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Abstract.Studying Singapore Strait waters condition as a form of maritime mitigation is necessary because 
it is an international shipping lane. The dominant weather changes include rainfall, wind flows, and sea 
surface temperature (SST). This study aims to reveal the relationship between rainfall and SST activity in 
the Singapore Strait for over 18 years, from 2002 to 2019. The results showed a negative correlation, 
where the SST decreases as rainfall increases and vice versa. In addition, the high rainfall and low SST 
distribution occur in the Western season (December–February). The low rainfall intensity and high (warm) 
SST distribution occur yearly in the transition from West to East (March–August). Also, the distribution 
pattern is influenced by rainfall intensity and the water mass from the South China Sea and the Malacca 
Strait, where the strait is a mixture of these masses. The neural network model confirmed the negative 
correlation. Hence a small change in SST causes rainfall if it is cooler, and less precipitation if warmer. 

1. Introduction  
The Singapore Strait waters are between the Malacca 

Strait's water masses and the South China Sea. Furthermore, 
the rainy and dry seasons are experienced yearly, with 
maximum and minimum rain occurring in December–
January and June–August, respectively (Sun et al., 2017; 
Sundarambal et al., 2009). The changes in rainfall intensity 
globally are due to El Nino (Isa et al., 2020), which causes 
variation in seawater temperature depending on the natural 
conditions affecting these waters. These changes occur 
daily, seasonal, annual, and long-term, especially in the 
surface layer (Thirumalai et al., 2017). 

Despite being a sea transportation route, the Singapore 
Strait waters are used by traditional fishermen as a fishing 
area (Corpus, 2014). Meanwhile, knowledge about sea 
surface temperature (SST) distribution in waters is vital, 
including in fisheries and environmental management (Fu et 
al., 2020; Sukresno et al., 2021; Ciani et al., 2020). SST was a 
significant factor for fish migration in the fisheries industries, 
where fish colonies migrate from cold to warmer seas 
(Kiyofuji et al., 2019; Kristensen et al., 2020). It plays a role 
in precipitation intensity through global teleconnection 
(Alhamshry et al., 2019). 

 SST is an important oceanographic factor that drives the 
seasonal cycle in tropical and subtropical areas (Evans et al., 
2000; Song et al., 2009). In addition, several studies reported 
the relationship between SST and rainfall on a global scale, 
leading to less explanation in small regions, such as the strait 
zone. The Singapore Strait’s SST is believed to correlate with 
the rainy seasons in the nearest regions, such as Singapore 

and Indonesia, specifically Riau Archipelago and eastern 
Sumatra Island. 

This study aims to investigate the trend and pattern of 
rainfall to SST. The prime data was obtained using satellite 
imagery of Aqua-MODIS. Also, a neural network (NN) 
analysis was used to investigate rainfall trends for cooler 
and warmer conditions. Data and information were 
provided on the trend and pattern of SST for each season. 

 
2. Methods 
Study Area 

Figure 1 shows that the Singapore Strait is located at 
103° 18'57.24" to 104° 33'26.64" east longitude and 0° 
54'16.42" to 1° 32'59.28" north latitude. The strait covers 
about 10,041.25 km2 (Sundarambal et al., 2009). 
Furthermore, a detailed analysis focused on the waters of 
the Singapore Strait, where the changes in SST are 
influenced by the confluence between the water mass of the 
South China Sea and the Malacca Strait. 
 
General Condition of Singapore Strait Waters 

The Singapore Strait waters are semi-closed and connect 
the western South China Sea with the East Malacca Strait 
(Sun et al., 2017). In addition, these waters are a link 
between Indonesia, Singapore, and Malaysia. The climate 
phenomena that impact Indonesia and the waters of the 
Singapore Strait include El Nino Southern Oscillation and 
Indian Ocean Dipole (Maruyama et al., 2011; Gnanaseelan et 
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al., 2012; Hendrawan et al., 2019; Mubarak and Nurhuda, 
2021). Geographically, the waters of the strait are between 
the Pacific and the Indian Ocean, which can affect the SST 
value phenomenon (Terray and Dominiak, 2005). 

The SST characteristics of the Singapore Strait waters are 
similar to other waters in Indonesia, where the monthly SST 
values for the last three years ranged from 28.2°C to 32.2°C. 
As a tropical region, the strait water is covered by sunlight 
the whole year; hence, the fluctuation of SST is 
distinguishable as reported in Indonesia waters, ranging 
from 26°C to 31°C (Ray and Susanto, 2016). 
 
