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One factor that significantly affects rainfall in Indonesia, especially in
Palembang City, is the EI-Nifio Southern Oscillation (ENSO). This study aims
to determine how big the correlation is and when the highest correlation
occurs between the Nifio 3.4 Index and rainfall during the 2001-2020 period.
The stages of analysis carried out to carry out this study are as follows: 1)
downloading daily rainfall data for 20 years, 2) processing the raw data to
make it homogeneous, and 3) correlation analysis to find out when the highest
correlation occurs between rainfall and the Nifio 3.4 Index. The results show
that the highest correlation occurs in September at -0.524, August at -0.481,
and October at -0.439. The influence of the Nifio 3.4 Index produces a
negative relationship. If the Nifio 3.4 Index increases, it will affect the
maximum temperature at the sea surface so that rainfall will decrease and
cause drought. The results obtained can also be used as a prediction or forecast

of the inflow of rainfall and the length of the rainy season.

© 2023 Physics Education Department, UIN Raden Intan Lampung, Indonesia.

INTRODUCTION

Indonesia is a country Island with a
climate which very dynamic and complex.
One factor affecting Indonesia's weather and
climate is the monsoon (Ariska et al., 2022a).
The most dominant monsoon cycles are the
Asian and Australian monsoons (Kajita et al.,
2022; Pachauri et al., 2014). Monsoons occur
periodically, but the beginning of the rainy
season and seasondrought are not always the
same throughout the year (Pachauri et al.,
2014) because the seasons in Indonesia are
influenced by global phenomena such as El
Nifio, La Nifa, Southern Oscillation, and
Dipole Mode Events (DME) or Indian Ocean
Dipole (I0ODs). The territory of Indonesia,
which includes the Monsunal region, is the
Southern Part of Sumatra, Central and South

Kalimantan, Java, Bali, Nusa Tenggara, and
parts of Papua (Aldrian, 2001; Aldrian &
Susanto, 2003; Hermawan, 2010). Kindly
general, EI Nifio triggers happening
condition drought prolonged in the territory
of Indonesia and can cause a drop in the
temperature advance sea in the region waters
Indonesia whereas La Nifia tends to increase
sea surface temperature in Indonesian waters
(Iskandar et al., 2008; Kutzbach, 1967;
Luhwahyudin & Citrosiswoyo, 2012). This
condition occurs repeatedly for 3 - 8 years
and is usually related to the index Oscillation
south of one negative value (Handoko et al.,
2019).

Many previous studies have shown that the
occurrence of the El Nifio phenomenon has a
major impact on climate conditions in the
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world, including Indonesia (Aldrian, 2001;
Aldrian & Susanto, 2003; Dewanti et al.,
2018; Iskandar, 2010). However, this study
analyzes rainfall patterns in Palembang City
by correlating the ENSO phenomenon in the
Pacific Ocean with rainfall data for the last 20
years (2001-2020). The diversity of climate in
Palembang City, which is increasingly
fluctuating day by day, motivates researchers
to see that the climate trend in Palembang
City is already heading towards extreme
climate change in anticipation of the threat of
hydrometeorological disasters in Palembang
City, such as forest and land fires. Therefore,
research on climate patterns in Palembang
City must be updated occasionally. This study
explains the trend of changing rainfall
patterns in Palembang City for the last 20
years, from 2001-2020, and links its relation
to the ENSO phenomenon. The decrease or
increase in rainfall due to the ongoing EI Nifio
phenomenon has caused Indonesia to
experience a longer dry season than normal.

Palembang City is located between 1
°37'27"- 4°55'17" South latitude and
between 102 °3'54''and 106°13'26" East
longitude with an area of 91,806.36 km?. In
terms of climatology, southern Sumatra has a
tropical and wet climate with variations in
rainfall per day of 61.0-634.4 mm throughout
the year. It has temperatures that tend to be
hot, ranging from 26.4 °C to 27.8 °C with an
average air temperature of around 26.8 °C
(Molle & Larasati, 2020; Pandia et al., 2019;
Swenson & Grotjahn, 2019). Geographical,
topographical, and climatological conditions
make the southern part of Sumatra prone to
floods, landslides, abrasion, and climate
change. Climate change, including rainfall,
impacts many things, such as water resources,
agriculture, and health. In this study, an
analysis will be carried out to determine how
big the correlation is ENSO, especially the
Nifio 3.4 Index with rainfall in the Southern
Sumatra region during the last 20 years.
Therefore, this research aims to predict and
predict the inflow of rainfall and the length of
the rainy season that will occur in the city of
Palembang.

