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Abstract: El Nino Southern Oscillation (ENSO) is an irregular climate oscillation induced by sea surface
temperature anomalies (SSTA) in the Equatorial Pacific Ocean. An anomalous warming in this area is known
as El Nino, while an anomalous cooling bears the name of La Nina. The objectives of this study are to:
reproduce Oceanic Nino Index (ONI) based on MW OISST; produce Nino Region 3.4 wind and Sea Surface
High (SSH); analyze the correlation between SST and Wind & SSH; discuss Typhoon Soudelor based on SST,
Wind, and SSH; and analyze the correlation of El Nino and Precipitation in specific area. MWOI-SST was
used to produce monthly mean SST over Nino 3.4 region from January 1998 — May 2020. Monthly wind
data was obtained from QuickScat. Daily Sea Surface High (SSH) was obtained from Copernicus Marine
Environment Monitoring Service (CMEMS). Daily precipitation from TRMM 3B42 over Bandung City
(Indonesia) was used to assess the correlation between El Nino and precipitation in specific area. The results
show that in Nino 3.4 region, 2015 is the hottest year during 1998-2020 period with average SST of 28.50C,
and 1999 is the coldest year with average SST of 25.70C. The result shows that the MWOI-SST Ocean Nino
Index has very strong correlation with ERSST.v5 with coefficient of correlation is 0.92 and RMSE is 0.360C.
the wind speed of Nino 3.4 region is range from 5.23 m/s to 7.97 m/s. Unlike Sea Surface Temperature
(SST), annual average wind speed is more stable with monthly variation. The wind speed is observed high
in the beginning and the end of years. Sea Surface Height (SSH) over Nino 3.4 region varied from 65.8 cm
to 106.8 cm. 2015 is the highest SSH with annual average of 96 cm, whereas 1999 is the lowest SSH with
annual average of 71.4 cm. It is observed that Sea Surface Temperature (SST) has negative correlation with
wind speed with coefficient of correlation of 0.28. Conversely, Sea Surface Temperature (SST) over Nino
3.4 region has positive correlation with Sea Surface High (SSH) with coefficient of correlation of 0.30. which
mean the higher temperature, the higher Sea Surface Height. During the passage of Typhoon Soudelor,
there is evident cool trail along its track with rightward bias. We can assume that the decreasing
precipitation in Bandung City might be affected by strong El Nino occurrence in 2015.
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INTRODUCTION

El Nino Southern Oscillation (ENSO) is a complex climate phenomenon that occurs in the
tropical Pacific Ocean and has a significant impact on global weather patterns. An anomalous
warming in this area is known as El Nino, while an anomalous cooling bears the name of La Nina
(Wang et al., 2018). ENSO is characterized by periodic variations in sea surface temperatures,
atmospheric pressure, and wind patterns, which can lead to changes in global climate patterns.
These changes can affect temperature, precipitation, and storm patterns, and can have significant
impacts on agriculture, water resources, and human health (Kovats, 2000). ENSO is well recognized
as the dominant mode of interannual variability in the Pacific Ocean and it affects the atmospheric
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general circulation which transmits the ENSO signal to other parts of world (Deliége &Nicolay,
2017). El Nino recurs at some time between 2 and 7 years, or 4.5 years on average, and can last
from 9 to 18 months. From 1950 to 2020, 23 El Nino episodes officially occurred using the ONI
threshold criterion (Glantz & Ramirez, 2020).

According to Banholzer & Donner (2014) and Hayashi et al. (2020), ENSO is driven by the
interaction between the ocean and the atmosphere in the tropical Pacific, and is characterized by
three phases: El Nino, La Nina, and Neutral. During an El Nino event, the eastern Pacific Ocean
warms, leading to an increase in atmospheric pressure and a decrease in wind strength. This can
result in a shift in global weather patterns, including an increase in rainfall in some regions and a
decrease in others. In contrast, during a La Nina event, the eastern Pacific Ocean cools, leading to
a decrease in atmospheric pressure and an increase in wind strength. This can also result in a shift
in global weather patterns, including an increase in drought conditions in some regions and an
increase in flooding in others.

ENSO events can have significant impacts on global climate patterns, including the
monsoon season in Asia and the hurricane season in the Atlantic (Wu, et al., 2009). Research has
also shown that ENSO can affect agricultural production, water resources, and human health. For
example, drought conditions associated with El Nino events can lead to crop failures and food
shortages, while heavy rainfall and flooding associated with La Nina events can lead to water
contamination and the spread of disease (Jorgensen, 2016). ENSO values can be demonstrated by
the Oceanic Nino Index (ONI) as well as changes in sea surface temperature that have an impact
on rainfall intensity. The Oceanic Nifio Index (ONI) has become the de-facto standard that NOAA
uses for identifying El Nifo (warm) and La Nifia (cool) events in the tropical Pacific (Prasetyo &
Nabilah, 2017).

