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1. INTRODUCTION

ABSTRACT

Indonesia, as a maritime continent, is vulnerable to environmental disasters
such as floods and landslides due to extreme rainfall. This study aims to
identify changes in the influence of ENSO and IOD on extreme rainfall across
Indonesia, specifically during the September-October-November period. We
used rainfall and sea surface temperature data from the CMIP6 climate model
for the historical period (1985-2014), near-future (2031-2060), and far-future
(2061-2090) projections under SSP2-4.5 and SSP 5-8.5 climate scenarios. The
relation between rainfall dan ENSO/IOD was simply defined by linear
regression approach. We analyzed the change of influence by comparing the
historical and the future condition. The results indicated that the changes in
the teleconnection of ENSO and IOD to extreme rainfall in future is
consistently negative, except for Java (near-future) and Kalimantan and
southern Sumatra (far-future). Our finding revealed that significant changes
in the teleconnection varied throughout maritime continent. The maximum
change was found in Northern Kalimantan, which reached values of -80
mm/°C due to ENSO and -180 mm/°C due to IOD for near future. These
findings highlight the spatial variability in teleconnection changes across
Indonesia, underscoring the need for region-specific climate adaptation
measures in response to evolving extreme rainfall patterns.
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Indonesian maritime continent (IMC) is vulnerable
to environmental disaster caused by extreme rainfall,
such as floods and landslides, which has significant
impact on society (Lestari et al, 2019). As part of the
Maritime Continent, crossed by the equator and
situated between the Indian and Pacific Oceans,
Indonesia is highly susceptible to climate change.
Variability in sea surface temperature (SST) influences
rainfall characteristics, which can be classified into three
distinct regions (Susanto and Aldrian, 2003). Research
shows extreme rainfall is projected to increase (Kurniadi
et al, 2024) with variation between hemisphere and
seasons. Understanding the variability of extreme
rainfall is essential for addressing the impacts of floods,
droughts, and other hydro-meteorological disasters,
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which are expected to intensify due to ongoing global
warming (Kurniadi et al., 2021).

Over the past two decades, the IMC region has
experienced extreme weather and climate events in
response to variations in El Nifio-Southern Oscillation
(ENSO) and Indian Ocean Dipole (IOD). For example,
studies on the north coast of Java (Hermawan et al.,
2022; Lubis et al., 2022), Nusa Tenggara (Saidah et al.,
2023) and eastern Indonesia (Yulihastin et al., 2023),
have demonstrated the susceptibility of coastal regions
to flooding and drought. Other extreme events
affecting the IMC include tropical cyclones (e.g.
Cyclone Seroja) (Setiawan et al, 2024), the Borneo
vortex (Liang et al.,, 2023; Trismidianto et al., 2023), and
peatland fires (Hamdi et al,, 2024). The findings of the
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studies indicate a correlation between extreme events
and global circulation dynamics, such El Nifo.

El Nifo event has been linked to prolonged
drought conditions in tropical peatlands in Indonesia,
which causes a reduction in groundwater levels (GWL)
and an increase in the frequency of peatland fires
(Lisnawati et al, 2022). However, analysis of GWL
measurements over a 27-year period in Central
Kalimantan peat forests showed the lowest GWL
occurring a few weeks before the onset of El Nifio and

after the peak of the positive IOD (Sulaiman et al., 2023).

The findings highlight a complex interaction between
the large-scale climate phenomena and local
hydrological responses. As a major source of water
vapor at the equator, the IMC plays a critical role in
shaping global atmospheric circulation. Understanding
the IMC's climate dynamics is crucial, as lack of
knowledge may lead to biases and systematic errors in
regional and global climate models.

Climate variability in the IMC s strongly
modulated by interannual phenomena such as the
ENSO and IOD (Amirudin et al., 2020; Hidayat and Ando,
2014). The events are driven by anomalies in sea surface
temperatures (SST) and associated wind patterns.
Future projections indicate that global warming may
alter Pacific Ocean SST, leading to a weakened Walker
Circulation, a reduced west-east SST gradient, and an
increased frequency of extreme El Nifio and La Nifia
events (Cai et al., 2021). Similarly, changes in the Indian
Ocean SST may alter easterly winds and accelerate
warming in the western basin, although the frequency
and amplitude of the IOD may remain unchanged (Cai
et al, 2013). The SST changes are expected to
significantly influence weather patterns in Indonesia
(Cai et al., 2015).

