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Abstract

Many surface waters in the world are impounded by eutrophication due to the global warming phenomenon. This study
analyzed the trophic level in the Bangka Strait, a busy pathway that connects two provinces (Bangka and South Sumatra) of
Indonesia, using MODIS-Terra chlorophyll-a (Chl-a) data from the 2020 year. We applied the GIS analysis to generate Chl-a
concentration and trophic state maps over the study area. The results of the study revealed that the mesotrophic, eutrophic,
and oligotrophic status encompass 50%, 43%, and 7% of the Bangka Strait region, respectively. The highest concentration of
Chl-a was observed in May (5.38 g/L), while the lowest was observed in September (3.02 g/L). Our study revealed that the
high Chl-a concentration was primarily due to nutrient contributions from South Sumatra rivers. On the other hand, the
COVID-19 restriction policy significantly reduced Chl-a from July to October. The trophic state of the Bangka Strait was at
a mesotrophic level, and the major contributors to the trophic condition in the strait came from the coasts of South Sumatra,
which mostly consisted of agricultural and aquacultural activities. These findings will be useful in developing an effective
policy for monitoring and protecting surface waters from eutrophication events.
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1. INTRODUCTION the trophic condition in surface water (Scofield et al., 2020).
The usual technique for calculating the Chl-a concentration
is to use data from in situ measurements and laboratory
analysis (Deng et al., 2019). However, the high cost, labo-
riousness, and time consumption of this technique make it
unsuitable for assessing large water area coverage (Ouma
et al., 2020). Therefore, to address this issue, we employ
the remote sensing technique, which has the capability to
gauge Chl-a levels in extensive water regions. The remote
sensing technique can calculate the surface water features
that interact with light and transform into an energy spec-
trum (Giirsoy and Atun, 2019). Several sensors on satel-
lites have shown good performance in calculating the Chl-a
based on remote sensing technology, such as the operational
land imager, the coastal zone color scanner experiment, the
moderate resolution imaging spectroradiometer (MODIS),
multi-spectral instrument, and seaviewing wide field of view
sensors (Ivanda et al., 2021; Tilstone et al., 2021; Zhang
et al., 2024). According to Li et al. (2024), and Wilson
et al. (2024), these sensors can measure Chl-a from daily to
every two weeks with high temporal resolution and spatial

Eutrophication phenomena impend nearly half of the earth’s
surface, encompassing around 71% of surface waters (Moza-
fari et al., 2023). Eutrophication is defined as algal blooms
that the aquatic ecosystem attributes to a high number of
nutrient emissions (Zhou et al., 2022). This situation led to
a change in dissolved oxygen, an increase in fish death, and
phytoplankton growth, which finally deteriorated aquatic
ecosystem quality and tourism opportunities (Sidabutar
et al., 2020). In spite of the significance of aquatic ecosys-
tem function for supporting human life, extensive insight
into the eutrophication of seawater is still limited, primarily
due to the complications and inadequate data needed to
study the large area coverage. Furthermore, in order to
improve seawater quality and its ecological services, knowl-
edge of eutrophication variation must be obtained through
regular monitoring activities.

Chlorophyll-a (Chl-a) is the most prominent photosyn-
thetic pigment in phytoplankton organisms. It is also known
as a useful benchmark for the enrichment of nutrients (Wa-
gle et al., 2019). Therefore, we can use Chl-a to determine
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resolution.