The Ocean Nino Index (ONI) is a measure of the sea surface temperature (SST) anomaly in
the central and eastern tropical Pacific Ocean. It is used to monitor and classify El Nifio and La
Nifia events, which are large-scale climate patterns that can have significant impacts on weather
patterns, agriculture, and other aspects of the Earth's climate system (Rodriguez-Morata et al., 2019).
El Nifio events are characterized by warmer-than-normal SSTs in the tropical Pacific, while La Nifia
events are characterized by cooler-than-normal $STs. The ONI is calculated based on the three-
month running mean of the SST anomaly in the region between 5°N and 5°S, and 170°W and
120°W (Shabbar, 2006) (Figure 1). According to the National Oceanic and Atmospheric
Administration (NOAA, 2022), El Nifio events are declared when the ONI is greater than or equal
to 0.5°C for at least five consecutive months, while La Nifia events are declared when the ONI is
less than or equal to -0.5°C for at least five consecutive months.

The temperature of the upper layer of the ocean, referred to as sea surface temperature
(SST), plays a significant role in determining the climate and weather patterns of a specific region,
as well as influencing the behavior and distribution of marine life (Hartmann, 2015). On the other
hand, wind, which is the movement of air over the Earth's surface, is caused by variations in
temperature and pressure and plays a crucial role in the transfer of heat and moisture between the
Earth's surface and the atmosphere (Nachshon et al., 2012). Additionally, sea surface height (SSH),
which refers to the height of the ocean's surface in relation to a reference point, is impacted by
various factors such as the water's temperature and salinity, the density of the water, and the
gravitational forces of the Earth and Moon (Zhuang et al., 2010).

There is a strong correlation between SST and wind, as well as between SST and SSH. A
study by Philander (1989) found that the El Nifio-Southern Oscillation (ENSO) cycle has a strong
influence on global wind and SST patterns in the tropical Pacific Ocean. Li & Han (2015) also found
that wind speed and direction can significantly impact SST through surface heat exchange,
particularly in regions with strong and persistent winds. Additionally, Church & White (2006)
discovered that the thermal expansion effect, the relationship between SST and sea surface height,
plays a major role in observed sea level rise over the past century due to increasing SST caused by
global warming. Changes in SST can affect wind patterns and the exchange of heat and moisture
between the ocean and the atmosphere, which in turn can influence the height of the ocean surface.
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Similarly, changes in wind patterns and SSH can affect SST by influencing the exchange of heat and
moisture between the ocean and the atmosphere. All of these factors are interconnected and can
influence one another in complex ways, making it difficult to predict how they will behave in the
future.
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Figure 1. Nifio Regions

This study aims to reproduce the ONI using the MW OISST data, which is a dataset of
global SST observations from satellite and in situ measurements. In addition to this, the study aims
to produce Nino Region 3.4 Wind and Nino Region 3.4 Sea Surface High data, which will provide
further information on the atmospheric and oceanic conditions in the tropical Pacific region. We
will then analyze the correlation between the SST and Wind & SSH data in order to understand
how these variables are related to each other and how they may affect the ONI. In the final stages
of the study, we will discuss Typhoon Soudelor, a tropical cyclone that affected the Pacific region
in 2015, based on the SST, Wind, and SSH data. Finally, the study will also analyze the correlation
between El Nino and precipitation in a specific area, in order to understand how these two
variables are related and how they may affect the weather patterns in that region.

DATA & METHOD

The Daily Microwave Optimally Interpolated Sea Surface Temperature (MWOI-SST) is a
method for producing high-resolution, daily Sea Surface Temperature (SST) estimates using
microwave satellite data. It has been widely used in climate research and has been shown to be a
reliable source of SST data. The MWOI-SST method begins by collecting microwave satellite data
from sensors on satellites orbiting the Earth. These sensors measure the microwave emissions from
the Earth's surface, which are sensitive to the temperature of the surface water. The satellite data is
combined with in situ measurements of SST taken from ships, buoys, and other sources to produce
a gridded, daily estimate of SST. The MWOI-SST method has several advantages over other
methods of estimating SST. It is able to produce high-resolution, daily SST estimates, even in areas
where in situ measurements are scarce. It is also relatively insensitive to atmospheric conditions,
such as clouds and precipitation, which can make it difficult to measure SST using other methods.
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In this study, the MWOI-SST was used to calculate the monthly mean SST over the Nino
3.4 region, which is a region in the tropical Pacific Ocean that is known to be a key indicator of
global climate variability. The monthly mean SST was calculated for the period from January 1998
to May 2020 using geoprocessing techniques and the ArcGIS Model Builder software (Figure 2).
To obtain the Oceanic Nino Index (ONI), the monthly MWOI-SST data was compared to a 30-
year base period and the resulting anomalies were calculated.

Raster Calculator

Figure 2. ArcGIS Model Builder framework to produce monthly mean SST

Monthly wind data for the Nino 3.4 region was obtained from the Quick Scatterometer
(QuickScat), a satellite instrument launched in June 1999 and operated until November 2009.
Using ArcGlS, the monthly wind data was plotted and analyzed. In addition, daily Sea Surface
Height (SSH) data was obtained from the Copernicus Marine Environment Monitoring Service
(CMEMS), which processes altimeter data from various missions including Jason-3, Sentinel-3A,
and others. The data is processed by the SL-TAC multimission altimeter data processing system. To
study the correlation between El Nino and precipitation, daily precipitation data from the Tropical
Rainfall Measuring Mission (TRMM) 3B42 was also used, specifically for the Bandung City region
in Indonesia.

