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ABSTRACT 

Sea Surface Temperatures (SSTs) is one of the most important oceanographic parameter that could 
affect the marine life, especially coastal ecosystem. SSTs data varies in hourly, daily, seasonal, 
annual, inter-annual, and even in longer time scales. This condition makes any studies using 
instantaneous measurement could turn into misleading report due to the lack of time series SSTs 
data. Thus, the aim of this study is to understand the seasonal and intra-seasonal SSTs dynamics in 
Pari Island using continuous measurement from temperature logger. This study found that the double 
peaks of SSTs in May and November are correspond to the period of transitional monsoon. 
Conversely, the two minimum SSTs in February and August were correspond to the peak of 
northwest monsoon and southeast monsoon respectively. In addition to seasonal pattern, the slightly 
dominant intra-seasonal variability of SSTs was found in the period of 57 and 86 days. Those 
predominant signals suggested represent the Madden-Julian Oscillation phenomena. 
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INTRODUCTION 

Elevated sea surface temperatures (SSTs) 

suggested have a significant role as the main 

cause of coral bleaching (Brown and 

Suharsono, 1990; GBRMPA, 2017; 

Wouthuyzen et al., 2015; Wouthuyzen et al., 

2018). Massive coral bleaching in the coastal 

area of Indo-Pacific Ocean was found in the 

earlier of 2016 as the impact of giant El Niño. 

Several coral reef area were reported have 

been damaged by giant El Niño 2016 including 

Great Barrier Reef Marine Protected Area 

(GBRMPA, 2017) and coastal area of 

Indonesian Seas (Wouthuyzen et al., 2018). 

Nearly 29% of shallow-water coral in Great 

Barrier Reef was lost after the persistence 

increase of SSTs above its climatological 

threshold (GBRMPA, 2017). Similar to 

Indonesian Seas, several areas stretching 

from the eastern to the western part were 

experienced coral bleaching due to SSTs 

warming (Wouthuyzen et al., 2018). 

Pari Island – Thousand Islands Jakarta is one 

of the coastal areas suspected to have an 

indirect impact of increased SSTs during the 

giant El Niño 2016. However, this kind of 

environmental damage could have been 

mitigated if we understand the variability of 

SSTs well. Unfortunately, long time series in-

situ SSTs data were not available to resolve its 

climatological pattern. Moreover, the variability 

of SSTs in small scale area such as Pari 

Island waters is rather complex than variability 

of SSTs in the open oceans. It is suggested 

that SSTs in Pari Island mainly driven by 

monsoonal winds in the annual scale (Halkides 

et al., 2011; Kida and Richards, 2009; Qu et 

al., 2005). Local processes such as tidal 

mixing and air-sea heat fluxes suggested 

could affect SST variability (Gordon, 2005) . 

Further, SST also varies due to larger scale 

climate phenomena such as Madden-Julian 

Oscillation (MJO) (Madden and Julian, 1994; 

Napitu et al., 2015; Zhang, 2008), Indian 

Ocean Dipole (IOD) (Saji et al., 1999), and El 

Niño Southern Oscillation (ENSO) (McBride et 

mailto:corr002@lipi.go.id


Jurnal Kelautan, 12(1), 97-103  (2019) 

 

 

98 

 

al., 2003). In some cases, positive or negative 

phase of IOD and ENSO lead to extreme 

SSTs anomalies. 

The extreme SSTs anomalies which is stand 

still for a few weeks or months could harm 

coral reef ecosystem. It could be the main 

factor of coral bleaching events and ultimately 

may lead to coral death. However, we could 

develop the system to forecast the potential of 

coral bleaching event by using the SSTs as 

one of the considered parameters. National 

Oceanographic and Atmospheric 

Administration (NOAA) have been developed 

this system by using ocean and atmospheric 

data from local stations and satellites. The 

same procedure should be applied in coastal 

area such as Pari Island. Thus, for the 

preliminary research, the aim of this study is to 

understand the dynamics of SSTs by using 

continuous deployment of temperature logger. 

The information of seasonal and intra-

seasonal SSTs data could be used as the 

basis for determining the SSTs anomalies in 

Pari Island. 

MATERIALS AND METHODS 

SSTs data were collected using temperature 

logger which is mounted at Marine Protected 

Area of Pari Island (Figure 1). Precisely, it is 

located at the south-east part of Pari Island 

with the coordinate of 106.612 
o
E and 5.8706 

o
S. Coral reef ecosystem lied beneath this 

area. Moreover, the south-east part of Pari 

Island is suggested get the direct impact of 

anthropogenic stress from Jakarta mainland. 

In order to resolve the SST variability of this 

area, logger instrument was attached at 4-

meter depth and logged for 17 months in one-

hour interval starting from November 2016 

until March 2018. 

 

Figure 1. The location of HOBO temperature logger at the south-east part of Pari Island. 

