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Abstract. Iswahyudi, Yusniar R, Juanda BR, Rusdi M. 2025. Estimation of vegetation cover percentage using visual on-screen
classification in the Krueng Lagsa Watershed, Aceh Province, Indonesia. Biodiversitas 26: 4297-4308. The research aims to identify land
cover types contributing to the degradation of the Krueng Langsa Watershed in Aceh Province, Indonesia and analyze the Vegetation Cover
Percentage (VCP). The analysis used Geographic Information System (GIS) techniques, including visual on-screen digitization of land
cover classes based on RapidEye satellite imagery. The RapidEye imagery has a 5 m spatial resolution, allowing detailed classification of
land cover types and accurate estimation of VVegetation Cover Percentage (VCP). The Indonesian Ministry of Forestry Regulation guided the
study No. P.61/Menhut-11/2014, focusing on monitoring and evaluating watershed management. Based on image interpretation, 12 land
cover classes were identified: primary dryland forest, secondary dryland forest, primary mangrove forest, secondary mangrove forest, open
land, plantations, settlements, mixed dryland agriculture, rice fields, shrubs, fishponds, and water bodies. This classification highlights the
dominance of vegetated land, which plays an important role in supporting biodiversity and ecosystem services in river basins. Conversely,
35.41% of the Krueng Langsa Watershed comprises non-vegetated land such as open land, settlements, fishponds, and water bodies. The
fishpond land cover class occupies 14.00% of the total watershed area, potentially exerting additional environmental pressure if not
managed sustainably. This information is essential for guiding watershed management strategies and biodiversity conservation planning.

The VCP value of 64.59% suggests that permanent vegetation in the Krueng Langsa Watershed remains in good condition.
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INTRODUCTION

Watersheds play a crucial role in maintaining
ecosystem balance and water availability. Rainfall that
reaches the earth's surface is influenced by vegetation in
the watershed, which in turn affects the hydrological cycle.
A significant reduction or removal of vegetated land, such
as forests, can lead to decreased watershed performance,
such as increased surface runoff. The increase in water
flow can also result from changes in vegetation from deep-
rooted plants to shallow-rooted plants and from ground
cover plants with high interception capacity to plant types
with low interception capacity (Asdak 2022).

Land cover conditions can be identified using satellite
imagery and visual on-screen classification methods in a
Geographic Information System (GIS), allowing for quick,
accurate, and comprehensive data (Tong et al. 2023).
Various studies have examined watershed degradation
using remote sensing techniques. For example, Singh et al.
(2021) analyzed watershed performance in India and
showed that deforestation and land conversion significantly
impact the hydrological cycle. Similarly, research by
Pramanta et al. (2020) in Indonesia found that vegetation
loss leads to increased flooding and erosion. However,
research conducted in the Krueng Langsa Watershed, Aceh
Province, is still limited, especially regarding the
assessment of Vegetation Cover Percentage (VCP). Land
use and land cover change have been widely recognized as

a major driver of ecosystem service loss, particularly in
forest landscapes (Sharma et al. 2019). Visual on-screen
classification involves interpreting satellite imagery using
human observation of colors, shapes, dimensions, patterns,
textures, shadows, sites, and spatial associations. The
Krueng Langsa Watershed is part of the Tamiang-Langsa
river basin, covering the administrative areas of Langsa
City, East Aceh District, and Aceh Tamiang District, as
stated in the Decree of the Minister of Forestry of the
Republic of Indonesia Number: SK. 511/Menhut-V/2011
concerning the determination of watershed boundary maps
(Watershed Management 2011). Vegetation cover plays an
important role in supporting biodiversity and ecosystem
services within river basins. However, ecological data on
Vegetation Cover Percentage (VCP) in the Krueng Langsa
River Basin is still limited, hindering comprehensive
biodiversity assessment and management strategies. The
absence of detailed VCP information also limits the design
of effective conservation measures and watershed
management planning in this region.

The Krueng Langsa Watershed spans 126 km? and
receives an average annual rainfall of 2300 mm, classifying
it as an area with relatively high precipitation. This level of
rainfall contributes to erosion and sediment deposition in
rivers, channels, and river mouths. Consequently,
sedimentation leads to river silting, murky runoff,
uncontrolled water flow, and great fluctuations in river
water levels. Ecosystem damage in the Krueng Langsa
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Watershed is primarily caused by deforestation and C-class
excavation activities in the upstream area. During the rainy
season, erosion transports the topsoil layer downstream,
reducing the watershed's storage capacity. The conversion
of forests into plantations, agricultural land, or settlements
also contributes to land degradation (Muntazar and Ramli
2021).