RESULT & DISCUSSION
MWOI-SST Oceanic Nino Index

The MWOI-SST (Multivariate ENSO Index - Standardized Sea Surface Temperature) Oceanic
Nino Index is a measure of the strength and duration of El Nifio and La Nifia events in the tropical
Pacific Ocean. The index is based on standardized sea surface temperature (SST) anomalies in the
region of the tropical Pacific Ocean known as the Nino 3.4 region, which is defined as the area
between 5°S and 5°N and 120°W and 170°W. The MWOI-SST Oceanic Nino Index is used to
monitor and predict the impacts of El Nifio and La Nifa events on global weather patterns and
climate.

Sea Surface Temperature (SST) is an essential climate variable for understanding the climate
system and quantifying ongoing climatic change. Global mean SST has risen from decade-to-decade
since the 1970s, with consequences for global weather patterns and oceanic ecosystems (Merchant
et al., 2019). Sea surface temperature anomalies influence the atmosphere by altering the flux of
latent and sensible heat from the ocean, and thus providing anomalous heating patterns (Holton
& Hakim, 2013). The SST over Nino 3.4 region is essential to analyze the ENSO occurrences. During
an El Nifio event, the MWOI-SST Oceanic Nino Index tends to be positive, indicating above-normal
$STs in the Nino 3.4 region. During a La Nifa event, the MWOI-SST Oceanic Nino Index tends to
be negative, indicating below-normal $STs in the Nino 3.4 region.

The result shows that in Nino 3.4 region, 2015 is the hottest year during 1998-2020 period
with average SST of 28.5°C, and 1999 is the coldest year with average SST of 25.7°C. March — June
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is the hottest months based on monthly average SST over the region. The following figures and
table are the results for monthly SST.

Monthly MWOI SST
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Figure 3. Monthly MWOI-SST timeseries

Table 1. Monthly Sea Surface Temperature (SST) over Nino 3.4 region

1 2 3 4 5 6 7 8 9 10 11 12
1998 | 289 | 283 | 285 | 28.2 | 27.3 | 26.1 | 25.5 | 253 | 254 | 25.3 | 24.9 | 24.6
1999 | 25.1 | 25.9 | 26.3 | 26.9 | 26.7 | 26.7 | 25.8 | 252 | 25.7 | 25.3 | 244 | 24.5
2000 | 24.8 | 25.3 | 27.0 | 26.8 | 27.0 | 26,9 | 26.2 | 25.9 | 26.0 | 25.7 | 25.5 | 25.5
2001 | 258 | 26.2 | 26.8 | 273 | 27.6 | 27.0 | 26.8 | 26.5 | 26.4 | 26.5 | 26.0 | 25.9
2002 | 26.4 | 26.7 | 27.2 | 27.7 | 281 | 279 | 27.5 | 274 | 27.5 | 28.0 | 27.8 | 27.6
2003 | 27.2 | 273 | 276 | 274 | 27.1 | 273 | 27.0 | 264 | 269 | 271 | 27.0 | 26.4
2004 | 264 | 26.6 | 273 | 27.8 | 278 | 27.1 | 27.4 | 269 | 27.1 | 27.0 | 27.0 | 26.9
2005 | 26.6 | 26.6 | 27.6 | 281 | 27.8 | 27.7 | 26.8 | 26.2 | 26,5 | 26.2 | 25.7 | 25.5
2006 | 25.5 | 259 | 269 | 274 | 27.7 | 27.2 | 27.0 | 271 | 27.0 | 273 | 275 | 27.2
2007 | 26.7 | 26.6 | 27.0 | 27.5 | 27.4 | 27.1 | 26.1 | 255 | 25.0 | 25.0 | 24.7 | 24.6
2008 | 24.8 | 25.3 | 26.3 | 289 | 27.1 | 27.1 | 26.7 | 263 | 26.1 | 26.1 | 25.8 | 25.1
2009 | 255 | 26.1 | 27.1 | 276 | 27.6 | 27.9 | 273 | 273 | 269 | 27.7 | 279 | 279
2010 | 27.6 | 27.7 | 282 | 28.0 | 27.2 | 264 | 255 | 249 | 24.8 | 24.8 | 24.7 | 244
2011 | 25.0 | 255 | 264 | 27.0 | 27.3 | 269 | 26.4 | 25.8 | 25.6 | 25.3 | 25.2 | 25.3
2012 | 25.2 | 26.4 | 26.8 | 273 | 275 | 27.6 | 274 | 27.1 | 26,5 | 26.8 | 26.5 | 26.0
2013 | 259 | 26.7 | 27.4 | 276 | 27.4 | 27.0 | 26.6 | 26.4 | 26.2 | 26.6 | 26.4 | 26.1
2014 | 259 | 26.4 | 27.6 | 279 | 28.1 | 27.6 | 26.8 | 269 | 26.8 | 27.1 | 27.3 | 26.9
2015 | 269 | 27.4 | 28.0 | 286 | 28.8 | 285 | 286 | 28.7 | 288 | 29.3 | 29.3 | 29.0
2016 | 29.0 | 28.8 | 289 | 285 | 27.8 | 27.2 | 26,5 | 26.1 | 259 | 26.0 | 26.1 | 26.1
2017 | 26.3 | 273 | 27.8 | 283 | 28.2 | 27.8 | 27.1 | 26.2 | 264 | 26.0 | 25.5 | 25.6
2018 | 25.7 | 26.2 | 27.0 | 27.4 | 27.7 | 27.6 | 27.1 | 26.7 | 27.1 | 27.5 | 27.5 | 27.0
2019 | 27.1 | 279 | 282 | 285 | 28.6 | 27.9 | 27.2 | 26.4 | 269 | 27.2 | 26.9 | 27.0
2020 | 269 | 27.2 | 279 | 28.1 | 27.4