Data Retrievals 

Raw data of SST were retrieved from the satellite Aqua-
MODIS Level 3 SST Imagery from 2002 to 2019 with a spatial 
resolution of 4 × 4 km. The data were downloaded from the 
NASA website (http://oceancolor.gsfc.nasa. gov/) as 
Hierarchical Data Format, while other rainfall data were 
collected from Batam Hang Nadim Airport during the period. 

Image data processing interprets image or image data 
into the desired output. The SST value of the Aqua-MODIS 
image was based on the Miami Pathfinder Sea Surface 
Temperature algorithm (Luo et al., 2019; Currie et al., 2013). 
Furthermore, the SeaWIFS Data Analysis System (SeaDAS 
7.2) software displayed the extracted SST image. Based on 
the study location, the image processing stage begins with 
cropping.  

The Export Mask Pixels process runs the SST image cut to 
obtain the SST value. This value is obtained in the form of 
the American Standard Code for Information Interchange, 
based on the latitude and longitude position. The 
spreadsheet program was used to calculate the average 
monthly values, which was displayed as a time-series graph. 
Furthermore, the values were grouped by month and 
processed using the Surfer 11 software to obtain a monthly 
average SST distribution map. The monthly average SST 
values based on latitude and longitude positions were 
stored as a ‘*.grd’ file using Surfer 11 to obtain the 
distribution map. The map obtained was stored in JPEG 
format for easy visual observation. 

NN Analysis 
Several studies used the NN analysis to predict and forecast 
weather to stoke the market. Meanwhile, NN in ‘nntool’ of 
Matlab® was applied using open-accessed data from Climate 
Research Unit (CRU) database from 2002 to 2019. The 
network was trained under the Bayesian regulation function 
using the data as a baseline. In addition, the SST is treated 
under two schemes, i.e. warming (+0.5 and +1.0 °C) and 
cooling conditions (-0.5 and -1.0 °C).  
 

3. Results and Discussion 
Temporal Variability of SST 

Figure 2 shows the SST’s temporal variation over the last 
three years. The highest average was in May 2019, and the 
lowest was in February 2017 and December 2019, with an 
average temperature of 32.2°C and 28.2°C, respectively. 
Also, the average monthly value varied with a tendency to 
increase, where the SST was higher from April to June and 
lowered from December to March.  

Figure 3 illustrates the increasing annual SST fluctuation 
in the West season (i.e. December). The tropical sea surface 
layer conditions are warm, with small annual temperature 
variations, and the daily temperature variations are lower 
than subtropics (Xu et al., 2021). Also, tropical waters' 
annual mean temperature variation is less than 2°C at the 
equator (Tuchen et al., 2020; Shaltout, 2019). 

The increase in SST in Singapore Strait is about 0.0502 °
C/year, as presented by the linear regression plot in Figure 
3. Therefore, this is higher than the average warming trend 
in the Mediterranean sea of 0.036 °C/year (Pastor et al., 
2017) and slightly lower than the SST trend in the Red Sea 
from 2005 to 2016 (Shaltout, 2019). This is because the 
strait lies in a tropical zone and directly connects with the 
Pacific and Indian oceans.  
 
Spatial Distribution of SST 

Figure 4 depicts the average monthly and seasonal 
spatial distribution profile of SST in the Singapore Strait 
waters. The distribution demonstrated that it varies based 
on the season, with the offshore waters being warmer than 
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the near-shore. According to Li et al. (2019), land 
temperatures affect those around the coastline. The SST is 
evenly distributed or with relatively small variations in 
certain months. 

The average monthly SST from the East monsoon to the 
East to West transitional season shows a stable spatial 
distribution, with a dominating temperature range of 30°C–

32°C. Furthermore, the strait is warmer in the Eastern 
season compared to other seasons, where the sun’s 
radiation intensity ranges from moderate to high. 

The SST in the West and West to East transitional 
seasons indicates that the spatial distribution varies from 
low to high temperatures, specifically in February and 
March. This occurs in the temperature range of 28°C–30.5°

Figure 2. Graph of the mean monthly SST temporal variabil-
ity for four seasons  

Figure 3. Graph of annual SST trends in the West season for 
18 years 

   
East Season 

   
Transitional East to West Season 

   
West Season 

   
Transitional West to East Season 

Figure 4. Spatial distribution of average monthly SST in the waters of the Singapore Strait 
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C. In February, a small region of offshore waters (far from 
the coast) had temperatures above 28.5°C in February, 
which is the end of the Western season (Fig. 5). However, it 
is warm in March, the beginning of the West to East 
transition season. The average SST ranges from 30°C–32°C 
and 29°C–30°Cin areas closer to the coast and offshore 
waters, respectively. In addition, the SST conditions are 
warm during the year because the waters are in the tropics, 
close to the equator. The seasonal changes have impacted 
the SST values, though with a small level of fluctuation. 

