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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,

927



MAUSAM, 77, 3 (July 2026)

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
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Fig. 1 Area of Interest

TABLE 1

temperature in month i, period j

No 1D Indicator name Definitions Calculations Units
1 TXX Max Tmax Monthly maximum of daily maximum temperature TX;; = max(Txl-,-) °C
2 TXn Max Tmin  Monthly minimum of daily maximum temperature TX;; = min(Tx;;) °C
3] TNx Min Tmax Monthly maximum of daily minimum temperature TN;; = max(Tni,-) °C
4 TNn Min Tmin Monthly minimum of daily minimum temperature TN;; = min(Tn;;) °C
Diurnal - S (Tx;; — Tny)) o
5] DTR temperature range Monthly mean difference between TX and TN DTR = e C
accuracy when compared to Integrated Multi-satellite The five extreme temperature indices indicate

Retrievals for Global Precipitation Measurement
(IMERG) and Tropical Rainfall Measuring Mission Multi-
satellite Precipitation Analysis (TMPA), reanalysis-based
(fifth generation of atmospheric reanalysis by the
European Center for Medium Range Weather Forecasts
(ERA5) (Jiang et al., 2023; Nashwan et al., 2019).
Therefore, CPC data is widely used as material in
temperature evaluation (Salehie, Ismail, Shahid, et al.,
2022).

This study's evaluation of extreme temperatures is
based on the index published by the Expert Team on
Climate Change Detection and Indices (ETCCDI) (Zhang
et al., 2018). Although there are at least 11 indices for
extreme temperatures, this study uses five, as shown in
Table 1.
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intensity (Mo et al., 2022). In general, the index defined
by ETCDDI has been widely used to analyze climate
extremes, both rainfall and temperature (Babaousmail et
al., 2022; Chaney et al., 2014; Felix et al., 2021; Lopes et
al., 2024; Nie et al., 2019; Supari et al., 2018).

Examination of the trend of each index decided by the
Mann-Kendal (MK) test

s—1 .
VAR(S)’ if $>0
Z, = 0; if S = Q)
S+1 .
L/VAR(S)' if $<
with
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_ 5 H
VAR(S) = "), (2 Wit
Xi—X
T, = j‘—kk (6)
S= Z?=_11 ?=i+1sgn(Xj - Xi): 3)
forn=1,2,3,...,n; and X is the value of each index. In
addition to the linear trend of each extreme temperature
+1; if(X}- _Xi) >0 index, we also determined the period when the trend
; change occurred. Determination of these changes is based
sgn(X; — X;) =1 0;if(X;—X;)=0. 4 . ?
gn(¥; - Xi) f( j = X) “) on the Sequential Mann-Kendall method (Dipak et al.,
~Lif(X; —X;) <0 2014). To determine the relationship between each
extreme temperature index, we applied a partial
Gradients of this trend are determined by correlation of each index to the Nifio3.4 index and Dipole
Mode Index (DMI) (Iskandar et al., 2013). The DMI and
Tuts; for n odd N|no_3.4 index we use are the results of cal<_:u|_at|ons from
=z previous research (Suhadi et al., 2024). It is just that we
Qi = ®) use this index from 1979 to 2023, which is according to

analysis needs.
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Fig. 3. Extreme Temperature Trend Change Point. Solid and Dashed Line are Forward U(t) and Backward U’(t) Sequential value.
All of the Trend Change Point’s Confidences Level is 95% with critical value is 1,96

3. Results and discussion

The linear trend of extreme temperatures in
Indonesia is shown in Fig. 2. Based on Fig. 2, it can be
seen that over 45 years, TXx has increased by 0.0017
°Cl45 years or around 0.08 °Clyear. Additionally, TXn
experienced an increase of 0.0039 °C/45 years or 0.18
°Clyear. However, a decreasing trend in TXn was also
detected in Mexico, especially from 1980 to 2013 (Ruiz-
Alvarez et al., 2020). Even though there was an increase
in maximum (TXx) and minimum (TXn) temperatures
during the day, there was a significant decrease in
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minimum daytime temperatures around 1999-2002. In
contrast to other extreme temperature indicators, the
Maximum Nighttime Temperature (TNx) has decreased
by 0.0035 °C/45 years or 0.16 °Cl/year. This result differs
from previous research which showed an increase in
nighttime temperatures around 2000 — 2022, especially in
summer (JJA) (although it was not clearly stated whether
TNx or TNn increased) (Sianturi et al., 2024). Based on
Fig. 2, it can also be seen that TNn and DTR have
increased by 0.0021°C/45 years and 0.0042 °/45 years
(0.09 °Clyear and 0.19 °C/year) respectively. Like
daytime temperatures, fluctuations in minimum nighttime
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Fig. 4. Spatial Trend of Extreme Temperature. Plus (+) marked is Significance Level at 95%

temperatures also occurred around 1999-2002. These
results confirm the increase in extreme temperatures,
especially TXx and TNn, in other countries such as Iran
(Alavinia & Zarei, 2021). This analysis also shows that
minimum temperatures (both day and night) have
increased more than maximum. These results have also
been obtained based on previous research (Hamed et al.,
2023; Salehie, Ismail, Hamed, et al., 2022).