Based on the Figures 3, 4, and 5, and Table 1, it appears that the average SST in the Nino
3.4 region was highest in 2015, with an average temperature of 28.5°C. This is likely due to the
presence of an El Nifio event during that year, which can lead to warmer-than-average SSTs in the
region. On the other hand, the coldest year on record was 1999, with an average SST of 25.7°C.
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This could be due to the presence of a La Nifia event, which is associated with cooler-than-average
$STs in the Nino 3.4 region.
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Figure 5. Average SST in Nino 3.4 region (MWOI-SST)

The months of March through June are typically the hottest in the Nino 3.4 region, based
on the monthly average SSTs. This is likely due to the fact that these months fall within the Northern
Hemisphere's spring and summer seasons, and the Nino 3.4 region is located in the tropics, where
temperatures are relatively warm year-round.

It's important to note that ENSO events can have a significant impact on global weather
patterns, and they can lead to fluctuations in temperature and precipitation levels in various regions
around the world. Understanding the characteristics of ENSO and its impacts on the climate can be
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important for a variety of applications, including agriculture, natural resource management, and
emergency preparedness.

Table 2. 3-month running mean of MWOI-SST anomalies in the Nifio 3.4 region

Year DJF JEM FMA MAM AMJ M) JA JAS ASO SON OND NDJ
1998 1.9 17 11 0.4 -0.5 -1.2 -1.6 -1.5 -1.4 -1.5 -1.7 -1.7
1999 -1.4 -1.1 -0.9 -0.9 -0.9 -1.1 -1.3 -1.3 -1.3 -1.6 -1.9 -2.0
2000 -1.8 -1.1 -0.9 -0.7 -0.8 -0.8 -0.9 -0.9 -0.9 -0.9 -1.1 -1.0
2001 -0.7 -0.5 -0.4 -0.4 -0.4 -0.4 -0.5 -0.4 -0.4 -0.5 -0.6 -0.5
2002 -0.2 0.0 0.0 0.1 0.2 0.3 0.3 0.5 0.8 1.0 11 0.9
2003 0.8 0.6 0.2 -0.2 -0.5 -0.5 -0.4 -0.2 0.0 0.2 0.1 0.0
2004 -0.1 0.0 0.0 0.0 -0.2 -0.2 -0.1 0.2 0.2 0.3 0.2 0.2
2005 0.1 0.2 0.3 0.3 0.2 -0.1 -0.4 -0.5 -0.5 -0.6 -0.9 -1.0
2006 -0.9 -0.7 -0.5 -0.3 -0.3 -0.3 -0.2 0.1 0.3 0.5 0.6 0.5
2007 0.2 0.0 -0.2 -0.3 -0.4 -0.7 -1.0 -1.4 -1.6 -1.9 -1.9 -1.9
2008 -1.7 -1.3 -0.3 -0.2 -0.1 -0.6 -0.6 -0.6 -0.7 -0.8 -1.0 -1.1
2009 -1.0 -0.5 -0.3 -0.2 -0.1 0.0 0.2 0.2 0.5 0.7 11 1.2
2010 11 11 0.8 0.2 -0.6 -1.2 -1.7 -1.9 -2.0 -2.0 -2.1 -1.9
2011 -1.6 -1.1 -0.9 -0.7 -0.7 -0.7 -0.9 -1.1 -1.3 -1.4 -1.4 -1.4
2012 -1.0 -0.6 -0.4 -0.4 -0.3 -0.1 0.1 0.0 0.0 -0.2 -0.3 -0.5
2013 -0.4 -0.1 0.0 -0.2 -0.4 -0.6 -0.6 -0.6 -0.4 -0.3 -0.3 -0.5
2014 -0.5 -0.2 0.1 0.2 0.1 -0.1 -0.1 -0.2 0.1 0.3 0.4 0.4
2015 0.5 0.6 0.8 0.9 0.9 1.0 13 17 2.1 2.4 2.5 2.5
2016 2.3 2.1 15 0.8 0.1 -0.4 -0.7 -0.8 -0.8 -0.8 -0.7 -0.5
2017 0.0 0.3 0.6 0.5 0.4 0.1 -0.2 -0.4 -0.6 -0.8 -1.0 -1.0
2018 -0.8 -0.5 -0.4 -0.3 -0.2 -0.2 -0.1 0.0 0.3 0.6 0.6 0.6
2019 0.7 1.0 1.0 0.8 0.6 0.3 -0.1 -0.2 0.0 0.2 0.3 0.3
2020, 04 0.5 0.5 0.2 0.0 -0.4
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Figure 6. The Comparison of Oceanic Nino Index (ONI) with El Nino and La Nina strength
years through the period of study (1998-May 2020)
a). ERSST.v5 Ocean Nino Index, b). MWOI-SST Ocean Nino Index
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Based on Table 2 and Figure 6, we can observe that the El Nino occurrences is observed in
1998, 2002-2003, 2010-2011, and 2015-2016 in different categories. With up to 2.5-degree
anomaly, year of 2015 categorized as very strong El Nino. The beginning of 1998 also identifies as
very strong El Nino category, whereas 2002-2003 and 2009-2010 are identified as moderate El
Nino.