METHOD

In this study, the daily rainfall data was
obtained from one of the rain observation
posts in Palembang, the Palembang
Climatology Station. The comparison data
used is an anomaly of sea surface
temperature Nifio 3.4 (SST Index Nifio 3.4)
taken  from the NOAA  website
https://psl.noaa.gov/gcos_wgsp/Timeseries/
Nifio34/. The data obtained is in the form of
raw data in Excel form, which will be
processed utilizing data homogenization.
Data homogenization is checking back the
data that will be used manually using filters
in Excel to group data. Data with a value of
8888 is changed to zero to normalize the data
obtained. Data that is empty per month is
complemented by looking at data from the
website http://www.meteomanz.com/ and for
missing or empty data, justification is carried
out by averaging the data on the day before
with the data on the day after taking into
account the months in the seasonal patterns
that often occur (Akhsan et al., 2022; Novi et
al., 2018).

Rainfall data and sea surface temperature
index Nifio 3.4 are searched for on average
each month and grouped for each month each
year from 2001-2020, which will become 20
data. Correlation analysis is calculated
between the average Nifio 3.4 Index and the
average monthly rainfall 12 months in 20
years. The results of the correlation analysis
will produce a correlation coefficient
indicating the high degree of relationship
between the Nifio 3.4 Index and rainfall. The
correlation value is calculated using
Pearson’s correlation in Microsoft Excel.

Pearson correlation is a simple correlation
involving only one dependent variable and
one independent variable, measuring the
strength of the linear relationship between
the two variables. The formula for the
Pearson  product moment correlation
coefficient (Bhatti et al., 2020; Zhan et al.,
2017), ris;
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With:

Tyx;: The correlation coefficient between
Y and X
X Independent variable (independent)
Y : Dependent variable (dependent)

n : Total data

(1)

The independent variable (independent) is
the monthly average of the Nifio 3.4 index
each year from 2001-2020 in 20 years, and
the dependent variable (the dependent) is the
monthly average of rainfall every month
from the rain observation post. Pearson's
Product Moment correlation formula hasan r
table to determine the significance level, a
measure of validity according to the amount
of research data, and the percentage of error
rate values (Simanjuntak et al., 2020).
Correlation is a statistical technique used to
measure or see the closeness of the
relationship  (correlation) between two
variables. The measure that states the
closeness of the relationship is called the
correlation  coefficient  (Misnawati &
Perdanawanti, 2019). If the value of r count
> r table, it means that there is a correlation
between the connected variables. If r count <r
table, then there is no correlation between the
connected variables. The level of
significance can be seen in the table of values
for the correlation coefficient "r" (Cavazos,
2000; Emery & Thomson, 2016).

Table 1. Table of R Critical of Pearson One-tail

Correlation
df=N-2 0.1 0.05 0.025 0.01
18 0.299 0.3783 0.4438 0.5155
20 0.284 0.3598 0.4227 0.4921
34 0.233 0.2785 0.3291 0.3862
35 0.216 0.2746  0.3246 0.381
37 0.216 0.2673  0.316 0.3712
38 0.216 0.2638 0.312 0.3665

RESULTS AND DISCUSSION

The territory of Indonesia, especially
southern Sumatra with coordinates 1-4 °LS
and 102-196 °E, from 2015 to early 2016 felt
the impact of the strong EI Nifio
phenomenon, which caused forest and land
fires and was followed by the La Nifia
phenomenon in mid-2016 which resulted in
an increase in rainfall up to 200 percent (wet-
dry). The ElI Nifo phenomenon is
characterized by an SST anomaly with a
positive value of more than 0.5 °C (if the SST
anomaly value is greater than +1.5 °, it means
that ElI Nifio is strong), and the La Nifa
phenomenon is characterized by a negative
SST anomaly of less than -0.5 °C.

The correlation analysis shows that the
Nifio 3.4 index significantly affects rainfall
only during the ASON transition season.
These results indicate that only the August-
November rainfall has a real correlation with
the Nifio 3.4 index (Kajita et al., 2022; Novi
et al., 2018).

Table 2. The Correlation between the Nifio 3.4 Index

and Rainfall

Month Correlation
January 0.150228138
February 0.205584027
March -0.0443131
April -0.14591507
May 0.16545433
June 0.0269082
July -0.02251121
August -0.48133269
September -0.524873723
October -0.439591199
November -0.387599009
December -0.019333

Based on the correlation results obtained
at 12 months in 20 years between the Nifio
3.4 index and rainfall, the highest correlation
was obtained in several ASON periods,
specifically in September at -0.5248 with a
significance of 1%, in August at -0.4813 with
a significance of 2%, in October at -0.439
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with a significance of 5%, and in November
at -0.387 with a significance of 5% (Table 2).
Meanwhile, the lowest correlation was in
December.