The enactment of Government Regulation No. 37 of
2012 on watershed management provides a legal
framework for monitoring and evaluating watershed
performance (Directorate General of Water Resources 2014).
This activity should be conducted continuously, at least
once a year. The results of monitoring and evaluation can
be used to improve the planning and implementation of
watershed management. To assess the effectiveness of
watershed management, monitoring should consider land
conditions, water management, socioeconomic factors,
infrastructure investment, and spatial use, as outlined in the
Regulation of the Minister of Forestry of the Republic of
Indonesia No. P.61/Menhut-11/2014 on Watershed
Management Monitoring and Evaluation (Ministry of
Environment and Forestry 2014). This research aimed to
identify land cover changes contributing to the degradation
of the Krueng Langsa Watershed and evaluate the
Vegetation Cover Percentage (VCP) using 2024 RapidEye
satellite imagery. The findings can support the
development of watershed management strategies,
including conservation measures to prevent erosion and
maintain the watershed’s optimal performance. This study
seeks to fill a research gap by using the latest satellite data
as a basis for sustainable watershed management planning.

Despite the growing body of research on watershed
degradation in Indonesia, there remains a lack of specific
data on the Vegetation Cover Percentage (VCP) in the
Krueng Langsa Watershed. Most watershed studies in
Indonesia rely on Landsat or Sentinel imagery, leaving a
lack of high-resolution assessments of VCP. This limits
site-specific conservation planning in Krueng Langsa. This
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study addresses that gap by utilizing high-resolution
RapidEye satellite imagery to generate detailed and
accurate land cover classifications. The use of this imagery
distinguishes the research from prior studies that often
relied on lower-resolution data. This study aims to quantify
the Vegetation Cover Percentage (VCP), classify land
cover types, and assess their implications for forest loss and
biodiversity in the Krueng Langsa Watershed.

MATERIALS AND METHODS

Study area

This research was conducted in the Krueng Langsa
Watershed, which spans Aceh Tamiang District, East Aceh
District, and Langsa City, Aceh Province, Indonesia
(Figure 1), as stipulated in the Decree of the Minister of
Forestry of the Republic of Indonesia No. SK: Sk.
511/Menhut-V/2011 concerning the determination of
watershed boundary maps (Watershed Management 2011).
Data preparation and analysis were carried out the Remote
Sensing and Cartography Laboratory, Faculty of
Agriculture, Universitas Syiah Kuala, located in Banda
Aceh City, Aceh Province, Indonesia. The research was
conducted over a period of three months, from July to
September 2024.

Procedures
Data collection

This research used RapidEye satellite imagery (5 m
spatial resolution) acquired in July 2024 from the Planet
Team (2024) (https://www.planet.com), covering the entire
Krueng Langsa Watershed. Additional spatial data, such as
river networks, road networks, and administrative
boundaries, were obtained from the Indonesian Geospatial
Portal (https://tanahair.indonesia.go.id).
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Figure 1. Map of the research location in Krueng Langsa Watershed, Aceh Province, Indonesia
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Image interpretation

The image interpretation stage was carried out using
ArcGIS 10.8 software and is conducted digitally through
the On-Screen Visual Digitization method. Object
identification on the imagery considered image elements
and such as color/tone, shape, size, pattern, shadow, texture
following the technical guidelines for image interpretation
and land cover classification issued by the Ministry of
Environment and Forestry (2020) in 2020. The Krueng
Langsa River Basin has a highly heterogeneous land cover
(e.g., mangrove forests, plantations, fish ponds, and mixed
agriculture). Under such conditions, machine learning often
requires extensive training data and can misclassify
spectrally similar classes.

Ground check and field data collection

The ground check in this research was conducted to
ensure that the results of the previous image interpretation
align with actual field conditions. Field data verification
was carried out using sampling techniques based on
predetermined coordinate points representing each land
cover class. According to Estok et al. (2002), the number of
sample points can be calculated using the following cross-
sectional equation:

_ Z’(PQ-P)N
i pryr——
Z*(P(1-P)+(N-1)E [1]
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Information: n: minimum number of samples required,
Z: reliability coefficient or standard normal variable value,
P (1-P): population variance, E: tolerated confidence level,
N: population size.

During the fieldwork, coordinates were recorded using
Global Positioning System (GPS) (Figure 2), along with
capturing photos and gathering other relevant information
about the observed land cover types. The accuracy
assessment of the image interpretation results was
performed based on the previously established coordinate
points. In this study, RapidEye images (spatial resolution of
5 m) were processed using visual classification on-screen
in ArcGIS 10.8. A total of 109 field validation points were
collected with GPS for validation. Accuracy assessment
was performed using a confusion matrix, which resulted in
an overall accuracy of 87% and a Kappa coefficient of
0.85, indicating high classification reliability.

