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Abstract. The differences of altimetry in the Pacific Ocean and the Indian Ocean causes the
Indonesia Throughflow or commonly called ITF. The altimerty will have variation when the
ENSO (EI Nino Southem Oscilation) occur. The altimetry data from AVISO is used to find out
how much the influence of ENSO to varations of that indicator in particular the altimetry
difference between the western Pacific Ocean to the eastem Indian Ocean. When El Nino
occured, the altimetry in the western Pacific Ocean will be lower than the altimetry of eastern
Indian Ocean while the opposite condition occurs when the La Nina happened that the
differences of altimetry in western Pacific Ocean higher than the altimetry in eastern Indian
Ocean. These differences will affect the transport of 1TF.

1. Introduction

ENSO (El Nino Southern oscilation) is phenomenon that influence climate variability takes place in
Indonesia, the equatorial Pacific and the world [1]. ENSO phenomenon consists of two events as El
Nino and La Nina. E] Nino occurs when an increase in sea surface temperatures in the eastern and central
Pacific Ocean associated with decreased rainfall in Indonesia while when La Nifia occurs indicates the
opposite condition [2, 3]. The phenomenon of El Nifio and La Nifia can be learned from a number of
indicators such as sea surface temperature anomalies, the southern oscillation index, sea surface height,
and Indonesia Throughflow or commonly called the ITF [1].

Nino and La Nina is a phenomenon in the equatorial Pacific Ocean characterized by a five consecutive
3-month running mean of sea surface temperature (SST) anomalies in the Nifio 3.4 region that is above
(below) the threshold of +0.5°C (-0.5°C). This standard of measure is known as the Oceanic Nifio Index
(https://www.nede.noaa.gov/teleconnections/enso/indicators/sst.php).
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Indonesia Throughflow (ITF) is a sy{flin of ocean circulation in Indonesian waters where there is a
current path that brings water masses from the Pacific Ocean to the Indian Ocean [4]. These currents
occur due to differences in sea surface height bjween the Pacific Ocean and the Indian Ocean [5]. The
ITF is mainly caused by differences in sea level between the Pacific Ocean and the Indian Ocean, namely
the inner surface of the tropical western Pacific Ocean is higher than in the eastern Indian Ocean,
resulting in a pressure gradient resulting current to flow from the Pacific to(flle Indian Ocean [4].
Indicators to assess the ITF is important to observe the sea surface heights in the Pacific and Indian
acean as well as the variability of sea surface temperature in Indonesian waters [1].

1

ITF is an important part of the Global Conveyor Belt which connects the Pacific and Indian Oceans in
the tropical zonf)]5]. Has many research projects on the ITF since a few hundred years ago [6]. Most
publications on the I'TF has investigated the variability of volume and heat flux at different time scales
of decades to inter-annual and seasonal ranges as well as the phenomenon of Indian Ocean Dipole (I0D)
[7] and the El Nifio Southern Oscillation (ENSO) [8, 9].

Several studies have been conducted to identify the characteristics of some waters in Indonesia which
is traversed by the [TF at the time of occurrence of El Nifio and La Nifia. The phenomenon of El Nifio
and La Nifia effect on the ITF transport through the Strait of Lifamatola which is one offbhe eastern part
of the ITF which has a threshold at a depth of approximately 1940 m to represent the occurrence of El
Nifo and La Nifia [10]. The other studies in the Timor Sea about the weather phenomenon El Nifio and
La Nifia impact on transport ITF shown variation of parameters such as sea temperature, salinity and
ITF transport [4]. Sea surface height in the Pacific Ocean and tff [ndian Ocean is an important indicator
in assessing the I'TF [1]. This study will examine how different sea surface heights in the western Pacific

and eastern Indian Ocean during El Nifio and La Nifa.
7

Research on the effects of El Nifio and La Nifia on parameters [TF has been conducted by several
researchers. However, in this study focuses on sea surface height value differences between the western
Pacific Ocean to the Indian Ocean at the time of the eastern part of El Nifio and La Nifa.

2. Data and methodology

Sea surface height data wused in this study come from htip://www.aviso.sea surface
height.fr/en/data/products.html [11]. The data obtained are daily sea surface height data with a resolution
of 0.25 ® x 0.25 ° to the length of the data is taken from the January 1993 to December 2015. The selected
study area is the region of the western Pacific Ocean and the Indian Ocean to the east. The locations are
at 125°-145°E and 10 ® - 0° N to the Pacific Ocean to the westand 110°-130°Eand 10°-20° S
for the eastern part of the Indian Ocean region (figure 1) [12]. The location determinatiof based on
the theory of the ITF stating that the ITF attributed to differences in sea surface height between the
Pacific Ocean and the Indian Ocean [5].