The correlation value obtained is in the
form of a negative correlation which
indicates that the relationship is inverse
between rainfall and the Nifio 3.4 index. If
the Nifio 3.4 index increases, rainfall will
decrease, whereas if the Nifio 3.4 index
decreases, rainfall will increase. In general,
the relationship between the Nifio 3.4 index
with rainfall is negative because if the Nifio
3.4 index is positive, it will affect the
maximum temperature, causing heat or
dryness, which means rainfall will decrease,
resulting in drought. From these results, it
can also be seen that the lowest significance

occurs in December. January and February
are where this is because, in those months,
there is an apparent sun movement in the
Southern Hemisphere (BBS) so that the wind
blows from North to South, better known as
the West Monsoon, and causes a wet month
in these three months. The remaining months
are a transitional period (the transition from
the dry season to the rainy season and the
transition from the rainy season to the dry
season) with results that are close to
significance.  Based on the results of the
correlation test that has been carried out, a
significant relationship is obtained between
Nifio 3.4 and rainfall in Palembang City, so
significant results are obtained in August,
September, October, and November. This
trend can be observed in Figure 1- 4.
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Figure 1. Rainfall Trend in August in 20 Years

Based on the trend between the Nifio 3.4
Index and rainfall, a negative correlation
value was obtained in 2015 and 2016 to show
an inverse relationship between the average
rainfall and the Nifio 3.4 Index. In 2015 it can
be seen that rainfall decreased while the Nifio
3.4 Index increased conversely in 2016. The

rainfall has increased dramatically, and the
Nifio 3.4 Index has decreased. When rainfall
increases, there is a La Nifia period. When
rainfall decreases, drought occurs during the
El Nifo period. La Nifia also occurred in
2010 and 2011.
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Figure 2. Rainfall Trend in September in 20 Years

The results in September in 20 years correlation was obtained with a negative
clearly show that in 2010, 2013, and 2016 correlation value.
there was an increase in rainfall, so a strong
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Figure 3. Rainfall Trend in October in 20 Years
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Figure 4. Rainfall Trend in November in 20 Years
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Figure 5. (a) Rainfall Trend (b) Nifio 3.4 Index Trend for 20 Years

When the four data obtained in August,
September, October, and November are
compared, the rainfall experienced the
highest increase in 2016. The decrease in
rainfall, with the highest Nifio 3.4 Index,
occurred in 2015. The correlation coefficient
for the following four months is the
strongest, with a negative correlation. In
months other than the ASON transition
period, there is no significant correlation
between rainfall and Nifio 3.4 Index (Rouw
et al., 2014; Lyons, 1982).

These results follow the results of a study
by (Hafizhurrahman et al. 2015; Kutzbach,
1967; Misnawati & Perdanawanti, 2019;
Pourasghar et al., 2012), which shows that

the transition season has a high level of
predictability while the green season has a
low level of predictability (Ariska et al.,
2022b). The greater the value of the sea
surface temperature anomaly (the more
positive or El Nifio occurs), the more
negative the rainfall data (Bhatti et al., 2020;
Tavakol et al., 2020).

The Impact of EI Nifio and La Nifia Events
in Southern Sumatra

The results showed that the correlation
between the Nifio 3.4 Index and rainfall
reached a correlation value of 0.38 — 0.52
with high significance. However, this also
indicates that other factors besides Nifio 3.4
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affect rainfall in the Southern Sumatra
(Aldrian & Susanto, 2003; Ramage, 1968).
The Nifio index of 3.4 has more influence on
sea surface temperature so that it can cause
El Nifio to occur, which causes drought and
rainfall trends to be below normal. El Nifio
and La Nifia have far-reaching impacts on
many sectors, including agriculture, health,
climate, and disasters. Several factors
influence the occurrence of EI Nifio.
Depending on the intensity of strong/weak El
Nifo, the factors are local (geographical
location, topography, and others) and the
season and the ongoing period (month/time)
(Brandes et al., 2002; Dewanti et al., 2018).

CONCLUSION

The effect of the Nifio 3.4 Index on
rainfall in the southern part of Sumatra is
only significant during the transition season
in  August-November, while for other
months, it is not significant. The correlation
between Nifio 3.4 and rainfall shows a
negative correlation, so an increase in sea
surface temperature (Nifio 3.4) will cause a
decrease in rainfall and a shift in climate. The
impact of ElI Nifio has a wider effect on
agriculture, health, water resources, drought,
and forest fires.

