
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

The Effect of ENSO and IOD on The Variability of Sea Surface
Temperature and Rainfall in The Natuna Sea
To cite this article: A D Puryajati et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 750 012020

 

View the article online for updates and enhancements.

This content was downloaded from IP address 114.125.207.17 on 18/05/2021 at 15:04

https://doi.org/10.1088/1755-1315/750/1/012020


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

The 6th International Conference on Tropical and Coastal Region Eco-Development 
IOP Conf. Series: Earth and Environmental Science 750 (2021) 012020

IOP Publishing
doi:10.1088/1755-1315/750/1/012020

1

 
 
 
 
 
 

The Effect of ENSO and IOD on The Variability of Sea 

Surface Temperature and Rainfall in The Natuna Sea 

A D Puryajati1,4,*, A Wirasatriya1, L Maslukah1, D N Sugianto1, F Ramdani2, A R 

Jalil3, Y O Andrawina5 

1 Department of Oceanography, Faculty of Fisheries and Marine Science, Universitas 

Diponegoro, Tembalang Campus, St. Prof. Soedarto S.H., Semarang, Central Java, 

Indonesia 
2 Department of Information System, Faculty of Computer Science, Universitas 

Brawijaya, St. Veteran, Malang, East Java, Indonesia 
3 Departement of Marine Science, Faculty of Marine Science and Fisheries, Universitas 

Hasanuddin, St. Perintis Kemerdekaan, Makassar, South Sulawesi, Indonesia 
4 Algomarine, Universitas Dipoengoro, St. Prof. Soedarto S.H., Semarang, Central Java, 

Indonesia 
5 Erasmus Mundus Joint Master Degree Programme Marine Environment, Département 

d'astrophys., géophysique et océanographie (AGO) Université de Liège - ULiège, 

Belgium   

 

Email : a.desmont213@gmail.com  

Abstract. The Natuna Sea is located at the northwestern part of Indonesia. Previous studies had 

showed that ENSO has a stronger impact on SST than chlorophyll-a. According to several 

studies, Indonesian oceans are heavily impacted by IOD. This study uses SST data with high-

resolution satellite imagery (MODIS and Pathfinder) and rainfall and wind data from the 

Reanalysis Model (ERA-5) which is processed using a composite method and correlation grid. 

This research results, when La-Niña negative IOD SST will decrease 1oC and rainfall rises 7 

mm/day while when El-Niño IOD positive SST will increase by 1oC while in rainfall will 

decrease by 3 mm/day. The variation of SST and rainfall is more influenced by ENSO than IOD. 

1. Introduction 

Indonesian oceans are located between two large oceans, namely the Pacific Ocean and the Indian 

Ocean. Natuna Sea, which is located in the northwestern part of the Indonesian oceans is thought to be 

affected by the two oceans. One aspect of climate variability related to sea surface temperature is the 

El-Niño Southern Oscillation (ENSO), where ENSO is an anomaly of sea surface temperature at the 

equator of the Pacific Ocean. ENSO has three phenomena including normal ENSO, El-Niño, and La-

Niña. SST anomaly does not only occur in the Pacific Ocean but also occurs in the Indian Ocean. IOD 

or Indian Ocean Dipole is an SST anomaly that occurs in the Indian Ocean which affects Indonesian 

oceans as well as being affected by IOD [1].  

 Previous research conducted by several researchers [2,3,4,5] has studied extensively the climate 

variability of ENSO and IOD, but the research that assessing the simultaneous impact of ENSO and 

IOD on SST and rainfall has yet to be carried out, particularly in the Natuna Sea. Continuing from 

previous research, [5] stated that ENSO greatly affects SST in the Natuna Sea and [3] found that IOD 
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has a strong influence on rainfall distribution. This study is intended to obtain a combined description 

of the effects of the two phenomena above (ENSO and IOD) on SST and rainfall in the Natuna Sea. 

2. Research Method 

This research focuses on the Natuna Sea region, with coordinates (2o- 13o N and 101o - 119o E) which 

can be seen in Figure 1. This location is between the Malacca Strait and the South China Sea (SCS). 