Accuracy test

To ensure mapping accuracy, an accuracy test was
performed to examine the number of errors that occurred
during the image interpretation stage. The visual accuracy
of the image classification result was assessed a confusion
matrix (Table 1). Mapping accuracy is analyzed with a
confusion matrix involved comparing satellite imagery
with field survey data (Hastoro and Yudinugroho 2023).
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Table 1. Confusion matrix
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Table 2. Vegetation cover percentage class

Sub criteria Weight (%) Mark Class
Vegetation 10 VCP>80% Very Good
Cover 60<VCP<80 %  Good
Percentage 40<VCP<60 %  Medium
20<VCP<40 % Bad
VCP<20% Very Bad

Interpretation data Total Producer’s
A B C rows accuracy
Reference data A Xii Xir Xii/Xi+
B Xii
C Xii
Total columns X+1 N
User’s accuracy Xii/X+i
Source: Hastoro and Yudinugroho (2023)
User’s Accuracy = —= x 100%
i [2]
Producer’s Accuracy = ;i x 100% 3]
i X
Overall Accuracy = =—x 100%
X41 [4]
= NZXn*EXme 0,
Kappa Accuracy NSk x100% [5]

Information: Xii: Diagonal value of the contingency
matrix for the i-th row and i-th column, X+: Total number
of pixels in the i-th row, X+i: Total number of pixels in the
i-th column, N: Total number of pixels in the sample, X:
Diagonal value of the contingency matrix for row i and
column i, Xii: Number of pixels in row i, Xi+: Number of
pixels in the i-th column, Xn: Data being tested, Y Xn:
Count of each reference data/image classification.

In 2015, according to the National Aviation and Space
Agency (2015) stated that image classification is deemed
accurate if the tolerated value in the confusion matrix
yields results of 75% or higher. The purpose of the
accuracy test is to evaluate the correctness of mapping
during the classification process. To evaluate the accuracy
of land classification, tests are performed for each land
category. One effective method for accuracy assessment
involves comparing classification results with verified field
data using a confusion matrix. Key metrics used in
accuracy testing include overall accuracy, producer’s
accuracy, user’s accuracy, and Kappa accuracy (K)
(Johnson and Jozdani 2018). To validate the effectiveness
of the selected method, accuracy tests of land cover
classification using remote sensing data are essential
throughout the classification process. A contingency
matrix, or square matrix, that includes categorized land
cover classes serves as a valuable tool for evaluating
classification accuracy (National Aviation and Space
Agency 2015).

Calculation of Vegetation Cover Percentage (VCP)

The VCP is a reliable indicator for watershed
sustainability. The VCP classification is detailed in Table
2, along with the evaluation of watershed management
using the following equation:

Area of permanent vegetation

VCP= x100%

Watershed area [6]

Source: Regulation of the Minister of Forestry of the Republic of
Indonesia No. P.61/Menhut-11/2014

Data analysis

This research was conducted based on the Guidelines of
the Minister of Forestry Regulation of the Republic of
Indonesia (No. P.61/Menhut-11/2014) on Monitoring and
Evaluation of Watershed Management (Ministry of
Environment and Forestry 2014). The research
methodology involved several steps: collecting both
primary and secondary data, defining the study area's
boundaries, conducting image interpretation, analyzing
land cover classes, performing ground checks and field
data collection, conducting accuracy tests, and finally
calculating the Vegetation Cover Percentage (VCP) in the
area using a scoring method.

RESULTS AND DISCUSSION

Results
General condition of research location

The Krueng Langsa Watershed, as outlined in the
Decree of the Minister of Forestry of the Republic of
Indonesia (No.: SK. 511/Menhut-V/2011) on regarding the
Determination of Watershed Maps, which is located
administratively within parts of Aceh Tamiang District,
East Aceh District, and Langsa City (Watershed
Management 2011). The geographical coordinates for the
upstream section of the Krueng Langsa Watershed are
97°51°46.8”E, 4°25’8.4”N and 97°58°26.4”E, 4°19°30”N,
while the downstream section is marked by 98°01°58.8”E,
4°32°38.4”N and 98°03°7.2”E, 4°31°26.4”N. Based on
spatial analysis, the total area of the Krueng Langsa
Watershed is 49,712.04 hectares, as presented in Table 3.

Table 3 shows that the Krueng Langsa Watershed is the
largest in Aceh Tamiang District, covering an area of
17,422.23 hectares, which contribute to the 35.05% of the
total watershed area. The administrative boundaries of the
Krueng Langsa Watershed as illustrated in Figure 3.

Land cover

After analyzing the RapidEye satellite imagery using
the visual on-screen classification method, 12 (twelve) land
cover classes were identified in the Krueng Langsa
Watershed. These classes include: primary dryland forest,
secondary dryland forest, primary mangrove forest,
secondary mangrove forest, open land, plantations,
settlements, mixed dryland agriculture, rice fields, shrubs,
ponds, and water bodies. The data that has been analyzed
shows the different characteristics of the various land cover
types. Further details as shown in Table 4.
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Table 3. Area of Krueng Langsa Watershed in Aceh Province, Indonesia based on administrative regions
- . L Area of Sub-district in Krueng Langsa Watershed
District/City Sub-district Area (Ha) % Total area (Ha) %
Aceh Tamian Banda Mulia 569,31 1.15 17,422.23 35.05
Karang Baru 390,92 0.79
Manyak Payed 15,563,37 31.31
Sekerak 89,63 1.81
Aceh Timur Birem Bayeun 15,963.04 3211 15,973.05 32.13
Simpang Jernih 10.01 0.02
Langsa Langsa Barat 4,253.85 8.56 16,316.76 32.82
Langsa Baro 1,557.05 3.13
Langsa Kota 669.73 1.35
Langsa Lama 2,947.89 5.93
Langsa Timur 6,888.24 13.86
Total 49,712.04 100 49,712.04 100