AUTHOR CONTRIBUTIONS

MA as coordinator of data processing and
checking the accuracy of research results. FP
reviewed the literature, edited the
manuscript, and made the programming
code. HA edited the data and checked the
manuscript. All authors read and agreed on
the final script.

REFERENCES

Akhsan, H., Romadoni, M., & Ariska, M.
(2022).  Prediction of  extreme
temperature in South Sumatra and its
applications at the end of the 21st
century. Jurnal Penelitian Pendidikan
IPA, 8(2), 925-931.
https://doi.org/10.29303/jppipa.v8i2.13
63

Aldrian, E. (2001).

Pembagian iklim

Indonesia berdasarkan pola curah hujan
dengan metoda “double correlation”.
Jurnal Sains & Teknologi Modifikasi
Cuaca, 2(1), 2-11.

Aldrian, E., & Susanto, R. D. (2003).
Identification of three dominant rainfall
regions within Indonesia and their
relationship to sea surface temperature.
International Journal of Climatology,
23(12), 1435-1452.
https://doi.org/10.1002/joc.950

Ariska, M., Akhsan, H., & Muslim, M.
(2022). Impact profile of enso and
dipole mode on rainfall as anticipation
of hydrometeorological disasters in the
province of South Sumatra. Spektra:
Jurnal Fisika dan Aplikasinya, 7(3),
127-140.
https://doi.org/10.21009/spektra.073.02

Ariska, M., Akhsan, H., Muslim, M., &
Romadoni, M. (2022). Prediksi
perubahan iklim ekstrem di kota
Palembang dan Kkaitannya dengan
fenomena el nifio-southern oscillation (
enso ) berbasis machine learning. Jurnal
Inovasi Pendidikan Fisika dan Riset
IImiah, 6(2), 79-86.

Bhatti, A. S., Wang, G., Ullah, W., Ullah, S.,
Hagan, D. F. T., Nooni, I. K., Lou, D.,
& Ullah, 1. (2020). Trend in extreme
precipitation indices based on long term
in situ precipitation records over
Pakistan. Water (Switzerland), 12(3), 1-
19. https://doi.org/10.3390/w12030797

Brandes, E. E., Zhang, G., & Vivekanandan,
J. (2002). Experiments in rainfall
estimation with a polarimetric radar in a
subtropical environment. Journal of
Applied Meteorology, 41(6), 674-683.

Cavazos, T. (2000). Using self-organizing
maps to investigate extreme climate
events: An application to wintertime
precipitation in the Balkans. Journal of
Climate, 13(10), 1718-1732.

Dewanti, Y. P., Muliadi, & Adriat, R. (2018).
Pengaruh el nifio southern oscillation
(ENSO) terhadap curah hujan di
Kalimantan Barat. Prisma Fisika, 6(3),
145-151.



74 Jurnal lImiah Pendidikan Fisika Al-Biruni, 12 (1) (2023) 67-75

Pandia, F. S., Sasmito, B., & Sukmono, A.
(2019).  Analisis pengaruh angin
monsun terhadap perubahan curah
hujan dengan penginderaan jauh (studi
kasus: provinsi Jawa Tengah). Jurnal
Geodesi Undip, 8(1), 278-287.

Hafizhurrahman, 1., Kunarso, K., &
Suryoputro, A. (2015). Pengaruh iod
(indian  ocean  dipole) terhadap
variabilitas nilai serta distribusi suhu
permukaan laut dan klorofil-a pada
periode upwelling di perairan sekitar
Bukit Badung Bali. Jurnal Oseanografi,
4(2), 138517.

Handoko, E. Y., Filaili, R. B., & . Y. (2019).
Analisa fenomena enso di perairan
indonesia menggunakan data altimetri
topex/poseidon dan jason series tahun
1993-2018.  Geoid, 14(2), 43.
https://doi.org/10.12962/j24423998.v1
4i2.3892

Hermawan, E. (2010). Pengelompokkan pola
curah hujan yang terjadi di beberapa
kawasan P. Sumatera berbasis hasil
analisis  teknik  spektral.  Jurnal
Meteorologi dan Geofisika, 11(2).
https://doi.org/10.31172/jmg.v11i2.67

