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water quality, with agricultural expansion increasing nutrient and sediment loads and urbanization
increasing impermeable surfaces and surface runoff. Research of (Peng et al., 2015);(Zhang et al., 2022)
demonstrated that urbanization in the Three Gorges Reservoir Area led to increased sediment output
and surface runoff due to decreased infiltration. These studies emphasized the importance of
managing land-use change to improve water resource sustainability in surrounding dam. Additionally,
catchment area had some characteristics such as soil type, topography, and climate play a significant
role in surface runoff. From (Ren et al., 2023), the rise of surface runoff and sediment output would be
resulted by land-use change in a Mediterranean watershed, with extreme weather events would
contribute to these effects. (Darvehei et al., 2018) reported that land-use change, particularly the
conversion of natural land to farmland, significantly increased surface runoff and sediment output in
a semi-arid Iranian watershed. These studies considered that catchment characteristics in
implementing sustainable land-use strategies to minimize surface runoff and sediment production in
dams. Malaysia’s climatic conditions had surge in the use of any kind of fertilizer to overcome the
problem of sluggish production. This pattern of production might result in a supply inadequate as the
population continues to rise over time, directly influencing rising demand. As a result, agricultural
activities had increased in the recent decade, and the use of excessive fertilization had caused serious
environmental issues such as eutrophication related with the use of inorganic fertilizers. This make the
agriculture soil was highly concentrated with agriculture nutrients plus unpredictable precipitation
event especially heavy precipitation events causing more nutrients flow into watershed throughout
the surface run-off then triggers the eutrophication.

Previous studies only focused on water quality of the reservoir and they came out with trophic
status of each part of the reservoir as shown in Figure 1. This study was conduct to identify with part
of land-used around this reservoir that dominantly contribute to water degradation. There are 2 major
inlets of this reservoir (Sungai Sembrong at North-East region and Sungai Merpoh at North-West
region). The question was, why the North-East region was often covered by algae growth compared
with another region. The inlet region, which was the major source of water, was an econemic area due
to farming area, which was influenced by the water contamination. [9] had shown that cattle economic
activities around the inlet had an impact on water quality with high chlorophyll concentrations and
total phosphorus. The Trophic Level Index was a measure of dam water quality, indicating its biological
condition or productivity. A higher trophicindex indicates poorer lake water quality.

TE-473
TN

TSI :Trophic Status Index
TP : Total Phosphorus
Chl : Chlorophyll

S : Secchi Depth

Figure 1 Water Quality parameters testing at different area around Sembrong dam. (Hashim et al.,
2018)
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Normalized Difference Vegetation Index (NDVI1) is used to monitor growth of algae vegetation.
In fact, growth of vegetation generally exhibits higher NDVI while unhealthy or stressed vegetation
may result in lower NDVI values. Growth of vegetation presents receiving number of fertilizers. By
using this information, area with higher value of NDVI show the higher concentration agriculture
nutrient (fertilizer) which is possibility in determining a potential contaminant contributing to pollutant
material. However, it should be evaluated according to the contribution in land-used classification
(how big the area for each type of activities in one particular of land-use). On the other hand, NDVI
also could be used for monitoring the land-use. Contaminant could be transported via soil erosion to
water bodies during precipitation events. From this fact, NDVI could help monitor these changes by
identification of reducing areas the vegetation, potentially indicated that soil erosion could be occurred
by the reflectance values of two different spectral bands, usually the near-infrared (NIR) and red bands
of the electromagnetic spectrum (Winarso et al., 2023). NDVI values range from -1 to +1. High value
of land cover could present a higher vegetation which is less soil erosion. In contrast, low value of land
cover could indicates lower vegetation which was possibility for soil erosion during a high precipitation
event (Rong et al., 2019).

