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Purpose. This study analyzes the spatio-temporal dynamics of forest cover in the Marat 
Longri–Patradisa–Longnit Forest Complex (MLPL), Karbi Anglong district, Assam, over 
the period 1994–2024. The forest complex is an ecologically significant landscape in 
Northeast India, supporting rich biodiversity and serving as a critical habitat for sever-
al threatened species. The objectives were to quantify changes in major forest types, 
examine land use and land cover (LULC) transitions, assess anthropogenic drivers of 
forest degradation, and evaluate their implications for biodiversity conservation, particu-
larly for the Western Hoolock Gibbon (Hoolock hoolock).
Methodology. Multi-temporal satellite imagery, including Landsat 4–5 TM (1994 and 
2004) and BHUVAN LISS IV (2014 and 2024), was used for the analysis. All images 
were radiometrically and geometrically corrected to ensure temporal consistency. The 
study area was classified into seven LULC categories: Semi-Evergreen Forest, Moist 
Mixed Deciduous Forest, Scrub Forest, Degraded Forest, Agricultural Land/Shifting Cul-
tivation, Built-up Areas, and Water Bodies. Pixel-based supervised classification and 
post-classification change detection were performed using ArcGIS 10.3. Classification 
accuracy was evaluated using Producer Accuracy, User Accuracy, Overall Accuracy, 
and Kappa statistics.
Results. The results indicate a significant decline in Semi-Evergreen Forest and Moist 
Mixed Deciduous Forest, accompanied by notable increases in Degraded Forest, Scrub 
Forest, Agricultural Land/Shifting Cultivation, and Built-up Areas. These changes reflect 
increasing anthropogenic pressures, including shifting cultivation, illegal and selective 
logging, agricultural expansion, infrastructure development, and settlement growth. 
The classified maps achieved high accuracy, with average User Accuracy ranging from 
90.64% to 96.53% and Kappa values between 0.81 and 0.93, confirming the reliability of 
the classification. The observed forest changes have intensified habitat fragmentation, 
reduced canopy connectivity, and degraded habitat quality for forest-dependent wildlife.
Scientific novelty and practical significance. This study presents a comprehen-
sive long-term assessment of forest cover dynamics in the MLPL Forest Complex and 
demonstrates the ecological consequences of landscape transformation. By linking 
forest cover change with biodiversity conservation, particularly the conservation of the 
Western Hoolock Gibbon, the findings provide a scientific basis for sustainable forest 
management, restoration of degraded forests, regulation of shifting cultivation, and 
strengthened community-based conservation initiatives to enhance ecological resilience 
in Northeast India.
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Introduction

Forest cover changes have now emerged 
as a critical environmental issue at the global 
level and even in India, with ongoing large-
scale changes in forest extent and composition 
remodeling landscapes and ecosystems [1, 2]. 

Though land use and forest cover are frequently 
employed synonymously, they express different 
meanings in natural resource management 
and environmental monitoring [3, 4]. Forest 
cover describes the physical extent and spatial 
distribution of vegetation, especially tree 
canopies, on the surface of the Earth, whereas land 
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use describes human land use and management 
activities like agriculture, habitation, and 
infrastructure development [5, 6]. Forested 
cover change in India has been driven by rapid 
population increase, expansion in agriculture, 
urban expansion, and enhanced demand for 
natural resources [7, 8]. These anthropogenic 
forces, combined with infrastructural growth 
and shifting cultivation patterns, have resulted 
in extensive deforestation and forest degradation 
in various regions [9, 10]. The importance of 
research on forest cover change became apparent 
during the mid-1970s, and by the mid-1980s 
scientists realized that forests played a crucial 
role as sources and sinks of carbon, highlighting 
their impact on the global carbon cycle and 
climate balance [11, 12].

Forest cover change is currently identified 
as one of the most significant drivers of global 
and regional environmental change [13, 14]. 
Knowledge of the spatial and temporal patterns 
of forest cover is thus critical for successful land 
resource management and conservation planning 
[15, 16]. The pattern and pace of forest cover 
change, however, differ considerably among 
Indian regions [17].