 

 

 
Figure 1. The study area at the Natuna Sea 

 

 SST data were obtained from high-resolution satellites (Pathfinder and MODIS) Level 3 and 

rainfall data were obtained from the ERA-5 reanalysis model data with the Common Data File Net 

(NetCDF) data format. SST data can be downloaded from the website 

https://data.nodc.noaa.gov/pathfinder for Pathfinder SST data and the https://oceancolor.gsfc.nasa.gov 

website for MODIS SST data, while for ERA-5 rainfall data through the website 

https://cds.climate.copernicus.eu. SST data uses a resolution of 4 km, while the rainfall data uses a 

resolution of 0.25o. Supporting data in this study using wind data from ERA-5. 

 ENSO and IOD climate variability was determined by index. The ENSO index or Ocean Niño 

Index (ONI) is the ENSO climate variability index data taken from the temperature anomaly values in 

the Niño3.4 region (5oN-5oS and 120oE 170oE). SST anomaly greater than 0.5oC is called El-Niño, SST 

anomaly less than -0.5oC is called La-Niña, and SST anomaly between -0.5oC - 0.5oC is called normal 

condition. Meanwhile, the IOD index uses the Dipole Mode Index (DMI). DMI is an SST anomaly from 

the West Sea Indian Ocean (10oN-10oS and 50oE-70oE) with the East Sea of the Indian Ocean (0oN - 

10oS and 90oE - 110oE). IOD has three phenomena, namely positive IOD (SST anomaly greater than 

0.25oC), negative IOD (SST anomaly less than -0.25oC, and normal conditions (SST anomaly between 

-0.25oC - 0.25oC).  

 The data used are daily data for 20 years (1998 - 2018). Daily data was processed into monthly 

data and reprocessed into monthly climatological data using the following formula: 

 

 

  𝑋𝑏(𝑥, 𝑦) =
1

𝑚ℎ
∑𝑚ℎ

𝑗=1 𝑥𝑖(𝑥, 𝑦, 𝑡) (1) 

 

 Description: 
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 𝑋𝑏(𝑥, 𝑦)  = The median daily 

 𝑥𝑖(𝑥, 𝑦, 𝑡) = The daily data to – i at position (x) longitude, latitude (y), time (t) 

 𝑚ℎ  = the number of hours in 1 day 

 𝑗 = 1  = day – i 

 If xi  = NaN, then the data has no value (empty value) and not included in the calculation 

of average daily. 

 

Different with Dewi et al. [6] who investigated the effect of ENSO and IOD to the variability of SST in 

JAva sea using composite event of ENSO and/or IOD, we conducted the correlation analysis to 

determine the correlation between SST and rainfall on ENSO and IOD. The correlation equation is used 

to determine the relationship between 2 variables, namely ENSO with SST, ENSO with rainfall, IOD 

with SST, and IOD with rainfall, and multi-correlation is used to determine the relationship between 

ENSO and IOD with SST and ENSO and IOD with rainfall. According to Maisyarah et al. [5], the 

correlation formula is written in the following equation: 

 

  𝑟 =
𝑁(∑ 𝑋𝑌)−(∑ 𝑋 ∑ 𝑌)

√(𝑁(∑ 𝑋2−(∑ 𝑋)2)−(𝑁(∑ 𝑌2−(∑ 𝑌)2)

  (2) 

 

 Description: 

 𝑟 = correlation coefficient value 

 𝑥 = the value of the first variable 

 𝑦 = the value of the second variable 

 𝑁 = number of data 

3. Results and Discussion 

3.1. Monsoonal Variation of SST and Rainfall in the Natuna Sea 
Monsoonal variations in the Natuna Sea are shown in Figure 2. The results of monsoonal variations have 

different patterns for each monsoon. The west monsoon (February) has cooler SST and less rainfall 

compared to the east monsoon (July) where SST is warmer and rainfall is high. The wind movement in 

the west monsoon is faster and moves southward (towards the Java Sea) than the wind movement in the 

east monsoon which is slower and moves towards the north (towards the Pacific Ocean). 

