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Abstract 

This study aimed to observe the characteristics of sea surface temperature (SST) and wind velocity and its relation with 
the Indian Ocean Dipole (IOD) in the waters of Batam. The data used in this study were the SST datasets and the wind speed 
of 2016 in the waters of Batam. The method used in this research were the visual analysis using the data ocean view (ODV) 
to observe at the spatial and temporal distribution of the SST and the wind speed in Batam waters at different seasons. The 
next method is a fast Fourier transform (FFT). The earlier monsoon season that occurred in April has the highest wind speed 
with the value of 3.9 MS ** - 1 for components U. As for the V, the component has the highest value of -3.6 MS ** - 1. The SST 
Batam observed high in April occurred on 19-04-2016 with a value of 304.2 ° K (31.05 ° C). West monsoon winds that 
occurred in January has the highest wind speed with a value of 4.5 MS ** - 1 for components U. As for the V, the component 
has the highest value of 5.2 MS ** - 1 in the waters of Batam. The highest SST in Batam occurred in January on 19-01-2016 
with a value of 302.8 ° K (29.65 ° C). Based on the results of the FFT, wind speed and SST in the waters of the Island has a 
dominant 6-month period (semiannual). 
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1. Introduction  

Indian Ocean Dipole (IOD) is identified as one of 
the leading modes of variability in tropical climates 
(Sahu et al., 2012). A positive IOD phenomenon 
(PIOD) is characterized by cooler water 
temperatures than usual that occur in the tropical 
eastern part of the Indian Ocean and warming up of 
ordinary water temperatures in the tropical 
western Indian Ocean (Manyilizu et al., 2016), and 
indicating the role of IOD when it weakens ENSO-
monsoon relationship (Koch-Larrouy et al., 2008). 

Indian Ocean Dipole (IOD) has just been 
categorized as one of the phenomena of the 
relationship between the ocean and the atmosphere 
in the tropical sector of the Indo-Pacific region. 
Thus, it can be explored the possible influence of 
Indian Ocean Dipole (IOD) on The Indian summer 
monsoon rainfall (ISMR) (Gadgil et al., 2004). It is 
observed that there is a remarkable Sea surface 
temperature effect in the equatorial Indian Ocean, 
and with the hypothesis that there is a Sea surface 
temperature effect arising from the dynamic 
interaction between the marine atmosphere in the 
Indian Ocean, the dynamics of the coast will affect 
Sea surface temperature variability in a waters 
(Ginzburg et al., 2008; Kausarian et al., 2016a; 
Kausarian et al., 2016b; Kausarian et al., 2017). 

In fact, it is shown by the analysis of summer 
boreal composite anomalous observed sea surface 
temperature (SST) during strong IOD positive and 
negative years that there is a significant relationship 
of phase between the SST in the eastern and 
western tropical Indian Ocean for many years (Sahu 
et al., 2012).  

El Nino and La Nina is a symptom that shows the 
global climate change that is affecting the climatic 
conditions in Indonesia. El Nino is an event of 
warming sea surface water temperature on the 
west coast of Indonesia (Gaol and Manurung, 2000). 
La Nina is the opposite of El Nino. The incident 
began when El Nino was weakened, and the hot 
ocean water on the coast of Peru came back cold 
again. Many IOD Events are shown to occur 
independently of El Nino (Kogan, 2000; Naylor et al., 
2001).   

2. Material and Methodology 

Locations that are set for research are the water 
territories around Batam, with  located between: 0o 
25' 29 " N - 1o 15' 00" N - 103o 34' 35" E  1040 26' 
04"E. The data used are monthly data, and annual 
data for 1 year is (January - December 2016) with 
time interval 06:00:00, 12:00:00 for 1 month (Fig. 
1). 
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Fig. 1.  Research location (waters area around Batam) 