For La Nina strength, there are 4 periods identified as strong La Nina including 1998-1999,
1999-2000, 2007-2008, and 2010-2011. the period of 2011-2012 categorize as moderate La Nina.
SST values in the Nifio 3.4 region may not be the best choice for determining La Nifia episodes but,
for consistency, the index has been defined by negative anomalies in this area. A better choice
might be the Nifio 4 region, since that region normally has SSTs at or above the threshold for deep
convection throughout the year.

There are two different versions of the ONI: the Extended Reconstructed Sea Surface
Temperature version 5 (ERSST.v5) and the Multivariate ENSO Index (MEI) based on the SST data
from the Met Office Hadley Centre (MWOI-SST). Both versions use the same definition of the Nifio
3.4 region and are based on the same underlying SST data, but they use different methods to
calculate the ONI.

The ERSST.v5 ONl is calculated by taking the average of the SST anomalies in the Nifio 3.4
region over a period of three months. El Nifio events are defined as periods of time when the ONI
is greater than or equal to +0.5°C, while La Nifia events are defined as periods of time when the
ONl is less than or equal to -0.5°C.

The MWOI-SST ONl is calculated using a different method that considers the SST anomalies
in the entire tropical Pacific Ocean, as well as the atmospheric pressure and winds in the region. El
Nifio and La Nifna events are also defined using the MWOI-SST ONI, with El Nifio events being
defined as periods of time when the ONI is greater than or equal to +0.5°C and La Nifa events
being defined as periods of time when the ONI is less than or equal to -0.5°C.

The comparison between ERSST.v5 and MWOI-SST Ocean Nino Index is needed to
evaluate the performance of MWOI-SST. The result shows that the MWOI-SST Ocean Nino Index
has very strong correlation with ERSST.v5 with coefficient of correlation is 0.92 and RMSE is
0.360C (Figure 7).

2.5 R?=0.9251

15

0.5

-0.5

-1.5
) RMS Error = 0.36

-2 -1.5 -1 -0.5 0 0.5 1 15 2 2.5 3

Figure 7. Comparison of ERSST.v5 and MWOI-SST Ocean Nino Index (ONI)

There have been numerous studies that have examined the relationship between the
ERSST.v5 and MWOI-SST Oceanic Nino Index (ONI) values. Some of these studies have found a
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strong correlation between the two indices. For example, in a study by Lyon & Camargo (2009),
the authors compared the ERSST.v3b (a predecessor to ERSST.v5) and MWOI-SST ONI values
during the December-January-February (DJF) season from 1950-2004. They discovered that the
ERSST.v3b and MWOI-SST ONI values were highly correlated, with a correlation coefficient of
0.98. Another study by L'Heureux et al. (2017) compared the ERSST.v3b and MWOI-SST ONI
values from 1979-2004 and found that the two indices were highly correlated, with a correlation
coefficient of 0.93. In a third study, Hanley et al. (2003) compared the ERSST.v3b, MWOI-SST,
and a third ONI index called the Tahiti-Darwin ONI. They found that the ERSST.v3b and MWOI-
SST ONI values were highly correlated, with a correlation coefficient of 0.93.

Nino Region 3.4 Wind

Long term global datasets of satellite observations of wind speed and wave height provide
a potentially valuable resource to study global climatology and changes in climate (Young &
Donelan, 2018) . The QuikSCAT scatterometer has been operating since August 1999 to provide
global mapping of ocean winds. It was shown to be accurate for wind speed of up to at least 20
m/s (Yueh et al., 2003). The following Table 3 and Figures 8 & 9 are the Monthly wind over Nino
Region 3.4.

Table 3. Monthly mean Nino region 3.4 Wind based on QuickScat

Year 1 2 3 4 5 6 7 8 9 10 11 12
1999 793 | 702|634 | 729 | 727 | 744
2000 | 755 | 661|589 | 604 |620| 709|717 | 797 [ 686 | 754 | 7.05 | 6.91
2001 | 698 | 680|598 | 620|628 | 712 | 748 | 748 | 696 | 660 | 7.30 | 7.33
2002 | 746 | 669 | 670 | 598 | 567 | 693 | 653 | 743|690 | 689 | 7.38 | 7.02
2003 | 747 | 667 | 625|614 | 658 | 564 | 743 | 669 | 644 | 640 | 645 | 7.72
2004 | 686 | 7.04 | 631 | 603|652 | 730|612 | 718 | 6.59 | 645 | 6.50 | 6.73
2005 | 754 | 687|600 | 621 | 586 | 6.30 | 7.34 | 662 | 696 | 7.05 | 6.96 | 7.45
2006 | 695 | 614 | 613 | 600 | 568 | 7.32 | 679 | 718 | 729 | 6.36 | 6.46 | 7.31
2007 | 727 | 672 1640 | 605|615 | 721|654 | 736 | 765 | 6.72 | 751 | 742
2008 | 728 | 665|574 |580|605|674]|700) 711|708 | 690|725 747
2009 | 685 | 640|589 | 585|604 | 604] 776682759523 )6.10

Monthly QSCAT Wind (July 1999 - Nov 2009
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Figure 8. Monthly QSCAT Wind over Nino 3.4 region
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Monthly average QSCAT Wind
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Figure 9. Monthly average QSCAT Wind over Nino 3.4 Region

The monthly mean Nino region 3.4 wind data based on QuickSCAT during the period from
1999 to 2009 would provide a record of the average wind conditions in the Nino 3.4 region over
this time period, based on measurements taken by the QuikSCAT scatterometer. This data could
be used for a variety of purposes, such as studying the impacts of ENSO on regional and global
weather patterns, examining long-term trends in wind conditions in the Nino 3.4 region, or
supporting weather forecasting and marine safety efforts.