Raw SSTs data collected by temperature 

logger were containing noises due to high 

frequency signals affected by tides. Thus, we 

applied simple median filter function for 24 

hours’ periods to remove those noises. Then, 

Fast Fourier Transform (FFT) were applied to 

the filtered data to overview any signals which 

composed observed SSTs data. SSTs data 

suggested have a seasonal pattern due to the 

effect of monsoonal wind over Indonesian 

Seas. It is also suggested that the climatic 

phenomena such as ENSO, IOD, and MJO 

have important role on SSTs variability at this 

area. To confirm this hypothesis, several 

climatic indexes such as Oceanic Niño Index 

(ONI), Dipole Mode Index, and MJO Index 

were also used in this study.  

RESULTS AND DISCUSSION 

Temperature logger instrument recorded SSTs 

data for 17 months starting from November 1
st
, 

2016 until March 31
st
, 2018 in an hour interval. 

Thus, besides records the monthly variability, 

data logger also records daily variabilities as 

the impact of short-term ocean and 

atmosphere dynamics. Based on our 

assessment, the period of SST measurement 
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can be classified as normal condition. This 

statement is supported by the IOD index, 

Oceanic Niño Index (ONI), and MJO Index 

data which are showing the relatively normal 

state of the ocean. As we know, the climate 

phenomenon such as IOD, ENSO, and MJO 

induce the SSTs anomalies at several areas of 

Indonesian Seas, including Pari Island waters.  

Normal states of IOD, ENSO, and MJO 

Indian Ocean Dipole (IOD) is the inter-annual 

climate variability in the Indian Ocean that 

were characterized by a pattern sea surface 

temperature anomaly at Sumatra (Indonesia) 

and western Indian Ocean, with accompanying 

wind and precipitation anomalies. Beside its 

impact on SSTs variabilities, IOD also cause 

severe rainfall and drought at Africa or 

Indonesia, dependent on the dipole mode 

phase (Saji et al., 1999). The phase of IOD 

characterized by the Dipole Mode Indexes 

(DMI) which represent the SSTs gradient 

between eastern and western part of the 

Indian Ocean. DMI positive were characterized 

by greater than +0.5
o
C SST gradient, while 

DMI negative were characterized by lower 

than -0.5
o
C SSTs gradient. Based on the 

historical data, DMI indexes were in the range 

of -0.5 to +0.5 
o
C for November 2016 to March 

2018 periods. It means that there is no 

significant anomalies of SSTs in Indian Ocean 

(Figure 2).  

 

Figure 2. Dipole Mode Indexes (DMI) and Oceanic Nino Indexes (ONI) 3.4 during 2014 – 2018. 

Highlighted data represent the periods of in-situ SSTs measurement in Pari Island-Jakarta, 

Indonesia. 

Another important coupled ocean-atmospheric 

phenomenon is El Niño Southern Oscillation 

(ENSO). ENSO caused by anomaly of the 

trade winds over Pacific Oceans (Clarke, 

2014). ENSO have two phase called El Niño 

and La Niña, which identified by the SSTs 

anomaly at the Central Pacific Ocean (Nino 

3.4 region). Biggest El Niño event was 

occurred in April 2015 –  March 2016 with the 

maximum SSTs anomaly reached +2.5 
o
C. 

However, the phase of ENSO turns into 

normal condition in May 2016 – March 2018. 

Even there is SSTs cooling on November 2017 

until March 2018, the magnitude is very small. 

They were in the range of -0.6 to -0.7 degree 

Celcius (Figure 2). Also, in April 2018 we could 

see the phase of ENSO were already back to 

its normal condition. Based on this data, we 

could assume that the ENSO variability did not 

have significant impact on in-situ data at the 

periods of in-situ measurements. 

Shorter than ENSO and IOD, there is an 

atmospheric circulation which slowly 

propagate (~5 m/s) in eastward direction 

across the equatorial Indian Ocean and Pacific 

Ocean called Madden-Julian Oscillation 

(MJO). MJO characterized by eastward 

moving center of strong deep convection and 

precipitation in their active phase, while weak 

deep convection and precipitation in their 

inactive phase. MJO have temporal period 

around 30 to 100 days (Zhang, 2008). 

Previous study about MJO stated that the 
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power peak of MJO is highly varies within this 

range (Zhang, 2008). It is suggested that the 

interval between two consecutive events is 

irregular and their propagation speeds may 

vary (Zhang, 2008). Thus, the oscillation 

periods of MJO is remain unclear and being 

the object that difficult to predict.  

 

 

 

Figure 3. MJO indexes in the period of October 2016 until March 2018. There is no significant MJO 

activity in the region 4 which is represent the area of Western Indonesian Seas. 

The progression of MJO in different phases 

could be seen from MJO phase diagram as 

follows (Figure 3). This diagram represents the 

Real-Time Multi Variate MJO Index series 1 

(RMM1) and series 2 (RMM2) data which 

calculated from the cloud amount and winds at 

upper and lower levels of the atmosphere to 

provide a measure of the strength and location 

of the MJO (Wheeler and Hendon, 2004). 