3. Computer Assisted Data Collection Method 
(CADC) 

Data collection using computer-assisted data 
collection method is the method of taking 
data/information sourced from the internet. Data is 
sourced from ECMWF (http://www.ecmwf.int) with 
a grid format of 0.125 x 0.125. The data taken are 
wind speed data in the direction of the x-axis (east-
west), the y-axis direction (north-south), and sea 
surface temperature data (Sea Surface 
Temperature). From the uniform U-direction wind 
pressure data for 1 year is calculated using the 
relationship: 

T = y2
            (1) 

T = y2
            (2) 

Where: 

y2
: The coefficient of resistance 

P ': Air volume 
U // V: component velocity 10 m above sea level  
 

At wind power 3 Beaufort or lowest sea level can 
be assumed as a fine hydrodynamic, with a barrier 
coefficient of about 0.8 X 10

-3
, decreasing with 

increasing wind speed. At Beaufort Wind power 4 
and higher constant value, y

2
 = 2,6 X 10

-3
, used, 

corresponds to the hydrodynamic rough surface 
(Rossby'0). All data will be processed using Ocean 
Data View (ODV) software, and MATLAB Software. 

3. Spatial Visual Method with Ocean Data View 
(ODV) 

ECMWF data is processed using ODV 
application, by making time series, temperature 
graph (K), component graphs in the direction of the 
U axis (MS ** 

- 1
), X (MS ** 

- 1
) based on monthly time, 

and time series of temperature charts for a year. 
Import the ODV result data to MS.Excel to continue 
the creation of Fast Fourier Transform (FFT) method 
using MATLAB application.  
           

4. Fast Fourier Transform Method 

The basis for studying the frequency 
characteristics of a signal is the Fourier transform. 
Fast Fourier transform (FFT) is an algorithm for 
calculating Fourier transform. A signal at time 
domain, nominal, x (t) ca is converted in a signal at 
the frequency domain, nominal X (f). The algorithm 
of the FFT method as shown in the following 

equation. (Mudelsee, 2004). This in turn allows us 
to introduce the Fourier transform of the averaged 
autocovariance function of the modulated process, 
which is equal to its expected periodogram. 
Through examining the expected periodogram, the 
properties controlling the latent random process 
may be inferred even when the modulating function 
changes very rapidly. The standard class of 
modulated processes are asymptotically stationary 
modulated (Yang et al., 2014). 

 
        (3) 

 

         (4) 

 
PSD is a variation of electricity (energy) as a 

function of the frequency spectrum in the form of 
estimated density using FFT, the PSD method is one 
of the modern spectral estimation techniques 
proposed during this decade (Mudelsee, 2004). The 
research flow diagram can be seen in Fig. 2. 

 

Fig 2. Flowchart of research 

5. Results And Discussion 

Batam is one of the tropical cities located in Riau 
Islands province (0o 25' 29 " N - 1o 15' 00" N - 103o 
34' 35" E  1040 26' 04" E) which has an area of 
2,950 km2 of the sea, and only 1,040 km2 of land 
area. Previous research conducted by Simbolon and 
Halim (2005) states that skipjack catches tend to be 
high at low SST.The sieve yield of each diameter was 
dried by means of a driven, and each diameter was 
measured by weight with an analytical scale, the 
remaining sieving results in the sludge were 
accommodated in a residual pan and by the pipette 
method. Based on the diameter of the grains and the 
weight percentage of the substrate components are 
clay depth (diameter <0.004 mm), mud (diameter 
0.004 - 0.063), sand (diameter 0.063 - 2.00 mm) and 
gravel (2-8 mm).  
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(a)      (b)  

 

 

 (c) 

 

 

(d) 

 

(e) 

Fig. 3. (a) Component Speed U, (b) Component Velocity V, (c) Graph of sea surface temperature in Batam waters, (d) Sea 

surface temperature distribution, (e) Component velocity U and V with Sea surface temperature month January 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

Fig. 4.(a) Component Speed U, (b) Component velocity V, (c) Graph of sea surface temperature in Batam waters, (d) 
Sea surface temperature distribution, (e) Component velocity U and V with Sea Surface temperature Transitions 1 