To read the sea surface height data have been obtained from AVISO use ODV 4.7.8 software (Ocean
Data View 4.7.8). The data is then converted into a text format that is then processed using Microsoft
Excel. Processing data using Microsoft Excel is made to change the daily sea surface height data into
monthly sea surface height data by way of averaging the daily data. Having obtained monthly sea surface
height data, calculated the difference between sea level in the western Pacific Ocean on the sea level in
the eastern part of tff§ Indian Ocean. The calculation of the height difference is{@complished by
reducing the value of sea surface height in the western Pacific Ocean with a value of sea surface height
in the eastern Indian Offan. The reason for this way is based on the theory that the ITF is caused by the
difference in sea level between the Pacific Ocean and the Indian Ocean where the inner surface of the
tropical Pacific Ocean West is higher than in the Indian Ocean in the east [4].
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Figure 1. Research location (Source: Huang et al., 2011)

To @ermine the condition of El Nino and La Nina, we used the sea surface temperature anomalies in
the Nino 3.4 region. The anomaly data obtained from http:/www.cpc.ncep.noaa.gov. If thefEalue of
Nino 3.4 SST anomalies greater than 0.5, then the condition is indicative of the occurrence of the El
Nino phenomenon whereas if Nino 3.4 SST anomaly values smaller than -0.5 then indicate the
occurrence of the phenomenon of La Nina. Furthermore, the period of time which indicates the
occurrence of ENSO phenomenon will be compared against sea surface height conditions in both areas
where he did research. Thus, it can be seen sea surface height variation among the sites to ENSO events.

3.  Result

The calculation results of average difference of altimery in the western Pacific Ocean region and Indian
Ocean east part shows the variation of the ENSO phenomenon. Atthe time ofthe sea surface temperature
B3 maly Nino 3.4 higher value of 0.5 indicating the occurrence of El Nino, sea surface height difference
between the eastern Pacific Ocean and the Indian Ocean east section indicates a negative value. It shows
that in the event of El Nino conditions in the Pacific Ocean sea surface height western part is lower than
it would be in the eastern part of the Indian Ocean. The opposite occurs when sea surface temperature
EB maly Nino 3.4 worth less than 0.5 indicating the occurrence of La Nina, sea surface height difference
between the eastern Pacific Ocean and the Indian Ocean east section indicates a negative value. It shows
that in the event of El Nino conditions in the Pacific Ocean sea surface height western part is lower than
it would be in the eastern part of the Indian Ocean.
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Table 1. The monthly difference of sea surface height to ENSO phenomena

Waktu Jan Feb Mar  Apr Mei Jun Jul Agu Sep Okt Nov Des
1993 -0.06 000 <002 <0010 -0.08 <006 <006 -0.03 0 -002 0.01 -0.01 -0.07
1994 -0.09  -0.05 000 <003 -005  -002 <001 0.04 0.01 0.05 0.03 -0.05
1995 -0.08  -0.08  -0.03 <003 -003 -001 003 0.06 006 005 0.05 0.01
1996 -0.03 -0.02 <002 002 -0.03 <004 001 001 0.04 0,03 0.03 -0.03
1997 010 -006  -0.09 <007 -0.10  -008 007 -0.04 <005 006 007 -0.10
1998 -0.09  -0.07 <004 0.00 0.01 0.03  0.01 0.04 006  0.08 0.04 001
1999 0.01 0.05 0.07 0.04 0.00  0.00 004 005 007 0.10 0.04 0.00
2000 000 003 0.04 000 -003 001 002 003 0.05  0.03 0.01 -0.03
2001 -0.01 003 0.02 000 <002 -001 -0.02  0.01 0.04  0.05 0.01 -0.05
2002 -0.09  -003 -007 <006 -0.06 <004 003 004 -005 007 <010 -0.14
2003 -0.12 -0.11 =003 -001 -0.01 <005 <002 000 002 006 -0.01  -0.04
2004 -0.04 000 002 -0.06 -0.08 -006 -0.05 -0.01 004 003 002 003
2005 -0.05  -0.05 002 <003 -0.02 0 -001 001 0.01 0.04 0,03 0.01 -0.03
2006 -0.02 001 0.05 0.03 0.01 0.02 001 0.01 002 003 001 -0.04
2007 0.4 -0.05 002 <004 -005 001 003 0.05 008 011 0.09 0.06
2008 007 010 0.08 002 <003 000 005 0.09 0.08  0.05 0.03 0.05
2009 002 003 0.02 0.01 -0.03  -001 =001 0.01 003 -001 005 -0.11
2010 -0.12 -0l <006 <001 0.01 0.04 004 004 006 002 0.03 0.00
2011 0.01 0.01 0.01 -0.04  -0.04 -004 -0.02 002 0.09 010 0.07 0.03
2012 002 000 0.03 -0.03 002 002 004 008 0.07  0.06 0.00 0.00
2013 001 -0.01 0.02 0.05 002  0.00 000 002 0.05  0.04 -0.01 0.01
2014 -0.02  -003  -008 <009 -0.10  -007 0.4 002 000 0.01 0,01 -0.05
2015 -0.08  -0.13 0 -002 0 <0011 -0013 <0014 -0001 011 <007 -0.07 0 009 -0013

