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ABSTRACT
The phenomenon of Indian Ocean Dipole (IOD) can influence the variability of eddy in the
Southern Java Ocean (SJO). The purpose of this research is to know the characteristics of eddy in the
SJO at the time of the IOD condition. The research was conducted in Eastern Indian Ocean (EIO), South
of the Java Island by coordinate 0º S – 15º S and 90º E – 120º E. The data used in this research is currents
data, sea surface height (SSH) data, and temperature data from HYCOM, and Dipole Mode Index (DMI)
data from Japan Marine Science and Technology (JAMSTEC). Methods used for detecting eddy is using
the Automated Eddy Detection (AED) method. The results of this research show that the IOD
phenomena affect the variability of eddies in the SJO, this is evidenced by the difference of the total
eddies is generated at the time of normal conditions and at the time was going to the phenomenon of
IOD. Total average eddies on IODM (+) conditions is 153 and on IODM (-) conditions is 144. IODM
(+) conditions could cause the value of a central point of sea surface height (SSH) and sea temperature
is lower than the normal conditions, the opposite IODM (-) conditions can cause the value of a central
point of SSH and sea temperature is higher than the normal conditions.
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1. INTRODUCTION
The waters of the EIO, South of Java Island have a very high dynamics of water mass
variability because it’s influenced by some phenomena interaction between the ocean and the
atmosphere. One phenomenon that greatly affects the waters in this region is the IOD [1]. The
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interaction of the ocean and atmospheric phenomena such as IOD are known to greatly affect
the dynamics of water mass in the SJO. IOD is a climatic anomaly that occurs due to impaired
equilibrium interaction between the ocean and the atmosphere in the Indian Ocean [2]. This
phenomenon will further affect the mass dynamics of water by forming oceanographic
phenomena such as eddy (current vortex) in the SJO [3]. Eddy is a moving stream of powerful
circular currents in the direction of forming a vortex can cause the occurrence of upwelling and
downwelling transfer process in the waters. Eddy can be identified by using several parameters
such as sea temperatures, currents, SSH, the concentration of chlorophyll-a, and wind [4]. At
the time of normal conditions, the formation of an eddy in the SJO tends to be affected by the
instability of the flow of the South Java Current (SJC), Indonesian Through Flow (ITF), and
South Equatorial Current (SEC) [5]. The IOD phenomenon, which is the phenomenon of the
ocean and atmospheric interactions in the Indian Ocean will greatly affect the current movement
in the waters of the SJO, one of which is the ITF [6]. In addition, the IOD phenomenon can
affect heat transport on the eddy vortex [7]. Study on the phenomenon of the eddy and the
interaction of the ocean and the atmosphere in the waters of the SJO has been done by some
earlier researchers. But yet the existence of a deeper discussion about the relationship of eddy
with the phenomenon of the interaction between the ocean and the atmosphere specifically
against the phenomenon of IOD in the waters of the SJO. Based on the foregoing it is necessary
studies regarding the relationship with the IOD phenomenon eddy that occurred in the SJO, to
know the characteristics of an eddy in the SJO at the time was going on IOD.

2. METHODS
2. 1. Study area
The study area located in the waters of the Southern Java Ocean with coordinates 0º LS 15º LS and 90º BT - 120º BT (Figure 1).
2.1

