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R - UF IWEREH & & §9 #, IR Feag dRadd & FRoT iU drae
qRadel # 3Hd A T &1 T g Moo 45 avf (1979-2023) # WM # cafE dEe &
yqferdt # g aRadel &1 FHedihd AT &l FH AGAW YR F FAedihd H Aol qle0r AR
IIhifeh AT-hgel GRGTOT HT 3T foham arar 8, S Follgdc 9 deX (CPC) & 3ftshas 3R
FgATH ATTAT ST F I[N FAT §| T Fahih W 3T Al Fashiel & 9@ T & e a3
& T g4 Nifo3.4 Fusier 3R Ul H's Fusiehr (DMI) & AT Gedsh Hahish H A% Fgdaer
(Partial correlation) # @] X &1 IROMAT & e fFaH dvAE F AfAF JRWFIA (TXX), 3
HfFIH AYAE F ARAF FgAdA (TXn), 3FF ~gFAdH A9GAET F Af@F 7gAad (TNn), 3 DTR #
FAA: 0.08°C/a¥, 0.18°C/a¥, 0.09°C/a¥ 3R 0.19°C/a¥ i geftr a2 &1 3&F 3faymar, e Fgea#
ATIA F AF FgAaH (TNx) 0.16°C/aY ge Tl foet 3K U & wgaas amaw, 3iftedd aras st
& Jorelr 7 HfUF Ao & Jea §1 TS &7 @, TNx FH oisa oeremr @l aiat 7 socdt wgfr ot o
Fhl 8, St 3l A A gefr fr vafr e 81 3R wewey favewor ¥ war e §
gt amH W fie #grarR f3uter (I0D) & Jorar 7 37el Aar-afaol gl (ENSO) &1 31t vemma
gl

ABSTRACT. As a tropical country, Indonesia also experiences extreme temperature changes due to climate
change. This research evaluates changes in extreme temperature trends in Indonesia over the last 45 years (1979-2023).
The evaluation of this temperature trend uses the Mann-Kendal test and the Sequential Mann-Kendal test, which uses
maximum and minimum temperature data from the Climate Prediction Center (CPC). We also apply a partial correlation
of each index to the Nifio3.4 index and Dipole Mode Index (DMI) to determine the dominant influence of these two
indices on each extreme temperature index. The results showed an increase in monthly maximum of daily maximum
temperature (TXx), monthly minimum of daily maximum temperature (TXn), monthly minimum of daily minimum
temperature (TNn), and DTR of 0.08 °C/year, 0.18 °C/year, 0.09 °C/year, and 0.19°C/year, respectively. Apart from that,
monthly minimum of daily minimum temperature (TNx) decreased by 0.16 °C/year. Minimum daytime and nighttime
temperatures increase faster than maximum temperatures. Spatially, the increasing trend can be seen in almost all regions,
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showing an increasing trend in extreme temperatures, except for TNx. Partial correlation analysis shows that El Nifio—
Southern Oscillation (ENSO) has more influence on extreme temperatures than the Indian Ocean Dipole (I0OD).

Key words — Extreme temperature, Indonesia, Trend, Partial correlation, El Nifio—Southern oscillation, Indian

ocean dipole.

1. Introduction

One indicator of climate change is rising land and
sea surface temperatures. Compared with pre-industrial
times, the increase in surface temperature ranges from
30% to 70% (Lambert et al., 2011). So, it is natural that
extreme temperature increases are predominantly caused
by anthropogenic factors (Sun et al., 2022). Apart from
these factors, changes in extreme temperatures, especially
in the arid regions of northwestern China, are caused by
geopotential factors (Pi et al., 2020). In addition, an
increase in temperature in southern China occurred during
a drought (Zhu et al., 2021). Regarding this increase in
extreme temperatures, the Intergovernmental Panel on
Climate Change (IPCC) shows that global temperatures
have increased by 0.85 °C since 2012 (IPCC, 2012, 2018).