Table 4. Land cover classification based on color, pattern, and texture

Land cover classes Color Pattern Texture Environmental association
Primary dryland forest Dark green Dense canopy Coarse Diverse vegetation, complex shadows
Secondary dryland forest ~ Yellowish-green Uneven shape Fine to coarse Road networks, signs of fire/logging
Primary mangrove forest Dark green, uniform  Dense canopy Coarse Undisturbed, healthy vegetation
Secondary mangrove forest Bright green Many gaps Fine Lower vegetation, human disturbance
Open land Bright reddish-purple Irregular Fine Ranges from lowlands to steep topography
Plantations Green Neat, parallel rows Fine Road access, irrigation
Settlements Pink Consistent Somewhat coarse Associated with road networks
Mixed dryland agriculture  Darker hue Not specified Softer Connected to residential areas, road networks
Rice fields Bright to dark, blue  Homogeneous Fine Near water sources, populated areas
with green spots
Shrubs Light green Irregular Coarse Associated with open land, forest, agriculture
Fish ponds Dark blue, Regular plots Fine Associated with tidal, mangrove areas
almost black
Water bodies Dark brown Irregular Fine Not specified

The findings from the interpretation of RapidEye
satellite imagery using ArcGIS 10.8 editor tools based on
on-screen visual classification are presented in Table 5,
showing the distribution of land cover classes within the
Krueng Langsa Watershed. Additionally, the land cover
map for 2024 is illustrated in Figure 3. The spatial
distribution of land cover in the Krueng Langsa River
Basin (DAS) is shown in Figure 3. Forest areas are mainly
concentrated in the upstream zone, while agricultural and
plantation areas dominate the middle zone. Settlements and
aquaculture areas are concentrated in the downstream zone,
especially along the riverbanks. Although only 2024
imagery was analyzed, the results are consistent with
previous studies in the region. For example, Pramanta et al.
(2020) and Muntazar and Ramli (2021) also reported a
decline in vegetation associated with agricultural expansion
and settlement growth. The 2024 VCP value of 64.59%
indicates relatively stable permanent vegetation, but
increasing anthropogenic pressure in the downstream zone
may signal the risk of future forest loss or fragmentation.

The accuracy of the 2024 land cover interpretation was
verified by comparing the classification findings with field
data collected from ground surveys. A total of 109
coordinate points representing land cover classes were

selected based on accessibility during field data collection.
The confusion matrix table is shown in Table 6. The results
of the observations for each of the twelve land cover
classes are illustrated in Figure 4.

These results suggest that the on-screen visual
classification method produced very good results in
interpreting the 2024 RapidEye satellite imagery. A strong
indicator of the classification process’s reliability is the
Kappa accuracy, which reached 85%. The Kappa statistic is
a measure that compares observed accuracy with the
accuracy expected by random chance. A Kappa value of
85% indicates a significant improvement over random
classification, demonstrating a very strong agreement
between the classified data and the reference data. The
Kappa value affirms the validity of the visual classification
technique use in this study.

Additionally, the overall classification accuracy reached
87%, further supporting the reliability of the image
interpretation. Overall accuracy is calculated by dividing
the number of correctly classified pixels by the total
number of pixels. An 87% accuracy rate indicates that the
vast majority of pixels were correctly classified an
excellent outcome for land cover analysis. Such a high
level of accuracy is essential for ensuring that land cover
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and vegetation assessments are credible and capable of
supporting  further analysis and decision-making.
According to National Aviation and Space Agency (2015),
minimum acceptable accuracy for image interpretation is
75%. This standard ensures that the interpretations results
are dependable for practical use. In this study, both Kappa
accuracy significantly easily exceeds this threshold,
indicating that the classification results are not only
acceptable but exceptionally reliable. The degree of
accuracy is essential for making informed decisions about
land cover and vegetation management within the Krueng
Langsa Watershed.
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agricultural land suggests an ongoing shift in land-use
patterns, which could accelerate fragmentation and reduce
ecological stability. This trend is consistent with findings in
other river basins in Indonesia, where agricultural
expansion and settlement growth are the main factors
causing forest loss and river basin degradation (Fitmawati
et al. 2022).