Fig. 3 shows the specific timing of changes in each
extreme temperature index. Each index shows a different
time of trend change. A significant change in TXx
occurred in 2010, although TXx has consistently increased
in previous years. Research results in China also show that
an increase in TXx began to occur around 2000 (Mo et al.,
2022). Significant changes in TXn occurred in 2007.
Although the linear trend of TNx decreased, based on Fig.
3.C, TNx experienced fluctuations before the TNx change
point in 2011. In the frequency domain, a decrease in
minimum temperature also occurred in the Chinese region
(Pi et al., 2020). The observed decreasing trend in TNx in
parts of Indonesia contrasts with the general global
warming pattern, which typically shows increasing TNx
trends. This regional anomaly may be driven by complex
interactions between large-scale climate modes (ENSO
and 10D) and local environmental conditions. For
instance, stronger nocturnal cooling may occur during dry
seasons under La Nifia or positive IOD phases, which
reduce cloud cover and enhance longwave radiation loss
at night. Land-use changes, such as deforestation or
differences in surface albedo, may also contribute to
spatial heterogeneity in TNx trends (Supari et al., 2017).
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These findings highlight the importance of understanding
regional climate dynamics in interpreting trends in
extreme temperature indices. The significant increase in
the TNn trend over 45 years was also confirmed based on
the TNn change point detected in 1984. This result is also
similar to previous research, especially in China, which
showed that TNn began to increase around 1984 (Mo et
al., 2022). Like the TXx, TXn, and TNx change points,
the DTR change point also occurred after 2004, to be
precise in 2006.

Spatially, the increasing and decreasing trends in
extreme temperatures range from -0.01 °C to +0.01 °C
over 45 years (Fig. 4). In general, increasing and
decreasing trends are relevant to increasing and decreasing
trends temporally (Fig. 2). The increase in the TXx trend
was almost detected throughout Indonesia. Papua is the
region experiencing the highest increasing trend, although
several small parts in western Papua are experiencing a
decreasing trend. The decline in the TXx trend is also
visible in parts of Sumatra, especially the North Sumatra
region and the island's west coast. The distribution of TXn
increases appears to be more dominant than other extreme
temperature indices. The TXn trend increase, higher than
other regions, occurred in most of Papua, Sulawesi,
southern Kalimantan, southern Sumatra and most of Java.
Like the temporal trend, the spatial trend of TNx shows a
decline in all regions of Indonesia. The most significant
decline in TNx occurred in Papua, Central Sulawesi,
southeastern Kalimantan and a small part of central
Sumatra. Similar to TXn, the increase in TNn occurred in
almost all regions of Indonesia, even on the Malaysian
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Fig. 5. Partial Correlation of TXx to DMI and Nifio3.4 Index. Plus (+) marked is Significance Level at 95%

peninsula and Papua New Guinea. An increase in TXn
and TNn in the Malaysian region was also shown in
previous research (Tan et al., 2019). The increase in the
DTR trend is almost the same as the increase in TXXx; only
the increase in DTR in southeast Kalimantan is more
expansive than in TXx, especially for the increase in the
trend, which is higher than in other regions, likewise with
the increase in the central part of Sulawesi.

The correlation between TXx and 10D and ENSO is
represented in the form of a partial correlation between
TXx and DMI, the Nifio3.4 index, and other extreme
temperature indices (TXx, TNx, TNn, and DTR). The
partial correlation of TXx with DMI and the Nifio3.4
index is shown in Fig. 5. Based on Fig. 5, it can be seen
that the positive influence of DMI is only visible at its
peak, namely in SON, and even then, only in a small part
of southern Sumatra, specifically in Lampung province. In
SON, a positive influence of the DMI was detected in a
small part of northern Kalimantan. The negative influence
of DMI on TXx was detected in MAM and JJA, especially
in 2° S in Sumatra, Nusa Tenggara Island, and small part
of southern Sulawesi (MAM). Based on the correlation
with the Nifio3.4 index, ENSO has more influence on TXXx
in western to central Indonesia than in other regions. This
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influence moves from the northern hemisphere (in DJF) to
the southern hemisphere (in SON). The peak influence of
ENSO on TXx in the Northern Hemisphere occurs at
MAM, while in the Southern Hemisphere, it occurs at
SON.