Many studies have focused on Chl-a estimation based on
satellite data. Barraza-Moraga et al. (2022) have used the
Sentinel-2 satellite to estimate Chl-a concentration in Lanal-
hue Lake, Chile. Bu et al. (2022) used GF-4 data to monitor
Chl-a distribution over the Yangtze River, China. Despite
the notable results, several questions remain unanswered.
For instance, one of the most crucial research gaps was as-
sociated with the application of MODIS-Terra satellite data
to detect Chl-a variation. Several studies have revealed that
the Chl-a data from the MODIS sensor in Aqua and Terra
satellites showed an admissible spatial and temporal resolu-
tion, so it can be a good indicator to substitute the usual
technique for Chl-a observation to estimate eutrophication
in large seawater regions (Zhang et al., 2021). In this current
study, we aim to examine the spatial and temporal changes
in the concentration of Chl-a using the MODIS-Terra data
in one of the busiest straits in the Indonesian region, namely
the Bangka Strait, from January to December 2020. The
Bangka Strait is the most important pathway that connects
two developed provinces (South Sumatra and Bangka Beli-
tung). The high migration flow, resource trading, and urban
growth in both provinces have made this strait prominent
for social and economic roles. Furthermore, our findings
can assist authorities in mitigating the rising levels of Chl-a
in seawater areas, which are still in their early stages and
could potentially exacerbate eutrophication and jeopardize
the quality of the aquatic ecosystem in the future.

2. EXPERIMENTAL SECTION

2.1 Study Area

The Bangka Strait is a strait that separates Sumatra Island
from Bangka Island, which is located in the waters west of
the Java Sea (Figure 1).
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Figure 1. Location of the Study Area.

It has a maximum length of around 216 km and a water
depth of about 27 m. This strait serves as the estuary for
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several major rivers in the South Sumatra region. Among
those major rivers, the Musi River, which is the largest river
in South Sumatra, is the primary source of freshwater that
enters the Bangka Strait. Currently, due to intense devel-
opment activities, many coastal areas in South Sumatra
are filled with various human activities such as aquaculture
and agriculture, which contribute to water pollution. The
Bangka Strait is considered a vital region between South
Sumatra and Bangka Provinces. For many years, vessels
carrying passengers, resources, and daily needs between the
two provinces have used the Bangka Strait as their main
route, in addition to its use for fisheries. In addition, the
Indonesian government is planning to carry out a feasibility
study for the construction of a bridge that will cross this
strait in early 2029. Therefore, it is important to carry out
a study to collect background ecosystem data and monitor
present state pollution before the bridge construction takes
place. This will monitor the deterioration of the ecosys-
tem due to human activities. A previous study by Napitu
et al. (2016) indicated that the south of the Strait region
and near Bangka Island show a higher surface temperature
and salinity with values of 30-35°C and 31-31.2 psu, respec-
tively. The Bangka Strait is more susceptible to natural
and anthropogenic pollution because of its semi-landlocked
environment. Over the past decade, the Bangka Strait has
witnessed an increase in human pollution activities, posing
a significant threat to the marine ecosystem. An increase in
population growth and rapid development activities around
the Tanjung Api-api port area in South Sumatra for various
uses such as aquaculture, settlements, and port develop-
ment plans implicate more pollution loads on the strait.
Furthermore, the increase in urbanization, industrial, and
agricultural activities in the Bangka Strait basin was unsus-
tainable, attributing to the discharge of a high number of
pollutants into the water, predominantly from the north to
the south coasts of Sumatra.

2.2 Data Collection

This study used the MODIS-Terra data from the NASA
Ocean Biology Processing Group (https://oceancolor.
gsfc.nasa.gov) to obtain Chl-a concentrations over the
Bangka Strait. This study applied the monthly Level-3
standard mapped images from MODIS-Terra for the study
period (Jan-Dec 2020), which included the COVID-19 pe-
riod. We combined the satellite images into a 9-kilometer
grid and made them available online on the NASA Ocean
Biology website. We conducted the spatial analysis of Chl-a
concentration over the study area using a combination of
SeaDas 8.3 and ArcGIS 10 software. Firstly, we clipped the
study area using the subset tool and created a polygon of
the study area to extract Chl-a values and coordinates from
each pixel using SeaDas software. We then processed the
Chl-a values in ArcGIS software using the Kriging interpola-
tion technique to create the Chl-a raster map. We produced
the Chl-a raster map for each month in the 2020 year. As a
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Figure 2. Spatial Variation of Monthly Concentration of Chl-a in the Bangka Strait in 2020

whole, we used the mean monthly data to investigate the
change in Chl-a concentration in the distinct areas of the
Bangka Strait.

