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Abstract. Ocean dynamics are affected by the condition of the weather. Surface wind
is one of the weather elements that has an important role on the ocean dynamics. This
research was conducted to determine the impacts of extreme weather on sea surface
temperature in the western waters of Sumatra and the southern waters of Java in June
2016. Data analysed in this study consisted of daily surface wind from 2007 to 2016,
daily sea surface temperature from 1987 to 2016, and surface current from 1994 to 2016.
The method used in this research was anomaly analysis. The result showed that in June
2016, extreme weather occurred in those waters. The impacts of extreme weather in the
western waters of Sumatra and the southern waters of Java caused lower upwelling
intensity that was indicated by an increase of sea surface temperature. The Increases
of sea surface temperature in the BS1, BS2, S] were 0.9°C, 1.8°C, and 1.6°C, respectively.

Keywords: Impacts, extreme weather, sea surface temperature, upwelling.

Abstrak. Dinamika laut dipengaruhi oleh kondisi cuaca. Angin permukaan merupakan salah
satu unsur cuaca yang mempunyai peranan penting terhadap dinamika laut. Penelitian ini
dilakukan untuk mengetahui dampak cuaca ekstrim terhadap suhu permukaan laut di perairan
barat Sumatera dan selatan Jawa. Data yang diqunakan terdiri dari angin harian dari 2007-
2016, suhu permukaan laut harian dari 1987-2016 dan arus permukaan dari 1994-2016. Metode
yang digunakan dalam penelitian ini adalah analisis anomali. Hasil penelitian menunjukkan
bahwa selama bulan Juni 2016 telah terjadi kondisi cuaca ekstrim di perairan ini. Dampak
cuaca ekstrim di perairan barat Sumatera dan selatan Jawa menyebabkan intensitas upwelling
melemah yang ditandai dengan kenaikan suhu permukaan laut. Kenaikan suhu permukaan laut
di BS1 mencapai 0,9°C, di BS2 1,8'C dan di S| mencapai 1,6'C.

Kata Kunci: dampak, cuaca ekstrem, suhu permukaan laut, upwelling.

1. Introduction are affected by the monsoon system (Shenoi

The dynamics of the marine
environment are strongly influenced by
the weather condition, hence, any change
of the weather will affect the dynamics
of the marine environment. Surface wind
is the main factor of dynamics of marine
waters. Energy transfer from surface wind
to sea surface will generate surface current
and wave (Dahuri et al., 1996; Ibrayev et al.,
2010). Surface wind is also one element of
climate control (Tjasyono, 2004).

Ocean dynamics of the western waters
of Sumatra and the southern waters of Java
are unique and complex since the waters

et al., 1999; Yoga et al., 2014). The monsoon
system occurs due to the difference between
the high air pressure and the low air pressure
above the Asia and Australia continent. The
monsoon system changes its direction once
a year. One of the ocean events that occurs
in the western waters of Sumatra and the
southern waters of Java due to the monsoon
system is upwelling events.

Upwelling events generally increase
the waters productivity. Therefore, the
locations where upwelling occurs have
high potential of fisheries. Research about
upwelling in these waters has been done
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by several researchers among others Wyrtki
(1961), Susanto, et al., (2001), Kunarso, et al.,
(2005), Kunarso, et al., (2011), Susanto and
Marra (2005), Qu, et al., (2005), Kemili dan
Putri (2012), and Syafik, et al., (2013). The most
common method to determine upwelling
events is by observing the data of sea surface
temperature (Aldrian, 2008).

Extreme temperature and precipitation in
Indonesia have been identified by Supari et al.,
(2016a) and in Borneo by Supari et al., (2016b).
However, the investigation of the extent of
such events to affect the potential of sea surface
rise is important since there is an interaction
between air temperature and sea surface as
well as between precipitation and sea level
(Martono, 2016; Supriatin & Martono, 2016). In
the beginning of June 2016, extreme weather
occurred in the western waters of Sumatra and

the southern waters of Java. The purpose of this
study was to determine the impacts of extreme
weather on sea surface temperature and sea
surface rise in the western waters of Sumatra
and the southern waters of Java in June 2016.

2. Research Method

The study area was the western waters
of Sumatra and the southern waters of Java
situated at 6° N - 10° S and 95° E - 114° E as
shown in Figure 1. For the analysis purposes,
the study area was divided into three parts: 1).
BS1 which was the western waters of Sumatra
from the middle part of the waters to the
northern part; 2). BS2 which was the western
waters of Sumatra from the middle part to
the southern part; and 3). S] which was the
southern waters of Java.
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Figure 1. The study area.