Based on table and figures above, it is observed that the wind speed of Nino 3.4 region is
range from 5.23 m/s to 7.97 m/s. Unlike Sea Surface Temperature (SST), annual average wind
speed is more stable with monthly variation. The wind speed is observed high in the beginning
and the end of years.

Ham et al. (2021) in their study used QuikSCAT wind data, along with other data sources,
to examine the relationship between the El Nino-Southern Oscillation (ENSO) and the South
American Low-Level Jet (SALLJ), a persistent wind system that plays a key role in the atmospheric
circulation over South America. The authors found that the SALLJ is significantly affected by ENSO,
with the strongest SALL) winds occurring during El Nino events and the weakest winds occurring
during La Nina events.

Nino Region 3.4 Sea Surface Height (SSH)

The variability and change of future sea surface height (SSH) is the center of much of the
concern about the ongoing global warming. Understanding and predicting these key values,
globally and regionally, involves projection and space—time integration of the numerous factors
that influence SSH (Sonnewald et al., 2018).

The daily sea surface height (SSH) data of Nino Region 3.4 from January 1998 to May 2019
with 0.25° x 0.25° resolution were provided by AVISO data center of CNES (Centre National
d'Etudes Spatiales) based on TOPEX/Poseidon, Jason-1, and ERS-2 data were used in this study.
Those daily data were converted to monthly data by using monthly average calculation in ArcGlIS
Model Builder. The following table and figures are the sea surface height (SSH) of Nino region 3.4.

Based on Table 4 and Figures 10 & 11, it is observed that Sea Surface Height (SSH) over
Nino 3.4 region varied from 65.8 cm to 106.8 cm. 2015 is the highest SSH with annual average of
96 cm, whereas 1999 is the lowest SSH with annual average of 71.4 cm. the SSH in the Nino
Region 3.4 has been found to fluctuate on interannual to decadal timescales due to ENSO events.
During El Nifio events, the SSH tends to be higher than normal due to the warming of the surface
water in the equatorial Pacific, while during La Nifia events, the SSH tends to be lower than normal
due to the cooling of the surface water.
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The Sea Surface Height (SSH) in the Nino Region 3.4 demonstrates considerable interannual
to decadal variability due to El Nifo-Southern Oscillation (ENSO) events, as noted in studies
conduct by Wang et al. (2018). During El Nifio events, the SSH tends to be higher than normal due
to the warming of the surface water in the equatorial Pacific, while during La Nifia events, the SSH
tends to be lower than normal due to the cooling of the surface water.

Table 4. Monthly mean Nino Region 3.4 Sea Surface Height (SSH)
Year 1 2 3 4 5 6 7 3 9 10 11 12
1998 893 |1 803 | /63 | 721 | 679 | 664 | 6/7.1 | 679 | 70.1 | 69.2 | 69.5 | 70.5
1999 682 | 669 | 668 | 659 | 701 | 743 | /3.0 | 752 | 754 | 749 | 735 | 730
2000 726 | 689 | 685 | 687 | 733 | /57 | /93 | /81 | 812 | 777 | 786 | 779
2001 /51| 715 | 728 | 717 | 765 | 778 | 83.1 | 813 | 838 | 819 | 806 | 86.6
2002 828 | 804 | /68 | 76,8 | 824 | 811 | 85 | 886 | 949 | 98.7 | 904 | 920
2003 820 | 812 | /59 | 763 | 744 | 836 | 81.0 | 833 | 844 | 871 | 885 | 826
2004 850 | 781 | 760 | 788 | /94 | 801 | 8.1 | 885 | 8.6 | 904 | 895 | 894
2005 831 | 876 | 82 | /88| /95 | 808 | /99 | 822 | 809 | 840 | 820 | 795
2006 757 | 743 | 755 | /55| 799 | 804 | 8.1 | 876 | 874 | 913 | 922 | 8.6
2007 797 | 754 | 724 | 729 | 749 | /85 | 785 | /6.7 | 753 | /7.2 | 751 | 755
2008 715 | 720 | 730 | 735 | 760 | 779 | 80.3 | 806 | 794 | /96 | 76.8 | /55
2009 /53| 763 | 813 | 839 | 8.7 | 891 | 8.4 | 931 | 84 | 931 | 903 | 954
2010 872 | 890 | 813 | /84 | 737 | 739 | 740 | 715 | 71.8 | 724 | 739 | 725
2011 743 | 752 | 750 | 760 | /62 | 773 | 786 | /87 | 76.0 | /88 | 77.8 | /5.2
2012 733 |1 73.0 | 730 | 762 | 759 | 800 | 824 | 8.1 | 8.3 | 8.1 | 844 | 824
2013 782 | 774 | 7A1 | 739 | 775 | 790 | 82.1 | 846 | 825 | 876 | 859 | 82.7
2014 817 | 8.0 | 80 | 842 | 8.2 | 841 | 847 | 883 | 8.8 | 906 | 91.6 | 89.7
2015 889 | 887 | 924 | 89.7 | 93.2 | 905 | 100.0 | 100.1 | 100.6 | 106.8 | 101.8 | 98.6
2016 981 | 888 | 816 | 777 | 771 | 789 | /98 | 798 | 806 | 819 | 838 | 86.7
2017 843 | 819 | /81 | 802 | 8.2 | 833 | 825 | 826 | 809 | 812 | 817 | 836
2018 801 | 825 | 815 | 841 | 8.2 | 888 | 8.4 | 919 | 936 | 95.1 | 957 | 915
2019 906 | 905 | 8.1 | 836 | 826
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Figure 10. Monthly Sea Surface Height (SSH) over Nino 3.4 Region
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Fig 11. Monthly average SSH over Nino 3.4 Region