Rata-rata  -0.04 -0.02 -0.01 -0.02 -0.04 -0.02 -0.01 0.01 0.03  0.03 0.00  -0.03

Note: Red (El Nino) and Blue (La Nina)

Presented in a comparison chart between Nino 3.4 SST anomaly for differences sea surface height, can
be seen the opposite pattern between these two parameters. When Nino 3.4 SST anomaly is positive
then the difference between sea surface height is negative, whereas when the anomaly Nino 3.4 is

negative then the difference between sea surface height be a positive value
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Figure 2. The comparison table between SST anomaly Nino 3.4 and difference of sea surface height
(western Pacific Ocean and eastern Indian Ocean)

If it compared to the average value of the difference b@lveen sea surface height during the years 1993 -
2015 against (5 average difference sea surface height during El Nino and La Nina clearly indicates that
at the time of El Nino in the western Pacific Ocean will be lower than the Indian Ocean to the east and
conditions the opposite occurs during La Nina.
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Figure 3. The comparison table between average difference of sea surface height in 1993-2015, El Nino,
and La Nina
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4. Discussion

From the calculation results obtained, shows that the sea level or sea surface height in the western Pacific
Ocean and the Indian Ocean east section varies with ENSO events. In previous references mentioned by
Hasanuddin (1998) [4] that the western Pacific ocean are higher than the Indian Ocean there are
differences in the eastern part of the data processing is performed in this study. Sea sfEce height
altitude in the western Pacific Ocean can also be lower than the height of sea surface height in the eastern
Indian Ocean.

The characteristic of ITF itself throughout the current year is always moving from the Pacific Ocean to
the Indian Ocean [4] if it is associated with the calculated variation sea surface height in both locations,
will be related to the speed of flow and transport ITF itself. In a study conducted Safitri the ITF in 2012
in the Timor Sea, showed that when La Nina transport ITF will be higher than during El Nino. Similar
to Safitri’s research in 2012, previous studies during a La Nina debit ITF transport will be larger. If it is
associated with the difference between sea surface height results during ENSO then there is a match
against former research.

In the event of La Nina sea surface height in the western Pacific Ocean will be higher than the sea
surface height in the eastern Indian Ocean. Sea surface height higher in the north will cause a larger
gradient for supporting normal conditions ITF itself that moves from the Pacific Ocean to the Indian
Ocean to transport ITF becoming stronger. Whereas in the event of El Nino sea surface height in the
western Pacific Ocean become leih low compared with sea surface height in the eastern part of the Indian
Ocean thus undermining the normal conditions of the ITF itself that causes the transport ITF becoming
weaker.

5. Conclu siﬁn

4
ENSO effect on sea surface height variation in the western Pacific Ocean and the Indian Ocean east
section which relate to the ITF transport. The size of the ITF transport associated with sea surface height
conditions at both sites were impacted strengthen or weaken the normal conditions ITF. So, it makes a
pressure gradient variations that cause variations in transport ITF.

References

[1] Pranowo, W. S., Kuswardhani, A. R. T. D., Kepel, T. L., Kadarwati, U. R., Makarim, S., Husrin, 8. 2005.
Menguak Arus Lintas Indonesia : 11-12 p. Pusat Riset Wilayah Laut & Sumberdaya Non-hayati Badan
Riset Kelautan dan Perikanan Departemen Kelautan & Perikanan, Jakarta. ISBN: 979-3768-06-1.

[2]  Kane, R.P. 1997. Relationship of El Nifio-Southern Oscillation and Pacific Sea Surface Temperature with
Rainfall in Various Region of the Globe.Mon. Wea. Rev., 125:1792-1800 p.

[3]  Ropelweski, C.F dan M.S. Halpert. 1987. Global and Regional Scale Precipitation Pattern Associated with
the El Nifio /Southern Oscillation.Mon. Wea. Rev., 115: 1606-1626 p.

(4] Safitri, M., Cahyarini, S. Y., Putri, M. R. 2012. Variasi Ars ITF dan Parameter Oseanografi di Laut Timor
Sebagai Indikasi Kejadian ENSO. Jumal Ilmu dan Teknologi Kelautan Tropis. Departemen llmu dan
Teknologi Kelautan FPIK IPB, Bogor.