In Northeast India, where forest ecosystems 
harbor exceptional biodiversity and many 
indigenous communities, forest cover change has 
been especially significant [18, 19]. Complex socio-
ecological interactions, where traditional shifting 
cultivation, population pressure, and development 
activities together determine forest dynamics, are 
the characteristics of the region. Studies revealed 
that these changes impact natural resources, 
agricultural productivity, economic development, 
and ecological stability directly or indirectly [20, 21].

Therefore, forest cover change analysis 
is imperative to ensure effective monitoring, 
evaluation, conservation, and planning [22, 23]. 
Human activities have drastically changed the 
forested ecosystems of Northeast India over the 
decades [24]. As forest cover includes both natural 
and human-altered vegetation, it is crucial to 
have a holistic knowledge of its dynamics for 
effective decision-making, ecosystem restoration, 
and sustainable forest resource management  
[25, 26].

The Karbi Anglong district is especially 
significant for the purpose of forest protection in 
Assam. It is the most extensive district in the state 
by surface area and has the highest percentage 
of forest cover [27, 28]. The district consists of a 
number of different forest complexes, and among 
them the Marat Longri–Patradisa–Longnit 
Forest Complex is particularly significant. This 
forest complex is rich in flora and fauna and is one 
of the most under-scientifically unexplored areas 
in Assam. It is the largest habitat area (around 
52%) of the endangered Western Hoolock Gibbon 
(Hoolock hoolock), and also provides shelter to 

the maximum population of Asian Elephants 
in Northeast India [29]. Therefore, analyzing 
forest cover dynamics in this region is of critical 
importance.

In this context, the object of the study is the 
forest cover of the Marat Longri–Patradisa–
Longnit Forest Complex. The subject of the study 
is the spatio-temporal changes in forest cover and 
land use/land cover patterns from 1994 to 2024. 
The main purpose of the study is to assess changes 
in forest cover, identify the major anthropogenic 
drivers responsible for these changes, and 
evaluate their implications for biodiversity 
conservation, with particular emphasis on the 
canopy-dependent Western Hoolock Gibbon 
(Hoolock hoolock).

1. Materials and Methods

Study Area
The Marat Longri–Patradisa–Longnit Forest 

Complex is situated in the Karbi Anglong district of 
Assam (Figure 1). It lies between the geographical 
coordinates of 93°08′E to 93°30′E longitude and 
25°45′N to 26°10′N latitude, covering a total 
area of approximately 802 sq. km. The complex 
comprises seven major Reserve Forests (R.F.) 
and District Council Reserve Forests (D.C.R.F.), 
namely Meyungdisa (D.C.R.F.), Disama (R.F.), 
Kaki (R.F.), Englongkiri (D.C.R.F.), Patradisa 
(R.F.), Longnit (R.F.), and Khonbamon (D.C.R.F).

Data Source
The study employed multi-temporal satellite 

datasets, including Landsat 4–5 TM C2 L2 
imagery from 1994 and 2004, and BHUVAN LISS 
IV imagery from 2014 and 2024, sourced from 
the USGS Earth Explorer and NRSC BHUVAN 
platforms, respectively. The Landsat images had a 
spatial resolution of 30 m, while the LISS IV data 
offered a finer resolution of 5.8 m. All datasets 
were acquired in TIFF format and processed 
using ArcGIS 10.3. Before analysis, radiometric 
and geometric corrections were applied to reduce 
sensor-related noise, atmospheric distortions, 
and spatial inaccuracies, thereby ensuring spatial 
precision and spectral consistency across all time 
periods.

To maintain uniformity among datasets and 
ensure reliable temporal comparisons, image 
resampling was conducted to reconcile differences 
in spatial resolution. Seven categories were 
delineated: Semi-Evergreen Forest, Mixed Moist 
Deciduous Forest, Scrub Forest, Degraded Forest, 
Agricultural Land/Shifting Cultivation, Built-up 
Areas, and Water Bodies. All images were geo-
referenced to the WGS 84 coordinate system 
using the UTM Zone 46N projection. False Color 
Composite (FCC) images were generated to aid 
in visual interpretation. The study boundary 
of the Marat Longri–Patradisa–Longnit Forest 
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Complex was defined using Survey of India 
Toposheets (Nos. 83G/1, 83G/5, 83F/4, and 83F/8; 
scale 1:50,000). Finally, pixel-based supervised 
classification techniques were employed to 
generate forest cover maps for each time period. 