 

 
  Figure 2. Monsoonal Variations of SST (a), Rainfall (b), and Wind  

   (c) for 20 years (1998 - 2018) in the west monsoon (February) and  

   east monsoon July) in the Natuna Sea 
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 The strength of the monsoon winds can affect SST. The stronger the sea surface winds, the more 

the transport ekman increases and the water mass in the bottom layer rises to the top. This event is 

known as upwelling. Increasing upwelling in water will cool these waters [5]. The east monsoon has a 

weaker wind speed than the west monsoon. The weaker wind speed makes the SST in the waters heats 

up. Research conducted by [7] found that SST tends to be cold in the east monsoon in the South Java 

Sea, this is because the southeast (east) monsoon winds have faster wind speeds than in the west 

monsoon so that the waters in the east monsoon will be cooler in the South Java Sea. Wind speed also 

affects the release of energy into the atmosphere as studied by [8] so that the faster the surface winds, 

the greater the heat energy released from the waters. 

 Rainfall that occurs in the Natuna Sea (Figure 2b) has little rainfall in the western monsoon. The 

research presented by [6] that the faster the surface wind speed, the lower the SST and this will affect 

evaporation and continued by the research of [2] stated that SST will affect rainfall in waters. It can be 

seen from Figure 2b that the rainfall will fall when SST is low and vice versa when SST is high, rainfall 

will be high. 

 

 
  Figure 3. Time Series Graph of Monsoonal Variation of SST and Rainfall  

   with Wind Speed in the Natuna Sea 

 

 The influence of wind will cause changes in SST and rainfall. The wind speed in the west 

monsoon (December, January, and February) is experiencing its peak. This is shown in Figure 3 where 

high winds are accompanied by SST and low rainfall. Meanwhile, during the eastern monsoon (June, 

July August) the wind speed is lower than in the west monsoon, which causes higher SST and higher 

rainfall. Strong monsoon winds will affect changes in SST and make the mixing of vertical water masses 

resulting in a decrease in SST, this decrease in SST also affects rainfall which follows due to the lack of 

heat in the ocean [3,8,9]. Apart from the monsoon wind factor, there is also a factor in solar radiation. 

According to [10], there is a difference in the sun's radiation between the west and east monsoons 

resulting in the northern hemisphere in the east monsoon, the waters tend to be warmer because they get 

more intensive sun exposure. In the eastern monsoon, the sun is in the northern hemisphere which makes 
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the northern hemisphere part experience hot summer, especially in July, while in the west monsoon, the 

sun has shifted to the southern hemisphere so that the sun's radiation is more intensive on the southern 

hemisphere and makes the waters the northern hemisphere cooler. 

3.2. Effects of ENSO and IOD in the Natuna Sea 
The correlation coefficient shows an indication of the relationship between two variables. The 

relationship between ENSO and IOD on rainfall and SST during the western monsoon (February) is 

shown in Figure 4. The correlation between rainfall and ENSO (Figure 4a) shows that there is a strong 

negative correlation (r ≤ -0.6) while the correlation between rainfall with IOD (Figure 4c) shows a weak 

positive correlation and some weak negative (-0.1 ≤ r ≤ 0.4) but the relationship between ENSO and 

IOD together with rainfall is high for some areas, especially the northeastern Natuna and northwestern 

Natuna Sea (r ≥ 0.6) although other parts of the Natuna Sea have a low correlation (r ≤ 0.4). The 

correlation between SST and ENSO (Figure 4b) in the western monsoon (February) shows a strong 

correlation, both positive and negative (r ≤ -0.6 and r ≥ 0.6). Just like rainfall, the correlation between 

SST and IOD also tends to be weak, both positive and negative (-0.1 ≤ r ≤ 0.4). The results of the 

correlation between ENSO and IOD together with SPL (Figure 4f) have varied correlations. The eastern 

part of the Natuna Sea has a weak correlation (r ≤ 0.4) while the middle part of the waters tends to have 

a strong correlation (r ≥ 0.6). 