[5] Mayer, B., Damm, P. E., Pohlmann, T., Rizal, 8. 2010. What Is Driving The ITF? An [llumination of The
Indonesian Throughflow with A Numerical Nested Model System. Dynamics of Atmospheres and Oceans,
50. Elsevier. doi: 10.1016/j.dynatmoce.2010.03.002.

6] Aken, H.M., 2005. Dutch Oceanographic Research in Indonesia in Colonial Times. Oceanography 18 (4):
30-41p.

[7] Masumoto, Y., 2002. Effects of Interannual Variability in The Eastem Indian Ocean on The Indonesian
Throughflow. Journal of Oceanography, 58: 175-182 p.

[8] Gordon, A.L., Susanto, R.D., Ffield, A., 1999. Throughflow within Makassar Strait. Geophysical Research




2nd Intemational Conference on Tropical and Coastal Region Eco Development 2016 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 55 (2017) 012066 doi:10.1088/1755-1315/55/1/012066

Letters 26 (21): 3325-3328p.

[9] Potemra, J. T., Sprintall, J., Hautala, S. L., dan Pandoe, W. 2003. Observed Estimates of Convergence in
The Save Sea, Indonesia. J. Geophys. Res., 108(C13): 3001 p. doi:10.1029/2002JC 0015 07.

[10] Oktaviani, A. P. P, 2008. Analisis Sinyal El Nifio Southern Oscillation (ENSO) dan Hubungannya dengan
Variabilitas Arus Lintas Indonesia di Selat Lifamatola. Jurnal Ilmu Kelautan. Desember 2008, 13(4): 209
218 p. ITB, Bandung.

[11]  AVISO Archiving, Validation and Interpretation of Satellite Oceanographic. 2008. AVISO and PODAAC
user Handbook IGDR and GDR Jason Productd™ ed. AVISO, France, 130 p.

[12] Huang, Y.S. Lee, T. Q. Hsu, S. K. 2001. Milankovitch-scale Environmental Variation in The Banda Sea
Over The Past 820 ka: Fluctuation of The Indonesian Throughflow Intensity. Journal of Asian Earth
Science. Elsevier. doi: 10.1016/j.jseaes.2010.08.01 1.




The effect of ENSO to the variability of sea surface height in
western Pacific Ocean and eastern Indian Ocean and its
connectivity to the Indonesia Throughflow (ITF)

ORIGINALITY REPORT

9. 6e. 10% 6«

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Mayer, B.. "What is driving the ITF? An 20/
illumination of the Indonesian throughflow with a °
numerical nested model system"”, Dynamics of
Atmospheres and Oceans, 201008

Publication

onlinelibrary.wiley.com 1 o

Internet Source

Sprintall, J.. "Temperature and salinity variability 1 0
in the exit passages of the Indonesian °
Throughflow", Deep-Sea Research Part I,

e

200307
Publication
www.nodc.noaa.gov
Internet Source g 1 %
leonpanijtar.eu
InternetpSour(J:e 1 %
n Xiaolin Zhang, Allan J. Clarke. "On the 1 o
(0]

Dynamical Relationship between Equatorial



Pacific Surface Currents, Zonally Averaged

Equatorial Sea Level, and EI Nifo Prediction”,

Journal of Physical Oceanography, 2017

Publication

Submitted to London School of Hygiene and

Tropical Medicine
Student Paper

1o

Wei Shi. "Estimation of heat and salt storage
variability in the Indian Ocean from
TOPEX/Poseidon altimetry", Journal of
Geophysical Research, 2003

Publication

1o

International Association of Geodesy Symposia,

2010.

Publication

1o

www.raa-journal.org

Internet Source

1o

Karina von Schuckmann, Pierre-Yves Le Traon,

Enrique Alvarez-Fanjul, Lars Axell et al. "The
Copernicus Marine Environment Monitoring
Service Ocean State Report", Journal of
Operational Oceanography, 2017

Publication

1o

Chao-ping Ma, Xiao-yun Lin. "Chapter 8
Analysis on the Development Path of Urban
Agglomeration in Gulf Region of Guangdong,
Hong Kong, Macao Under the Background of

1o



Big Data", Springer Science and Business
Media LLC, 2020

Publication

Exclude quotes On Exclude matches <1%

Exclude bibliography On



	The effect of ENSO to the variability of sea surface height in western Pacific Ocean and eastern Indian Ocean and its connectivity to the Indonesia Throughflow (ITF)
	by Munasik Munasik

	The effect of ENSO to the variability of sea surface height in western Pacific Ocean and eastern Indian Ocean and its connectivity to the Indonesia Throughflow (ITF)
	ORIGINALITY REPORT
	PRIMARY SOURCES