ENSO events can significantly affect global weather patterns, potentially leading to extreme
events such as drought, floods, and hurricanes (Greenough et al., 2001). Factors influencing the
SSH in the Nino Region 3.4 include atmospheric and oceanic circulation patterns, wind stress, and
heat fluxes (Deser & Wallace, 1987).

Correlation of Nino Region 3.4 SST, Wind, and SSH

For further ENSO analysis, correlation analysis between SST, Wind, and SSH is needed. The
following figures are the result for correlation between SST, Wind speed, and SSH over Nino 3.4
region.
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Fig 12. Monthly SST & Wind in Nino Region 3.4 (Jul 1999-Nov 2009)

Based on Figures 12-15, it is observed that Sea Surface Temperature(SST) has negative
correlation with wind speed with coefficient of correlation of 0.28. Conversely, SST over Nino 3.4
region has positive correlation with Sea Surface High (SSH) with coefficient of correlation of 0.30.
which mean the higher temperature, the higher Sea Surface Height.
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Fig 13. Correlation between SST & Wind in Nino region 3.4

110

8
g

105

B
g

100

B
g

SST (degC)
& 3
8 8
S
—
=
= .
_Zgi—
—
=
2 X 3 &
SSH(centimeter)

25.00
! 70
24.00

65
23.00 60

» & T S R S S S S S Vs SR C TN S-S SR

o & & & S RS S P S S N R s

R S S S S S S S S S S S S S
o S N L o S aal A N L N o A N O AN

— ST e— G SH

Fig 14. Monthly SST & SSH in Nino Region 3.4 (Jan 98-May 19)
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Fig 15. Correlation between SST & SSH in Nino 3.4 region
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According to Wang & Wang (2016), the Nino Region 3.4 sea surface temperature (SST),
wind, and sea surface height (SSH) are strongly correlated, with the wind-evaporation-SST feedback
playing a key role in the development and maintenance of the Madden-Julian Oscillation (MJO).
Casey & Adamec (2002) also found that the interannual variability of SST and SSH in the tropical
Pacific Ocean are strongly correlated with the Nino Region 3.4 SST and influenced by the El Nifio-
Southern Oscillation (ENSO) and other climate phenomena such as the Pacific Decadal Oscillation
(PDO). They observed a strong correlation between SST and SSH in the tropical Pacific Ocean,
particularly in the Nino Region 3.4, and noted that these variables are also influenced by ENSO
and other climate phenomena such as the Pacific-North American (PNA) pattern and the Atlantic
Multidecadal Oscillation (AMO).

Typhoon Soudelor (2015)

Tropical cyclones, also known as typhoons (with maximum sustained 10 m wind speed
greater than 32.7 m/s) in the Northwest Pacific, are an important part of the air-sea system. When
typhoons pass over the ocean, the air-sea interaction leads to the exchange of heat, moisture and
momentum and causes a dramatic response of the ocean (Ning et al., 2019).

The strong wind brought by typhoons causes a strong effect of entrainment, which
generally decreases the sea surface temperature (SST) and increases the subsurface temperature. SST
plays a major role in the energy exchange between typhoons and ocean. Therefore, it is necessary
to study the SST response to typhoons. Typhoon-induced entrainment makes surface warm water
sink into subsurface, leading to an increase of subsurface temperature. After typhoons, the SST
gradually recovers but the thermal anomaly of subsurface warming is retained.

Typhoon Soudelor, known in the Philippines as Typhoon Hanna, was the third most
intense tropical cyclone worldwide in 2015 after Hurricane Patricia and Cyclone Pam as well as the
strongest tropical cyclone of the 2015 Pacific typhoon season. Soudelor had severe impacts in the
Northern Mariana Islands, Taiwan, and eastern China, resulting in 40 confirmed fatalities. Lesser
effects were felt in Japan, South Korea and the Philippines. The thirteenth named storm of the
annual typhoon season, Soudelor formed as a tropical depression near Pohnpei on July 29. The
system strengthened slowly at first before entering a period of rapid intensification on August 2.
As shown in Figure 16, Typhoon Soudelor was formed on July 30 and quickly intensified from 2
August to 6 August. It reached peak intensity as a Category 5 typhoon (on the Saffir—Simpson scale)
with a maximum sustained wind speed of 155 knot/h at 1800 UTC on August 3.