Compared to TXx, 10D's influence on TXn is more
visible. The positive correlation of DMI began to appear
in MAM, especially in southern Sumatra, then weakened
in JJA, and peaked in SON. As with TXx, ENSO has
more influence on TXn in the same region (Fig. 6). In the
DFJ to MAM period, the positive correlation of the
Nifio3.4 index is dominantly seen in the northern
hemisphere, especially in the western to central regions of
Indonesia. In JJA and SON, the positive correlation of the
Nifio3.4 index weakens in the northern hemisphere,
spreading randomly to the southern hemisphere until it
reaches Papua New Guinea. The correlation of the
Nifio3.4 index, which is more dominant with TXx and
TXn than DMI, shows that ENSO plays a significant role
in increasing extreme temperatures. The same was seen in
previous research (Akhsan et al., 2023; Gershunov, 1998).

The partial correlation of TNx with DMI and the
Nifio3.4 index is shown in Fig. 7. Based on Fig. 7, it can
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be seen that DMI is negatively correlated with TNx in a
small part of Papua New Guinea in DJF and Southeast
Kalimantan in MAM. Meanwhile, the positive correlation
between TNx and DMI in DJF and SON only occurs in a
small part of western Kalimantan. The positive correlation
of TNx with the Nifio3.4 index only occurs in several
regions, namely in southern Papua in DJF, northwest
Kalimantan in MAM and JJA, and western Papua in SON.

The partial correlation between TNn to DMI and the
Nifo03.4 index is shown in Fig. 8. Based on Fig. 8, it can
be seen that in DJF, a positive correlation is only shown
between TNn and the Nifio3.4 index, especially in the
eastern Papua province (142° E longitude), and the Nusa
Tenggara islands as well as a small part of southern
Kalimantan. Meanwhile, the negative correlation between
TNn and DMI is only seen in several areas of Sumatra and
Central Kalimantan. In MAM, the positive correlation of
TNn with the Nifio3.4 index is increasingly showing
strengthening, especially in the Kalimantan region, the
northern part of Sumatra, the east coast of Sumatra,
reaching the Malaysian peninsula and east coast of Papua
New Guinea. Apart from the positive correlation, in
MAM, there is also a negative correlation between TNn
and the Nifio3.4 index in a small part of southern Sulawesi
and western Papua province. This shows that ENSO
affects TNn almost throughout the Indonesian archipelago
(and Papua New Guinea), especially in MAM. In JJA, a
positive correlation was only shown by TNn to DMI,
especially in a small part of the east coast of Sumatra.
Meanwhile, the negative correlation of TNn with DMI and
the Nifio3.4 index occurs in Java and small parts of
Sulawesi and Maluku. In SON, the positive correlation of
TNn with DMI occurs in the northern region of Sumatra,
while for the Nifio3.4 index, the positive correlation
occurs in eastern Papua New Guinea.

The partial correlation of DTR to DMI and the
Nifio3.4 index is shown in Fig. 9. Based on Fig. 9, it can
be seen that the positive correlation of DTR to the Nifio3.4
index is dominantly seen throughout the year, moving
from north to south in western to central Indonesia.
Meanwhile, the positive correlation of DTR with DMI is
only seen in southern Sumatra and Kalimantan in JJA and
SON. The positive correlation of DTR with DMI also seen
in eastern Papua New Guinea. Compared to other indices
the increase in the DTR trend is the biggest thing. This
trend is also experienced globally, although the most
prominent increase occurs in desert areas (Zhao et al., 2021).

4. Conclusions
Like global temperatures, over the last 45 years

(1979-2023), extreme temperatures in Indonesia have
increased significantly, especially minimum day (TXn)
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and night (TNn) temperatures. These increases began to
be detected in 2007 and 1984. This increase occurred
evenly throughout Indonesia. The significantly increasing
DTR trend is confirmed by a decrease in nighttime
minimum temperatures, which shows that extreme
temperatures in Indonesia occur during the day and at
night. From an oceanographic perspective, the increase in
extreme temperatures is predominantly influenced by the
ENSO phenomenon, especially in Indonesia's western and
central regions. This increase shows a teleconnection
phenomenon of sea surface temperatures in the Pacific
Ocean to the land areas of western and central Indonesia.
These findings imply that Indonesia is experiencing broad
and consistent climate warming, with both daytime and
nighttime extremes becoming more frequent and intense.
The increased diurnal temperature range suggests rising
thermal stress on ecosystems, agriculture, and human
health. Furthermore, the strong influence of ENSO
highlights how oceanic conditions in the Pacific can
significantly  affect regional climate on land,
demonstrating the interconnected nature of global climate
systems. This underlines the importance of monitoring
ocean-atmosphere interactions to better anticipate and
respond to extreme temperature events in Indonesia.
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