ENSO and IOD events independently affect
extreme rainfall in Indonesia. La Nifia and negative IOD
caused wetter conditions, while El Niflo and positive
IOD prolonged drier conditions, with the strongest
effects observed during the September-October-
November (SON) season (Kurniadi et al.,, 2021). This
season marks the beginning of the rainy season in most
Indonesia and is critical for disaster preparedness and
agricultural activities, such as the planting of rice in
major growing regions (Sutardi et al, 2023). Despite
extensive research on historical ENSO and IOD impacts,
there is limited understanding of how future SST
variability will shape extreme rainfall patterns in
Indonesia. This paper investigates the teleconnection
between climate in the IMC and global circulation,
specifically ENSO and IOD, under future climate
scenarios. By improving our understanding of the
relationships, we can enhance adaptive strategies and
mitigation efforts to address the unpredictable hazards

and risks posed by climate variability in the region.

2. RESEARCH METHODS

2.1 Data

The data used in this study consists observational
data and climate model output. The observational
rainfall data was from the Global Precipitation
Measurement (GPM) (https://gpm.nasa.gov/data/). The
climate model data was derived from the Coupled
Model Intercomparison Project 6 (CMIP6), specifically
from the models EC-Earth3, TaiESM1, Community Earth
System Model version 2 Whole Atmosphere Com-
munity Climate Model (CESM2-WACCM), MIROC6 and
NorESM2-LM, including parameters for rainfall and sea
surface temperature. The climate model’'s data have
spatial resolutions of 100 km x 100 km and 250 km x
250 km, for the prediction.

The study covers three time periods: the historical
period (1985-2014), near-future (2031-2060), and far-
future (2061-2090). The Earth system processes,
including the atmosphere, ocean, sea ice, and land
surface, were simulated by EC-Earth3. TaiESM1 is a
coupled earth system model to simulate climate
processes and assessing environmental effects (Lee et
al, 2020). CESM2 is model that allows for the
investigation of multiple aspects of the Earth system,
such as climatic variability, climate change, and the
carbon cycle (Danabasoglu et al., 2020). The WACCM
focuses on the study of atmospheric composition and
its effects on climate and weather patterns. Lastly, the
MIROC6 model, a part of the MIROC family of models,
was used to examine various climate components and
their interactions (Shiogama et al., 2019).

2.2 Method
2.2.1 Extreme Rainfall

Extreme rainfall was measured using climate
indices established by the Expert Team on Climate
Detection and Indices (ETTCDI). In this study, the R95p
index was used, which calculated using Equations 1.

R95, = ¥W=1 RR,,; where RR,,; > RR,,95 (1

where w is the number of rainy days, RR,,; is the daily
rainfall amount on the w-n day (with RR > 1 mm) in a
given period j, and RRy,, is the 95™ percentile of rainfall
on rainy days during the reference period.

2.2.2 ENSO and IOD Indices
ENSO were identified using the Ocean Nifio Index
(ONI), available at https://psl.noaa.gov/data/timeseries
/monthly/ONI/. ONI reflects the SST anomaly in the
Nifio 3.4 region (5° N - 7° S dan 170° — 120° W), by
subtracting the climatological monthly SST mean. The
IOD was identified using Dipole Mode Index (DMI),
79
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which can be accessed from https://psl.noaa.go
v/gcos_wgsp/Timeseries/DMI/. DMI measures the
difference in SST anomalies between the western (10° S
- 0° N and 50° - 70° E) and southeastern (10°S — 0° N
and 90° - 110° E) tropical Indian Ocean.

2.2.3 Model Evaluations

To determine which CMIP6 model best represents
extreme rainfall to observational data, the models were
evaluated using three statistical metrics: Pearson
Correlation, Mean Error (ME), and Root Mean Squared
Error (RMSE). Pearson Correlation measures how well
the model predictions align with the observational data
in a linear relationship. Mean Error (ME) identifies bias
by calculating the average difference between the
model predictions and the observations. RMSE checks
how accurately the model captures the patterns and
variability in the observed data. In addition, we used
Rating Metric (RM) to rank the model. An RM value
close to 1 indicates that the model performs well.

2.2.4 Relationship Between ENSO and IOD with
Extreme Rainfall

In this study, linear regression was performed to
analyze the spatial relationship of ENSO and IOD
teleconnections with extreme rainfall during historical
and future periods. Two scenarios of climate project-
ions were used SSP2-4.5 and SSP5-8.5, the linear
regression for the relationship is presented in Equation
2.