Aerial mappingapproach on catchment area of the reservoir is utilized in identifying potential hotspots
that responsible on the deteriorating watershed water quality. [t would be discussed the accuracy and
limitations of different Digital Elevation Model (DEM) generating the methods for flood simulation and
highlights the benefits using a 3D hydrodynamic model coupled with high-resolution topographic data
obtained through digital aerial photogrammetry (Qin et al., 2023). The paper also explores using
Sentinel-2 imagery for catchment analysis, including the automatic mapping of lakes surface water
using deep learning techniques (Qin et al., 2023). Additionally, it examines the integration of NDVI and
land-use with runoff analysis to study the impacts of soil and water conservation programs on
vegetation regeneration and runoff patterns (Hishe et al., 2017);(Terry et al., 2015). According to
(Schwanen et al., 2023);(Baghel et al., 2023) the paper also discusses the atmospheric deposition
pathways for pollutant transport to water bodies, such as dams, and the importance of understanding
the dynamics, sources, and ecological effects of pollutants like chlorinated pesticides, organic
phosphorus, and organic pollutants as shown in Figure 2. It is the highlights the significance in assessing
groundwater infiltration pathways using remote sensing, GIS, and water pollution indices to identify
suitable sites for groundwater recharge, manage heavy metal pollution, and to ensure the quality and
sustainability of water resources (Rahman et al., 2020);(Feng et al., 2024a).

cyanobacterial blooms -
ual ints
o ) o Oy

T e
H-—rinetpinusg
e
Figure 2. The role of agriculture nutrient (Phosphorus) in contributing to the onset of algal bloom
incidents in lakes and the associated cyclic processes s (Feng et al., 2024b)
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This study involves around the challenges associated with surface runoff and water resource
management at Sembrong, Dam. There is limited knowledge about the runoff patterns and their
potential effects on dam operation. Accurate analysis and management of runoff is depended on the
accurate data of surface runoff and water resource management. The surface runoff analysis and water
management will be more complex if there are unavailable runoff map and digital elevation model
(DEM). Thus, study aims to purpose a catchment area map with a digital elevation model and predict
the transit pathways causing the water degradation. Data acquisition obtained by surveys,
measurements, and Sentinel-2 imagery is applied to assess the flow water patterns and some impacts
to water quality at the reservoir or dam. Methodology will integrate some techniques, such as: NDVI
analysis, contour mapping, DEM generation, assessment of watershed analysis, and land-use mapping.
Furthermore, the research also aims to assess surface runoff patterns, to define flow dynamics factors,
and to identify risks to water quality and resource water degradation.

Methodology

Research methodology would assess the degradation of water in the Sembrong Dam Lake
using a multi-phase approach. This methodology was elaborated by a flowchart outline with three key
phases, where Phase 1 is a preliminary survey, site investigation, fieldwork study, and data collection
conducted by a comprehensive data on water conditions and sources of pollution. Phase 2 shows a
first implementation objective processed by using Sentinel-2 imagery using QGIS to generate a Digital
Elevation Model (DEM), contour lines, watershed boundaries, Int. J. of Sustainable Construction
Engineering and Tech. Vol. 0 No. 0 (YEAR) p. 1-6 4 and the normalized difference vegetation index
(NDVI). The Phase 2 also involved the second implementation objective related with a transit pathways
analysis which have the potential water degradation using an overlapped contour line, watershed
boundaries, NDVI values, land-use polygons, and observed algae at the certain locations. This
methodology could contribute to detect the water degradation in Sembrong Dam Lake and several
factors that are directly correlated. Some images were shown and placed as a part of the figure at this
flowchart.

