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1. Introduction

The Malacca Strait is an area of significance,
which it is a funnel-shaped channel connecting the
Pacific and Indian Oceans. Since it is impacted by the
variability of two primary oceans, the water
condition within the strait should be controlled by the
climate variability and the ocean-atmosphere
interactions. The recent climate change issue impacts
this area, easily detected using sea level and
temperature changes, as reported by Isa et al. (2020).

In the Malacca Strait, the variability of SST
relies on monsoon system, where the wind-driven
current plays a significant role in the SSTs
distribution. On the other hand, it is reported that the
independent climatic factors, such as IOD and ENSO
periodically affect the SST fluctuation like a
“seesaw”. However, since the SST variation during
climate variability is not clearly understood, this
aspect is worthy studying.

The spatiotemporal variation of STT can be
easily approach from satellite data. However, its
variation and mixing in the coastal and estuarine
areas in the Malacca Strait has never been reported
comprehensively. As previously introduced, that in
the eastern coast of Sumatra, there are many large
estuaries that may be impacted by the seasonal
variation of SST from the Malacca Strait (Wisha et
al., 2022). Therefore, this aspect should be
investigated. This study aimed to analyze the
seasonal variation of SST in the Malacca Strait and
its condition within the estuarine channels in the
eastern coast of Sumatra.

2. Data dan Methods

The seasonal SST data was derived from Suomi-
NPP/VIIRS (Visible and Infrared
Imager/Radiometer Suite), consisting of 22 spectral
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bands (412 nm to 12 um). These data were retrieved
from the Ocean Color Level-3 Global Browser, in the
following webpage:
https://oceancolor.gsfc.nasa.gov/. On the other hand,
a monthly 10m ERAS wind data (u- and v-
component) was employed to determine the wind
variation in the study area, with a horizontal
resolution of 0.25°. These data could be accessed via
this following webpage:
https://cds.climate.copernicus.eu/.

To determine the SST modulation in the
estuarine area. We employed a logger data provided
by the Ministry of Marine Affairs and Fisheries of
Indonesia, recorded in April and August 2016 in the
Kampar Estuary, based on the report of Research
Institute for Coastal Resources and Vulnerability
(RICRV).

A regression analysis was carried out to assess
the influence of seasonal wind on SST distribution
over the Malacca Strait. Since the field data are only
recorded twice during 2016, we will assess the
seasonal SST and wind data in the same period.

3. Results and Discussion

The seasonal SST variability during 2016 is
shown in Figure 1. Overall, high temperature degree
predominated the middle of the strait during SW
monsoon to the second transitional season, ranging
from 28.87 to 30.47°C. A lower temperature
distribution was detected during the NE monsoon
and the first transitional season, ranging from 28.85
to 30.96°C.

During the NE monsoon and the first
transitional season, the higher temperature as tough
“SST tongue” was observed in the western coast of



Peninsular Malaysia and gradually decreased toward
the Andaman Sea and the eastern coast of Sumatra.
As detected in the surface layer, the wind controls
over SST are possible. Based on the seasonal wind
patterns shown in Figure 2. During the same period,
the wind moved over the Malaysia Peninsular
Plateau toward the southwest and then turn toward
the northwest above the Malacca Strait channel, with
relatively low magnitude ranging from 1-2 m/s,
where the SST tongue was identified.

On the other hand, during the SW monsoon and
the second transitional season, the dominant
southwesterly wind motion was moved toward the
northeast (Figure 2c¢ and d). While within the
Malacca Strait channel, the wind velocity was
sufficiently higher than other seasons, ranging from
2-3 m/s. The southwesterly wind scattered the higher
SST to the entire Malacca Strait channel.