Microwave OI SST (MWOI SST) is used in this work to study surface response of the ocean
to Typhoon Soudelor. This dataset is a merged, daily SST product with 25 km X 25 km spatial
resolution, provided by Remote Sensing Systems and sponsored by National Oceanographic
Partnership Program (NOPP) and the NASA Earth Science Physical Oceanography Program
(http://www.remss.com/).

The cooling of the sea surface during Super Typhoon Soudelor is illustrated in Figure 17.
During the typhoon's passage, there was a distinct cooling effect visible along its track, with a
tendency to shift towards the right. The maximum decrease in sea surface temperature (SST)
reached up to 3.43 degrees Celsius on August 6th, when Soudelor passed over an area known as
a cyclone eddy region. This cooling was significantly stronger than in other areas. Figure 17 shows
the relationship between SST cooling, wind speed, and sea surface height (SSH) on August 4th,
2015. From the figure, it is clear that SST cooling occurred in areas with high wind speeds and
lower SSH values, specifically in cyclone eddy regions.

It is worth noting that the cooling of the sea surface during a typhoon can have significant
impacts on the marine ecosystem and the global climate. Cooler sea surface temperatures can affect
the distribution and behavior of marine life, as well as alter the exchange of heat and moisture
between the ocean and the atmosphere. Understanding the mechanisms behind sea surface cooling
during typhoons is important for predicting and mitigating their impacts on the environment.
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Figure 16. Track of Typhoon Soudelor with Sea Surface Temperature
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Fig 17. SST cooling, Wind speeaT and SSH of Typhoon Soudelor on 4 August 2015
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Correlation of El Nino and Precipitation in Specific Region

The ENSO phenomenon consists of two events, El Nifio and La Nifia. This phenomenon
can give negative impacts to the community directly such as prolonged droughts and forest fires,
and excessive rainfall which causes the flash flood. El Nifio occurs when sea surface temperature
(SST) in the eastern and central Pacific Ocean increase which associated to the reduction of rainfall
in Indonesia whereas when La Nifia occurs it shows the opposite condition (Rejeki et al., 2018).

TRMM Precipitation was used in Bandung City (Indonesia) to assess the correlation of El
Nino occurrence in 2015 and precipitation in those area. Table 5 and Figure 18 show the correlation
of El Nino and precipitation in Bandung City, Indonesia.

Table 5. Monthly precipitation in Bandung City, Indonesia

30-year Year
T aveZage 2015
Jan 324.3 322.6
Feb 315.1 318.7
Mar 366.0 355.1
Apr 243.9 188.2
May 154.6 58.1
Jun 103.8 1.7
Jul 107.3 7.9
Aug 33.9 30.5
Sep 86.2 43.8
Oct 238.3 189.7
Nov 312.6 311.1
Dec 268.8 285.3
Total 2554.9 2119.7
400.0
350.0
T 3000
% 250.0
2 2000
m
é— 150.0
z
a 100.0
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30-year average Year 2015

Figure 18. Comparison of 30-yr average vs 2015 monthly mean precipitation in Bandung City,
Indonesia

The El Nifio-Southern Oscillation (ENSO) is a natural climate phenomenon that consists of
two events: El Nifio and La Nifia. These events can have negative impacts on communities,
including prolonged droughts and forest fires, as well as excessive rainfall leading to flash floods.
El Nifio is characterized by an increase in sea surface temperatures in the eastern and central Pacific
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Ocean, which is often associated with reduced rainfall in Indonesia. La Nifia, on the other hand, is
characterized by the opposite conditions.

In 2015, the Tropical Rainfall Measuring Mission (TRMM) Precipitation data was used to
assess the correlation between El Nifio and precipitation in Bandung City, Indonesia. The results
showed that the amount of precipitation in Bandung City decreased during the dry season (May-
September) of 2015, which may have been influenced by the strong El Nifio event that year. This
is an example of how El Nifio can have direct impacts on local weather patterns and precipitation
levels. It is important for communities to be aware of and prepared for the potential impacts of
ENSO events in order to mitigate their negative effects.

CONCLUSION

The results of the study showed that the MWOI-SST Ocean Nino Index had a very strong
correlation with ERSST.v5, with a coefficient of correlation of 0.92 and an RMSE of 0.36°C. The
wind speed in the Nino 3.4 region ranged from 5.23 m/s to 7.97 m/s, and the annual average
wind speed was found to be more stable with monthly variations. The wind speed was observed
to be high at the beginning and end of the year. The SSH in the Nino 3.4 region varied from 65.8
cm to 106.8 cm, with 2015 being the year with the highest SSH (96 cm) and 1999 being the year
with the lowest SSH (71.4 cm).

The study also found that there was a negative correlation between SST and wind speed,
with a coefficient of correlation of 0.28, and a positive correlation between SST and SSH, with a
coefficient of correlation of 0.30. This means that higher temperatures are associated with higher
SSH values. During the passage of Typhoon Soudelor, a cool trail with a rightward bias was
observed along its track. The researchers also found that the decreasing precipitation in Bandung
City may have been influenced by the strong El Nino event in 2015.
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