Prases

Pratiminary Survey
itorature review)

1

St invastigation

Processing Sentinel-2 imagery using
aais

)

Creata DEM using QIS

GRECTIVER

TS —

Conctusion

Figure 3 research flowchart.
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Several previous studies had been conducted to predict hydrology properties and water
quality assessment. Disturbance of water quality was due to contamination material at Sembrong
Dam. Water contamination was more caused by some activities from farm area, such as animal waste
material and food residue. Preliminary research indicated that the water quality was due to the
containing of high concentrations of phosphorus, and ammonia nitrogen at the near of inlet area is
more influenced by the farm area as an economic activities region (Xie et al., 2022)This problem
indicated that the pollutants will continue to increase in the next time as a sediment material entering
the watershed area due to human activities (Rahman et al., 2020). The Sembrong Dam area is located
at Air Hitam, Johor, with coordinates 1°59'52"N, 103°10'51"E. The area of Sembrong Dam is
approximately 1,200 hectares. Detail research methodology involves a comprehensive assessment of
surface run-off mapping for water quality at Sembrong Dam. Field study observation shows asin Phase
1 at the existing flowchart in the beginning of surrounding part of site investigation at study area.
Researcher is supported by Jabatan Pengaliran dan Saluran (JPS) office staffs. The field study covers
the physical characteristics of dam, water quality and environment aspects are shown in Figure 4.

Figure 4 Observed the dam's physical characteristics, water quality, and its surrounding.

Subsequent activity phase is more attention in investigating water pollution problem in specific
location at the study site. This dam or reservoir indicates that the sensitivity of water pollution was
more caused by the topography profile and land-used surrounding dam. The water pollution was more
occurred at the shallow reservoir than the deep reservoir. The deep reservoir or dam was influenced
by the difference of water columns which is divided by epilimnion, metalimnion, and hypolimnion
particles (Singh etal., 2023);(Schwanen et al., 2023). The nutrients will settle and thermal stratification
prevent material exchange between layers. The deepest level recorded at Sembrong Dam was
approximate to 9.0 m depth. Detailed dimension during field observations and data acquisition are
used to measure water pollution with some factors associated to the land-use condition, and to
determine algae species as shown in Figure 5. These investigations also purpose in defining
comprehensively water pollution potential and some correlations with human activities at the
Sembrong Dam area (Xie et al., 2022).
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(a) (b) ()

Figure 5 Algae at Sembrong lake banks (a & b) and oil palm plantation of land use area (c).

Processing

Satellite image analysis would predict a crucial process water pollution related with the
patterns of land-use. Preliminary data would process step by step to ensure the high-quality data from
the Copernicus Sentinel-2 satellite. Focus at the specific area is used to map the water pollution in
generating by application using the Digital Elevation Model (DEM) in identifying water concentration
areas and susceptibility points. Contour mapping could depict the height differences and water flow
directions. A watershed describes the main flow channels and tributaries. Normalized Difference
Vegetation Index (NDVI) could assess green plant concentrations and provides the potential water

pollution related to human activities (Hishe et al., 2017). The mapping process s illustrated in Figure 6
and Figure 7.

(a) (b)

Fig. 6 Generated (a) DEM Contour, (b) Watershed
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(c) (d)

Fig. 7 Generated (c) Watershed; (d) NDVI map

Furthermore, potential transit pathways at Sembrong Dam are determined by water

degradation at the pathway transit analysis. This analysis involved spatial analysis using GPS
coordinates, topographic maps, and land-use data. Comparison of water degradation sources
surrounding the dam or reservoir, overlapping patterns can be identified as shown in Figure 8, which
indicate the potential transit routes (Menasria et al., 2022). Land-use data would support to identify
areas that had the potential of water degradation, while topographic data assisted in determining the
water flow directions. NDVI analysis would support in identifying areas with low or disturbed
vegetation that could contribute to water pollution.

A
Fig. 8 Overlapping with land use area (orange, green, blue, grey), contour (soft green), watershed
area (blue), location of algae (red star).