The East monsoon has a higher SST fluctuation pattern 
than the West, with fluctuating patterns which last for three 
months seasonally (Antoni et al., 2019; Soeriaatmadja, 
2008). This monthly variation resembles that of the South 
China Sea. 

According to Thiébaux et al. (2003), the high SST in the 
East monsoon and part of the East to West transitional 
season is due to the sun’s position, which has adjusted to 
the Northern Hemisphere. Therefore, the Northern 
Hemisphere has high temperatures with low air pressure, 
specifically the Asian continent. 
 
Correlation of Rainfall and SST  

The monthly correlation of rainfall and SST in the 
Singapore Strait region shows various correlation coefficient 
values. Figure 6 illustrates that the SST zone with the 
highest correlation coefficient value is diverse distribution. 
There is a relationship between rainfall and SST based on 
the distribution of the values.  
The conducted analysis showed a negative correlation 
response, indicating a high increase in rainfall in areas with a 
decrease in SST. Hence, the rainfall intensity is related to 
anomalous changes in SST (Dewi et al., 2020; Nababan et al., 

2016). According to Nababan et al. (2016), the negative 
anomaly of the average monthly SST value during the 
transition season of the West to East monsoons and the East 
monsoon begins in May, obtains a minimum level in August, 
and ends in October. 

The SST level occurring in the waters of the Singapore 
Strait is influenced by rainfall and the conditions of the 
circulation patterns of seasonal winds and currents. 

Figure 5. Average annual rainfall and SST for the 
period 2002–2019 

Figure 6. Correlation between rainfall and annual 
SST for the period 2002–2019 

  

East Season Transitional East to West Season 

  

West Season Transitional West to East Season 

Figure 7. Seasonal current circulation pattern in the Singapore Strait waters  
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According to Nababan et al. (2016), SST variability is 
affected by meteorological conditions (precipitation, 
evaporation, humidity, air temperature, wind speed, and 
solar radiation intensity) and oceanographic processes 
(Sherwen et al., 2019; Jena et al., 2020; Merchant et al., 
2019; Chaidez et al., 2017). 

 
The winds and ocean currents occurring in the Singapore 

Strait in the West monsoon period originate from the South 
China Sea (Mubarak et al., 2017; Nurhuda et al., 2019). In 
addition, the winds and currents moving from the North and 
South China Sea generate water vapour that is cool enough 
to allow the Singapore Strait to experience the rainy season, 
or SST will be low than other seasons (Fig. 7). 

Pramuwardani et al. (2018) reported that the surface 
wind circulation pattern in the Northern Hemisphere moves 
to the Southern region. The current movement pattern from 
the South China Sea to the Malacca Strait is through the 
Singapore Strait (Endo and Kitoh, 2014). This pattern 
supports the phenomenon of SST distribution in the 
Malacca Strait and its surroundings, including the Singapore 
Strait, which is cooler. In the East monsoon, the current 
circulation pattern moves from the Malacca Strait through 
the Singapore Strait to the South China Sea (Antoni et al., 
2019). Consequently, the SST distribution in the waters of 
the Singapore Strait is warm during this period. 
 
Rainfall Pattern to Variable SST 

Figure 8 shows the trained model of NN for the dataset. 
The model is fitted to baseline data with a precision 
coefficient of R=92.16%. Therefore, there are indications 

that cooler SST in Singapore Strait influences higher rainfall 
intensity and vice versa. 

The simulation data confirmed inverse correlation, as 
suggested in Figure 4. Furthermore, the coefficient 
correlation was 0.1336, indicating that the primary 
precipitation source is not from the Strait water and is 
unrelated to the SST. Alhamshry et al. (2019) stated that SST 
changes in the southern Pacific and northern Atlantic caused 
precipitation activity in Ethiopia. Figure 9 showed that 
precipitation in the strait is triggered by a low correlation 
between SST and rainfall. Consequently, a longer drought 
season in the Singapore Strait region and Southeast Asia is 
triggered by global warming.  
 

4. Conclusion 
The global SST tends to rise in narrow waters such as 

Singapore Strait. Also, the distribution pattern had a 
negative correlation with rainfall in the monthly, seasonal, 
and annual series. The SST is influenced by rainfall intensity 
and water masses originating from the South China Sea and 
the Malacca Strait. In addition, the monthly and annual 
distribution patterns indicated that the water mass is a 
mixture of the South China Sea and Malacca Strait. The NN 
model showed that SST influences the rainfall trend.  
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