The catch is high during the southwest monsoon 
and the beginning of the northeast monsoon. Sea 
levels, observations, satellite data, and observer 
stations of sea-level pressure and precipitation used 
to describe the evolution of sea surface temperature 
anomalies, surface wind velocity north and west, 
and rainfall patterns during the main periods in the 
east and middle for the tropical Pacific (Wang et al., 
2017). To evaluate the cause of weather and climate 

change in Batam city, data on global climate change 
(ENSO) is needed, which will affect the Batam 
region 

The circulation of seawater in Indonesian waters 
is influenced by the Monsoon wind system. Since 
the Monsoon wind system is constantly blowing, 
although relative speed is not great, it creates an 
excellent condition for the occurrence of a current 
pattern (Amri et al., 2013). In the western seasons, 
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the current pattern of surface waters of Indonesia 
shows the current moving from the South China Sea 
to the Java Sea. The Java Sea, the current then moves 
into the Flores Sea until it reaches the Banda Sea, 
while at the time of the Southeast monsoon, the 
direction of the current completely reverses 
towards the west which eventually leads to the 
South China Sea (Utama et al., 2017; Surya et al., 
2017). 

The condition of the seasons in Indonesia is 
divided into 3. This wind blows as the sun is in the 
southern hemisphere, which causes the continent 
of Australia is experiencing summer, resulting in 
minimum pressure and the continent of Asia is 
cooler, resulting in maximum pressure. The 
physical parameters of the sea in Batam can be seen 
in Fig. 3. 

West monsoon winds that occur in January At 
coordinates 1 ° 5 '0 "N, 104 ° 2' 0" E looks the highest 
wind speed with a value of 4.5 MS ** 

- 1
 For 

component U. Component V has the highest value 
5.2 MS ** 

- 1
. The highest Batam sea temperature 

(SST) in January occurred on 19-01-2016 with a 
value of 302, 8 ° K (29.65 ° C). The transitional 
season 1 is the turn of the west monsoon to the east 
monsoon (Fig. 4).Transition season 1 which occurs 
in April At coordinates 1 ° 5 '0 "N, 104 ° 2' 0" E shows 
the highest wind velocity seen with a value of 3.9 
MS ** 

- 1
 For component U. As for component V has 

value Highest -3.6 MS ** 
- 1

. The highest sea surface 
temperature (SST) of Batam in April occurred on 19-
04-2016 with a value of 304.2 ° K (31.05 ° C). The 
east monsoon or southwest monsoon is the wind 
that blew in July-September in Indonesia. This wind 
blows when the sun is in the northern hemisphere. 
The Asian continent receives more heat than the sun 
so that the Asian continent is the area of minimum 
pressure (Fig. 5). Southeast monsoon winds that 
blow in the SMS area become the factor that evokes 
an upwelling. The wind blowing will generate a 
water mass transport known as Ekman transport. 
Generally, upwelling phenomenon in the coastal 
area is formed by Ekman dynamic process in the 
surface layer. 

 

 

 
(a) 

 

 

 

(b) 

 

(c) 

Fig. 5.  (a) Component Velocity U, (b) Component velocity V, (c) Graph of sea surface temperature in Batam waters, 

(Cont.) 
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(d) 

 

(e) 

Fig. 5 (Cont.) (d) Sea surface temperature distribution, (e) velocity of U and V Component component with Moon Sea 

Surface Temperature July. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 
 

(e) 

Fig. 6. (a) Component Velocity U, (b) Component velocity V, (c) Graph of sea surface temperature in Batam 

waters, (d) Sea surface temperature distribution, (e) velocity of U and V Component component with Sea Surface 

Temperature October 
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July At coordinates 1 ° 5 '0 "N, 104 ° 2' 0" E shows 
the highest wind velocity seen with a value of 5.05 
MS ** 

- 1
 For component U. As for component V has 

value Highest 6.08 MS ** 
- 1

. The highest sea surface 
temperature (SST) of Batam in January occurred on 
19-03-2016 with a value of 303.2 ° K (30.05 ° C). The 
transitional season 2 is the turn of the east monsoon 
to the west monsoon (Fig. 6). 