2.3 Estimation of the Trophic State Index (TSI)

In general, there are some indices to estimate the trophic
condition of the surface water (Gémez et al., 2021). One of
the most used methods is the Trophic State Index (TSI), pro-
posed by Carlson (1977). The TSI calculates algal biomass

© 2024 The Authors.

according to three water quality variables, such as Chl-a,
phosphorus, and depth. Additionally, we can compute the
TSI using one of those variables to present the trophic condi-
tion in water. Carlson suggested this approach for conditions
where only limited in-situ data is available for all the above
variables. Many studies have highlighted the Chl-a concen-
tration as the most prominent variable of eutrophication
(Xu et al., 2022), so we considered it to analyze the trophic
condition in the Bangka Strait. We calculated the TSI using
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Figure 3. Monthly Mean Concentration of Chl-a in the Bangka Strait in 2020. Blue Bar Chart Indicates January to

December 2020

the Chl-a concentration from the MODIS-Terra, as shown
in Equation (1).

2.04 — 0.68 x In (Chl-a)
In (2)

TSI (Chl-a) = 10 x (6 — ) (1)

Generally, the TSI ranges from 0 to co. 0 < TSI < 40
indicates the oligotrophic status in surface water; 40 < TSI
< 50 indicates mesotrophic status; 50 < TSI < 70 indicates
eutrophic status; and 70 > TSI indicates hypereutrophic
status (Carlson and Simpson, 1996).

3. RESULT AND DISCUSSION

3.1 Spatial and Temporal Changes in Chl-a Concen-
tration
The monthly mean of Chl-a concentration in the Bangka
Strait was assessed using spatial analysis throughout the
year 2020. The west Bangka Strait, with areas adjacent
to the coast of South Sumatra, especially labeled the Musi
River Delta in the map, has continuously had a high Chl-
a concentration during the study period (Figure 2). The
Musi River basin is inhabited by most of the South Suma-
tra population and has important ports that were used to
transport resources such as coal and daily needs from the
South Sumatra province to Bangka Island. The river basin
is affected by high pollution of surface water in this region
and carries a high amount of organic and non-organic mate-
rials to the Bangka Strait. Previous studies reveal that total
organic compounds and nutrients originated from the coast
of Sumatra. It is good to put the amount of organic and
inorganic compounds stated by Mueller et al. (2022) in this
sentence. Based on our study, the coast of Sumatra showed
higher nutrient loads than the coast of Bangka. In addition,
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the region from the north to the south of the Bangka Strait,
which faced the Sumatra Coast, showed a high concentra-
tion of Chl-a. The map procession during the study period
indicated that the main contributor of nutrients to the strait
is the Musi River.

Figure 3 shows an increase in the mean concentration
of Chl-a in the Musi River delta from February to May.
According to Rahutami et al. (2022), the increase in total
nutrients entering the Bangka Strait comes from non-point
sources of contamination in the Musi River basin during the
dry season and agricultural season. The aggressive nutrient
emissions from the western rivers to the sea contribute im-
mensely to the increment of the Chl-a concentration on the
west coast of the Bangka Strait, resulting in the increase of
Chl-a in the region, which peaks in May. In contrast, the
water current from the south of the Bangka Strait tended
to move northward across the west shorelines, acting as a
primary driver. This movement redistributed the concen-
trated nutrients and diluted their concentration, leading to
a decrease in Chl-a from June to August. The east mon-
soon wind, which blows from Australia to Asia, affected this
condition (Widyastuti et al., 2010).