Figure 1. Research Study Area
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The waters of the SJO is complex because the waters there are several physical
phenomena such as sea monsoon system, IOD, ENSO, ITF, SEC, SJC, upwelling,
downwelling, geostrophic currents and eddy [8]. IOD phenomena affect the dynamics of water
masses in the waters of the SJO by forming the phenomenon of oceanography as an eddy [3].
2. 2. Data and Method
The data used in this study are current, SSH, sea temperature, and DMI data in the waters
of the SJO. Data for current components U and V, SSH, and sea temperature sources of
HYCOM (www.hycom.org). All the data are used in this research start from 2007 - 2017, with
a spatial resolution of 1/12°, monthly temporal resolution, and with four different depths (0 m,
50 m, 125 m, and 200 m). DMI data sourced from JAMSTEC in the form of a monthly index
taken from January 2007 until December 2017.
The data processed are current, SSH, and sea temperature data to identify the presence
and characteristics of eddy using the AED method. This method is developed by Nencioli et al.
(2008) [9], which has been used by Dong et al. (2009) in his study to detect eddy on Hawaiian
Island [10], Tussadiah et al. (2015) in their study to look at the eddy vertical structure in
Southern Java Ocean [11], and Simanungkalit et al (2017) in their research to see the effect of
the ENSO phenomenon on eddy variability in Western Pacific Ocean [12].
The visualization of horizontally current data is done using the Matlab R2013b software.
In the creation of a current pattern visualization, downloaded current data is displayed using the
coastline data obtained from the GSSHS Coastline Database with Using M_map Toolbox.
Identifying eddy existence in the study area, conducted using AED method. This method
consists of an algorithm that has been validated with a high resolution model of the Southern
California Bight. The result of this AED shows good performance in terms of detecting the
eddy current. It will produce eddy spatial distribution images and statistical data consisting of
the position of the eddy center point, eddy frequency, radius, and type of eddy. The result of
the data will then be made to a monthly average of 4 different depths.
The visualization of horizontally SSH data is done with the current data on a monthly
basis, which is further sought by the value of SSH at the eddy center point and then made in the
monthly average. For the visualization of horizontally temperature data is done with
horizontally current data on a monthly basis at 4 different depths that are subsequently sought
from the value of the temperature at the eddy center point and made in the monthly average.
The SSH and temperature parameters are used as supporting data in data analysis on eddy
characteristics. The IOD analysis can be done by identifying DMI timeseries graphs
representing IOD events annually. DMI data will also be processed to see IOD events in the
study year. Then, the presence and characteristics of eddy will be analyzed during IOD
conditions.

3. RESULTS AND DISCUSSION
3. 1. IOD events in 2007 – 2017
The value of the DMI positively indicates that the sea level temperature is cooler in the
EIO compared to the Western Indian Ocean (WIO). The negative DMI value indicates that the
sea level temperature is cooler in the WIO compared to the EIO [13]. Graph of DMI values
from 2007 – 2017 can be seen in Figure 2.
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Figure 2. Graphics DMI Years 2007 – 2017

In April until August 2017, has the longest IODM (+) phase, which occurs for 5 months
with the highest DMI value in May with a value of +0.71. In June until October 2016, has the
longest IODM (-) phase, which occurs for 5 months with the highest DMI value in July with a
value of -1, 35. Determination of IOD phenomenon is chosen by determining the highest value
of DMI. The IODM (+) phase was taken in May 2017 with the highest positive DMI value and
the IODM (-) phase was taken in July 2016 with the highest negative DMI value.
In the condition of IODM (+) the EIO region is high pressure, while the WIO region is
low pressure, resulting in the movement of airflow that carries water mass on the surface of the
waters to the WIO region. In the case of IODM (-) the WIO region is high pressure, while the
EIO region is low pressure, resulting in the movement of airflow carrying water mass on the
surface of the waters to the EIO region [14].
3. 2. Eddy Variability
There are two types of eddy differentiated based on the difference in the color of the
circle, the red circle is a cyclonic eddy (CE) types and the black circle is an anticyclonic eddy
(AE) types. The CE moved clockwise while the AE moves counterclockwise. The black dots
inside the circle indicate the position of the eddy center point, which can be seen in Figure 3.
In the SJO, there are three mainstream systems that flow throughout the year. This current
system can be seen in Figure 3, which is indicated by three lines that have different color
differences. The currents that bring water mass from the Pacific Ocean to the Indian Ocean
called the ITF are indicated by a green line [15], a surface current flowing from northwest
Australia to the westward of Indian Ocean called the SEC is indicated by a black line [16], and
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a monsoon flow that flows across the boundary between SEC and the southern coast of the
Indonesian archipelago called the SJC is indicated by a blue line [17].