Y = A +AX+e 2)

where Y is the extreme rainfall variable (mm), A, is the
constant, A, is the regression coefficient (mm/°C), X is
the ENSO and IOD index (°C), and € is the error term.
To analyze the independent influence of ENSO
and IOD on extreme rainfall, partial regression was

(a) Observasi
e

(b) CESM2-WACCM
o

applied. This method removes the overlapping effects
of one phenomenon on the other, allowing us to
evaluate the impact of each event individually. For
instance, the ENSO|IOD index represents the effect of
ENSO after excluding the influence of IOD, while the
IOD|IENSO index isolates the effect of IOD after
accounting for ENSO (Kurniadi et al, 2021). This
ensures that the analysis captures only the independent
contribution of each event.

The study examined the teleconnection between
extreme rainfall and both ENSO and IOD across all
periods, quantifying changes in their relation over time.
Changes in these relationships were then calculated by
comparing future projections and historical data. To
assess the significance of these changes, a student’s t-
test was performed at a 5% significance level.

3. RESULTS

3.1 Model Evaluation

In this model evaluation, five CMIP6 models were
compared with observational data (GPM) to select the
most accurate climate model for representing extreme
rainfall (R95p). This evaluation is conducted for the SON
season over the period from 2001 to 2014. The
differences in average extreme rainfall during this
period are presented in Figure 1.

There were differences in the average extreme
rainfall between observational data (GPM) and CMIP6
models. It is evidence that the model tended to
underestimate values compared to observational data,
particularly in the regions of Sumatra, Kalimantan and
Papua (Figure 1). This indicates that CMIP6 models are
not yet fully capable of generating extreme rainfall as
accurately as actual observations. Therefore, further
evaluation of the models is necessary to identify the
most accurate model for representing extreme rainfall
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Figure 1. The average value of R95p using data from (a) GPM and (b-f) CMIP6 models during the period 2001-2014
for the September-October-November (SON) season.
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Figure 2. Evaluation of CMIP6 using the average R95p
value with three parameters based on GPM
data for the period 2001-2014 during the
SON season.

as observed in the data. The evaluation results showed
that the CESM2-WACCM model is the best at
representing extreme rainfall, with a Pearson
Correlation value of 0.744, indicating a strong positive
relationship between the model and observational data.
The RMSE value of the model was 132.2, indicating a
lower prediction error compared to other models,
signifying that this model provides fairly accurate
estimates for extreme rainfall. Despite the CESM2-
WACCM model exhibiting the highest correlation
compared to other models, we have not identified its
application in Indonesia. The CMIP6 model, referenced
by the IPCC and WMO, is the most prevalent,
demonstrating the vulnerability of several cities in
Southeast Asia to heightened precipitation and heat
waves (Try and Qin, 2024).

3.2 Future Changes in Extreme Rainfall

Before analyzing the changes in the variability of
extreme rainfall due to ENSO and IOD, it is necessary to
examine the changes in extreme rainfall. The changes
were calculated by subtracting the average extreme
rainfall during the future period (2031-2090) from the
historical period (1985-2014). Figure 3 shows the
changes in average extreme rainfall during SON season,
considering the SSP2-4.5 and SSP5-8.5 scenarios to
compare with the reference period of the previous era.
Based on Figure 3, changes in extreme rainfall in the
future during SON season show variations either
increase or decrease. Under the SSP2-4.5 scenario,
projections indicated a reduction in increase up to 60
mm. Meanwhile, changes in extreme rainfall under the
SSP5-8.5 scenario show a similar pattern to SSP2-4.5,
but with northern Kalimantan and Papua experiencing
increases of up to 90 mm. The changes are consistent
with findings of Kurniadi et al., (2021), which reported
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Figure 3. Changes in the average extreme rainfall (mm)
in Indonesia during the SON season for the
future period (2031-2090) based on the
scenarios (a) SSP2-4.5 and (b) SSP5-8.5
relative to the reference period (1985-2014).

an increased extreme rainfall in most the northern
regions and a decreased in the southern part of
Indonesia during SON. A further study on extreme
precipitation projections in Indonesia indicates that
Sumatra and Java will experience an increase in the
length of the dry season by up to 40%, while extreme
precipitation will occur in Kalimantan and mountainous
areas in Papua, as predicted by the High-Resolution
Model Inter-comparison Project (HigResMIP) model
(Hariadi et al., 2024). However, our finding indicated
differences from Kurniadi et al., (2024), which may be
attributed to variations in data and the time periods
used.