Satellite data information:
A post-classification change detection approach 

was applied using a change matrix to assess and 
quantify temporal variations in forest cover. The 
matrix depicts the transitions among different 
forest cover categories across the study period from 
1994 to 2024. The magnitude of change for each 
forest cover class was computed using the following 
equation:                

ti = t1 – t2                                 (1)
Where, ti signifies the degree of change in 

classes i, t1 denotes the base image, and t2 denotes 
the most recent image.

The following formula was used to calculate the 
percentage change for each forest cover category:

		  Pci= (t1-t2)/t2×100                                                (2)
Where, t2 represents the most recent image, t2 

represents the base image and Pci represents the 
percentage of change in class i [30].

Accuracy assessment is a vital component of 
image classification, ensuring the dependable 
detection, interpretation, and evaluation of 
changes [31]. To accomplish this, the classified 
results were validated using the original mosaic, 
Google Earth imagery, and GPS-based reference 
points. A confusion matrix was generated by 
superimposing the classified forest cover map 
onto ground truth data to evaluate its accuracy. 
Various statistical measures such as overall 
accuracy, Kappa coefficient, producer’s accuracy, 
and user’s accuracy were calculated [30]. The 
computation of these accuracy indices followed 

Fig. 1. Location map of Study Area

Table 1
Satellite Data information

Sensor Resolution (in m.) Path/Row/orbit/Scene Number Data format Acquisition time Purpose
LANDSAT 4-5 30 136/42 Geotiff 27/11/1994 Forest Cover Analysis
LANDSAT 4-5 30 136/42 Geotiff 08/02/2004 Forest Cover Analysis
LISS 4 5.8 014649011200053 Geotiff 14/02/2014 Forest Cover Analysis
LISS 4 5.8 036801011200053 Geotiff 10/01/2024 Forest Cover Analysis
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the methodologies described by Islami et al. 
(2022) and Garg et al. (2016) [32, 33].

Producer accuracy:  

	        (3)

User Accuracy:   

	         (4)

Overall Accuracy:

	    (5)

Kappa Coefficient:

	                       (6) 

Where, r is the matrix’s number of rows, xii 
denotes the total number of pixels in row i and 
column i that were correctly classified, and xi+ and x 
+ i denote the marginal sums of row i and column i.

Result and Analysis

The temporal assessment of forest cover and 
land use changes in the Marat Longri–Patradisa–
Longnit Forest Complex from 1994 to 2024 reveals 
substantial alterations across various land cover 
classes (Table 2). The results indicate a consistent 

decline in dense forest categories, accompanied 
by a marked expansion of degraded, scrub, and 
human-modified areas over the three decades 
(Figure 2 and 3).

The Semi-Evergreen Forest category declined 
markedly from 285.03 sq. km in 1994 to 158.40 
sq. km in 2024, representing a net loss of 126.63 
sq. km. This substantial reduction indicates 
large-scale deforestation and canopy thinning, 
primarily driven by shifting cultivation, logging, 
and other anthropogenic pressures. Similarly, the 
Moist Mixed Deciduous Forest cover decreased 
from 297.90 sq. km to 248.26 sq. km over the 
same period, suggesting ongoing degradation and 
conversion of late-successional forest stands into 
secondary or disturbed forest types. In contrast, 
both Scrub Forest and Degraded Forest classes 
exhibited significant expansion. The scrub forest 
area increased from 82.09 sq. km in 1994 to 120.44 
sq. km in 2024, while degraded forest expanded 
from 41.20 sq. km to 122.31 sq. km. These 
increases reflect continued ecological deterioration 
and the replacement of dense canopy forests with 
fragmented, low-quality vegetation indicating a 
shift toward secondary succession stages.