High Chl-a concentrations were also found in the coastal
area of Jambi Province and the shoreline of the northern
Bangka Island in May, but they were lower than the coastal
areas of South Sumatra Province. The MODIS data revealed
a high Chl-a concentration in the Sungsang area, situated
in the coastal part of South Sumatra. Despite the high
Chl-a concentrations in a large area of South Sumatra’s
coastal parts from March to June, the region experienced
low Chl-a concentrations from July to December (Figure 2).
The South Sumatra Province’s application of the COVID-19
movement control order period may have contributed to
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Figure 4. Spatial Variation of Monthly Trophic State Index in the Bangka Strait in 2020

this. This policy has halted most human activities in the
province, including those in the industrial, agricultural, and
transportation sectors. Tanjung Api-Api Port, located in
the northeast part of the province, was a busy port before
the COVID-19 virus exposed it. Many vessels sailed through
this river every day, releasing a large number of pollutants
into the water. Moreover, the pollutants could also result
from the cold nutrient circulation from the discharge of
Sumatran rivers into the Bangka Strait. The major hydro-
dynamic properties in the Bangka Strait led to greater Chl-a
concentrations on the coasts of Sumatra than on the coasts

© 2024 The Authors.

of Bangka; they redistributed the algae to the west and
middle areas of the strait.

The peak of monthly average Chl-a concentration (5.38
pg/L) occurs in May, followed by April (4.94 pug/L) on the
coasts of South Sumatra province (north and middle regions)
(Figure 2). There are many settlements along the coast at
the Musi River’s mouth. Domestic household activities such
as cooking, washing, and bathing use a lot of water from the
Musi River. The disposal of household waste directly into
the river has an impact on the river, leading to environmental
pollution and subsequently lowering the water’s quality. The
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wind conditions, sea surface temperature, and solar radiation
could also affect the concentration of Chl-a during the study
period. This result was consistent with the previous study
on algal blooms found in the west of the Bangka Strait, in
which, on that occasion, the algal bloom covered a large
area in the River Musi estuary. The eastern Bangka Strait
near the coast of Bangka Island is less impacted by high
Chl-a concentrations during the study period (less than
4 pg/L) (Figure 2). Low nutrient input and unsuitable
environmental conditions, such as light and temperature,
may be the cause. Overall, the pattern of monthly changes
in Chl-a concentration in that region was nearly identical.

3.2 Status Over the Bangka Strait

We analyzed the spatial variation map of the trophic status
index (TSI) over the Bangka Strait from January to Decem-
ber 2020 using the monthly average Chl-a from the MODIS-
Terra product. The TSI analysis classified the strait into
oligotrophic, mesotrophic, eutrophic, and hypereutrophic
conditions (Figure 4). The distribution of monthly average
TSI revealed that around 65%, 61%, and 55% of the strait
area were at a bad trophic level, such as eutrophic status,
during May, April, and March, respectively. May recorded
the worst trophic condition, with 5% of the strait areas
being hypereutrophic. August to October recorded the best
trophic status, significantly reducing eutrophic waters to
less than 30% of the strait area. The COVID-19 movement
control order, which suspends all human activities, enables
the achievement of this condition. December is the turning
point when the eutrophic waters cover up to 68% of the
strait area. The loosening of the COVID-19 restriction mea-
sure has contributed to the large nutrient loads in the strait
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from human activities and increased the eutrophic water
areas.

From August to October, the mesotrophic status was the
major trophic category in the Bangka Strait (51-69% of the
strait area), whereas January showed the highest percentage
of mesotrophic waters, which covered up to 70% of the strait
area. Low sunlight exposure and low temperatures, which
suppressed alga growth in the strait, may have contributed
to the increase in good trophic status that occurred at the
beginning of the year (during the wet season). This finding
was in line with the previous study by Dalu et al. (2019),
who recorded that euthropic water coverage increased in the
dry season and decreased in the wet season. Global warm-
ing could exacerbate the increase in eutrophication events,
thereby impairing the strait ecosystem. The TSI’s annual
distribution showed that approximately 43% of the strait
area was in eutrophic condition throughout the 2020 year.
Furthermore, we estimated there was a significant change
from oligotrophic waters to mesotrophic waters during the
study period. Specifically, mesotrophic and eutrophic waters
cover most of the strait areas from May to July (Figure 5).

