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Graphical abstract

Abstract

It has been suggested that the global warming due to an
increase in green house gas concentrations could lead to
extreme climate events, such as precipitation extreme and
droughts. This study is designed to analyze trend in the
long-term time series of preciptation extreme in
Kalimantan, focusing on observed data obtained from eight
meteorological stations spanning from January 1985 to
December 2022. Statistical analyses were employed to
discern patterns and trends in extreme precipitation
events. The findings reveal a discernible long-term trend
characterized by fluctuations in precipitation extremes
over the study period. The trend of total annual
precipitation (PRCPTOT) has increased at all observation
stations. Especially at SM. Nangapinoh and Supadio, the
PRCPTOT trend increased significantly at the 99% and 90%
levels. Meanwhile, the increase in consecutive wet days
(CWD) trends only occurred at SM. Nangapinoh and Rahadi
Oesman (West Kalimantan), and SM. Iskandar (South
Kalimantan). A significant trend was found in SM.
Nangapinoh (90%) and Iskandar (95%). In addition to
experiencing an increase in the R20mm trend, there was a
decrease in the trend. Significant trend increases at the
99% and 90% levels occurred in SM. Nangapinoh and
Supadio. In addition, an increase in CDD trend occurred
only in SM. Rahadi Oesman and Tjilik Riwut, although not
significant. Meanwhile, the majority of extreme
precipitation indices have a greater correlation with ENSO
than the IOD.

Keywords: climate extreme; Kalimantan; Mann-Kendall
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1. Introduction

Precipitation extremes play a pivotal role in shaping the
hydrological and ecological dynamics of regions worldwide,
exerting significant impacts on water resources,
agriculture, infrastructure, ecosystems, and soil erosions
(Yang et al. 2016; Fei et al. 2021; Kastridis et al. 2024;
Piacentini et al. 2018). Kalimantan, the Indonesian portion
of the island of Borneo, is no exception to the influence of
such extremes. Situated within the equatorial belt,
Kalimantan experiences a tropical climate characterized by
high precipitation variability, with precipitation patterns
profoundly influencing the region's socioeconomic and
environmental landscapes (Estiningtyas et al. 2024).
Understanding the trends and patterns of precipitation
extremes in Kalimantan is therefore crucial for effective
water resource management, disaster preparedness, and
sustainable development initiatives.

Over recent decades, increasing attention has been
devoted to the study of climate variability and its
implications for regions globally (IPCC 2023). In Kalimantan,
where precipitation extremes can trigger floods, landslides,
and other natural disasters, the need for comprehensive
analyses of observed trends in extreme precipitation
events is particularly pressing. Such analyses provide
valuable insights into the changing climatic conditions and
their potential consequences for the region's inhabitants
and ecosystems. Despite the significance of understanding
precipitation extremes, relatively few studies have focused
explicitly on this topic in the context of Kalimantan. Existing
research often lacks a comprehensive examination of long-
term trends, instead focusing on short-term analyses or
specific events.

Precipitation trend analysis in the West Kalimantan for the
Kubu Raya and Menpawah districts was conducted from
2000-2019. The results show an increase of monthly
maximum consecutive 5-day precipitation (RX5day),
monthly maximum 1-day precipitation (RX1lday), and
number of days when precipiation above 50mm (R50mm).
Meanwhile, the consecutive dry days (CDD) experienced a
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decreasing trend (Aditya et al. 2021). Another study in the
South Kalimantan revealed an increasing in precipitation of
about 25mm per year over a period of 2000 - 2020
(Sukmara et al. 2022). Recent study based on Integrated
Multi-Satellite Retrievals for GPM (IMERG) version 6 data
over a period of 2001 — 2020 shows an increasing trend in
precipitation extreme indices in new capital city of
Indonesia in the east Kalimantan (Marzuki et al. 2023). The
precipitation frequency-based indices, namely R20mm and
R50mm, indicate an increasing trend in the last 2 decades.
Similarly, the R5Xday index also revealed an increasing
trend. On the other hand, the total amount of
precipitation, the RX1day as well as the SDII (annual total
precipitation divided by the number of wet days in the
year) has shown a decreasing trend over the last 2 decades.

It should be note that the spatio-temporal variability of
precipitation in the Indonesian region is influenced by the
local and regional air-sea interaction (Aldrian and Susanto
2023). On seasonal time scale, the monsoon system
mostly drives the seasonal variation of precipitation over
the Indonesian region (Mulsandi et al. 2024). Most of the
Indonesian region experiences wet season during the
northwest monsoon, while during the southeast
monsoon Indonesia experiences a dry season. On
interannual timescale, the Indo-Pacific climate modes,
namely the El Nifio-Southern Oscillation (ENSO) and the
Indian Ocean Dipole (I0OD), modulate the precipitation
over the Indonesian region (As-Syakur et al. 2013; Lestari
et al; 2018; Kurniadi 2021). El Nifio and/or positive 10D
conditions often result in decreased precipitation and
increased temperatures, creating dry and drought-prone
conditions, particularly in the archipelago's forested
regions. These dry conditions significantly elevate the risk
of forest fires in Indonesia (Iskandar et al. 2022; Nurdiati
et al. 2021), which are exacerbated by the accumulation
of flammable biomass in peatlands and forests. The
combination of reduced precipitation, higher
temperatures, and prolonged dry spells during El Nifio
events creates ideal conditions for the ignition and spread
of fires (Hooijer et al. 2006; Wooster et al. 2012). These
fires not only pose a threat to human health and safety
but also cause extensive damage to ecosystems,
biodiversity, and the economy, with impacts ranging from
loss of habitat for endangered species to disruptions in
agriculture and tourism (Sarmiasih & Pratama 2019;
Lohberger et al. 2017).