The Agriculture and Shifting Cultivation area 
grew moderately, from 32.52 sq. km in 1994 to 
46.10 sq. km in 2024, emphasize the persistent 
dependence of local communities on forest 
resources for subsistence agriculture. Likewise, 
the Built-up area expanded sharply from 27.87 
sq. km to 71.10 sq. km, reflecting increased 
settlement growth, infrastructure development, 

Fig. 2. Forest Cover of MLPL Forest Complex 1994 and 2004



399

Вісник Харківського національного університету імені В.Н. Каразіна Серія «Геологія. Географія. Екологія»  2026  64  C. 395–404
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology  2026  64   395–404

ISSN 2410-7360  (Print)
ISSN 2411-3913 (Online)

and human encroachment into forested regions. 
In contrast, the Water Bodies category remained 
relatively stable throughout the study period, 
maintaining an average area of approximately 
34.8 sq. km, which suggests minimal hydrological 
change within the complex.

The analysis reveals a consistent pattern of 
forest loss and landscape transformation across the 
study period. The combined area of dense forests 
(Semi-Evergreen and Moist Deciduous) declined 
from 582.93 sq. km in 1994 to 406.66 sq. km in 
2024, indicating a net loss of 176.27 sq. km of forest 
cover. While this decline highlights an intensifying 
trend of deforestation, the concurrent expansion 
of degraded forest, scrubland, and built-up areas 
emphasize growing anthropogenic stress on the 

ecosystem. These transformations carry significant 
ecological consequences, particularly for canopy-
dependent species such as the Western Hoolock 
Gibbon (Hoolock hoolock), which rely on contiguous 
forest cover for their survival and movement.

2. Discussion

The spatiotemporal analysis of land use and 
forest cover changes in the Marat Longri–Patradisa–
Longnit Forest Complex for the period 1994–2024 
presents a clear trend of ecological transformation 
characterized by increasing deforestation and 
habitat fragmentation. The quantitative trends 
summarized in Table 3 and Figure 4 clearly show 
a steady reduction in dense forest classes especially 

Fig. 3. Forest Cover of MLPL Forest Complex 2014 and 2024

Table 2
Area of different classified forest cover classes  

in the Marat Longri–Patradisa–Longnit Forest Complex
Classes 1994 (Area in km²) 2004 (Area in km²) 2014 (Area in km²) 2024 (Area in km²)

Semi Evergreen Forest 285.03 243.05 176.58 158.4

Moist Mixed Deciduous 297.9 295.66 268.1 248.26
Scrub Forest 82.09 93.39 103.92 120.44

Degraded Forest 41.2 66.39 108.27 122.31

Agriculture land/ Shifting 
Cultivation 32.52 38.29 45.92 46.1

Built-up 27.87 29.89 63.83 71.1
Water Bodies 34.81 34.75 34.8 34.81
Total 801.42 801.42 801.42 801.42
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Semi-Evergreen Forests and Moist Mixed Deciduous 
Forests paired with the continuous increase of 
degraded and scrubland categories.

The Semi-Evergreen Forest category 
underwent the sharpest loss, decreasing from 
35.56% in 1994 to 19.76% in 2024. The 15.80% 
loss accounts for widespread canopy loss and 
deforestation due to anthropogenic factors of 
shifting cultivation, logging, and land clearing for 
settlement and agriculture. As with Moist Mixed 
Deciduous Forests, which decreased from 37.17% 
to 30.98%, this indicates continued conversion of 
mature forest stands into secondary growth or 
disturbed terrain. The steepest fall in both forest 
categories was between 2004 and 2014, which is a 
time most likely to be marked by increased human 
activity and uncontrolled land conversion. On the 
other hand, Scrub Forest and Degraded Forest 
classes experienced a sharp rise during the study 
period. Scrub Forests grew from 10.24% in 1994 
to 15.03% in 2024, whereas Degraded Forests 
grew from 5.14% to 15.26%. These trends indicate 
that previously dense forests are experiencing 
successional regression, whereby canopy loss 
and soil loss have resulted in dense cover of poor-
quality vegetation. This trend is consistent with 
other research in tropical and sub-tropical forest 