4. CONCLUSIONS

In this study, we analyzed the spatial and temporal change
in Chl-a concentration using MODIS-Terra data over the
Bangka Strait in 2020 to examine the trophic status that
could deteriorate the marine ecosystem. Our results sug-
gested that the west Bangka Strait, specifically along the
coasts of the South Sumatra region, sustained a higher Chl-a
concentration as compared with the eastern regions, primar-
ily because of the large number of nutrients from the Musi
River. The TSI indicated that the eutrophic water covered
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more zones of the strait monthly, particularly in April and
May, compared to other months. Our study suggested that
when eutrophic water areas increase in the future, the author-
ities must regularly monitor the quantity of nutrient inputs
to the river. In addition, we recommended further studies
to improve our understanding of the marine ecosystem’s
response to human activities (for example, unsustainable
construction in the basin and estuary areas) and natural
hazards that could contribute to eutrophication and impair
the marine ecosystem’s health.

5. ACKNOWLEDGEMENT
Authors would like to thank for Dr. Wan Mohd Razi Idris

for constructive comments of the manuscript.

REFERENCES

Barraza-Moraga, F., H. Alcayaga, A. Pizarro, J. Félez-
Bernal, and R. Urrutia (2022). Estimation of Chlorophyll-
a Concentrations in Lanalhue Lake Using Sentinel-2 MSI
Satellite Images. Remote Sensing, 14(22); 5647

Bu, J., L. Cai, X. Yan, H. Xu, H. Hu, and J. Jiang (2022).
Monitoring the Chl-a Distribution Details in the Yangtze
River Mouth Using Satellite Remote Sensing. Water,
14(8); 1295

Carlson, R. E. (1977). A Trophic State Index for Lakes 1.
Limnology and Oceanography, 22(2); 361-369

Carlson, R. E. and J. Simpson (1996). A Coordinator’s
Guide to Volunteer Lake Monitoring Methods. 96. North
American Lake Management Society, Madison, WI

Dalu, T., R. J. Wasserman, M. L. Magoro, P. W. Frone-
man, and O. L. Weyl (2019). River Nutrient Water and
Sediment Measurements Inform on Nutrient Retention,
with Implications for Eutrophication. Science of the Total
Environment, 684; 296-302

Deng, Z., Q. He, Z. Safar, and C. Chassagne (2019). The
Role of Algae in Fine Sediment Flocculation: In-situ and
Laboratory Measurements. Marine Geology, 413; 71-84

Girsoy, O. and R. Atun (2019). Investigating Surface Water
Pollution by Integrated Remotely Sensed and Field Spec-
tral Measurement Data: A Case Study. Polish Journal of
Environmental Studies, 28(4); 2139

Gémez, D., P. Salvador, J. Sanz, and J. L. Casanova (2021).
A New Approach to Monitor Water Quality in the Menor
Sea (Spain) Using Satellite Data and Machine Learning
Methods. Environmental Pollution, 286; 117489

Ivanda, A., L. Seri¢, M. Bugari¢, and M. Braovi¢ (2021).
Mapping Chlorophyll-a Concentrations in the Kastela Bay
and Bra¢ Channel Using Ridge Regression and Sentinel-2
Satellite Images. Electronics, 10(23); 3004

Li, X., H. Zheng, Z. Mao, P. Du, and W. Zhang (2024).
Change in Water Column Total Chlorophyll-a in the
Mediterranean Revealed by Satellite Observation. Science
of The Total Environment, 945; 174076

Mozafari, Z., R. Noori, S. M. Siadatmousavi, H. Afzalimehr,

© 2024 The Authors.

Indonesian Journal of Environmental Management and Sustainability, 8 (2024) 110-117

and J. Azizpour (2023). Satellite-Based Monitoring of
Eutrophication in the Earth’s Largest Transboundary
Lake. GeoHealth, 7(5); e2022GH000770

Mueller, J. S., N. Bill, M. S. Reinach, M. T. Lasut, H. Freund,
and P. J. Schupp (2022). A Comprehensive Approach to
Assess Marine Macro Litter Pollution and Its Impacts on
Corals in the Bangka Strait, North Sulawesi, Indonesia.
Marine Pollution Bulletin, 175; 113369

Napitu, R., H. Surbakti, and G. Diansyah (2016). Identi-
fication of Water Mass Characteristics in the Southern
Bangka Strait. Maspari Journal: Marine Science Re-
search, 8(2); 91-100