3.3 Future Changes in SST

In addition to examining changes in extreme
rainfall in the future, it is also necessary to assess
changes in SST (Sea Surface Temperature). The changes
were calculated by subtracting the average SST of the
future period (2031-2090) from the historical period
(1985-2014). Based on Figure 4, there is a pattern of SST
warming resembling El Nifio in the Pacific Ocean. It is
observed that SST increases are more significant in the
central and eastern Pacific compared to the western
Pacific. This finding is consistent with the research
conducted by (Cai et al, 2015). The changes are
expected to be more pronounced under the more
extreme scenario (SSP5-8.5) compared to the SSP2-4.5
scenario. This larger warming could enhance the
tendency for more frequent El Nifo events,
potentially impacting extreme weather patterns across
various regions. The Indonesian Maritime Continent
(IMQ) is experiencing a warming trend in SST and ocean
heat content that is significantly affecting marine eco-
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Figure 4. Changes in the average SST (°C) during the SON season between the future period (2031-2090) and the
historical period (1985-2014) under the scenarios (a) SSP2-4.5 and (b) SSP5-8.5.

system. Warming at an average of 4.2* 108 Jm-1/decade
over the past 30 years (Azis Ismail et al, 2023). In
general, this study is consistent with previous research.
In addition to the changes in SST in the Pacific Ocean,
there are also changes in SST in the Indian Ocean. A
warming pattern resembling a positive IOD is observed.
This is consistent with the study by Cai et al. (2013),
which shows greater warming in the western Indian
Ocean compared to its surroundings. The changes are
also anticipated to be more significant under the more
extreme SSP5-8.5 scenario compared to the SSP2-4.5
scenario.

3.4 Changes in the Influence of ENSO on Extreme
Rainfall

Generally, ENSO has more influence in the eastern

region of Indonesia while IOD has more influence in the

western region. This is because of the region's
proximity to the Pacific and Indian oceans. Apart from
that, there is a teleconnection between ENSO and 10D
events and the areas they influence. The closer the
source area of the increase or decrease in SST is to that
area, the greater the impact of changes in SST. To
assess the distribution of the influence of ENSO on
extreme rainfall, a simple linear regression coefficient
can be used. Additionally, the influence of ENSO-
independent factors on extreme rainfall can be
evaluated by removing the impact of IOD, which is
calculated using partial regression. This analysis also
considers regions showing significant influence, with
hypothesis testing performed using the t-student test
at a 5% significance level, marked by black dots on the
map.
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Figure 5. The influence of (a) ENSO and (b) ENSO-independent factors on 10D and extreme rainfall during the

historical period (1985-2014) in the SON season.
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Before examining the changes in the impact of
ENSO on extreme rainfall in the future, it's crucial to
review its influence during the historical period. Figure
5 illustrates the impact of ENSO and ENSO-
independent factors on IOD regarding extreme rainfall
during the period 1985-2014 for the SON season. It
shows that extreme rainfall responses exhibit a
negative relation-ship. This indicates that during the
historical period, a one-degree increase in ONI
corresponds to decrease in extreme rainfall in almost
all regions of Indonesia. The increase in ONI values in
the Pacific Ocean is related to increased evaporation
and the formation of clouds over these waters, thereby
affecting the Walker circulation. When El Nino occurs,
rain clouds do not form in Java, South Kalimantan,
South Sulawesi and parts of Papua, while North
Sumatra and Aceh experience the opposite, namely
increased cloud cover and extreme rainfall.

Before removing the IOD influence from ENSO,
there is a significant relationship throughout Java with
a regression coefficient of up to -40 mm/°C, meaning
that in this region, a one-degree increase in ONI results
in a decrease in extreme rainfall by up to 40 mm.
Additionally, southern Kalimantan, southern Sulawesi
and western Papua also show significant negative
relationships. In contrast, northern Sumatra shows a
significant positive relationship of up to 100 mm/°C,
indicating that a one-degree increase in ONI leads to a
100 mm increase in extreme rainfall. After removing the
IOD influence from ENSO, changes are observed. The
previously significant relationships in Java and southern
Sulawesi  become  non-significant.  Conversely,
significant negative relationships expand to central
Kalimantan. Furthermore, the previously significant
relationship in northern Sumatra becomes non-
significant and reduces in magnitude. This suggests
that IOD also plays a role in influencing extreme rainfall

analyzing the impact of ENSO on extreme rainfall
during the historical period, the next step is to analyze
how these influences change in the future under the
SSP2-45 and SSP5-85 scenarios. Changes are
calculated by subtracting the regression coefficients of
the future period from those of the historical period.
These changes are also assessed for the impact of
ENSO-independent factors on 10D, with a focus on
regions showing significant relationship.