Nevertheless, there is still a gap in the literature regarding
the observed trends of precipitation extremes in
Kalimantan over an extended period. Addressing this gap is
essential for enhancing our understanding of the region's
climate dynamics and improving the accuracy of future
climate projections and risk assessments. Therefore, this
study aims to bridge this gap by providing a systematic
analysis of the observed trend of precipitation extremes in
Kalimantan. Drawing upon observed meteorological
datasets spanning multiple decades (1985 — 2022), this
study employed statistical analysis to quantify changes in
extreme precipitation events over time. By identifying
trends and patterns in precipitation extremes, we seek to
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elucidate the underlying drivers and mechanisms driving
these changes link to ENSO and/or 10D events.
Additionally, we explore the potential implications of
observed trends for forest fire management, and climate
adaptation efforts in Kalimantan.

2. Materials and methods
2.1. Study area

Kalimantan is the third largest island in the world with, an
area of 746,000 km? (Wooster et al. 2012). It is located at
coordinates 7°N - 4.5°S, 108°E - 119°E, crossed by the
equator. Borneo Island is mainly included in Indonesia's
territory, partly in Malaysia and a small part in Brunei
Darussalam. The Indonesian part is divided into five
provinces: West, Central, East, North, and South
Kalimantan (Yulianti & Hayasaka 2013). Almost the entire
region is covered by tropical rainforests and peat. Forest
types in Kalimantan include mangrove forests, peat
swamps, freshwater swamp forests, mixed dipterocarp
forests, montane forests, forests on limestone and
ultrabasic soils (Area et al. 2007). The world's tallest
dipterocarp forests are found in Borneo. These forests are
vulnerable to drought and fire (E. Guhardja et al. 2000). The
forest area in Kalimantan reaches 30% of the island area,
which is about 24 million hectares, so Kalimantan has a lot
of endemic fauna and flora.

Kalimantan is also the most biodiverse region in the world.
Of the 15,000 plant species, 6,000 are endemic (Area et al.
2007). The fauna includes 268 species of mammals, 523
species of birds, 147 species of amphibians, 227 species of
reptiles, and 738 species of freshwater fish (Widjaja 2014).
Kalimantan is one of the world's places with orangutans,
elephants, and rhinos living side by side. Besides being rich
in flora and fauna, Kalimantan has 20 large rivers in the
highland area. The forests in Kalimantan are inhabited by
around 4 million Dayak tribes (the original occupants),
divided into hundreds of different ethnic groups with their
respective languages and cultures. Therefore, it is essential
to protect the forest for the community and ensure water
and food supply. In reality, Kalimantan has been
transformed into agricultural land and plantations. These
fragmented landscapes have been acquired through
logging processes and human-caused burning events. If this
process coincides with El Nino and positive 10D
phenomena, then fires can spread to undisturbed forests
and peatlands (Langner et al. 2007; Goldammer 2007; E.
Guhardja et al. 2000). Therefore, this research was
conducted in peat areas located in West, Central, and
South Kalimantan, as shown in Figure 1.

2.2. Materials

This study uses precipitation data from the Meteorology,
Climatology, and Geophysics Agency (BMKG) through the
website at http://dataonline.omkg.go.id. There are 14
stations in West Kalimantan, five in Central Kalimantan,
and three in South Kalimantan. However, only eight
stations from the three provinces have complete data for
38 years. The data used is from January 1985 to December
2022, recorded at stations as shown in Table 1.
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2.3. Methods

Four indices from the Expert Team on Climate Change
Detection and Indices (ETCCDI) were selected to
characterize extreme precipitation. The indices are
PRCPTOT (total annual precipitation), CDD (number of
consecutive dry days), CWD (number of consecutive wet
days), and R20mm (number of days with at least 20mm of
precipitation) (Zhang et al. 2011).

SARAWAR

4 s,

SM Iskandar

SM Syamsudin Noor

Figure 1. Research locations covering West Kalimantan, Central
Kalimantan, and South Kalimantan-Peat areas are marked with
brown color.

2.3.1. Man-Kendall Test

The Mann-Kendall test is a non-parametric test used to
determine the data trend based on the relative ranking of
a specific period (Mann 1945). This test does not have to
fulfill the assumption of normality. The Mann-Kendall test
can be calculated using the following equation (Kendall
1948):

n-1 n
S:Z Z sgn(x/- —xk),

k=1 j=k+1

(1)

+Lif (x;-x)>0
sgn(xj —xk): O,if(xj —xk):O
—l,if(xj —xk)<0

A positive S value indicates an increasing trend, but a
negative S value indicates a decreasing trend. The variance
Table 1. Location of BMKG Stations used in the Study

of the S value can be calculated using the following

equation:

n(n-1)(2n+5) (2)
18

If n is greater than 8, S is statistically close to a normal

distribution. Statistical tests are performed using the

typical distribution approach, and the standard Z test

statistic is calculated using the following equation:

—£;L1JS>Q 3)
var(S)

Z= 0,if §=0,
S+1

1/var(S)

A positive Z value indicates an increasing trend, while a
negative Z value indicates a decreasing trend.

