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RESUMEN

Uno de los efectos del cambio climático es el aumento de la frecuencia e intensidad de los desastres hidrome-
teorológicos, como las sequías prolongadas. Borneo es una de las zonas amenazadas por la sequía debido al 
cambio climático. Por lo tanto, es importante identificar e implementar medidas apropiadas de mitigación y 
adaptación. Este estudio utilizó el método dinámico de reducción de escala “Conformal Cubic Atmospheric 
Model (CCAM)” para evaluar el potencial de eventos de sequía en Borneo según el escenario RCP 4.5. Se 
prevé que la precipitación anual en Borneo para 2021-2050 aumente en comparación con 1991-2020. Sin 
embargo, el aumento de las precipitaciones anuales no libera a Borneo de la posibilidad de eventos de se-
quía en el futuro. Los resultados de este estudio indican que las áreas del sur de Borneo, como Banjarmasin, 
Pangkalan Bun y Pontianak, tendrán una mayor frecuencia de sequías meteorológicas entre 2021 y 2050 en 
comparación con 1991 y 2020.

ABSTRACT

One of the impacts of climate change is an increase in the frequency and intensity of hydrometeorological 
disasters such as prolonged droughts. Borneo is one of the areas threatened by drought due to climate change. 
Therefore, it is important to identify and implement appropriate mitigation and adaptation measures. This study 
used the dynamical downscaling method by the Conformal Cubic Atmospheric Model (CCAM) to evaluate 
the potential for drought events in Borneo based on the RCP 4.5 scenario. The annual rainfall in Borneo for 
2021-2050 is projected to increase compared to 1991-2020. However, the increase in annual rainfall does 
not free Borneo from the possibility of drought events in the future. This study’s results indicate that areas 
in southern Borneo, such as Banjarmasin, Pangkalan Bun, and Pontianak, will have a higher frequency of 
meteorological drought events and are also expected to experience longer periods of consecutive dry days 
between 2021-2050 compared to 1991-2020. 

Keywords: Climate change, dynamical downscaling, drought, SPI, consecutive dry days.

1.	 Introduction
Borneo is the third-largest island in the world and 
the largest island in Asia. The region is divided into 

three state regions: Brunei Darussalam, Malaysia, 
and Indonesia. Located in the Indonesian Maritime 
Continent (IMC), Borneo is characterized by its high 
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convective activity, complex atmospheric dynamics, 
and unique climate (Yamanaka, 2016). The variabil-
ity of rainfall in this region is influenced by many 
drivers such as monsoons, Madden-Julian Oscilla-
tion (MJO), El Nino Southern Oscillation (ENSO), 
Borneo Vortex, Cold Surges, and other phenomena 
(Dambul, 2010; Qian et al., 2013; Paulus and Shanas, 
2017; Isnoor et al., 2019; Purwaningsih et al., 2020; 
Mandang and Rahmiati, 2022).

Global climate change is caused by the increased 
concentration of Green House Gasses (GHG) and 
natural carbon sink reduction, which induces the 
greenhouse effect (Agnihotri P, ). Global climate 
change is predicted to lead to extreme temperatures, 
severe drought, heavy storms, and periodic flooding 
(Costa de Oliveira, 2014). Extreme climate events 
have devastating consequences, including loss of 
life, destruction of property and ecosystems, as 
well as economic damage in various regions of the 
world. Therefore, it is crucial to understand the fu-
ture climate to develop appropriate mitigation and 
adaptation strategies to reduce the risk of lives and 
property damage.

The Borneo region is experiencing many threats 
and disasters due to climate change (WWF, 2012). 
One of these threats is a prolonged drought that 
could lead to other disasters such as forest fires, crop 
failures, tree mortality in forests, changes in plant, 
insect, and animal habitats, and other consequences 
(Miyamoto et al., 2021; Harrison, 2001).

Given how dynamic the climate is in Borneo and 
the importance of Borneo’s political and geographi-
cal position, it is necessary to ensure that this region 
is safe and not vulnerable to the impacts of climate 
change. Thus, efforts must be made to mitigate and 
adapt to climate change. One such effort is conduct-
ing climate modeling with climate scenarios. Climate 
scenarios can help consider possible future climate 
conditions and help determine the steps needed to 
prevent and mitigate the impacts of climate change. 

Climate change modeling has undergone many 
developments. One is the dynamical downscaling 
method which increases the resolution of Global Cli-
mate Model (GCM) simulations and the development 
of climate scenarios such as Representative Concentra-
tion Pathways (RCPs). These methods are developed 
within the Coupled Model Intercomparison Project 
Phase 5 (CMIP5) framework, which is used to obtain 

climate projections. The GCM has a spatial resolution 
of 100-250 km (Taylor et al., 2012). However, the 
spatial resolution of the GCM is too low, so it cannot 
be directly used for climate projections on a regional 
scale. Therefore, it is necessary to use a downscaling 
method to observe regional climate conditions and 
obtain a regional climate model (RCM).

Regional Climate Models (RCM) developed in 
the late 1980s represent climate variability on a small 
scale and were obtained by downscaling the GCM. 
The RCM has a spatial resolution of 10–50 km (Col-
met-Daage et al., 2018). Examples of the RCM are 
the ICTP RCM (RegCM4) and CSIRO’s Conformal 
Cubic Atmospheric Model (CCAM).

The Conformal Cubic Atmospheric Model 
(CCAM) is a global atmospheric model developed 
for atmospheric climate modeling and regional cli-
mate downscaling. It employs a conformal cubic grid 
to model the atmosphere without requiring lateral 
boundaries (McGregor, 2005; McGregor and Dix, 
2008). Under some circumstances, it has been found 
that CCAM and its improvement methods gave equally 
valid downscaled output. Therefore, this model can be 
the best method for accurately downscaling the GCM 
to describe Indonesia’s regional climate conditions.