The data collected for the analysis consisted
of daily surface wind from 2007 to 2016, daily
sea surface temperature from 1987 to 2016, daily
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sea surface height anomaly from 1-20 June 2016
and surface current from 1994 to 2016. Daily
surface wind with 0.25° spatial resolution was
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obtained from the Centre ERS d’Archivage et
de Traitement - French Research Institute for
Exploitation of the Sea; sea surface temperature
data with 0.25° spatial resolution was obtained
from the Physical Oceanography Distributed
Active Archive Center NASA; sea level height
anomaly data with 0.25° spatial resolution and

SSTA = SST; — SST

B SST,
n

S 1)
SST =

Where SSTA is the value of SST anomalies and
55T is the climatological value of SST.

3. Results and Discussion

The climatological pattern of surface
wind in the western waters of Sumatera and
the southern waters of Java from the first to
the fourth pentad in June is demonstrated in
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surface current data with 1° spatial resolution
were obtained from the Ocean Surface Current
Analysis Real-Time NOAA.

Method used in this research was anomaly
analysis. The value of SST anomaly was
calculated by the equation:

Figure 2. Generally, there are two patterns of
surface wind in the western waters of Sumatra
during the specific time. In BS1, the surface
wind blew to the northeast, meanwhile it blew
to the north-west in BS2. The pattern of surface
wind in S] was the surface wind blew to the
west.
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Figure 2. Climatological pattern of surface wind in June.
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Figure 3 shows the mean velocity of
surface wind from the first to fourth pentad
in the western waters of Sumatra and the
southern waters of Java in June 2016. The mean
velocity of surface wind in BS1 was higher
than those of BS2 and the highest value was
obtained by SJ. The values of mean velocity of
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surface wind of BS1, BS2, and S] were 4.2 m/s,
2.7 m/s, and 6.6 m/s, respectively. Intensity
of surface wind velocity from the first until
the fourth pentad in the western waters of
Sumatra was almost similar, meanwhile, there
was an increased velocity in the southern
waters of Java.

Fourth
Pentad

Third Pentad

HBS1 mBS2 mS)

Figure 3. Climatological mean surface wind velocity in June 2016.

Patterns of surface wind over the western
waters of Sumatra and the southern waters
of Java in June 2016 is shown in Figure 4. In
June 2016, there was a change of surface wind
pattern in these waters. In the first pentad
in June 2016, surface wind over the western
waters of Sumatra was between 5.5° S - 6° N
that moved to the east with a mean velocity
of 6.4 m/s. In the west coast of Sumatra,
surface wind was parallel to the coast that
moved to the south-east. Surface wind in the
south-west waters of Sumatra formed a vortex
which moved in a clockwise direction. The
climatological pattern of surface wind in the
southern waters of Java was almost similar,
but the mean velocity was smaller which only
reached 3.5 m/s.

The pattern of surface wind in the
western waters of Sumatra changed in the
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second pentad in June 2016. Meanwhile, the
pattern in the southern waters of Java was
the same with those in the first pentad. In the
western waters of Sumatera situated at 1° S -
6° N and 85° E - 95°, the surface wind moved to
the east with a mean velocity of 3.7 m/s. From
the middle to the southern of the west coast
of Sumatra, surface wind was parallel to the
coast with a lower velocity than those in the
first pentad. In contrast, the velocity of surface
wind in the southern waters of Java increased
which reached 7.8 m/s.

The pattern of surface wind in the western
waters of Sumatra endured an increased
intensity, but it was relatively the same as
the second pentad. In the western waters of
Sumatra situated between 1° S - 6° N and 85°
E - 95° E, surface wind blew to the east with
a mean velocity of 5.6 m/s. Surface wind in
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the west coast of Sumatra moved in parallel
with the coast to the south-east. Meanwhile,

The First Pentad in June 2016
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mean velocity of surface wind in the southern
waters of Java was 7.5 m/s.

The Second Pentad in June 2016
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Figure 4. Mean velocity of surface wind in June 2016.

The pattern of surface wind in the fourth
pentad in June 2016 was almost similar with
the first pentad. In the western waters of
Sumatra located between 5.5°S - 6° N, surface
wind blew to the east with a mean velocity
of 7.1 m/s. Surface wind in the west coast of
Sumatra moved in parallel with the coast to
the south-east. Mean velocity of surface wind
over the southern waters of Java was 5.3 m/s.

The climatological pattern of sea
surface temperature from the first to the
fourth pentad and in the western waters
of Sumatra and the southern waters of
Java in June 2016, is illustrated in Figure
5. The climatological mean of sea surface
temperature in the southern waters of Java
in June was lower than those in the western
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waters of Sumatra. Climatological means
of sea surface temperature from the first to
the fourth pentad in BS1, BS2, and S] were
approximately 29.3°C, 28.4°C, and 27.9°C,
respectively.