The 2nd transition season occurs in October At 
coordinates 1 ° 5 '0 "N, 104 ° 2' 0" E shows the 
highest wind speed seen with a value of 6.6 MS ** 

- 1
 

For component U. As for component, V Has the 
highest score of 4.85 MS ** 

- 1
. The highest Batam sea 

temperature (SST) in January occurred on 19-03-
2016 with a value of 302.87 ° K (29.72 ° C). The 
exposure of heat as a process of shifting from the sea 
to the atmosphere gives rise to cooling of the ocean 

surface, which is proportional to the amount of 
evaporation. The rate of evaporation as the transfer 
of heat from the ocean to the atmosphere is an 
average of 1m / year or about 3 mm / day (Ashok, 
2001).  

The result (Fig. 7) above shows that the identical 
U component is more normal to change the wind 
direction and its speed in comparison with 
component V. The U component has the highest 
value in December worth 5.26 MS ** 

- 1
 with a 

positive value which means that the wind moves in 
the direction West. And for component V maximum 
value existed in January with value reaching 10 MS 
** 

- 1
 with a negative value which means the wind 

move eastward. Time Series Sea Surface 
Temperature (SST) can be seen in (Fig. 8). 

 

 
 

Fig. 7. Graph of component U, and V annual period 
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Fig. 8. Time Series Sea Surface Temperature (SST) Period and Indian Ocean Dipole Index in 2016 

SST in Batam waters (1 ° 5 '0 "N, 104 ° 2' 0" E) 
during annual period (Fig. 3-6). During the course of 
the west monsoon event, the waters of Batam 
(January-February) have sea surface temperature 
with low value. Significant changes occur during the 
transition season 1, sea surface temperature in the 
rock waters rises and falls randomly. The 
occurrence of east monsoon causes the sea surface 
temperature in the waters of Batam to rise in 
temperature, and at the time of the transition 
season, 2 sea surface temperatures around Batam 
experiencing the temperature drop is not so drastic. 
Indian Ocean where lower SST is usually found off 
the west coast of Sumatra and warmer SSTs exist in 
most of the western Indian Ocean. The mass of 
water coming out of West Sumatera intensively out 
in transition season I, only in 2005 seen flow twice 
season in one year that transition season I and 
transition season II. This is accompanied by Nieblas 
et al., (2014), that the current of South Java is the 
current passing through the western coast of 
Sumatra-South Java occurring semi-annually, with 
the strongest currents occurring during the 
transitional periods I and II. 

In 2016, especially in June to November, 
moderate negative IOD is taking place with an index 
of -0.65. At the same time, the SST in Batam waters 
is decreasing. This indicates that IOD negative can 
cause the decrease of SST in Batam. Fig. 9 shows the 
distribution of periods owned by the wind and SST 
velocities in Batam waters by 2016. The wind speed 
in the waters of Batam has a predominant period of 
6 months (semiannual). However, the wind speed in 
the waters of Batam also has another period, 
namely intra-seasonal (35-90 days) and 10 
monthly. Besides wind speed, SST in Batam waters 
also has a semiannual dominant period. This 
indicates that seasonal factors are strongly 
influencing changes in SST and wind in the waters 
of Batam. 

 

6. Conclusion 

The results of this study concluded that the 

temperature and wind velocity characteristics 

associated with Indian Ocean Dipole (IOD) in Batam 

waters have low sea surface temperatures. The sea 

surface temperature is highest in the 1st transition 

and in the east monsoon season, whereas in the east 

monsoon season it decreases. Sea surface 

temperature is highest in April-May, and the lowest 

is in February-March. The U component is highest 

in December with the West (+ positive, and for the 

highest V component in January with the South 

(negative) direction. Sea surface temperature 

significantly.Based on FFT results, wind speed and 

SST in Batam waters have a dominant period of 6 

months (semiannual). 
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