Result and Analysis

This study presents the results from investigation analysis at Sembrong Reservoir or Dam. Site
investigation data had provided valuable image the distribution of algae species and the land-use
practically according to ecosystem. Furthermore, satellite image analysis is applied the utilizing of
geospatial techniques measurements, such as DEM and NDVI in enhancing the contribution factors to
water degradation. Integration and analysis of these diverse data sets, researchers could understand
to assess the complex dynamics and to develop the effective strategies for preservation and restoration
of ecosystem at Sembrong Dam for future study.
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Site investigation analysis was conducted to investigate the visual real-time condition of water
quality of the reservoir or dam. Presence of algae in the dam area would contribute the modern
agriculture and farm projects in the next future, where the gathering of farm and agriculture area.
Visual observations and captured images provided that the distribution of green algae along the dyke
of dam as shown in Figure 9. The location recorded for algae at point 1 (1° 58' 26.6622", 103" 11'
28.1868") and at point 2 (1° 58' 30.453", 103° 11' 29.997").

(a) (b)

Fig. 9 Algae location 1 (a) and Algae location 2 (b).

The existing of oil palm plantations at surrounding area indicated the pattern of significantly
land-use. Growth of agricultural and forestry zones near watersheds resulted contamination material
to water quality. Palm oil plantation could product the high level of ammonia, potassium, and
phosphate. Major chemical component found coming from agricultural fertilizers and pesticides
material which causes the water pollution(Wang et al., 2022);(Baghel et al., 2023). Observation results
detected surrounding the dam area and assessed data from satellite images with using geospatial
techniques from DEM and NDVI analysis results. NDVI was calculated from the reflectance values of
two different spectral bands, usually the near-infrared (NIR) and red bands of the electromagnetic
spectrum (Winarso et al., 2023). NDVI values showed the range from -1 to +1, where high positive
values indicated healthy vegetation, low values indicate non-vegetated at the surfaces of dam or
reservoir. It was particularly sensitive to changes in growth and (a) (b) Int. J. of Sustainable Construction
Engineering and Tech. Vol. 0 No. 0 (YEAR) p. 1-6 8 dense vegetation. NDVI values were directly related
to the density. Dense vegetation typically had the higher NDVI values, while sparse or stressed
vegetation had lower values. In areas with significant soil covered in minimal vegetation, NDVI values
would be lower. Soil erosion often removed the topsoil layer, and created the new exposed of the soil
surfaces. Bare soil surfaces generally had a lower of NDVI values to the vegetated or fertile areas
(Winarso et al., 2023).

Processing of satellite image would generate the precise DEM and contour mapping (Terry et
al., 2015). The contour map visually represented by the elevation variations across the landscape, with
different colours representing different elevation ranges. Water pollution could be identified by the
elevation and topographical features by analysis result from DEM and contour mapping. Low regions
depicted in blue on the contour indicating the susceptible area to receive the runoff and potential
water degradation. Steep slopes would bed represented by darker shades which could alse contribute
to water degradation by acceleration the water runoff speed and erosion force as shown in Figure 10.
This analysis was useful in determining the potential transit pathways and susceptible areas to
contamination at the around inlet area (Ronget al., 2019).
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Fig. 10 Water flow (light blue line) from higher elevations to lower elevations from generated Digital
Elevation Model (DEM).

Watershed analysis mapping was conducted as a part of the research study to delineate and
to identify the boundaries using satellite imagery, DEM, and contour data. Result map was displayed
with 20 drainage basins within the watershed and covered an area of approximately 43.658 kmZas
shown in Figure 11. River could be classified as Strahler stream based on existing river systems, flow
patterns and river branch connections. These drainage basins were susceptible to water degradation
from land-use areas, created the potential sources of water degradation, and implemented the
effective management strategies in the next future. Analysis had covered landuse, vegetation types,
topography model, slope characteristic, and the other aspects to high susceptibility to water
degradation. This matter was useful to identify and to allow for some priority of conservation model
efforts (Qin et al., 2023). Watershed analysis mapping provided the valuable results in water resource
management and conservation, development of sustainable land-use practically as well at Sembrong
Dam area (Schwanen et al., 2023).
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Fig. 11 Watershed map and highlighted drainage basins in the watershed area.