habitats of Northeast India [34, 35], where such 
processes of degradation have been attributed to 
expanding human habitation and resource use. 
The Built-up and Agriculture/Shifting Cultivation 
categories also expanded, reflecting increasing 
human encroachment and reliance on forest 
products for survival. The Built-up category more 
than doubled from 3.48% to 8.87% representing 
accelerated settlement growth and infrastructure 
development. Agricultural and shifting cultivation 
areas grew comparatively modestly, indicating 
ongoing livelihood dependency on land use. These 
patterns altogether hint at growing anthropogenic 
alteration of the environment, sometimes at 
the cost of ecological health. Conversely, Water 
Bodies class showed minimal variation, with 
a mean of 4.3% of the total area over the study 
period. This stability indicates that hydrological 
conditions have not been significantly affected by 
the changing land use in the surrounding areas, 
although localized effects on water quality and 
flow regimes cannot be eliminated.

3. Accuracy Assessment 

Accuracy testing of the forest cover classification 
for the period 1994-2024 shows good reliability 

Table 3
Forest Cover changes of MLPL Forest Complex 1994-2024

Forest Cover Class 1994 Area 
in (%)

2004 Area 
in (%)

2014 Area 
in (%)

2024 Area 
in (%)

Change 
(1994–2004)

Change 
(2004–2014)

Change 
(2014–2024)

Semi-Evergreen Forest 35.57 30.33 22.03 19.76 –5.24 –8.29 –2.27
Moist Mixed Deciduous 37.17 36.89 33.45 30.98 –0.28 –3.44 –2.48
Scrub Forest 10.24 11.65 12.97 15.03 +1.41 +1.31 +2.06
Degraded Forest 5.14 8.28 13.51 15.26 +3.14 +5.23 +1.75
Agriculture/Shifting Cultivation 4.06 4.78 5.73 5.75 +0.72 +0.95 +0.02
Built-up 3.48 3.73 7.96 8.87 +0.25 +4.23 +0.91
Water Bodies 4.34 4.34 4.34 4.34 –0.01 +0.01 +0.00

Fig. 4. Forest Cover changes of MLPL Forest Complex 1994-2024
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of the results (Table 4). Overall user accuracy 
varied from 90.64% (2024) to 96.53% (2004), with 
high consistency between the classified maps and 
reference data. The related Kappa statistics that 
take into account agreement by chance ranged from 
0.81 to 0.93, corroborating further the quality of the 
classifications. Small decreases in user accuracy as 
well as Kappa in 2014 and 2024 indicate enhanced 
spectral confusion among classes, which is primarily 
due to anthropogenic land use changes as well 
as heterogeneity of the landscape. Collectively, 
these measures confirm the trustworthiness of 
the satellite-based forest cover maps for the four 
decades.

4. Conclusion

The spatio-temporal evaluation of the changes 
in the forest cover during the period of 1994-2024 
within the Marat Longri–Patradisa–Longnit Forest 
Complex shows significant ecological changes driven 
mainly by human activities. The result reflects a 
significant reduction in Dense forest categories—
particularly Semi-Evergreen and Moist Mixed 
Deciduous Forests—coupled with a significant 
increase in Degraded Forests, Scrub Forests, 
and Built-up lands. These together represent 
an increasing deforestation pattern, habitat 
degradation, and fragmentation of the landscape.

The consistent rise in degraded and human-
modified land categories indicates more rigorous 
shifting cultivation, timber removal, agricultural 
encroachment, and settlement expansion, all of 
which have greatly altered the natural structure 
and composition of the vegetation. Even though 
the area of Water Bodies has exhibited negligible 
fluctuation, the mass-scale conversion of dense 
forests to degraded areas is a major threat to the 
ecological integrity and diversity of the region.

These changes in landscape have serious 
implications for canopy-associated species like 
the Western Hoolock Gibbon (Hoolock hoolock), 
which relies on unbroken forest cover for its 
existence, mobility, and reproduction. Habitat 
loss trend highlights the imperative of adopting 
sustainable forest management, participatory 
conservation initiatives, and policy initiatives 
that align local livelihoods with ecological 
conservation.