Eddy Detected
September 2009

SJC
ITF

SEC

: Cyclonic Eddy

: Anticyclonic Eddy

Figure 3. Eddy Distribution using AED Methods

Based on the results of the data processing formation of an eddy in the four different
depths in May 2017 representing the IODM (+) event, it was revealed that the total eddy was
153 eddy, with a total of CE types is 78 eddy and a total of AE types are 75 eddy. With varying
diameters ranging from 17 – 365 km. Meanwhile, in July 2016 representing the IODM (-) event,
it was revealed that the total eddy was 144 eddy, with a total of CE types is 68 eddy and a total
of AE types is 76 eddy. With varying diameters ranging from 24 – 465 km, which can be seen
in Figure 4.
The eddy position formed in the IODM (+) phase and the IODM (-) phase will differ due
to the direction of different airflow movements in both phases. In the condition of IODM (+),
there is a movement of air flow that carries water mass on the surface of EIO to the WIO.
Conversely, in the condition of IODM (-) there is a movement of air flow that carries water
mass on the surface of waters of WIO to the EIO [14].
At a depth of 0 m in the SJO during the IODM phase (+), there is 17 eddy, consisting of
7 CE types with diameters ranging from 41 – 213 km and 10 AE in diameter ranging from 29
– 238 km. At the time of the IODM (-) phase, there was 14 eddy, consisting of 6 CE types with
diameters ranging between 29 – 134 km and 8 AE types with diameters ranging from 38 – 377
km.
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Figure 4. Eddy and the Temperature Distribution of the IODM (+) Phase (Left) and
IODM (-) Phase (Right)
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At a depth of 50 m during the IODM (+) phase occurred addition of eddy to 24 eddy,
consisting of 13 types of CE with diameters ranging between 38 – 248 km and 11 types of AE
with diameters ranging between 17 – 365 km. Can be seen in Figure 4c occurs increment
number of CE with a diameter range of 43 – 118 km, caused by the effect of IODM (+)
conditions on the ITF, thus meeting the flow of SEC at the coordinates of 10 ºLS and 111 ºBT.
The effect of the IODM (+) condition resulted in the formation of CE and AE at coordinates 11
– 14 ºLS and 100 – 106 ºBT with a diameter range of 68 – 214 km. At that coordinate, the ITF
is bent towards the south because it meets the SJC from the west and then meets SEC. In
addition to the coordinates 0 – 13 ºLS and 90 – 102 ºBT also occurs the addition of CE and AE
with a considerable amount.
At a depth of 50 m when the IODM (-) phase occurred the addition of eddy to 39 eddy,
consisting of 19 type CE with diameters ranging from 37 – 167 km and 20 types of AE with
diameters ranging between 28 – 465 km. Can be seen in Figure 4d at coordinates 0,8 ºLS – 99,
36 ºBT and 5.52 ºLS – 103.52 ºBT, there are increments of CE with a diameter of 52 km and
57 km caused by the effect of IODM (-) conditions against ITF. Meanwhile, at the coordinates
3 – 15 ºLS and 90 – 106 ºBT, there are CE and AE enhancer with considerable amount caused
by the influence of IODM (-) phase to the SJC flow which then interacts with SEC.
At a depth of 125 m when the IODM (+) phase occurred the addition of the eddy to 47
eddy, consisting of 25 type CE with diameters ranging between 43 – 141 km and 22 AE types
with diameters ranging between 37 – 242 km. Can be seen in Figure 4e, this happens because
the flow is affected by IODM (+) conditions, resulting in many interactions between ITF, SJC,
and SEC. This interaction also affects the number of eddy at a depth of 200 m, where at a depth
of 200 m occurred adding the number of eddy to 65 eddy, consisting of 33 type CE with
diameters ranging between 17 – 175 km and 32 type AE with diameters ranging between 17 –
163 km that can be seen in Figure 4g.
At a depth of 125 m during the IODM (-) phase, there was a total number of eddy to 41
eddy, consisting of 19 CE types with diameters ranging between 44 – 136 km and 22 AE types
with diameters ranging between 24 – 242 km. Can be seen in Figure 4f, this happens because
the influence of IODM (-) conditions to the SJC and SEC streams that interact at coordinates 6
– 15 ºLS and 96 – 110 ºBT resulting in the addition of CE and AE at those coordinates with a
diameter range of 44 – 242 km. This interaction also affects the number of the eddy at a depth
of 200 m, where at a depth of 200 m occurred adding the number of eddy to 50 eddy, consisting
of 24 CE types with diameters ranging from 25 – 179 km and 26 AE types with diameters
ranging between 33 – 202 km. Can be seen in Figure 4h, there is an increase in the number of
eddy that is quite a lot due to the effect of IODM (-) conditions that cause interaction between
ITF, SJC, and SEC.
In Figure 3 can be seen the temperature distribution pattern at four different depths in
May 2017 representing the IODM (+) events and in July 2016 representing the IODM (-) events.
As the depth increases, the sensitivity of sunlight is decreasing and the temperature value is
lower. Because of this, the temperature value of the eddy central point at four different depths
decreased from a depth of 0 m to a depth of 200 m. The average temperature value at the SE
and AE Center points at four different depths can be seen in Table 1.
The temperature center point value in the IODM (+) phase of the 4 depth indicates a lower
value. The decrease in the temperature value of IODM (+) condition occurs because the
condition of IODM (+), SJO is experiencing upwelling phenomenon so that the temperature of
the water is lower than usual. The increase in the temperature value of IODM (-) condition
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occurs because the condition of IODM (-), SJO is experiencing downwelling phenomenon so
that the temperature of the water is higher than usual.
Table 1. Average Temperature of the Eddy Center Point at 4 Depths.
IODM (+)