Ouma, Y. O., K. Noor, and K. Herbert (2020). Mod-
elling Reservoir Chlorophyll-a, TSS, and Turbidity Using
Sentinel-2A MST and Landsat-8 OLI Satellite Sensors with
Empirical Multivariate Regression. Journal of Sensors,
2020; 1-21

Rahutami, S., M. Said, and E. Ibrahim (2022). Actual
Status Assessment and Prediction of the Musi River Water
Quality, Palembang, South Sumatra, Indonesia. Journal
of Ecological Engineering, 23(10); 68-79

Scofield, A. E., J. M. Watkins, E. Osantowski, and L. G.
Rudstam (2020). Deep Chlorophyll Maxima Across a
Trophic State Gradient: A Case Study in the Laurentian
Great Lakes. Limnology and Oceanography, 65(10); 2460
2484

Sidabutar, T., E. S. Srimariana, and S. Wouthuyzen (2020).
The Potential Role of Eutrophication, Tidal and Climatic
on the Rise of Algal Bloom Phenomenon in Jakarta Bay.
In IOP Conference Series: FEarth and Environmental
Science, volume 429. page 012021

Tilstone, G. H., S. Pardo, G. Dall’Olmo, R. J. Brewin,
F. Nencioli, D. Dessailly, and C. Donlon (2021). Per-
formance of Ocean Colour Chlorophyll a Algorithms
for Sentinel-3 OLCI, MODIS-Aqua and Suomi-VIIRS in
Open-Ocean Waters of the Atlantic. Remote Sensing of
Environment, 260; 112444

Wagle, N., R. Pote, R. Shahi, S. Lamsal, S. Thapa, and T. D.
Acharya (2019). Estimating and Mapping Chlorophyll-
a Concentration of Phewa Lake of Kaski District Using
Landsat Imagery. In ISPRS Annals of Photogramme-
try, Remote Sensing and Spatial Information Sciences,
volume 4. pages 127-132

Widyastuti, R., E. Y. Handoko, and S. Suntoyo (2010).
Surface Ocean Current Pattern Modeling in Indonesian
Waters Using Jason-1 Altimetry Satellite Data. Geoid,
6(1); 011-016

Wilson, K. L., A. Hilborn, S. Clay, and E. Devred (2024).
Improving Satellite Chlorophyll-a Retrieval in the Turbid
Waters of the Bay of Fundy, Canada. FEstuaries and
Coasts, 47(4); 1012-1031

Xu, W., L. Duan, X. Wen, H. Li, D. Li, Y. Zhang, and
H. Zhang (2022). Effects of Seasonal Variation on Water
Quality Parameters and Eutrophication in Lake Yangzong.
Water, 14(17); 2732

Page 116 of 117



Susanti et. al. Indonesian Journal of Environmental Management and Sustainability, 8 (2024) 110-117

Zhang, H., B. Yao, S. Wang, and G. Wang (2021). Remote Lake Based on Fusion of Remote Sensing Satellite and

Sensing Estimation of the Concentration and Sources of Ground Observation Data. Remote Sensing, 16(10); 1811
Coloured Dissolved Organic Matter Based on MODIS:  Zhou, Z. X., R. C. Yu, and M. J. Zhou (2022). Evolution
A Case Study of Erhai Lake. Ecological Indicators, 131; of Harmful Algal Blooms in the East China Sea Under
108180

FEutrophication and Warming Scenarios. Water Research,
Zhang, S., L. Wang, Y. Wang, X. Zhang, Y. Zhu, and G. Ma 221; 118807

(2024). Monitoring of Low Chl-a Concentration in Hulun

© 2024 The Authors. Page 117 of 117



	INTRODUCTION
	EXPERIMENTAL SECTION
	Study Area
	Data Collection
	Estimation of the Trophic State Index (TSI)

	RESULT AND DISCUSSION
	Spatial and Temporal Changes in Chl-a Concentration
	Status Over the Bangka Strait

	CONCLUSIONS
	ACKNOWLEDGEMENT