Figure 1. Seasonal variation of SST in the Malacca
Strait. (a) NE Monsoon, (b) First Transitional, (c)
SW Monsoon, (d) Second Transitional

To evaluate the influence of wind on SST
distribution within the Malacca Strait, we compared
these two data in the regression analysis shown in
Table 1. Overall, the data were more correlated
during the NE and SW monsoon, with correlation
coefficient of about 0.5 and R2 values of 0.28 and
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0.26, respectively. By contrast, the SST and the wind
were less correlated during the transitional seasons,
with R2 values of less than 0.16. furthermore, based
on the analysis of covariance (ANOVA), these data
were statistically reliable, whereby the wind
variability determined the SST distribution in the
Malacca Strait.

Figure 2. Seasonal wind variation in the Malacca
Strait. (a) NE Monsoon, (b) First Transitional, (c)
SW Monsoon, (d) Second Transitional

Table 1. Regression analysis for intra-seasonal SST
and wind data

Season Multiple R? Standard  Significance
R Error F
NE 0.53 0.28 0.96 3x 107
Monsoon
First 0.39 0.15 0.84 2.6x10*
Transitional
SW 0.51 0.26 0.62 8.4x107
Monsoon
Second 0.34 0.11 0.63 22x1073
Transitional

Concerning the temperature modulation within
the estuarine channel of the Kampar Estuary, Figure
3 shows the temperature profile from the downstream
to the upstream area, recorded during April and
August 2016. In April 2016, the SST in the
surrounding Kampar estuary ranged from 30.44 to
30.62°C. Entering the river channel at about 56 km
from the estuary mouth, the temperature was higher



reaching 32.5°C in the midday passage of tidal bore
(Figure 3b). Furthermore, in the upstream area (about
104 km from the mouth of the estuary, the
temperature declined by 1°C (3d).

Figure 3. Recorded water level and temperature in
the Kampar Estuary. (a) at 22 km, (b) 56 km, (c) 98
km, (d) 104 km from the mouth of the estuary

Based on the August measurement, the SST
ranged from 29.28 to 29.44°C and in the surrounding
the mouth of the estuary (of about 22 km), the
temperature was increased by about 1 to 2°C (Figure
3a). moving toward the upstream area (98 km from
the mouth of the estuary), no significant changes in
temperature was observed (Figure 3c).

The temperature modulation within the estuary
was unstable between the nigh and the midday
passage of the tidal bore in the Kampar Estuary,
wherein a sudden increase in temperature of about
less than 1°C was detected at the end of the ebb tide,
followed by the passage of bores. However,
temperature anomalies were also detected several
times. The unstable temperature states within the
river channel are mainly caused by the anthropogenic
sources, where many conventional industry and sand
mining do exist within the estuary. Even though the
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temperature changes were not too significant, these
result show how the tidal bore plays an important role
in the temperature mixing within the estuary.
Therefore, the analysis of other environmental
parameters is necessary to determine the influence of
a hydraulic jump on the environment.

4. Conclusion

The SST distribution relies on the monsoon
system, where the wind controls is sufficiently
significant. The depiction of SST tongue was
observed during the NE monsoon and the first
transitional season when the wind moved toward the
northwest above the Malacca Strait channel. By
contrast, a higher SST profile predominated the
entire strait during the SW monsoon and the second
transitional season, with a deviation of about 2°C.
The correlation analysis between SST and the wind
showed a higher value during the NE and SW
monsoon compared to the transitional periods.

The unstable state of water temperature was
observed within the Kampar Estuary, where it
amplified within the estuary and declined toward the
upstream area. Despite the insignificant temperature
deviation during the midday and night passage of
bores, the unstable temperature is supposed to impact
the surrounding environment.
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RIQVN. Z T, FEEEDM D 1975 LA D JRH & KU+
D% =G LTS Z DD, ZD LT, 8
=N FARRE A BROB S ORREEE LT, 1941 4
B DB E B A~O B REETECIHEHLT C OB R
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TOHLEDS, A URIRAUE 2R L7z & L THRKR
HWRKREL LD, UEDOZ &b, ZLDYE, KUE
(2R - TR RGBT S U2 < V. s B o
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