Table 5. Area of the Krueng Langsa Watershed in Aceh Province,
Indonesia based on land cover classes using the visual on-screen
classification method in 2024

Area
Discussion o o Land cover classes Ha %
Accuracy and reliability of classification _ Vegetation cover
The results of this analysis were satisfactory in many  Primary dryland forest 411.48 0.83
respects and carry important implications for the  Secondary dryland forest 5,822.95 1171
management of the Krueng Langsa Watershed. The high  Primary mangrove forest 1,931.24 3.88
accuracy of land cover classification also provides a  Secondary mangrove forest 4,294.66 8.64
reliable basis for tracking changes in the watershed over PLantgnons 19,289,18 38,80
time. Detecting trends such as deforestation, urbanization, gu[)“toial 3351%;869 6047539
and changes in vegetation health is critical for ensuring the Non vegetation cover L '
§usta|naplllty of the watershed. Accura?e and up—tq—@ate Settlements 2.784.16 560
mformaﬂon enables_ stakeholders to make mfor_med decisions  mixed dryland agriculture 1,417.67 285
regarding conservation and management strategies. Rice fields 3,585.01 7.21
The Vegetation Cover Percentage (VCP) of 64.59%  Open land 638.47 1.28
indicates that the Krueng Langsa Watershed (DAS) still ~ Fish ponds 6,952.91 14.00
maintains a relatively high level of permanent vegetation, =~ Water bodies 2,225.13 4.48
particularly in the upstream forest areas (Table 7). Sub :otal 17,603.35 3541
However, the increasing dominance of plantations and Tota 49,712.04 100
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Figure 3. The 2024 land cover map of the Krueng Langsa Watershed in Aceh Province, Indonesia from the 2024 RapidEye satellite

image using the on-screen visual classification method



ISWAHYUDI et al. — Identification of Vegetation Cover Percentage (VCP) 4303
Table 6. Confusion matrix of land cover sample points
Classification Survey Rows User
research HP  HS HMP HMS T PK PM PC SW ™ A total accuracy
HP 1 1 100%
HS 18 10 3 31 58%
HMP 5 5 100%
HMS 10 10 100%
T 2 2 100%
PK 16 16 100%
PM 7 7 100%
PC 1 5 6 83%
SW 9 9 100%
B 1 100%
™ 16 16 100%
A 5 5 100%
Clumn Total 1 18 5 10 3 26 7 8 9 16 5 109
Producer (%) 100 100 100 100 67 62 100 63 100 100 100
Overall Accuracy (%) 87
Kappa Accuracy (%) 85
Note: : Number of points corresponding to the field check, HP: Primary Dryland Forest, HS: Secondary Dryland Forest, HMP:

Primary Mangrove Forest, HMS: Secondary Mangrove Forest, T: Open Land, PK: Plantations, PM: Settlements, PC: Mixed Dryland
Agriculture, SW: Rice Fields, B: Shrubs, TM: Fish Ponds, A: Water Bodies

Table 7. Vegetation Cover Percentage (VCP) in the Krueng Langsa Watershed in Aceh Province, Indonesia

Permanent of vegetation cover Avrea of vegetation permanent (Ha)  Area of watershed (Ha) Mark VCP (%) Class
Primary dryland forest 411.48 64.59 Good
Secondary dryland forest 5,822.95

Primary mangrove forest 1,931.24

Secondary mangrove forest 4,294.66

Plantations 19,289.18

Shrubs 359.18

Total 32,108.69

Figure 4. The result of the observations for each of the twelve land cover classes. A: Primary Dryland Forest (HP), B: Secondary
Dryland Forest (HS), C: Primary Mangrove Forest (HMP), D: Secondary Mangrove Forest (HMS), E: Open Land (T), F: Plantations, G:
Settlements (PM), H: Mixed Dryland Agriculture (PC), I: Rice Fields (SW), J: Shrubs (B), K: Fish Ponds (TM), L: Water Bodies (A)
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The impact of human activities on the watershed can be
effectively assessed using reliable classification results. By
capturing land cover data over different periods of time, it
becomes possible to identify areas affected by human
activities such as agricultural expansion or urban
encroachment into natural habitats. These data help
pinpoint areas at risk and contrast them with those that may
benefit from improved land use practices.

Moreover, the high accuracy of image interpretation at
once increases trustworthiness and credibility of the study
and its findings. Gaining the trust and support of
stakeholders, including local communities, government
agencies, and conservation organizations, is vital. Reliable
data not only support the justification for necessary
conservation actions but also help in securing funding and
resources for watershed management initiatives. Finally,
the Kappa accuracy of 85% and overall accuracy of 87%
demonstrate the effectiveness of the 2024 RapidEye
satellite images interpretation using the on-screen visual
classification method. These results also exceed the
minimum accuracy threshold set by the National Aviation
and Space Agency (2015), underscoring the reliability of
the analysis. The high accuracy levels provide a
dependable baseline dataset for ongoing monitoring and
watershed management activities, providing a solid
foundation for data-driven decision-making.

Land use change and driving factors

According to Table 5, the most dominant land cover
class was plantations (38.80%), mainly oil palm and
rubber. According to Mawardati et al. (2022), the rapid
expansion of oil palm plantations in Aceh has significantly
altered land use, contributing to deforestation and
biodiversity loss. This transformation reduces the land’s
capacity to absorb water and accelerates sedimentation,
particularly in high rainfall areas like Krueng Langsa.
Permanent vegetation, such as forests, plantations, and
shrubs, plays a crucial role in maintaining the hydrological
balance. In the Krueng Langsa Watershed, forested areas
located in the upstream region are essential for reducing
surface runoff, preventing erosion, and stabilizing soil.
Supangat et al. (2021) emphasized that upstream
watersheds with steep topography require dominant
perennial vegetation to sustain ecological functions.
Distinguishing between primary and secondary dryland
forests can be challenging, particularly in mountainous
terrain with varying elevations. A key difference is that
secondary forests exhibit signs of logging activity, such as
visible patches or tracks (Noviar and Kartika 2017). The
conversion of forest areas into plantations, agricultural
land, or other uses has made the watershed susceptible to
various issues, such as flooding, erosion, drought during
dry seasons, and overall degradation of environmental
quality. Achmad et al. (2022) emphasizes that managing
the watershed as a single, integrated unit promotes a more
logical and objective understanding that any activities
conducted in the upstream watershed impact downstream
conditions, and vice versa.