Var(S)z

if S <0.

2.3.2. Sen’s Slope Estimator

The slope of Sen provides information on how much the
average extreme precipitation changes per year. This trend
test is assumed to be linear and quantifies time-varying
data. Sen's slope test is better than the linear regression
test because the test is not affected by outliers and data
errors (Sen 2013). The equation used is as follows:

(x,-x) . @

Q=——,1=1L23,...N,
]—1

xj and xi data at time j and i respectively Where j>i. The N
values of Qi are sorted from smallest to largest, then Sen's
Slope uses the median Qi (Qmed) calculated by the
equation below:

Q[ﬂ}’ if N=odd, (5)

2

N
¥,if N =even.

2

The turning point of each extreme rainfall index trend can
be determined using the Sequential Mann Kendall Test
(SqMK). Detailed information about SqMK can be found at
(Bisai et al. 2014; Stathi et al. 2023).

Coordinates

No Station Name Province Latitude Longitude
1 SM. Rahadi Oesman West Kalimantan -1.80000 109.97000
2 SM. Nangapinoh West Kalimantan -0.42000 111.47000
3 SM. Supadio West Kalimantan -0.14206 109.45000
4 SM. Tebelian West Kalimantan 0.06000 111.47000
5 SM. Tjilik Riwut Central Kalimantan -2.22000 113.95000
6 SM. Iskandar Central Kalimantan -2.73000 111.66000
7 SM. Syamsudin Noor South Kalimantan -3.44200 114.75400
8 SM. Gusti Syamsir Alam South Kalimantan -3.30000 116.17000

SM: meteorological station

2.4. Partial Correlation
Partial Correlation determines the influence of ENSO and
IOD on the extreme rainfall index. This correlation

corresponds to more than one bivariate relationship and is
distinguished using subscripts. The coefficient of partial
correlation is symbolized by ryx, where the variable to the



right of the point is the control variable. So, ryx this means
a partial correlation coefficient that measures the
relationship between variables x and y while controlling for
variable z. The equation used to calculate the partial
correlation coefficient is (Healey 2012; Iskandar et al.
2013):

ryx_(ryz)('j\‘z) (6)
ryx.z:—
l—rzyz l—rzxz
3. Results

3.1. Annual precipitation analysis

The spatial distribution of annual precipitation in West,
Central, and South Kalimantan can be seen in Figure 2. The
lowest annual precipitation total for West Kalimantan is in
SM. Rahadi Oesman, which amounted to 2,041.3 mm/year,
occurred in 2014. At the same time, the highest is in SM.
Nangapinoh at 5,781.7 mm/year, which occurred in 2016.
In the Central Kalimantan region, SM. Iskandar has the
lowest total annual precipitation. Iskandar, which occurred
in 1997, amounting to 1,702.3 mm/year. At the same time,
the highest is in SM. Tjilik Riwut at 4,405.5 mm/year, which
occurred in 2017. South Kalimantan has the lowest total
annual precipitation in SM. Gusti Syamsir Alam at 1309
mm/year, which occurred in 1997. At the same time, the
highest total annual precipitation is in SM. Gusti Syamsir
Alam of 4780 mm/year, which occurred in 1988. The
variation of Kalimantan's total annual precipitation ranges
from 1300-5800 mm/year. The lowest total annual
precipitation is in South Kalimantan, while the highest is in
West Kalimantan. The high precipitation variability in
Kalimantan indicates that Kalimantan is experiencing the
impact of climate change.
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Figure 2. Total Annual Precipitation

3.2. Trend analysis of extreme precipitation index

Figure 3 shows the trend of PRCPTOT at the eight
Meteorological Stations. It can be seen that the trend of
PRCPTOT at eight stations has increased. A significant
increase occurred at SM. Nangapinoh (3.67 mm/year) and
SM. Supadio (1.27 mm/year) with significance levels of 99%
and 90%, respectively. Figure 4 shows that changes
appearing in the PRCPTOT time series at Nangapinoh SM
started in 2013, while SM Supadio started in 2007. The
maximum trend occurred in SM. Nangpinoh, experienced
an increase in PRCPTOT per year of 3.67mm. At the same
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time, the smallest trend increase occurred in SM. Rahadi
Oesman by 0.07 mm/year. The increasing trend in eight
stations shows that West, Central, and South Kalimantan
tend to be in wet conditions.
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Figure 3. PRCPTOT Trends in West Kalimantan, Central

Kalimantan and South Kalimantan
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Figure 4. Graphical representation of the Mann—Kendall trend
test of the PRCPTOT time series

The variation of PRCPTOT over 38 years in the three regions
can be seen in Figure 5. The maximum PRCPTOT in West
Kalimantan is found in SM. Nangapinoh of 5,781.7 mm
which occurred in 2016 (Figure 5a). At the same time, the
minimum PRCPTOT is found in SM. Rahadi Oesman of
2,041.33 mm, which occurred in 2014. For the Central
Kalimantan region, the variation of PRCPTOT can be seen in
Figure 5(a). Figure 5(b) shows the maximum PRCPTOT
value is found at SM. Tjilik Riwut amounts to 4,405.5
mm/year, which occurred in 2017. At the same time, the
minimum PRCPTOT is found in SM. Iskandar of 1,702.3
mm/year, which occurred in 1997. Furthermore, South
Kalimantan's annual precipitation variation (PRCPTOT) can
be seen in Figure 5(c). The maximum PRCPTOT is found in
SM. Gusti Syamsir Alam of 4,780 mm/year, which occurred
in 1988. Then, for the minimum PRCPTOT found in SM.
Gusti Syamsir Alam amounted to 1,309 mm/year in 1997.

