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Abstract. Sumatera Island is located adjacent to the ocean and directly influenced by the 
dynamic of Indian Ocean. Indian Ocean Dipole (IOD) as one of the global climate factor has a 
big impact towards this dynamic. As it aims to get the influence of IOD towards Sumatera 
water area, high-resolution remote sensing data is needed. Those are Sea Surface Temperature 
(SST), precipitation, and Dipole Mode Index (DMI). DMI is calculated by the differentiation 
of SST anomaly. IOD condition is emphasized by using precipitation data. Area observed is 
divided into three areas which are in series West Sumatera water, East Sumatera water, and 
Bukit Barisan highland. During IOD negative, the precipitation values were estimated 5,43; 
4,63; 4,5 mm/hr sequentially. Meanwhile, during IOD positive, those values were 2,74; 3,47; 
3,11 mm/hr sequentially. It is shown that IOD has the impact of the precipitation values in 
Sumatera waters. By showing the higher value of IOD negative and the lower value on IOD 
positive. West Sumatera water is observed as the most influencing area by the dynamic of IOD. 
Topography is also influencing towards the precipitation and it is shown by its values weather 
on IOD negative or positive. 
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1.  Introduction 
Indonesia is geographically located between two Continents and two Oceans and traversed by the 
equator which causes Indonesia to be affected by global climate change. Its strategic location makes 
Indonesia one of the centers of the world's climate control system so that the phenomenon of climate 
change occurring in Indonesia and globally will be interconnected [1]. One of the global climate 
variability that influences Indonesia is Indian Ocean Dipole (IOD) [2,3,4]. 
 A more detailed assessment of global climate variability on the effect of sea surface temperature 
and precipitation is important. Based on the results of various studies that have been done show that 
there is a fairly clear connection between the phenomenon of sea surface temperature with the 
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incidence of rain in an area [5,6]. This explains that the variability of precipitation is strongly 
influenced by changes in sea surface temperature and this is associated with changes in sea surface 
temperature anomalies either spatially or temporally [e.g., 7,8]. 
 Anomalous sea surface temperature in the Indian Ocean Dipole Mode (IOD) greatly affects the 
intensity of precipitation in Indonesia. At the time of dipole fashion in the Indian Ocean, generally, 
precipitation in Indonesia has decreased. This is due to the positive anomalies of the southeast wind as 
the dipole mode progresses so that the southeast wind that blows in the area gets stronger. The strength 
of the southeastern winds that contain only a small amount of water causes more difficult precipitation 
to rain [9]. When IOD positive precipitation intensity will decrease and when IOD negative 
precipitation intensity will increase [e.g., 3,10,11]. Therefore, there is a need for further study on the 
study of the variability of sea surface temperature and precipitation and correlation with IOD climate 
variability in Sumatera Island. An understanding of the effect of Indian Ocean Dipole climate 
variability on SPL variability and precipitation and its physical processes on the Island and Waters of 
Sumatra can help to determine the mitigation measures of the disaster caused by the increase and 
decrease in precipitation. 

2.  Data and method 
Precipitation and sea surface temperature data are obtained from daily data of Tropical Precipitation 
Measuring Mission (TRMM) satellite and daily data of Administration-Advanced Very High-
Resolution Radiometer (AVHRR) and Advanced Microwave Scanning Radiometer on the Earth 
Observing System (AMSR-E) resolution 0.25o × 0.25o with observation period from 1998 to 2016. 
These data are developed and distributed by the National Oceanic and Atmospheric Administration 
(NOAA). Data of precipitation and sea surface temperature were analyzed by compiling the data into 
monthly data until becoming monthly climatology data by using equation as follows [12]: 

𝑋𝑋 (𝑥𝑥, 𝑦𝑦) = 1
𝑛𝑛
∑ 𝑥𝑥𝑥𝑥(𝑥𝑥, 𝑦𝑦, 𝑡𝑡)𝑛𝑛
𝑖𝑖=1   (1) 

 Where, 𝑋𝑋 (𝑥𝑥, 𝑦𝑦) is monthly or monthly climatology mean value at position (𝑥𝑥, 𝑦𝑦), 𝑥𝑥𝑥𝑥(𝑥𝑥, 𝑦𝑦, 𝑡𝑡) its the 
value of the data at  (𝑥𝑥, 𝑦𝑦) position and time t. Furthermore, 𝑛𝑛 is the number of data in 1 month and the 
number of monthly data in 1 period of climatology (i.e., from 1998 to 2016 = 18 data) for monthly 
calculation and monthly climatology calculation, respectively. If xi is a hollow pixel, that pixel is 
excluded in the calculation. 
The Indian Ocean Dipole climate variability data was obtained using Dipole Mode Index (DMI). DMI 
is a value derived from differences in sea surface temperature anomalies in the West Indian Ocean 
Hindia (10oN-10oS and 50oE-70oE) and East Indian Ocean (10oS-0oU and 90oE-110oE) [13]. The value 
of DMI is obtained by the weight equation: 

 𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 − 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸    (2) 
 Where  𝐷𝐷𝐷𝐷𝐷𝐷 is IOD Index, 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 is the mean sea surface temperature value in the western area of 
the Indian Ocean (10oN-10oS and 50oE-70oE). Furthermore, 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 is the mean sea surface temperature 
value in the southeastern area of the Indian Ocean (10 oS-0oN and 90oE -110oE). DMI data used has a 
range of time range from 1998 to 2016. Anomaly values obtained are used to classify Dipole Mode 
Index (DMI) data in 2 (two) phenomena namely Negative DMI and DMI Positive with threshold value 
± 0.4. 
 The phenomenon of Indian Ocean dipole always happens every year as shown in Figure 1. Data 
processing of sea surface temperature from January 1 1998, to December 31 2016, obtained results 
that show the strongest positive IOD phenomenon occurred in October 2006 with an anomaly index 
value of 1.211. The strongest negative IOD phenomenon occurred in July 2016 with an anomaly index 
value of -1.043. 
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Figure 1. Anomalous Index of Sea Surface Temperature (DMI) 

3.  Result and Discussion 
The distribution of sea surface temperature distribution pattern and monthly climatology precipitation 
in Figures 2 and 3 shows the difference of sea surface temperature and precipitation value in Sumatera 
waters when influenced by climate variability. Figures 2 and 3 show lower sea-surface temperature 
values when IOD positive and increases when IOD negative which indicates that IOD phenomena 
affect the variability of sea surface temperature and precipitation in Sumatera island. Sea surface 
temperature values in area 2 and area 3 are obtained from sea surface temperature values close to the 
area. The value can be interpreted as the value of sea-surface temperature that has an effect on area 2 
and area 3. 
 The distribution of sea surface temperature distribution and monthly climatology precipitation in 
Figure 3 shows an interesting pattern of distribution on the value of the pattern of precipitation 
distribution in December whose territory is located in South East Sumatra waters which tend to be 
higher than the East of Sumatera Island. Therefore, the authors divide the study concentration area into 
3 areas. The determination of this area is based on the value of precipitation contour in December 
climatology which has the highest precipitation value compared to other months which can be seen in 
Fig. 4. 
 During IOD negative, the sea-surface temperature values were estimated 27,78; 27,96; 27.85oC 
sequentially. Meanwhile, during IOD positive, those values were 27,63; 27,87; 27,71oC sequentially. 
And during IOD negative, the precipitation values were estimated 5,43; 4,63; 4,5 mm/hr sequentially. 
Meanwhile, during IOD positive, those values were 2,74; 3,47; 3,11 mm/hr sequentially. The area I 
has a relatively higher precipitation value than the other two areas with the highest intensity of 5.43 
mm/hr. This is caused by the increase of sea surface temperature which is more dominant than other 
areas reaching 27.78oC so that the intake becomes more leverage. This is also due to the difference in 
pressure that occurs in the eastern Indian Ocean area is higher than the western Indian Ocean causing 
the mass of water to move towards Sumatera [e.g., 3,9,10,14,15,16]. 
 Area III has the lowest precipitation value than in the other two areas, ie 4-6 mm/hr. At the highest 
precipitation area III has an intensity of 5.02 (mm/hr) and when the lowest intensity is only 0.68 
(mm/hr). This is because the temperature of the sea surface in the eastern waters is lower when 
compared to the value of sea surface temperature watered west. In addition, the eastern part of the 
island of Sumatera has a low topography so that the condensation process is not running optimally. On 
a spatial scale, precipitation variability is strongly influenced by topography [e.g., 17,18,19,20]. 
Area II precipitation value is relatively higher than the area III that is 4.63 mm/hr. This is due to the 
difference in altitude along the western coast of Sumatra that there is a plateau of Barisan. This 
resulted in the condensation process resulting in an increase in the value of precipitation. Based on the 
results in Fig. 4 it can be seen that variability of sea surface temperature and precipitation is influenced 
by IOD phenomenon. At the time of negative IOD, precipitation intensity becomes higher than normal 
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while in positive IOD precipitation intensity will be lower. When IOD positive precipitation intensity 
will decrease and when IOD negative precipitation intensity will increase [10]. 
 

(a) IOD Positive (b) Monthly Climatologies (c) IOD Negative 

   

 
Figure 2. The pattern of distribution of sea surface temperature in December 

 

(a) IOD Positive (b) Monthly Climatologies (c) IOD Negative 

   

 
Figure 3. The Pattern of Distribution of Precipitation in December 

 
 During the IOD phenomenon, Negative sea surface temperature values and precipitation intensity 
will be higher when compared to when IOD is positive. This is due to the differences in the pressure of 
the East Indian Ocean and the West Indian Ocean resulting in the mass transfer of air containing 
moisture. At IOD Negative sea surface temperatures in the East Indian Ocean will be higher than in 
the West Indian Ocean, resulting in an increase in precipitation in the West waters of Sumatra. In 
contrast to positive IOD sea surface temperatures in the West Indian Ocean will be higher than the 
East Indian Ocean so that there is a decrease in precipitation in West waters of Sumatra [e.g., 
3,9,10,14,15,16]. 
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Figure 4. Precipitation distribution pattern in December and Graph of SPL and Precipitation 

relationship 

4. Conclusion 
IOD phenomenon affects the variability of sea surface temperature and precipitation that have been 
studied using remote sensing data of TRMM and AVHRR-AMSRE satellite with resolution 0.25o × 
0.25o. During the phenomenon of IOD (IOD Negative) occurs, in general, an increase in sea surface 
temperature intensity of 0.05oC and precipitation of 0.3 mm/hr. This is due to the differences in the 
pressure of the East Indian Ocean and the West Indian Ocean resulting in the mass transfer of air 
containing moisture. Increased precipitation also occurs in areas with relatively high topography 
caused by more optimum condensation.  
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