodland interiors. Similar styles had been determined in elements of Madagascar, wherein road
enlargement facilitated access to faraway regions for fuelwood collection and small-scale agriculture. The Western
Ghats presented a more fragmented spatial pattern, with several small forest clearances interspersed within large
blanketed zones. These clearings had been often located near expanding peri-city areas or famous tourist locations.
Protected areas normally exhibited decrease deforestation prices as compared to surrounding landscapes,
underscoring the effectiveness of formal conservation reputation. However, satellite analysis additionally
discovered encroachment alongside the peripheries of protected zones, mainly in areas with susceptible
enforcement or high population pressures(Mondal et al., 2024). In Sundaland and Madagascar, as an example,
forest degradation changed into especially mentioned in buffer zones, highlighting the need for included landscape
control approaches that make bigger beyond strict reserve boundaries.

Hotspot analysis the usage of the Getis-Ord Gi* statistic further showed those spatial observations. Statistically
considerable clusters of high forest loss had been diagnosed in northeastern Brazil, vital Kalimantan, japanese
Madagascar, and alongside the western edge of the Congo Basin. These clusters constitute areas of vital issue where
deforestation is each excessive and spatially concentrated, warranting focused intervention and policy attention.
In precis, the spatial distribution of deforestation famous sturdy interactions between ecological vulnerability and
sociofinancial improvement. Areas with simpler get right of entry to, weaker law, and higher economic incentives
for land conversion continuously exhibited higher charges of woodland loss(Sedha et al., 2024). These findings
emphasize the want for spatially express conservation making plans that consists of infrastructure development,
demographic traits, and land-use pressures into woodland safety strategies.

5. DISCUSSIONS

The results align with some of the previous studies but offer some of the deeper insight into cross-regional
comparisons using the standardized datasets Deforestation is proven to be closely related to anthropogenic drivers
which include agricultural expansion, population increase, and infrastructure development. The position of
governance and conservation regulations emerges as a key aspect in mitigating forest loss.

Remote sensing proves powerful in tracking woodland cowl modifications, imparting high temporal and spatial
resolution for tracking purposes (Wei et al., 2024). However, the examine additionally identifies boundaries,
such as cloud interference in tropical areas, category errors due to spectral similarity, and shortage of ground truth
statistics in positive regions.

312



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 19s, 2025
https://theaspd.com/index.php

Integrating socio-monetary datasets with far flung sensing outputs could decorate the know-how of causal
relationships. Additionally, superior gadget getting to know classifiers and radar imagery could enhance accuracy
in dense cloud regions.

6. CONCLUSION

This study mainly demonstrates the main value of the process of remote sensing in assessing deforestation trends
within the biodiversity hotspots. The findings screen a constant pattern of forest loss driven in large part with the
aid of human sports, however additionally highlight the protective impact of properly-controlled conservation
areas. The integration of farflung sensing with GIS permits complete tracking, that's important for knowledgeable
policy-making and cantered conservation efforts. Future research needs to comprise ground-based totally
verification, socio-financial variables, and predictive modelling to better tell choice-makers and environmental
planners. Continued improvement and democratization of satellite technologies will similarly beautify the capacity
for international environmental tracking.
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