Normalized Difference Vegetation Index (NDVI) analysis was conducted using satellite image
processing analysis in providing a comprehensive assessment of vegetation growth and correlations
‘with water degradation at the Sembrong Dam. NDVI values was determined by satellite image, where
a detailed in generating of NDVI map had the categories as shown in Figure 12. The dark green areas
indicate growth of vegetation covering, while the 9 Int. J. of Sustainable Construction Engineering and
Tech. Vol. 0 No. 0 (YEAR) p. 1-6 medium dark green areas represented by dense vegetation in
contributing to a more sustainable water environment condition. Light green areas exhibited moderate
vegetation and more susceptible to water pollution. Grey areas showed the significantly growth sparse
of vegetation, due to the water pollution or environmental unsupported as shown in Figure 13. There
‘were no blue and/ or dark blue colours indicated no areas for growth vegetation due to the severe
water degradation. Analysis of distribution of NDVI categories allowed in identifying areas of
concerning and priority subject for further investigations. This analysis provided the valuable results
into the spatial patterns of growth vegetation and had the potential to water pollution. The results
would be a basic argumentation for effective development of management strategies in mitigating the
‘water degradation and preserve the ecological integrity of Sembrong Dam (Lin et al., 2022).

NDVIOF THE STUDY AREA

Fig. 13 Cloud cover (blue circle), Moderate Vegetation Cover (black rectangular) and potential
implications for water quality (yellow arrow).
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Comprehensive research on the transit pathway potentially caused the water degradation in
Sembrong Dam involving an analysis of various factors, including the spatial distribution of algae
obtained from site investigations and satellite image process. Integration data from multiple sources
showed the spatial distribution of algae model at the dam area. Identification of areas with high algae
concentration was achieved by the analysis of overlapping maps, incorporating the Normalized
Difference Vegetation Index (NDVI), contour lines, watershed areas, and location of algae during site
investigation. Analysis identified areas where algae growth was particularly dense or evident in
providing valuable results to the potential transit pathways due to the water degradation.

Further investigation to the potential would cause of these hotspots, the investigations could
be performed by the relationship between land-use and watershed characteristics. Types of land-use
activities surrounding the identified hotspots, such as agricultural fields, industrial sites, or urban
areas, were assessed to define the potential correlations between specific land-use practically and the
dense condition of high algae concentration. Furthermore, the characteristics of the watershed
surrounding Sembrong Dam, including factors, such as: soil erosion, nutrient runoff, and sedimentation
patterns, were the important factors to the water degradation. The results were to identify potential
pathways of pollutants or excess nutrients entered to the dam area, contribution of water degradation,
and algae growth as shown in Figure 14. This study provided a crucial situation due to the human
activities impacts and watershed model features to the water degradation in Sembrong Dam.

w0

oosze

222000
‘oo0eze

Legend
[ v of fmerest.

0 Aves of Sudy

[ Potcatial Transit Pathways

Wy ool g Lcation

W Losation Algac

25000
000617

— Drainage Basios
) wirershod Aren
I Undistsbod Forest Landscapes
[ Farming Ares
B Buidiog Arca
[ Ot Paim Plancston Ares

270
oosere

292000 293000 298000 205000 206000 20700 298000 299000 300000 301000 300000

Fig. 14 Potential algae location growth and potential transit pathway causing water degradation.

Implications of this study were significant for maintaining the water quality in Sembrong Dam.
Transit pathway had potential to cause the water degradation, it could provide a basic argumentation
for future studies and further investigation. The results could guide the future research to invest the
water degradation in the dam area. Strategies resulted including the best implementation for
management of land-use activities, promotion the sustainable agricultural practically, or introduction
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to measure in reducing the nutrient runoff and sedimentation at the watershed area. Finally,
implementation targeted for management work strategies would contribute to mitigate the water
degradation, to take care of water quality, and to promote the good Sembrong Dam ecosystem.