Region 4 were representing the area of 

western Indonesian Seas including Java Seas 

and Pari Island. Based on the historical data, 
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there is no significant MJO event in western 

Indonesian Seas during the observation 

periods (Figure 3). In summary, we could 

assume that SSTs data in this study were not 

interrupted either by ENSO, IOD, or MJO. 

Variability of Sea Surface Temperatures 

Qualitatively, based on the recorded data, 

there are two maximum SST in one-year 

period. The maximum SSTs were identified in 

November and May, while the minimum SSTs 

were found in February and August (Figure 4). 

In more detailed analysis, Fast Fourier 

Transform (FFT) was applied to the time series 

SSTs data. FFT analysis were transformed the 

time domain SSTs into the frequency domain. 

By using FFT analysis, we could identify 

several dominant SSTs signals which are 

indicated by their SST amplitude (Figure 5). 

 

Figure 4. SSTs data of Pari Island observed using HOBO temperature logger from November 2016 to 

March 2018. 

FFT analysis figure out that mean value of 

SSTs in Pari Island is found to be 29.234 
o
C. 

The highest amplitude of decomposed SSTs 

signal is about 0.644 
o
C. This signal 

represents seasonal variability with the period 

of 172 days or nearly 6 months. It means Pari 

Island have twice maximum and minimum 

SSTs every year. Maximum SSTs in 

November and May are coincide with 

transitional monsoon. Conversely, SSTs 

reaches their minimum level during the peak of 

northwest and southeast monsoon on 

February and August. This condition might be 

correlated to the surface wind speed over this 

area. 

Monsoonal winds have a huge impact on SST 

variability over Java Seas and Jakarta Bay. 

One of the reason is due to the shallow bottom 

profile of this area. Monsoonal wind could be 

the mixing agent for seawater either 

horizontally or vertically. As the result, during 

the peak of northwest and southwest 

monsoon, the wind mixing the seawater 

intensively. The vertical mixing of seawater 

could combine the warm water at the surface 

layer and cool water at subsurface layer into 

relatively cooler water at the surface. Thus, 

based on the observation data we can find the 

minimum SSTs were occurred during the peak 

of northwest and southeast monsoon. 

Conversely, during the transitional periods, the 

wind speed is weaker and so do the mixing. As 

the impact, SSTs become warmer during the 

transitional periods. 

Variability of sea surface temperature due to 
the monsoonal signal should be in the range of 
28.60 to 29.870 

o
C. However, based on the 

recorded data, we could find the lowest SSTs 
data at 27.333 

o
C and the highest at 31.586 

o
C. This condition is possible because in 

addition to dominantly seasonal signal, there 
are also daily variability due the tides and 
some pre-dominant signals at the period of 52 
days (~2 months) and 86 days (~3 months). 
The amplitude of pre-dominant signals was 
0.139 

o
C and 0.179 

o
C respectively. This kind 

of signal can be classified as intra-seasonal 
signals.  
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Figur 5. Periodogram of sea surface temperature data in Pari Island during November 2016 until 

March 2018. 

One of regional climatic phenomena with intra-
seasonal time scale is Madden-Julian 
Oscillation (MJO). This oscillation is 
associated to the movement of convection 
cloud from the western to eastern tropical 
region. It is suggested that MJO might be 
affected the SST variability in the Pari Island 
waters. The sub-dominant signals in the 
periods of 52 and 86 days might be correlated 
to these phenomena. As the MJO 
characterized by eastward moving center of 
convection and precipitation, they could affect 
the SSTs variability over their pathways. 
During the active phase of MJO, there will be 
strong convection and precipitation which is 
produced by warmer SSTs. Conversely, there 
will be weak convection and precipitation 
during the inactive phase of MJO, which is 
produced by cooler SSTs.  

CONCLUSIONS and SUGGESTION 

Sea surface temperature in Pari Island have a 
seasonal variability which enforced by the 
monsoonal winds in 172 days’ period. The 
effect of monsoonal system is quietly 
significant and induce the seasonal oscillation 
for ±0.644

o
C from their annual average of 

29.245
o
C during the observational periods. 

Smaller magnitude of SSTs oscillation has 
been found in the intra-seasonal periods of 52 
and 86 days, which might be correlated to 
MJO events over tropical oceans. This study 
has been used comprehensive observation of 
SSTs data in Pari Island, Jakarta Bay and 
suggested have important information for 
coastal management in this area. The 
observation data represent the normal climatic 
condition without the significant disturbance of 
MJO, ENSO, and IOD on SSTs variability. 
Thus, the seasonal SSTs data 29.234

o
C 

(±0.644
o
C) which is observed in November 

2016 – March 2018 could be used as the 
recent baseline to determine the extreme 
SSTs anomaly at this area.  
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