The magnitude of PRCPTOT is related to the CWD index.
This means that when PRCPTOT is high, then during one
year, the CWD value is also potentially high. Figure 6 shows
the trend of CWD at eight stations. Two stations in West
Kalimantan experienced increasing trends, namely SM.
Rahadi Oesman (0.006) and SM. Nangapinoh (0.01). One
station was in Central Kalimantan, while the other five
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stations experienced no change. The resulting trend of 0
can be seen from Figure 6. A significant increase occurred
in SM. Nangapinoh and SM. Iskandar has significance levels
of 90% and 95%, respectively. Figure 7 shows the changes
in the CWD time series in SM. Nangapinoh began in 1999,
while for SM Iskandar, the changes that appeared in the
CWD time series started in 2003.
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Figure 5. Time series of total precipitation from January 1985 to
December 2022 observed at a) West Kalimanta, b) Central
Kalimantan, c) South Kalimantan
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Figure 6. CWD Trends in West Kalimantan, Central Kalimantan,
and South Kalimantan

The variation of CWD over 38 years in West, Central, and
South Kalimantan ranges from 6-36 days, as seen in Figure
8. The maximum CWD in West Kalimantan is found in SM.
Nangapinoh for 34 days, which occurred in 2014 and 2016
(Figure 8a). Furthermore, in Central Kalimantan, the
maximum CWD is found in SM. Tjilik Riwut for 36 days in
2016 (Figure 8b). In South Kalimantan, the maximum CWD
value is found in SM. Syamsudin Noor, with the longest
rainy day occurred for 30 days in 2021 (Figure 8c). The
observations show that the longest rainy season during the

38 years of observation occurred in Central Kalimantan,
precisely in the city of Palangkaraya (SM. Iskandar).
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Figure 9 shows the trend value of CDD at eight observation
stations. It can be seen that some stations have increased,
but some have decreased. The increase in the CDD trend
occurred in SM. Rahadi Oesman (West Kalimantan) and
Tjilik Riwut (Central Kalimantan). Meanwhile, the
downward trend in CDD occurred in SM. Iskandar (Central
Kalimantan), SM. Syamsudin Noor and SM. Gusti Syamsir
Alam (South Kalimantan). The largest increase in
consecutive dry days (CDD) occurred in SM. Rahadi Oesman
(West Kalimantan) by 0.01 days/year. At the same time, the
minimum CDD trend is found in SM. Syamsudin Noor
(South Kalimantan) by 0.02 days/year (Figure 10).

The maximum CDD value in West Kalimantan is found in
SM. Rahadi Oesman for 53 days, which occurred in 1994
(Figure 11a). Furthermore, the maximum CDD value in
Central Kalimantan was found in SM. Iskandar for 79 days
occurred in 1997 (Figure 11b). In South Kalimantan, the



maximum CDD value was found in SM. Gusti Syamsir Alam
for 88 days, which occurred in 1997 (Figure 11c). Six of the
eight observation stations showed that the longest number
of days without rain occurred in 1997, where South
Kalimantan experienced the longest days without rain
compared to West Kalimantan, and Central Kalimantan
(Figure 12).
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Figure 10. Graphical representation of the Mann—Kendall trend
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The R20mm index indicates the number of days with
precipitation 2 20mm per day. The maximum value of this
index indicates an area's tendency towards wet
conditionsThe R20mm trend has increased at six stations:
SM. Supadio, SM. Nangapinoh, SM. Tjilik Riwut, and SM.
Syamsudin Noor, and SM. Gusti Syamsir Alam. a significant
increase occurred at SM. Supadio and Nangapinoh had
significance levels of 95% and 99% respectively. Figure 13
shows the changes that appear in the R20mm time series
at SM. Supadio starting from 2005 while SM. Nangapinoh
the changes appear from 2009. The stations that
experienced a decrease in the R20mm trend were SM.
Rahadi Oesman and SM. Iskandar.

SM. Nangapinoh (West Kalimantan) obtained the
maximum R20mm increasing trend with a significance level
of 99%. SM. Rahadi Oesman (West Kalimantan)
experienced a decrease in the number of days with
precipitation intensity > 20mm by 0.01 days per year.
Furthermore, the variation of R20mm value in each region
can be seen in Figure 14.
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The maximum R20mm value in West Kalimantan occurred
in SM. Nangapinoh in 2016, where 94 days of rain occurred
with an intensity = 20mm. Furthermore, in Central
Kalimantan, the maximum R20mm value occurred in SM.
Tjilik Riwut for 80 days in 2010. For South Kalimantan, the
maximum R20mm occurred in SM. Gusti Syamsir Alam for
84 days in 1988. Of the three regions, the longest rainy days
with heavy intensity occurred in West Kalimantan,
precisely the Malawi district, which occurred for 94 days in
2016.
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3.3. Correlation between extreme precipitation index and
ENSO phenomenon