Based on Figure 6, there were changes in the
influence of ENSO on extreme rainfall. In the near-
future period, a negative change is observed across
almost all regions of Indonesia except for Java. This
negative change indicates that the future regression
coefficients are lower compared to the historical period,
suggesting that the negative relationship will
strengthen in the future, while the positive relationship
will weaken. The most significant change occurs in
northern Kalimantan, reaching -80 mm/°C. This means
that in northern Kalimantan in the future, there will be
a decrease in extreme rainfall of 80 mm for every one-
degree increase in ONI compared to the historical
period.

Meanwhile, Java experiences a positive change of
20 mm/°C, meaning that in the future, the regression
coefficient will be higher compared to the historical
period, with each one-degree increase in ONI leading
to a 20 mm increase in extreme rainfall. Compared to
the far-future period, there are more positive changes
such as those observed in Java, most of Kalimantan, and
some other regions. According to the scenarios used,
the changes were more significant under the SSP5-8.5
scenario compared to SSP2-4.5. After removing the IOD
influence from ENSO, the changes exhibit a similar
pattern to the changes in ENSO influence before the
removal of IOD influence. In the far-future period under
the SSP2-4.5 scenario, there are no significant, whereas

becomes smaller or even non-significant. After under the SSP5-8.5 scenario, significant changes are
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Figure 6. Changes in the influence of (1) ENSO and (2) ENSO-independent factors on IOD and extreme rainfall during
the SON season for the periods (a and c) near-future (2031-2060) and (b and d) far-future (2061-2090)
under the scenarios (a and b) SSP2-4.5 dan (c and d) SSP5-8.5.

83



Hanifa and Wiratmo /Agromet 38 (2): 78-87, 2024

observed in northern Kalimantan and southern
Sumatra.

Negative changes indicating that the negative
relationship between ENSO-independent factors and
extreme rainfall will strengthen in the future. Significant
changes are observed in northern Kalimantan and
central Sulawesi, reaching -80 mm/°C. This means that
in the near-future period, each one-degree increase in
ONI will cause a decrease in extreme rainfall of 80 mm
in these regions. Compared to the far-future period,
there are more positive changes similar to the pattern
seen in ENSO influence before removing the IOD effect.

3.5 Changes in the Influence of IOD on Extreme

Rainfall

To assess the distribution of the influence of ENSO
on extreme rainfall, simple linear regression coefficients
can be used. Additionally, the influence of ENSO-
independent factors on extreme rainfall can be
assessed by removing the ENSO influence, calculated
through partial regression. This analysis also considers
regions exhibiting significant effects, with hypothesis
testing performed using the t-student test at a 5%
significance level, indicated by black dots on the map.

Figure 7 illustrates the influence of the IOD and
IOD-independent factors on ENSO with respect to
extreme rainfall during the historical period (1985-
2014) for the SON season. The analysis reveals a
negative relationship between extreme rainfall and the
IOD in southern Indonesia, and a positive relationship
in northern Indonesia. This indicates that historically, in
southern Indonesia, each one-degree increase in the
DMI index corresponds to a decrease in extreme rainfall,
while in northern Indonesia, each one-degree increase
in the DMI index corresponds to an increase in extreme
rainfall. Before removing the influence of ENSO from
the IOD for the SON season, significant relationships

are observed on Java Island with a regression
coefficient of up to -70 mm/°C. Additionally, southern
Sumatra and southern Sulawesi also show significant
relationships. Conversely, northern Indonesia exhibits
significant  positive relationships, particularly in
northern Sumatra and northern Kalimantan, with
coefficients up to 100 mm/°C.