 

 
  Figure 4. Rainfall Correlation with ENSO (a), IOD (c), ENSO and IOD  

   (e) and SST Correlation with ENSO (b), IOD (d), ENSO and IOD (f) in the  

   West Monsoon (February) in the Natuna Sea 

 

 The relationship between ENSO and IOD on rainfall and SST in the eastern monsoon (July) is 

shown in Figure 5. The correlation of rainfall to ENSO (Figure 5a) has a weak negative correlation (-

0.4 ≤ r ≤ -0.1) while the IOD correlation with rainfall (Figure 5c) has a variable correlation but is 

classified as weak. The western part of the Natuna Sea has a very weak negative correlation (-0.1 ≤ r ≤ 

0) and the northern, central and eastern regions of the Natuna Sea have a weak positive correlation (0 ≤ 

r ≤ 0.4). While the correlation value of ENSO and IOD on rainfall (Figure 5e), most of the Natuna Sea 

tends to have a weak correlation (r ≤ 0.4), although in the north of the Natuna Sea there are waters that 

have a moderate correlation (0.4 ≤ r ≤ 0.6). The correlation between ENSO and SST in the east monsoon 



The 6th International Conference on Tropical and Coastal Region Eco-Development 
IOP Conf. Series: Earth and Environmental Science 750 (2021) 012020

IOP Publishing
doi:10.1088/1755-1315/750/1/012020

6

 
 
 
 
 
 

(July) is shown in Figure 5b, which produces variable but weak correlations. The eastern region of the 

Natuna Sea has a weak positive correlation (0 ≤ r ≤ 0.4) while the western part of the Natuna Sea has a 

weak negative correlation (-0.4 ≤ r ≤ -0.1). The correlation between IOD and SST (Figure 5d) shows 

that all waters have a weak negative correlation (-0.4 ≤ r ≤ -0.1) and the correlation between ENSO and 

IOD towards SST (Figure 5f) shows a weak correlation (r ≤ 0.4 ). 

 

 
  Figure 5. Rainfall Correlation with ENSO (a), IOD (c), ENSO and IOD  

   (e) and SST Correlation with ENSO (b), IOD (d), ENSO and IOD (f) in the  

   East Monsoon (July) in the Natuna Sea 

 

 The results of the correlation between ENSO and IOD on SST and rainfall show that in the 

western monsoon ENSO and IOD are more influential than in the east monsoon. Climate variability 

(ENSO and IOD) according to [3] that IOD greatly affects rainfall. This is also supported by research 

by [1] that ENSO and IOD fall into rainfall and SST in Indonesia. In line with the research of [5] who 

obtained results that in the eastern monsoon SST was not too influenced by the ENSO phenomenon, this 

made this study more focused on the western monsoon. 

 Anomalous results of rainfall (Figure 6a), SST (Figure 6c), and wind (Figure 6e) in the west 

monsoon (February) when La-Niña IOD occurs is negative. Rainfall anomaly when La-Niña IOD was 

negative (Figure 6a) there was an increase in rainfall with the highest increase of 7 mm/day, while the 

SST anomaly when La-Niña IOD was negative (Figure 6c) in some areas experienced an increase in 

SST as in the coast of Kalimantan Island is 1oC while in the central to the northern part of the Natuna 

Sea it has decreased by 1oC but overall most of the Natuna Sea has decreased in SST. The wind anomaly 

when there is a La-Niña negative IOD (Figure 6e) shows an increase in the speed of 0.2 - 3 m/s. 