Sea surface temperature in the western
waters of Sumatra and the southern waters
of Java from the first to the fourth pentad of
June 2016 showed an increasing trend. The
anomalies of sea surface temperature in BS1
and BS2 were 0.9°C and 1.8°C, respectively.
Meanwhile, the anomaly of sea surface
temperature in S] was 1.6°C. The highest
anomaly of sea surface temperature in the
western waters of Sumatra of 2.1°C occurred
in BS1 in the third pentad and in SJ in the first
pentad of 2.5°C.
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The First Pentad in June (Climatology)
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Figure 5. Pattern of sea surface temperature in June 2016, (left) climatology and 2016 (right).
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The results indicated that the anomalies of
sea surface temperature in the western waters
of Sumatra and the southern waters of Java
during the first to the fourth pentad of June
2016 showed a positive value. It was indicated
by the relatively high sea surface temperature
in June 2016. Normally, in June, the sea surface
temperature in the southern waters of Java to
the south-west waters of Sumatra is cold due
to the upwelling process. The position of the
Sun in the northern hemisphere leads to the
low air pressure in the northern hemisphere
and the high air pressure in the southern
hemisphere. It causes the formation of the
Australia monsoon. At the same time, the
south-east trade wind blows in the western
waters of Sumatra and the southern waters of
Java. The Australia monsoon and the south-
east trade wind have the same direction, so
they have mutual reinforcement.

SOUTHERN HEMISPHERE
Cornolis 1orce turns Now 1O the left

In June, surface wind in the southern
waters of Java moves to the west. The stress
of surface wind would push the surface water
mass in the same direction with the wind to
the west. Because it is located in the southern
hemisphere, the movement of the water mass
will be deflected to the left at a 45° angle to
the wind direction and will form Ekman
spiral. The net transport in the Ekman layer
will be deflected to the left at a 90° angle to
the wind direction. This condition will cause
the surface water mass in the coastal waters
to move towards offshore waters as shown in
Figure 6. This mechanism caused sea level on
the coast is lower than the offshore. In order to
eliminate the sea level difference between the
coast and the offshore, the water mass from
the bottom layer will move to the surface. As a
consequence, surface temperature in the coast
is colder than the surrounding area.

Contingmtal shaeif

Figure 6. Upwelling process in the southern waters of Java. Source: https://cmast.ncsu.edu

The analysis showed the anomaly of sea
surface temperature in the western waters
of Sumatera and the southern waters of Java
increased from 1 - 20 June 2016. The rise of sea
surface temperature was caused by the change of
surface current due to extreme weather in those
waters. In June, normally, the surface wind in
BS1 moves to the northeast, in BS2 moves to the

ISSN: 0852-0682, EISSN: 2460-3945

north-west, and in S] moves to the west. Thus,
the direction of surface current in those waters
are similar with the wind direction as shown
in Figure 7. Nevertheless, stress between the
Equatorial Counter Current in the southwestern
waters of Sumatra and the southern waters of
Java with the South Equatorial Currents caused
lower upwelling intensity.
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June (Climatology)
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Pattern of surface current in the western
waters of Sumatera and the southern waters of
Java from the first until the fourth pentad of June
2016 is demonstrated in Figure 8. In this period,
pattern change of surface current took place.

Forum Geografi, Vol 31 (1) July 2017: 109-118

June 2016
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Figure 7. The pattern of surface current in June, left (climatology) and right (2016).
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Figure 8. Pattern of surface current from the first to the fourth pentad in June 2016.

The Equatorial Counter Current extended to
the south, and vice versa the South Equatorial
current shifted to the south. The surface current
along the western coast of Sumatra moved
to the south-east, and the South Equatorial
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Current in the southern waters of Java shifted
to the south up to 10°S. This mechanism caused
surface current in the southern waters of Java
from the coast of 10°S moved to the east. This
pattern of surface current was contrast to the
normal condition where the current moved to
the west.

4. Conclusions

Based on the results, it can be concluded
that extreme weather occurred in the western
waters of Sumatra and the southern waters
of Java in 1 - 20 June, 2016. Surface wind
in the western waters of Sumatra moved to

normal condition. Extreme weather changed
the pattern of surface current in the western
waters of Sumatera that moved to the south-
east as well as in the southern waters of Java
that moved to the east. The change caused
the lower upwelling intensity that led to
the increase of sea surface temperature. The
increases in BS1, BS2, and SJ] were 0.9°C, 1.8°C,
and 1.6°C, respectively.
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