IODM (-)

Depths (m)
CE (ºC)

AE (ºC)

CE (ºC)

AE (ºC)

0

28,33

28,15

28,63

28,66

50

27,77

28,14

28,17

28,21

125

18,58

20,51

19,71

20,77

200

13,96

14,88

14,13

14,80

According to the table above can be seen that the CE temperature value is lower than the
AE temperature value. This indicates that at a depth of 0 m, CE experiences upwelling and AE
experiencing downwelling. The formation of the CE it will cause the upwelling indicated with
a lower temperature value on the surface, and vice versa [18]. At a depth of 0 m (IODM (+)
phase), the temperature center point value is higher than AE. This occurs because of the lag
phase of the mass rising water to the surface, where there is a time lag of about 10 days in the
rise of the eddy temperature to the surface [19].

a.)

Eddy Detected
May 2017

: Cyclonic Eddy

b.)

Eddy Detected
July 2016

: Anticyclonic Eddy

Figure 5. Eddy and SSH Distribution of the IODM (+) Phase (Left) and
IODM (-) Phase (Right)

Figure 5 is the result of an overlay visualization between eddy and SSH in May 2017 and
July 2016. Based on the results of data processing between eddy and SSH in May 2017
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representing the incidence of IODM (+) indicates that CE has an average value of SSH center
point of 0,49 m which is lower than the central point of SSH AE with an average value of 0,62
m. Based on the results of data processing between eddy and SSH in July 2016 representing the
IODM (-) event indicates that CE has an average value of the center point of the SSH of 0,53
m which is lower than the average value of the central point of SSH AE of 0,67 m.
The SSH central point value in the IODM (+) phase shows a lower value than during the
IODM (-) phase, this is due to the IODM (+) condition of air flow movement that carries water
mass from the surface of the SJO to the WIO, thus causing the phenomenon of upwelling in the
surface of the SJO that caused the sea level is lower than the surrounding waters. In contrast, in
the condition of IODM (-) there is movement of air flow that carries water mass from the surface
of WIO to the territory of SJO, thus causing the phenomenon of downwelling on the surface of
the SJO, which causes higher SSH than the surrounding waters.
The low point value of SSH CE compared to AE occurs because in areas where CE will
cause divergences that cause the vacuum mass of water and low SSH at the eddy center point
[20]. In contrast, the AE will occur convergence that causes the mass of water and the height
of SSH at the eddy center point. Furthermore, the effect of coriolis causes the current direction
to exit the eddy center on the cyclonic type and on the anticyclonic type to the eddy center [21].
The low SSH values are associated with upwelling or cyclone areas, while areas with high SSH
are generally associated with downwelling or anticyclonic areas [22-25].

4. CONCLUSIONS
It can be concluded that the IOD phenomenon affects eddy characteristics in the SJO.
There are a distinction of the number of eddy formed, eddy diameter, eddy type, sea temperature
center point values, and SSH central point values at the time of IODM (+) and IODM (-) phases.
Eddy is more widely formed at the time of the IODM (+) phase than during the IODM (-) phase.
The sea temperature and SSH center point value are lower at the time of the IODM (+) phase
than during the IODM (-) phase
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