Conclusion

Study analysis at Sembrong Dam successfully produced a comprehensive catchment area map with a
digital elevation model. It resulted the transit pathway which had the potential factors of water
degradation. Integration of various datasets and mapping techniques had provided valuable
parameters to dynamics condition of surface water in the catchment area, and some implications for
water quality at the dam area. The study produced the accurately delineation of the catchment area
boundaries and land-use patterns. This information is crucial for future planning and decision in
developing the water resource management and environmental conservation efforts. Second goal was
focused on identification of potential movement routes that could contribute to water pollution at the
dam area. Analysis to capture the water area maps was successfully to identify the dam area in
concerning and emphasizing the needs for an integrated management strategy. Implementation
measurement, such as the best management practices in agriculture, improvement of waste water
treatment systems, and effective urban rainwater management plans. These matters were crucial to
reduce pollution and to maintain water quality at Sembrong Reservoir or Dam
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Assessment of Catchment Area Mapping at Sembrong Dam
Abstract

The study is not only to evaluate the catchment area mapping at Sembrong Dam in Johor, Malaysia but
also to identify potential transit pathways contributing to dam water degradation and during
implementation targeted mitigation works. The analysis involved thesurface runoff patterns and
topographical/geographic data via digital elevation model, providing insights into terrain
characteristics, slope, aspect, and flow directions to hydrological dynamic that significantly contributes
to water resource management. Focus of this study is to produce the catchment area map with satellite
imagery and to define transit pathway that potentially causing water degradation of Sembrong Dam.
Analysis uses satellite image from sentinel-2 processing in generating a detailed runoff map and digital
elevation model (DEM) of the catchment area surrounding the dam using methods, such as surveying
techniques, topographical and geographic data collection, and analysis of surface runoff patterns. The
results would serve the valuable parameters for future research and the process of decision-making
related to water resource management. The important parameter resulted of this study lies would
contribute to water resource management. The study found that the transit pathways could influence
water degradation. The important factor was caused by pollution sources at the pathway.

Introduction

Sembrong Reservoir or Dam, located in Malaysia, is vital in flood control and water supply in
surrounding of Johor area. Reservoirs can behave more like natural lakes, with water quality affected
mostly by the geology of the landuse of the watershed (Caldwell et al., 2023). Water intake from
surface water runoff following is the important things during the winter season. Watersheds are crucial
for the hydrological cycle and to produce the clean freshwater resources. The growth of agricultural
and forestry zones near watersheds resulted contamination of drinking water and increased the water
treatment expenses. The pollution often may be caused by agricultural fertilizers, pesticides, and farm
waste which contains the ammonia, potassium, and phosphate used to boost production rate.
Excessive Int. J. of Sustainable Construction Engineering and Tech. Vol. 0 No. 0 (YEAR) p. 1-6 2 amounts
of ammonia, nitrogen, and phosphorus would cause pollutant material by fostering algal blooms in
water bodies which could be damaged the quality of clean water supply. These contains are related
with pollution material, biodiversity loss, food resource contamination, and could have a direct and
indirect impact on human health (Cosgrove et al., 2022). The nutrients reached the reservoir by
stormwater runoff from land-use to mainland characteristic, where the plantation ground was highly
concentrated with nutrients from fertilizers and pesticides. In addition, nearly the whole area
surrounding Sembrong Dam had a slope in direction to the watershed since this reservoir was a surface
water harvesting in collecting and storing the surface water. This fact was the significance problem of
the interaction between water harvesting and surface run-off in development of the watershed
programs (Nadhim Al-neama et al., 2022). Land-use practices in these plantations, including using
fertilizers and pesticides, could lead to surface runoff that carries poll to manage water resources and
to implement targeted mitigation works effectively, and to define the surface runoff patterns and
pathways. This study will provide insights into the terrain characteristics and flow directions by
collecting topographical and geographic data, such as a detailed in generating runoff map and digital
elevation model (DEM).

Land-use would change impacts on surface runoff to dams already extensively studied. From
(Tian et al., 2021) found that urbanization and agricultural growth significantly affect stream flow and
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