Correlation analysis was conducted to determine the
influence of ENSO events (Nifio 3.4 index) on the extreme
precipitation index. The results of the correlation analysis
of extreme precipitation with the Nifio 3.4 index in the
Kalimantan region show positive and negative values. Nifio
3.4 correlation with PRCPTOT, R20mm, and CWD showed
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negative values. At the same time, the correlation is
positive for CDD and Nifio 3.4 index. The largest ENSO
influence on PRCPTOT occurs in South Kalimantan (SM.
Syamsudin Noor). This is shown based on the Nifio 3.4-
PRCPTOT index correlation value of -0.56 with a
significance level of 99%. In addition, there are two stations
with significant correlations of -0.38 (SM. Nangapinoh) and
-0.42 (SM. Iskandar) at the 99% significance level in West
Kalimantan and Central Kalimantan. As well as five other
stations in West Kalimantan, Central Kalimantan, and
South Kalimantan (SM. Rahadi Oesman, SM. Tebelian, SM.
Supadio, SM. Tjilik Riwut, and SM. Gusti Syamsir Alam)
were also significantly correlated at the 95%-98%
significance level. This significant correlation is in line with
the results of previous research, which states that
precipitation in Kalimantan has a significant correlation
with ENSO (Lestari, dkk. 2018), with the peak of ENSO
events between September-November (Chang, et al.
2003).
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Figure 13. Graphical representation of the Mann—Kendall trend
test of the R20mm time series
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Figure 14. Time series of R20mm observed in a) West
Kalimantan, b) Central Kalimantan, c) South Kalimantan

The CDD index significantly correlated with ENSO events at
the 99% significance at all observation stations (West
Kalimantan, Central Kalimantan, and South Kalimantan).
For R20mm, six out of eight stations obtained a significant
correlation ranging from 90% to 99% significance level.
ENSO events have a significant correlation with the
extreme precipitation index during the SON season for
West, Central, and South Kalimantan.Meanwhile, the CWD
index is not significantly correlated across all observation
stations.

3.4. Correlation of extreme precipitation index with 10D
phenomenon

The correlation analysis of the extreme precipitation index
with DMI was conducted to determine the magnitude of
DMI's influence on each extreme precipitation index. In
general, the correlation results show the influence of DMI
on extreme precipitation in West Kalimantan, Central
Kalimantan, and South Kalimantan. This is shown based on
the correlation value of DMI on the extreme precipitation
index. The DMI-CDD correlation is positive (0.03-0.43) at all
observation stations. However, a significant DMI-CDD
correlation was only observed at SM. Iskandar (Central
Kalimantan) and SM. Syamsudin Noor (South Kalimantan)
had 98% and 99% significance levels, respectively.
Furthermore, for the PRCPTOT index, only SM. Rahadi
Oesman (West Kalimantan) obtained a significant
correlation of -0.28 at the 90% level. Furthermore, the
R20mm index only has two stations that obtain a significant
correlation, namely SM. Rahadi Oesman (West Kalimantan)
and SM. Iskandar (Central Kalimantan) has a significance
level of 95%. Compared to ENSO, 10D has less influence on
the extreme precipitation index, as indicated by the small
number of stations that obtained a significant
correlation. Meanwhile, CWD did not obtain a significant
correlation with DMI for all observation stations.

4, Discussion and conslusion

Analysis of extreme precipitation trends in the West,
Central, and South Kalimantan regions from 1985-2022
shows positive and negative trends. The positive trend of
PRCPTOT at eight observation stations shows that for 38
years, the Kalimantan region has tended to be in wet
conditions.This result has also shown by As-syakur et al.
(2013). The largest and most significant trend increase
occurred in SM. Nangapinoh (West Kalimantan). This
PRCPTOT trend is correlated to ENSO by (-0.38) with a
significance level of 99%. This aligns with the results of
previous research conducted by Nguyen-Thanh et al
(2023) from 1979 to 2019. The maximum PRCPTOT in West
Kalimantan occurred in 2016 at 5781.7 mm/year. This is
because in that year, there was a negative 10D
phenomenon (Fannia et al. 2021). In addition to PRCPTOT,
the average total annual precipitation for West Kalimantan
is also greater than that of Central and South Kalimantan.
This indicates that West Kalimantan tends to be wetter
than Central and South Kalimantan. Among the three
regions, South Kalimantan is the region with the lowest
average total annual precipitation. This result is also shown
by the research of Sukmara et al. (2022) and Supari et al.
(2016). Furthermore, in Central Kalimantan, the correlation



between PRCPTOT and ENSO is -0.42 (SM. Iskandar) and -
0.39 (SM. Iskandar) significant at the 99% and 98% levels.
South Kalimantan, the correlation between PRCPTOT and
ENSO is at SM. Syamsudin Noor and SM. Syamsir Gusti
Alam was -0.565 and -0.612, respectively, with a
significance level of 99% and 98%.