Iskandar, I., Tozuka, T., Masumoto, Y., &
Yamagata, T. (2008). Impact of Indian
Ocean Dipole on intraseasonal zonal
currents at 90°E on the equator as
revealed by self-organizing map.
Geophysical Research Letters, 35(14),
1-5.
https://doi.org/10.1029/2008GL033468

Kajita, R., Yamanaka, M. D., & Kozan, O.
(2022). Reconstruction of rainfall
records at 24 observation stations in
Sumatera, Colonial Indonesia, from
1879-1900. Journal of
Hydrometeorology, 1-71.
https://doi.org/10.1175/jhm-d-20-
0245.1

Kutzbach, J. E. (1967). Empirical
eigenvector of sea-level pressure,
surface temperature and precipitation
comlexes over Nort America. Journal of
Applied Meteorology, 6, 791-802.

Luhwahyudin, M., & Citrosiswoyo, W.

(2012). Analisa perubahan garis pantai
tegal dengan menggunakan empirical
orthogonal function (EOF). Jurnal
Teknik ITS, 1(1), 182-185.

Lyons, S. W. (1982). Empirical orthogonal
function analysis of hawaiian rainfall.
Journal of Applied Meteorology, 21,
1713.

Misnawati, ., & Perdanawanti, M. (2019).
Trend of extreme precipitation over

sumatera island for  1981-2010.
Agromet, 33(1), 41-51.
https://doi.org/10.29244/j.agromet.33.1
41-51

Molle, B. A., & Larasati, A. F. (2020).
Analisis anomali pola curah hujan
bulanan tahun 2019 terhadap normal
curah hujan (30 tahun) di kota manado
dan sekitarnya. Jurnal Meteorologi
Klimatologi dan Geofisika, 7(1), 1-8.

Novi, M. B., Muliadi, & Adriat, R. (2018).
Pengaruh ENSO dan dipole mode
terhadap curah hujan di kota Pontianak.
Prisma Fisika, 6(3), 210-213.

Pourasghar, F., Tozuka, T., Jahanbakhsh, S.,
Sari Sarraf, B., Ghaemi, H., &
Yamagata, T. (2012). The interannual
precipitation variability in the southern
part of Iran as linked to large-scale
climate modes. Climate Dynamics,
39(9-10), 2329-2341.
https://doi.org/10.1007/s00382-012-
1357-5

Pachauri, R. K., Meyer, L., & Team, C. W.
T. (2014). Contribution of working
groups I, Il and Il to the fifth
assessment report of the
intergovernmental panel on climate
change. IPCC, Geneva, Switzerland,
155.

Ramage, C. S. (1968). Role of a tropical
“maritime continent” in the atmospheric
circulation. American Meteorological
Society, 95(6) 365-370.

Rouw, A, Hadi, T. W., K, B. T. H., & Hadi,
S. (2014). Analisis variasi geografis
pola hujan di wilayah papua geographic
variation analysis of rainfall pattern in
Papua Region. Jurnal Tanah dan Iklim,



38(1), 25-34.

Simanjuntak, P. P., Nopiyanti, A. D., &

Safril, A. (2020). Proyeksi curah hujan
dan suhu udara ekstrim masa depan
periode  tahun  2021-2050 kota
Banjarbaru Kalimantan Selatan. Jukung
(Jurnal Teknik Lingkungan), 6(1), 45—
53.
https://doi.org/10.20527/jukung.v6il.8
237

Swenson, L. M., & Grotjahn, R. (2019).

Using self-organizing maps to identify
coherent conus precipitation regions.
Journal of Climate, 32(22), 7747-7761.
https://doi.org/10.1175/JCLI-D-19-
0352.1

Tavakol, A., Rahmani, V., & Harrington, J.

(2020). Evaluation of hot temperature
extremes and heat waves in the

Jurnal ilmiah pendidikan fisika Al-Biruni, 12 (1) (2023) 67-75 75

Mississippi River Basin. Atmospheric
Research, 239(1), 104907.
https://doi.org/10.1016/j.atmosres.2020
.104907

William J. Emery & Richard E. Thomson.

(2016). Data Analysis Methods in
Physical Oceanogrraphy, Estuaries
12(3), 53-54.

Zhan, Y. J., Ren, G. Y., Shrestha, A. B,,

Rajbhandari, R., Ren, Y. Y., Sanjay, J.,
Xu, Y., Sun, X.B., You, Q. L., & Wang,
S. (2017). Changes in extreme
precipitation events over the Hindu
Kush Himalayan region during 1961—
2012. Advances in Climate Change
Research, 8(3), 166-175.
https://doi.org/10.1016/j.accre.2017.08.
002