In short, the study highlights a relentless 
pattern of forest decline that, if not addressed, 
would lead to irreparable ecological harm. 
Immediate measures addressing reforestation, 
connectivity of habitats, and peoples’ awareness 
are crucial for saving the existing forests and 
improving the long-term ecological resilience 
of the Marat Longri–Patradisa–Longnit Forest 
Complex.

Table 4
Accuracy assessment of forest cover classification in the Marat Longri–Patradisa–

Longnit Forest Complex from 1994 to 2024, showing Producer Accuracy, User Accuracy, 
average User Accuracy, and estimated Kappa statistics for each year

Classes
1994 

Producer 
Accuracy

1994
User  

Accuracy

2004 
Producer 
Accuracy

2004 User 
Accuracy

2014 
Producer 
Accuracy

2014 User 
Accuracy

2024 
Producer 
Accuracy

2024 User 
Accuracy

Semi Evergreen 
Forest 92.11% 96.86% 94.97% 98.85% 98.64% 96.18% 94.72% 85.93%

Moist Mixed  
Deciduous Forest 96.35% 97.85% 93.12% 98.37% 92.44% 97.89% 92.60% 98.88%

Scrub Forest 94.25% 82.55% 97.89% 95.97% 96.67% 98.72% 90.97% 94.89%
Degraded Forest 99.12% 91.23% 98.45% 98.94% 99.78% 88.49% 99.77% 68.73%
Agricultural land/ 
Shifting Cultivation 98.97% 99.87% 92.88% 93.88% 99.73% 98.87% 97.72% 97.31%

Built-up 98.44% 87.55% 99.87% 98.72% 90.55% 82.72% 69.95% 89.78%
Water Bodies 78.45% 99.52% 97.82% 90.99% 92.75% 94.65% 75.89% 97.97%
Overall Accuracy 93.91 96.53 93.36 90.64

Kappa statistics 0.88 0.93 0.87 0.81
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A Н О Т А Ц І Я

Метою дослідження є аналіз просторово-часової динаміки лісового покриву 
в лісовому комплексі Марат Лонгрі–Патрадіса–Лонгніт (MLPL) в окрузі Карбі 
Англонг (Ассам, Індія) протягом 1994–2024 рр. Комплекс є важливим осередком 
біорізноманіття Північно-Східної Індії та середовищем існування багатьох рідкісних 
видів. Дослідження спрямоване на оцінку змін основних типів лісів, трансформації 
землекористування, впливу антропогенних чинників на деградацію лісів та наслідків 
цих процесів для збереження біорізноманіття, зокрема західного Хулоцького гібона. 
Використано супутникові знімки Landsat 4–5 TM за 1994 і 2004 рр. та BHUVAN 
LISS IV за 2014 і 2024 рр. Після попередньої обробки територію класифіковано 
за сімома категоріями землекористування та земного покриву: напіввічнозелені, 
вологі змішані листяні, чагарникові та деградовані ліси, сільськогосподарські угіддя, 
забудовані території й водойми. Для аналізу застосовано контрольовану піксельну 
класифікацію та післякласифікаційне виявлення змін у ArcGIS 10.3. Достовірність 
результатів оцінено за показниками точності виробника, користувача, загальної 
точності та статистикою Каппа. Результати засвідчили суттєве скорочення площ 
напіввічнозелених і вологих змішаних листяних лісів та одночасне збільшення 
площ деградованих і чагарникових лісів, сільськогосподарських угідь і забудованих 
територій. Це свідчить про посилення антропогенного впливу, пов’язаного 
з вирубуванням лісів, розвитком сільського господарства, інфраструктури 
та поселень. Класифікація характеризувалася високою точністю: середня 
точність користувача становила 90,64–96,53 %, а статистика Каппа – 0,81–0,93. 
Виявлені зміни призвели до фрагментації середовищ існування та погіршення 
умов для видів, залежних від лісових екосистем. Дослідження є комплексною 
довгостроковою оцінкою динаміки лісового покриву MLPL і демонструє необхідність 
сталого управління лісами, відновлення деградованих ділянок, регулювання 
змінного землеробства та посилення природоохоронних заходів для збереження 
біорізноманіття й підвищення екологічної стійкості регіону.
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