Compared to PRCPTOT, the increasing trend of CWD is less,
ranging from 0.006-0.02 days per year. This is because
ENSO and 10D have a low correlation (r < 0.24) with CWD
in West Kalimantan, Central Kalimantan, and South
Kalimantan. For 38 years, only three stations had an
increase in the trend of CWD, while the rest did not change.
Research conducted by Ramadhan et al. (2022) in the East
Kalimantan region also showed an increase in CWD during
2001-2020. An increase in the trend of CWD occurred at
SM. Iskandar (Central Kalimantan), SM. Nangapinoh and
Rahadi Oesman (West Kalimantan). In 2014 and 2016, West
Kalimantan experienced the longest rainy days (CWD) of 34
days, especially in SM. Nangapinoh. The maximum CWD in
2016 was caused by the negative IOD phenomenon during
JJA and SO (Fannia et al. 2021). The same results also
occurred in Central Kalimantan. This region had 36
consecutive rainy days in 2016, precisely in SM. Tjilik Riwut.
Meanwhile, in South Kalimantan, the maximum CWD (30
days) in 2021 occurred in SM. Syamsudin Noor. The event
is the impact of the LaNifia phenomenon (Novianti et al.
2023).

This is not the case with the CWD index. CDD showed
increasing and decreasing trends in West, Central, and
South Kalimantan but no significant trends as shown by
Supari et al. (2016). SM. Rahadi Oesman (West Kalimantan)
and Tjilik Riwut (Central Kalimantan) obtained increasing
trends, SM. Nangapinoh (West Kalimantan), SM Syamsudin
Noor and SM. Gusti Syamsir Alam (South Kalimantan) had
a decreasing trend and SM. Tebelian and Supadio had no
change in trend. A significant correlation between CDD and
ENSO occurred at all observation stations (West
Kalimantan, Central Kalimantan, and South Kalimantan)
with a significance level of 99%. The results showed that
the maximum CDD in the West Kalimantan region was in
SM. Rahadi Oesman for 53 days precisely in 1994. This long
dry season was caused by the positive IOD phenomenon
(Lestari et al. 2018). Meanwhile, the dry season in Central
Kalimantan is longer than in West Kalimantan. In 1997,
there were 79 consecutive days without rain in SM.
Iskandar. This event was caused by the ElI Nino
phenomenon and positive IOD in 1997 (Lestari et al. 2018).
The same thing happened in South Kalimantan for 88 days
in 1997, especially in SM. Gusti Syamsir Alam. In line with
the research results by Lestari et al. (2019), the frequency
of extreme precipitation strongly correlates with ENSO and
I0D in the dry season. Increasing and decreasing trends in
CDD were also experienced in central and east central Asia
from 1981 to 2005 (Rai et al. 2024).

Compared to PRCPTOT, CDD, and CWD, the R20mm trends
in West, Central, and South Kalimantan show more varied
values. The trends obtained are increasing, decreasing, and
constant. Five of the eight stations tended to be wet during
the 38 years of observation. This result has also shown by
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Supari et al. (2016). The West Kalimantan region, especially
SM. Nangapinoh and Supadio showed significant increasing
trends at 99% and 95%. SM. Rahadi Oesman showed a
decreasing trend and SM. Tebelian had no change.
Meanwhile, in the Central Kalimantan region, an increasing
trend was seen in SM. Tjilik Riwut. SM. South Kalimantan
that obtained an increase in trend were SM. Syamsudin
Noor and Gusti Syamsir Alam. The maximum R20mm (94
days) occurred in the West Kalimantan region in SM.
Nangapinoh in 2016. This is because 2016, there was a
negative IOD (Fannia et al. 2021). Central Kalimantan
region experienced heavy rains for 80 days in 2010,
especially SM. Tjilik Riwut. 2010, it coincided with the La
Nifia phenomenon La Nifia phenomenon (Lestari et al.
2018). Study Patle & Libang (2014) stated that the
increasing trend of precipitation has an impact on flooding.
The increasing trend of R20mm that occurred in West
Kalimantan was also experienced by the central Asian
region during 1981-2005 (Rai et al. 2024).

Extreme precipitation trends in the West, Central, and South
Kalimantan regions have increased over 38 years. PRCPTOT
trends have increased at all observation stations. A
significant increase in PRCPTOT trends occurred at SM.
Nangapinoh and SM. Supadio precisely in the West
Kalimantan region. Meanwhile, CWD also significantly
increased at two stations, namely SM. Nangapinoh (West
Kalimantan) and SM. Iskandar (Central Kalimantan) have
significance levels of 90% and 95%. The number of rainy days
with intensity = 20mm significantly increased at SM.
Nangapinoh and Supadio have significance levels of 99% and
95%. In addition, most of the extreme precipitation indices
are significantly correlated with ENSO. The same research
results were also shown in the Central Java region with
observation time from 1990-2019 (Firmansyah et al. 2022),
North Sumatra in the period 1981-2010 (Irwandi et al. 2018).

References

Aditya, F., Gusmayanti, E. and Sudrajat, J. (2021). Precipitation
trend analysis using Mann-Kendall and Sen’s slope estimator
test in West Kalimantan. /IOP Conference Series: Earth and
Environmental Science, 893(1). https://doi.org/10.1088/1755
-1315/893/1/012006.

Aldrian, E. and Dwi Susanto, R. (2003). Identification of three
dominant precipitation 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.

As-syakur, A. R., Tanaka, T., Osawa, T. and Mahendra, M. S.
(2013). Indonesian precipitation variability observation using
TRMM multi-satellite data. International Journal of Remote
Sensing, 34(21), 7723-7738. https://doi.org/10.1080/014311
61.2013.826837.