Several studies on extreme temperatures have been
conducted in various world regions as a form of shared
concern. The American region is experiencing an increase
in extreme temperatures characterized by increases and
decreases in hot and cold days (Lee et al., 2021). Research
in China (Mo et al., 2022; Shan et al., 2022) shows that
the intensity of extreme temperatures, specifically
Daytime Maximum Temperature (TXx) and Nighttime
Maximum Temperature (TNn), increased by 2.1 °C and
0.4 °C from 1959 to 2017. Research results (Zhou et al.,
2021) also show extreme temperatures, especially in the
Yangtze River in the 17" century and increased again in
the mid-19" century. In relatively cold areas in China,
especially in Beijing, Tianjin, and Hebei, there is an
increase in the frequency of maximum and minimum
temperatures, and even the maximum temperature and
humidity in these areas will increase further in the future
(Wang et al., 2022). Apart from these areas, desert areas
such as Africa also show an increase in surface
temperatures of 0.24 °C to 0.65 °C every decade (Ayugi et
al.,, 2021; Kouman et al., 2022). The Australian region
also shows an increase in maximum and minimum
temperatures of 0.21°C and 0.13°C every decade (Duan et
al., 2022). Apart from these regions, an increase in
extreme temperatures is also occurring in Asia.
Projections of extreme temperatures in the Central Asian
region in the 2020 to 2099 range show an increase in
Minimum Temperature (Tmin) (5.0 °C) higher than
Maximum Temperature (Tmax) (4.6 °C) (Salehie, Ismail,
Hamed, et al., 2022), and likewise occurred in the
Egyptian region (Hamed et al., 2023). Seasonal increases
in Tmin and Tmax also occur in Pakistan (Ahmad et al.,
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2023). This increase tends to occur in early spring. In
addition, projections of maximum temperatures in
Bangladesh from 2021 to 2100 also show an increase in
Tmax of around 3 - 4.7 °C every 20 years (Das et al.,
2023). Other desert regions, such as Iran in the period
from 1961 to 2015, mainly experienced an increase in
TXx, TNn, and Average Maximum and Minimum
Temperature (Alavinia & Zarei, 2021; Asakereh et al.,
2020; Zarrin et al., 2021).

In Southeast Asia, research on extreme temperatures
has been carried out, especially in Malaysia (Tan et al.,
2019). This research shows that from 1985 to 2015, the
region experienced an increase in TXn and TNn of 0.31
°C and 0.65 °C every decade. Apart from Malaysia, in the
1983-2012 period, Indonesia itself experienced an
increase and decrease in the frequency of hot days and
cold nights, with an increase in average maximum and
minimum temperatures of 0.18 °C and 0.30 °C
respectively, every decade (Supari et al., 2017). Until
2024, only (Supari et al., 2017) has studied extreme
temperatures, especially in Indonesia. Therefore, there is
still a lack of recent research regarding extreme
temperatures in Indonesia, so we conducted a study of
extreme temperatures in this region. In addition, most
previous studies have not linked several extreme
temperature indices with ENSO and 10D conditions, so
we calculated the correlation of each extreme temperature
index with the ENSO index (Nifio3.4 Index) and 10D
index (DMI).

2. Data and methodology

This study area focuses on the area covering the
Indonesian archipelago, precisely at a longitude of around
90° E-150° E, 15° S-10° N. As can be seen in Fig. 1, the
Indonesian archipelago is located between the Indian
Ocean and the Pacific Ocean. Globally, climate
conditions, especially temperature, are strongly influenced
by the IOD and ENSO phenomena in the Indian and
Pacific oceans.

The data used in this research is the CPC Maximum
Temperature (Tmax) and Minimum Temperature (Tmin)
fromhttps://psl.noaa.gov/data/gridded/data.cpc.globaltemp
.html. The daily grid data has a resolution of 0.5° with
time coverage from 1979 to the present. However, this
study's data has a time range of 1979-2023 (45 years).
CPC grid data with stable predicted values has the best