Based on the field survey results, primary mangrove
forests are located far from residential areas and form a
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regular pattern on each side of the estuary meeting the sea.
In addition to serving as a barrier against sea water
abrasion, these primary mangrove ecosystems also provide
critical habitats for fish. This is consistent with Getzner and
Islam (2020), who stated that mangrove forests and aquatic
environments are inherently interconnected, forming an
ecosystem community with numerous irreplaceable
benefits. Modern mangrove ecosystems have also started to
function as recreational areas. For example, the Kuala
Langsa mangrove forest nature tourism is a protected forest
that has been developed into a tourist destination,
supervised jointly by the government and the surrounding
community. Agroforestry systems have been proposed as a
sustainable management alternative, offering significant
biodiversity potential. However, poor planning can
negatively impact surrounding ecosystems, including
coastal ecologies that support the region’s tourism sector
(Natsir et al. 2022). For environmental protection and
biodiversity conservation, trees are essential. To achieve
self-sufficiency and  sustainability, agroforestry is
considered the backbone of marginal agriculture, as
emphasized by Subedi et al. (2022), and contributes not
only to environmental security but also to food security. It
provides benefits to tribal and rural communities by
offering diversified income sources, helping to alleviate
poverty. Proper land use planning, based on the capacity of
the landscape to support both trees and crops, is crucial,
and lawmakers must consider this information when
developing future policies to ensure long-term
sustainability.

Ecological implications

Human activities have significantly altered the natural
landscape, leaving most vegetation in a state of secondary
succession, a transitional phase in ecological recovery
following disturbances like logging and land conversion. In
many parts of Indonesia, these ecosystems have not yet
reached a climax condition, the final stage of ecological
succession characterized by a stable and self-sustaining
ecosystem (Setyawan et al. 2008). These dynamic
ecosystems require ongoing monitoring and research.
Remote sensing technologies such as satellite imaging can
be used to obtain key information on land cover and land
cover change, vegetation health and other environmental
parameters. Such data can guide evidence-based decision-
making for ecosystem protection and recovery of these
ecosystems. The Central Java vegetation has been
significantly disturbed by human activities, leaving room
for recovery. While Central Java’s vegetation has been
heavily disturbed, the resilience of young plants, including
mangroves, offers hope, provided that efforts in sustainable
land management, conservation, and community
involvement continue. The challenge lies in balancing
regional development with ecological preservation to
ensure a sustainable future.

Field survey findings indicate that a large portion of
open land results from logging of secondary dryland forest,
moving old plantation crops to new plants, or turning the
forests into plantations. Globally, plantation expansion,
particularly of oil palm in Southeast Asia, is rapidly
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replacing natural forests to meet growing food and oil
demands (Wang et al. 2021). This transition has reduced
the land's capacity to absorb water, resulting in greater
surface runoff, sedimentation, and flooding due to the
erosion of exposed soil. In the Krueng Langsa Watershed,
high rainfall intensifies this process, transporting sediment
downstream and contributing to river silting and estuary
sedimentation. The field survey revealed two primary types
of plantation crops: oil palm and rubber. Tarigan et al.
(2018) recommends establishing a minimum forest cover
percentage to maintain an adequate amount of ecosystem
services, particularly as plantations of Elaeis guineensis
(oil palm) and Hevea brasiliensis (rubber) continue to
expand. Furthermore, palm oil production introduces
challenges such as toxic by-products that hinder biogas
production and are sensitive to temperature changes.

The central region of Krueng Langsa Watershed
experiences severe erosion particularly within plantation
areas. This supports Elaloui et al. (2017) finding that the
middle and lower reaches of river basins are often the most
vulnerable to erosion. Due to close proximity to the river
estuary, eroded materials from these areas are quickly
deposited into watershed reservoirs. Langsa City,
positioned in the central part of the Krueng Langsa
Watershed, exhibits settlement patterns that align with the
river network. Iswahyudi et al. (2023) observed that the
central location of Krueng Langsa within the city, along
with Langsa City's rapid development, significantly
influences the ecological system of the watershed. This
includes extensive residential construction that often
neglects environmental considerations. There has been a
noticeable shift from agricultural land to residential and
urban use in Langsa City. The concentration of settlements
is primarily in the central area of Langsa City, which serves
as the economic and administrative hub (Urfan et al. 2022).