Bisai, D., Chatterjee, S., Khan, A. and Barman, N. K. (2014). Application
of Sequential Mann-Kendall Test for Detection of Approximate
Significant Change Point in Surface Air Temperature for Kolkata
Weather Observatory , West Bengal , India Application of
Sequential Mann-Kendall Test for Detection of Approximate Sig.
6(02). http://www.journalcra.com.

Estiningtyas, W., Surmaini, E., Suciantini, E., Mulyani, A., Kartiwa,
B. et al. (2024) Analysing food farming wvulnerability in



OBSERVED TREND OF PRECIPITATION EXTREME IN KALIMANTAN

Kalimantan, Indonesia: Determinant factors and adaptation
measures. PLoS ONE 19(1): e0296262. https://doi. org/10.
1371/journal.pone.0296262.

Firmansyah, A. J., Nurjani, E. and Sekaranom, A. B. (2022). Effects of
the El Nifio-Southern Oscillation (ENSO) on rainfall anomalies in
Central Java, Indonesia. Arabian Journal of Geosciences.
https://doi.org/doi.org/10.1007/s12517-022-11016-2.

Healey, J. F. (2012). A tool for Social Research.tistics: A tool for
Social Research (Ninth). Wadsworth Cengange Learning.

Hooijer, A., Silvius, M., Wosten, H., Page, S., Hooijer, A., Silvius,
M., Wésten, H. and Page, S. (2006). PEAT-CO2, Assessment of
CO2 emissions from drained peatlands in SE Asia. Delft
Hydraulics Report Q3943 (2006), January, 36.

Irwandi, H., Pusparini, N., Ariantono, J. Y., Kurniawan, R., Tari, C.
A. and Sudrajat, A. (2018). The Influence of ENSO to the
Rainfall Variability in North Sumatra Province. IOP Conference
Series:  Materials Science and Engineering, 335(1).
https://doi.org/10.1088/1757-899X/335/1/012055.

Iskandar, 1., Lestari, D. O., Saputra, A. D., Setiawan, R. Y.,
Wirasatriya, A., Susanto, R. D., Mardiansyah, W., Irfan, M.,
Rozirwan, Setiawan, J. D. and Kunarso. (2022). Extreme
Positive Indian Ocean Dipole in 2019 and Its Impact on
Indonesia.  Sustainability (Switzerland), 14(22), 1-15.
https://doi.org/10.3390/su142215155.

Iskandar, 1., Irfan, M., Syamsuddin, F., Johan, A. and Poerwono, P.
(2013). Trend in Precipitation Over Sumatera Under the Warming
Earth. International Journal of Remote Sensing and Earth Sciences
(UReSES), 8(1). https://doi.org/10.30536/].ijreses.2011.v8.a1737.

IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of
Working Groups |, Il and Ill to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change [Core Writing
Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland,
pp. 35-115, doi: 10.59327/IPCC/AR6-9789291691647.

Kastridis, A., Margiorou, S. and Sapountzis, M. (2024). Post-fire
soil erosion: Two years of monitoring - First time detected
implications between extremely intense consecutive rainfall
events and  erosion rates. Catena,  243(June).
https://doi.org/10.1016/j.catena.2024.108194.

Kendall, M.G. (1948). Rank Correlation Methods. Charles Griffin,
London.

Kirana, A. P., Sitanggang, I. S., Syaufina, L. and Bhawiyuga, A.
(2020). Spatial and Temporal Clustering Analysis of Hotspot
Pattern Distribution of Critical Land in Kalimantan, Indonesia.
IOP Conference Series: Earth and Environmental Science,
528(1). https://doi.org/10.1088/1755-1315/528/1/012042.

Kurniadi, A., Weller, E., Min, S. K. and Seong, M. G. (2021).
Independent ENSO and 10D impacts on rainfall extremes over
Indonesia. International Journal of Climatology, 41(6), 3640—
3656. https://doi.org/10.1002/joc.7040.

Lestari, S., King, A., Vincent, C., Karoly, D. and Protat, A. (2019).
Seasonal dependence of precipitation extremes in and around
Jakarta, Indonesia. Weather and Climate Extremes, 24
(December 2018). https://doi.org/10.1016/j.wace.2019.100202

Lestari, D. O., Sutriyono, E., Sabaruddin. and Iskandar, I. (2018),
Respective Influences of Indian Ocean Dipole and El Nifio-
Southern Oscillation on Indonesian Precipitation, Journal of
Mathematical & Fundamental Sciences, Vol 50, Issue 3, p257,
10.5614/j.math.fund.sci.2018.50.3.3.

Lohberger, S., St, M., Atwood, E. C. and Siegert, F. (2017). Spatial
evaluation of Indonesia ' s 2015 fire-affected area and

estimated carbon emissions using Sentinel-1. June, 1-11.
https://doi.org/10.1111/gcb.13841.

Marzuki, M. ., Ramadhan, R. ., Yusnaini, H. ., Vonnisa, M., Safitri,
R. and Yanfatriani, E. (2023). Changes in Extreme Precipitation
in New Capital of Indonesia (IKN) Based on 20 Years of GPM-
IMERG Data. Trends in  Sciences, 20(11), 6935.
https://doi.org/10.48048/tis.2023.6935.