 Anomalous results of rainfall (Figure 6b), SST (Figure 6d), and wind (Figure 6f) in the west 

monsoon (February) when El-Niño positive IOD. Rainfall anomaly when El-Niño and positive IOD 

(Figure 6b), most of the Natuna Sea has decreased rainfall (1 - 3 mm/day) although in some locations 

(northeast) there is an increase in rainfall (1 mm/day). SST anomaly when El-Niño and positive IOD 

(Figure 6d), almost all waters experienced a temperature increase of 1oC, only the coast of Kalimantan 

Island experienced a decrease in SST. The occurrence of positive El-Niño and IOD caused the wind 

anomaly (Figure 6f) to experience a decrease in speed, especially in the northern part of the Natuna Sea, 

which experienced the greatest decline of 3.5 m/s. 
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  Figure 6. Rainfall Anomaly (a. La-Niña Negative IOD, b. El-Niño  

   Positive IOD), SST Anomaly (c. La-Niña Negative IOD, d. El-Niño Positive 

    IOD) and Wind Anomaly (e. La -Niña Negative IOD, f. El-Niño Positive IOD) 

   in the West Monsoon (February) 

 

 The correlation between ENSO and SST variability in the western monsoon has a high value so 

that the Natuna Sea is strongly influenced by ENSO during the western monsoon. The correlation shown 

in Figure 4 shows a strong positive correlation, meaning that when the ENSO Index rises, the SST will 

also increase. It can be seen from the anomaly (Figure 6) that when the La-Niña negative IOD 

phenomenon, the SST will experience a decrease in temperature, while when the El-Niño and positive 

IOD phenomena the SPL will experience an increase in temperature. According to [10] El-Niño is an 

event of heating surface water temperature on the west coast of Peru and La-Niña is an event of cooling 

of surface water temperature on the west coast of Peru, then positive IOD occurs when sea surface 

temperature in the western Indian Ocean warms up and negative IOD occurs when the temperature sea 

level in the western Indian Ocean is cooling. The IOD correlation to SST in the Natuna Sea is not as 

strong as the correlation between ENSO and SST. This is different from the Java Sea, where IOD is 

quite influential. However, the results of this study found a fairly high correlation between ENSO and 

IOD simultaneously on SST. The decrease in SST is also followed by an increase in wind speed, this 

causes the release of heat from the sea to the atmosphere and the movement of water masses from the 

inner layer to the surface so that the SST on the surface cools as described in [8]. This happens in reverse 

when El-Niño positive IOD with a weaker wind speed, the wind is not too strong to make the mixing 

and discharge process of SST so that the SPL in this phenomenon is hotter. 

 Rainfall relationship to ENSO has a greater effect than IOD (Figure 4) but the relationship of 

climate variability between ENSO and IOD on rainfall is also high. Rainfall, when SST increases due 

to El-Niño and positive IOD, decreases in rainfall, and conversely, when La-Niña negative IOD, it will 

experience an increase in rainfall, this is also shown in the correlation. According to research conducted 

by [11], it shows that IOD has a negative correlation in Indonesian waters. From this study, it can be 

seen that the patterns found in the Natuna Sea have the same pattern. According to research by [1], when 

El-Niño positive IOD, the rainfall in Indonesia decreased, while when there was a La-Niña negative 
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IOD, the rainfall would increase. This is also in line with research conducted by [3] which shows that 

the rainfall will be higher when La-Niña negative IOD than when El-Niño positive IOD, this is because 

when negative IOD, SST in the East Indian Ocean will be higher than SST in the West Indian Ocean 

which causes There is an oscillating shift in rainfall from the West Indian Ocean to the East Indian 

Ocean so that rainfall will increase in the East Indian Ocean. 

4. Conclusion 
The influence of climate variability in the Natuna Sea on SST and rainfall appears to be more influenced 

by ENSO than by IOD. The results of the correlation analysis showed a strong enough relationship 

between ENSO and IOD with a relation coefficient value (r) greater than 0.6 and the relationship to IOD 

was weak (r) less than 0.4 but the relationship between the two climate variability and rainfall and SST 

was high (r) greater than 0.6. The mechanism of the relationship between ENSO and IOD on rainfall 

and SST is related to wind. SST during La-Niña negative IOD appears to have a higher wind speed 

compared to positive El-Niño IOD. Rainfall itself is also affected by wind or wind oscillations due to 

ENSO and IOD. 
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