Field survey results also found that mixed dryland
agriculture includes areca nut, cocoa, durian, rice, oil palm,
rubber, along with seasonal crops such as chili, eggplant,
pineapple, spinach, water spinach, long beans, tubers, and
lime. The local community indirectly implements
agroforestry practices in the Krueng Langsa Watershed.
Diah et al. (2022) stated that traditional mixed farming and
green open spaces play an important role in regulating river
flow. These agroforestry systems are characterized by an
irregular distribution of dominant plants, creating a
vegetation structure similar to natural forests. Based on
field survey results, rice fields are located in the
downstream part of the Krueng Langsa Watershed, which
is a cultivation area. Rice field land cover is associated
with irrigation networks and found at lower topography
compared to the upstream and middle parts. Urfan and
Ningrum (2022) stated that the cultivation areas in the
Krueng Langsa Watershed have a high potential for river
siltation. This is because the cultivation areas in the
downstream region have flat and homogeneous land
morphology, causing the river flow speed to decrease.

The land cover classified as shrubs consists of low
vegetation on dry land that dominates the overall
appearance of the area. Based on field survey results,
shrubs are associated with forests, rivers, open land, and
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agricultural land, functioning as a transition zone between
land cover classes. Shrubs support high biodiversity in both
flora and fauna, including annual weed class of Senggani
(Melastoma malabathricum) and wire fern (Dicranopteris
linearis). This is consistent with Fitmawati et al. (2022),
who stated that bamboo plants can adapt well to various
habitat conditions, making them highly recommended for
use in watershed conservation and rehabilitation. As Liu et
al. (2023) pointed out, shrub vegetation also contributes to
water infiltration. Our results of 0.72% shrubs support this
finding, although the area is still relatively small.

Based on field survey results, fishponds in the Krueng
Langsa Watershed are located with water networks,
allowing them to easily access water directly or through
channels. Fishponds in the Aceh Tamiang District and
Langsa City generally cultivate grouper, crabs, and shrimp.
However, the decline of mangrove-associated plants, such
as the casuarina tree, is notable. Mangrove-associated
plants are those that can adapt and adjust to extreme
ecological changes, particularly high salinity in coastal
areas. In many areas, mangrove clusters have been
converted into shrimp farms, even though mangroves serve
as windbreaks. Shrimp farming has become one major
causes of significant mangrove forest deforestation
worldwide. Historical data indicate that 35% of mangrove
cover has been lost, with over 50% of that loss attributed to
conversion for aquaculture (Afsholnissa et al. 2019). This
aligns with Samad et al. (2023) noted that the soil and
water quality in both regions are generally favorable to
aquaculture development.

The middle and lower part of the Krueng Langsa
Watershed face increasing siltation due to sedimentation
and erosion, a problem visible in satellite imagery as
brown-colored river flow. Additionally, field surveys
revealed that some communities are building residential
areas directly on the riverbanks. This observation is
supported by Urfan and Ningrum (2022) who reported that
the buffer zone of the Krueng Langsa Watershed in its
middle section has a river width of 17 meters and an
uneven depth resulting from variations in flow velocity,
sedimentation, and erosion processes. The cultivation areas
in the lower part of the Krueng Langsa Watershed have a
high potential for river siltation, as sediment deposition
tends to increase over time, reducing the river’s capacity to
hold high-intensity rainwater, especially during the rainy
season, leading to natural disasters such as flooding in the
lower watershed.

According to Table 7, out of the total area of the
Krueng Langsa Watershed, 32,108.69 hectares or 64.59%
is covered by annual crops or permanent vegetation such as
forests, shrubs, and plantations. This permanent vegetation
plays a crucial role in maintaining the ecological balance,
particularly in water retention, soil stabilization, and
providing habitats for various species. Forests and shrubs
also, acts as a-carbon sinks, helping to combat the impacts
of climate change by absorbing carbon dioxide from the
atmosphere.
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Management and policy implications

This assessment of the Vegetation Cover Percentage
(VCP) was based on the 2024 land cover data, serving as a
key metric ecosystem service, such as erosion reduction,
water quality maintenance, and biodiversity conservation.
This analysis was conducted in accordance with Ministerial
Regulation Number 61 of 2014 regarding Watershed
Management Monitoring and Evaluation. In this regard, the
regulation provides a standardized basis for assessing
watershed sustainability through scientifically sound
methods. It ensures consistency and comparability in
measuring land cover, water quality, vegetation health, and
the impact of human activities. The procedures and criteria
for assessing the health and sustainability of watersheds are
specified in the specific in Ministerial Regulation Number
61 of 2014. This includes determining factors such as water
quality, land cover, and the health of vegetation and of
human activities. It stresses that the accumulated findings
should be based on the use of scientifically sound methods
and comparable data collection techniques.