After removing the influence of ENSO from the
IOD, notable changes are observed. Southern Sulawesi,
which previously showed a significant negative
relationship, becomes non-significant. This indicates
that ENSO also plays a role in influencing extreme
rainfall in Indonesia. Subsequently, an analysis of the
changes in the influence of IOD on extreme rainfall in
the future under the SSP2-4.5 and SSP 5-8.5 scenarios
is conducted, as shown in Figure 8. The changes are
computed by subtracting the future period regression
coefficients from the historical period coefficient. The
analysis also considers the influence of IOD-
independent factors on ENSO and identifies regions
with significant effects.

Based on Figure 8, changes in the influence of the
IOD on extreme rainfall are observed. During the near-
future period, a negative shift is evident across most of
Indonesia, except for Java Island under the SSP2-4.5
scenario. This negative change suggests that in the
future, the negative regression coefficients will become
stronger, while positive regression coefficients will
weaken. The negative changes range from -90 to -90
mm/°C, with significant changes observed in northern
Kalimantan. This indicates that in this region, there is a
decrease of up to 90 mm in extreme rainfall for each
one-degree increases in the DMI index. Conversely, the
positive changes on Java Island range from 30 to 60
mm/°C, implying that in the near-future period,
extreme rainfall on Java will increase by 30 to 60 mm
for each one-degree increase in the DMI index.
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Figure 7. The influence of (a) IOD and (b) IOD-independent factors on ENSO and extreme rainfall during the historical

period (1985-2014) in the SON season.
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Figure 8. Changes in the influence of (1) IOD and (2) IOD-independent factors on ENSO and extreme rainfall during
the SON season for the periods (a and c) near-future (2031-2060) and (b and d) far-future (2061-2090)
under the scenarios (a and b) SSP2-4.5 dan (c and d) SSP5-8.5.

When comparing with the far-future period,
distinct changes in pattern are noted. Southern
Sumatra experienced a positive change of 20 to 60
mm/°C, indicating an increase in extreme rainfall by 20
to 60 mm for each one-degree increase in the DMI
index in this region. Other regions exhibit patterns
similar to those observed in the near-future period. The
SSP5-8.5 scenario shows more significant changes
compared to SSP2-4.5. For example, in the far-future
period under SSP2-4.5 Sulawesi does not show
significant changes, while under SSP5-8.5, significant
changes are noted in both southern and northern
Sulawesi.

After removing the influence of ENSO from the
IOD, during the near-future period, southern Indonesia
experiences positive changes, whereas northern
Indonesia shows negative changes. This indicates that
in the southern region, the future regression
coefficients will increase, while in the northern region,
the coefficient will decrease. Compared to the historical
period, the negative influence in the southern region
weakens in the future, while the positive influence in
the northern region intensifies. This pattern is also
observed in the far-future period, with more
pronounced changes. Notably, after removing the
ENSO influence, a shift from negative to positive values
is observed in southern Kalimantan. The SSP5-8.5
scenario shows the most significant changes.

4. CONCLUSION

In this paper we showed future changes in extreme
conditions in the IMC based on five climate models,
namely CMIP6, TaiESM1, CESM2-WACCM, MIROCS,
and NorESM2-LM. In general, our results are consistent
with previous research. Most of IMC will get extreme
dry spell and extreme rainfall only occur at Kalimantan
and Papua. Furthermore, future climate changes will

impact both extreme rainfall and Sea Surface
Temperature (SST) and alter the influence of ENSO and
IOD on extreme rainfall. During the near-future period,
the teleconnections of ENSO and IOD with extreme
rainfall show a negative shift across almost all regions,
except for Java Island and northern Sumatra. This
indicates that, in this period, negative relationships will
become stronger while positive relationships will
weaken, with the most significant changes occurring in
northern Kalimantan, decrease of -80 mm/°C due to
ENSO and -180 mm/°C due to IOD. In the far-future
period, positive changes will become more widespread,
especially in Kalimantan, suggesting that in this period,
negative relationships will further weaken and positive
relationships will strengthen.

The SSP5-8.5 scenario exhibits more significant
changes compared to the SSP2-4.5 scenario. When
evaluating the effects of ENSO and IOD independently,
distinct patterns of change are observed. For ENSO
viewed in isolation, the patterns are different yet similar
to those observed before removing the IOD influence.
Similarly, when examining IOD independently,
significant changes are noted, such as a shift in the IOD
in southern Kalimantan from negative to positive. This
underscores the complexity of the interactions between
ENSO and IOD in influencing extreme rainfall in
Indonesia. So, these will be very important to weather
and climate adaptations and development policies in
Indonesia.
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