Mann, H. B. (1945). Non-Parametric Test Against Trend.
Econometrica, 13(3), 245-259. http://www.economist.com
/node/18330371?story%7B_%7Did=18330371%0Ahttp://ww
w.jstor.org/stable/1907187.

Misnawati., and 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.

Mulsandi, A., Koesmaryono, Y., Hidayat, R., Fagih, A. and
Sopaheluwakan, A. (2024). Detecting Indonesian Monsoon
Signals and Related Features Using Space—Time Singular Value
Decomposition (SVD).  Atmosphere, 15(2), 1-15.
https://doi.org/10.3390/atmos15020187.

Nguyen-Thanh, H., Ngo-Duc, T., and Herrmann, M. (2023). The
distinct impacts of the two types of ENSO on rainfall variability
over Southeast Asia. In Climate Dynamics (Vol. 61, Issues 5—
6). https://doi.org/10.1007/s00382-023-06673-2.

Nurdiati, S., Sopaheluwakan, A., Septiawan, P. and Ardhana, M. R.
(2022). Joint Spatio-Temporal Analysis of Various Wildfire and
Drought Indicators in Indonesia. Atmosphere, 13(10).
https://doi.org/10.3390/atmos13101591.

Nurdiati, S., Sopaheluwakan, A., and Septiawan, P. (2021). Spatial
and Temporal Analysis of El Nifio Impact on Land and Forest
Fire in Kalimantan and Sumatra. 35(1), 1-10.
https://doi.org/10.29244/j.agromet.35.1.1-10.

Patle, G. T. and Libang, A. (2014). Trend analysis of annual and
seasonal precipitation to climate variability in North-East
region of India. Journal of Applied and Natural Science, 6(2),
480-483. https://doi.org/10.31018/jans.v6i2.486.

Pei, F., Zhou, Y. and Xia, Y. (2021), Assessing the Impacts of
Extreme Precipitation Change on Vegetation Activity.
Agriculture, 11, 487. https://doi.org/10.3390/ agriculture110
60487.

Piacentini, T., Galli, A., Marsala, V., & Miccadei, E. (2018). Analysis
of soil erosion induced by heavy rainfall: A case study from the
NE Abruzzo Hills Area in Central Italy. Water (Switzerland),
10(10), 11-13. https://doi.org/10.3390/w10101314.

Rai, P., Bangelesa, F., Abel, D., Ziegler, K., Huang, J., Schaffhauser,
T., Pollinger, F., Disse, M. and Paeth, H. (2024). Extreme
precipitation and temperature indices under future climate
change in central Asia based on CORDEX-CORE. Theoretical
and Applied Climatology, 6015-6039. https://doi.org/10.
1007/s00704-024-04976-w.

Ramadhan, R., Marzuki, M., Suryanto, W., Sholihun, S., Yusnaini,
H., Muharsyah, R. and Hanif, M. (2022). Trends in rainfall and
hydrometeorological disasters in new capital city of Indonesia
from long-term satellite-based precipitation products.
Remote Sensing Applications: Society and Environment, 28.
https://doi.org/10.1016/j.rsase.2022.100827.

Sarmiasih, M. and Pratama, P. Y. (2019). The Problematics
Mitigation of Forest and Land Fire District Kerhutla) in Policy
Perspective (A Case Study : Kalimantan and Sumatra in Period
2015-2019). Journal of Governance and Public Policy, 6(3).
https://doi.org/10.18196/jgpp.63113.



10

Stathi, E., Kastridis, A. and Myronidis, D. (2023). Analysis of
Hydrometeorological Trends and Drought Severity in Water-
Demanding Mediterranean Islands under Climate Change
Conditions. Climate, 11(5). https://doi.org/10.3390/cli11050106.

Sen, P. K. (2013). Estimates of the Regression Coefficient Based on
Kendal’s Tau. Journal of Chemical Information and Modeling,
53(9), 1689-1699.

Sukmara, R. B., Wahab, M. F. and Ariyaningsih. (2022). Climate
change in South Kalimantan (Borneo): assessment for
precipitation and temperature. Journal of Infrastructure
Planning  and  Engineering  (JIPE),  1(2), 51-59.
https://doi.org/10.22225/jipe.1.2.2022.51-59.

Supari, Tangang, F., Juneng, L. and Aldrian, E. (2016). Spatio-
temporal characteristics of temperature and precipitation
extremes in Indonesian Borneo. AIP Conference Proceedings,
1784. https://doi.org/10.1063/1.4966888.

Wooster, M. J.,, Perry, G. L. W. and Zoumas, A. (2012). Fire,
drought and El Nifio relationships on Borneo (Southeast Asia)
in the pre-MODIS era (1980-2000). Biogeosciences, 9(1), 317—
340. https://doi.org/10.5194/bg-9-317-2012.

Yang, M., Chen, X. and Cheng, C.S. (2016), Hydrological impacts of
precipitation extremes in the Huaihe River Basin, China.
Springerplus. 5(1):1731. doi: 10.1186/s40064-016-3429-1

Zhang, X., Alexander, L., Hegerl, G. C., Jones, P., Tank, A. K,,
Peterson, T. C., Trewin, B. and Zwiers, F. W. (2011). Indices for
monitoring changes in extremes based on daily temperature
and precipitation data. Wiley Interdisciplinary Reviews: Climate
Change, 2(6), 851-870. https://doi.org/10.1002/wcc.147

PUTRI et al.