In the Krueng Langsa Watershed, satellite imagery
interpretation classified several land cover classes,
including primary and secondary dryland forests,
mangroves, open land, plantations, and shrubs. Guided by
regulatory standards, the analysis successfully identified
and quantified this land cover classes, allowing for accurate
monitoring and change detection. The regulation
emphasizes not only the current condition but also long-
term sustainability of the watershed by evaluating the
effectiveness of conservation and restoration efforts. When
following this regulation, the analysis can help furnish the
information concerning the level at which different kinds of
conservation and restoration efforts are effective. This is
particularly important in the Krueng Langsa Watershed
wherein  human activities, including deforestation,
agriculture and urbanization can destroy the environment
rapidly.

This standardization further enhances the credibility of
the analysis given the nature of the regulation. This also
makes the results both reliable and comparable to other
studies that were conducted under the same framework. It
is critical to this comparability in decision making at any
watershed management scale, local or national. The
regulation acts as a consistent basis for the evaluation of
management practices and helps ensure that they are based
on sound scientific evidence, and monitorable and
adjustable as necessary. Furthermore, it emphasizes how
stakeholders can play a vital role in the process of
monitoring and evaluation, including engaging getting
local communities, government agencies and any other
relevant parties involved in assessment and decision-
making processes. The regulation that supports
collaboration and transparency promotes development of
trust and support for watershed management activities. This
approach ensures that management strategies are not only
technically sound but also socially acceptable and
sustainable.

In summary, the analysis of Krueng Langsa Watershed
is framed within Ministerial Regulation Number 61 of 2014
which provides a solid foundation for evaluating watershed
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health and sustainability evaluation. These guidelines
ensure the use of standardized and reliable methodologies
enabling credible findings to support informed decision-
makings. The regulation is essential for enhancing
watershed management practices that are sustainable and
ensuring the proper conservation and use of natural
resources for both present and future generations.

The Land Cover class interpretation through the on-
screen visual classification technique in the Krueng Langsa
Watershed has been analyzed with utilization of some
classes in the permanent vegetation. They include primary
dryland forest, secondary dryland forest, primary mangrove
forest, secondary mangrove forest, plantations and shrubs.
Each of these classes contributes uniquely to the ecosystem
by, enhancing biodiversity, promoting carbon sequestration
and supporting overall watershed health. Primary dryland
forests, for example are home to many of the endemic
species, and act as natural buffer against climate change.
Meanwhile, mangrove forests are critical for protecting
coastal areas from erosion and serve as essential habitats
for marine life.

Table 7 presents the calculated Vegetation Cover
Percentage (VCP) for the Krueng Langsa Watershed.
Permanent vegetation covers 64.59% of the total watershed
area, serving as a key indicator of the watershed’s
ecological health. This proportion reflects the extent to
which the existing vegetation performs vital ecological
functions such as reducing erosion, maintaining water
quality, and providing habitat for various flora and fauna.
In addition, Table 7 shows that the VCP in 2024 was
64.59%, which classifies the condition of the Krueng
Langsa Watershed as "good". Thise high percentage
indicates a significant portion of the watershed is covered
by vegetation, which is essential for maintaining an
ecosystem healthy, minimizing erosion and protecting
biodiversity. Besides, there is adequate vegetation cover to
filter pollutants and diminish the surface runoff. Overall
vegetation cover plays a crucial role in stabilizing the soil,
preventing sedimentation in nearby water bodies,
supporting the hydrological cycle, and delivering essential
ecosystem services.

The results showed that the VCP in the Krueng Langsa
Watershed in 2024 reached 64.59%, based on the
permanent vegetation area of 32,108.68 ha out of a total
watershed area of 49,712.04 ha. This indicates a “good”
classification according to the official regulation. The
remaining 35.41% consists of non-vegetated land such as
open areas, settlements, ponds, and water bodies (Table 5).
The results of this study provided important implications
for the management of the Krueng Langsa Watershed,
particularly in land conservation and rehabilitation
strategies aimed at preventing erosion and maintaining
water quality. The utilization of satellite imagery in VCP
evaluation has been an effective and accurate method,
offering a solid basis for planning land degradation
mitigation efforts. Further studies are needed to monitor
VCP changes over time to support more sustainable
watershed management policies.

In conclusion, the Krueng Langsa Watershed currently
has a good level of vegetation cover, with a VCP of
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64.59% based on permanent vegetation classes. This
condition highlights the crucial role of vegetation in
maintaining the function of watersheds, particularly in
reducing erosion, stabilizing soil, and maintaining water
quality. However, the dominance of plantation land cover
reflects a shift in land use that could accelerate
fragmentation and reduce ecological resilience if not
managed properly. These findings underscore the
importance of sustainable land-use planning and
conservation measures. Preserving upstream forests,
conserving mangroves in coastal zones, and promoting
agroforestry practices are essential strategies for protecting
biodiversity and hydrological stability. Preventing further
conversion of forests into plantations or settlements is also
necessary to avoid long-term degradation of the watershed.
The use of RapidEye imagery has proven effective for
accurate land cover classification and serves as a reliable
basis for vegetation cover monitoring. Future research
should integrate multi-year high-resolution satellite data
with hydrological and ecological assessments to detect
temporal changes and better understand the factors driving
land degradation. This approach will support evidence-
based and adaptive watershed management strategies that
balance integrity
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