The Representative Concentration Pathway (RCP) 
4.5 is a scenario that stabilizes radiative forcing at 4.5 
Watts per meter squared in the year 2100 without ever 
exceeding that value (Thomson et al., 2011). This 
scenario assumes that climate policies, in this case, 
introducing a set of global greenhouse gas emissions 
prices, are invoked to achieve the goal of limiting 
emissions and radiative forcing. Given the current 
world conditions, RCP 4.5 is a possible scenario.

This study aims to investigate the possibility of 
drought events on the island of Borneo caused by 
climate change. Climate projections will be conduct-
ed using the global climate model, downscaled into 
25 km resolution. The climate scenario used in this 
modeling is RCP 4.5.

2.	 Data and Method 
2.1 Research Location
The research location is Borneo Island with the fol-
lowing boundary coordinates 107º - 120º E, 4.5º S 
- 7.5º N. The research location map is presented in 
Figure 1.
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Several sites corresponding to big cities in Borneo 
were selected for this study and are listed in Table I. 
Sample point data were retrieved from model data 
that has grid mode based on the locations of the data.

2.2 Data
2.2.1 Observation Data
This research used SA-OBS data as its observa-
tion data. This dataset has daily, high-resolution, 
land-only, observational, and gauge-based interpo-
lated precipitation information (Van den Besselaar 

et al., 2017). The data also has a spatial resolution of 
0.25ox0.25o and daily temporal resolution. The SA-
OBS is part of the SACAD (Southeast Asian Climate 
Assessment and Dataset) as a joint project between 
the National Meteorological Services of Indonesia 
(BMKG) and the Netherlands (KNMI) (Van den 
Besselaar, 2017). The observation data were used to 
validate the precipitation data from the model output. 
The validation method used in this research consisted 
of calculating the correlation coefficient, root mean 
square error (RMSE), probability of detection (POD), 
and false alarm ratio (FAR).

2.2.2 GCM
The Global Climate Model (GCM) presents a complex 
mathematical representation of major climate system 
components (atmosphere, land surface, ocean, and 
sea ice) and their interactions (Farzaneh et al., 2012). 
The GCM provides important data for understanding 
the representation of climate conditions with global 
resolution and sufficiently comprehensive data for 
the analysis of global climate change. In this study, 
the GCM data was used as input to analyze climatic 
conditions. Furthermore, a dynamical downscaling 
method was used for this GCM data for the region-
al-scale climate analysis. In this study, ACCESS 1-3 
data was used. This model was selected based on the 
suitability of schemes used in the model with precipi-
tation conditions in the Maritime Continent, especially 
in Borneo (Ackerley and Dommenget, 2016).

2.3 Method
2.3.1 Dynamical Downscaling
The GCM data used in climate change analysis 
still has a low resolution. Therefore, the dynamical 
downscaling method was applied to the GCM data for 
regional-scale climate analysis (Wang et al., 2004). In 
this study, the type of Regional Climate Model used 
is CCAM (Conformal Cubic Atmospheric Model). 
The CCAM is a model developed for atmospheric 
climate modeling and regional climate downscaling 
and does not require a lateral boundary in its running 
(McGregor, 2005; McGregor and Dix, 2008). The 
CCAM is a hydrostatic atmospheric model with two 
time-level semi-implicit times differencing. It uses 
semi-Lagrangian advection associated with bicubic 
horizontal interpolation and total-variation-diminish-
ing vertical advection (McGregor, 2005).
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Fig. 1. The research location.

Table I. Location sample points.

Name Longitude Latitude

Balikpapan 116.83 –1.27
Bandar Seri Begawan 114.87 4.91
Banjarmasin 114.59 –3.32
Malinau 114.41 3.58
Palangkaraya 113.92 –2.21
Pangkalan Bun 111.63 –2.68
Pontianak 109.34 –0.02
Samarinda 117.14 –0.50
Serawak 110.36 2.92
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2.3.2 RCP 4.5 Scenario
The Representative Concentration Pathway (RCP) is 
a climate scenario developed by the IPCC by consid-
ering the possibility of large GHG concentrations in 
the air in the future (Van Vuuren et al., 2011a). The 
RCP considers the effect of GHG concentrations 
on radiative forcing as it warms the earth’s surface 
and results in global warming. The RCP has four 
climate scenarios considering GHG concentrations 
for up to 2100 and their trajectories (Van Vuuren et 
al., 2011a). An explanation of the RCP scenarios is 
presented in Table II. 

This study used the Representative Concentration 
Pathway 4.5 (RCP 4.5) to project the future climate 
condition. The RCP 4.5 is a scenario that covers the 
long-term global emissions of greenhouse gases, 
short-lived species, and land-use-land-cover, based 
on stabilizing radiative forcing at 4.5 W m−2 (ap-
proximately 650 ppm CO2-equivalent) in the year 
2100 without ever exceeding that value (Thomson 
et al., 2011).

2.3.3 Bias Correction with Linear Scaling
Linear scaling is a method for correcting climate 
model output data using monthly correction values 
based on the differences between observed and 
present-day simulated values (Lenderink et al., 
2007). The rainfall data were corrected using a 
factor based on the long-term monthly mean, and 
control run data ratio. The formula for generating 
corrected data using Linear Scaling is presented in 
equations (1) and (2).

P*control(d) = P(d)
control .[

μm(Pobserved (d))
μm(Pcontrol (d)) ]	 (1)

P*scenario(d)= P(d)
scenario.[

μm(Pobserved(d))
μm(Pcontrol(d)) ]

	 (2)

P* represents the corrected precipitation value, P 
represents the precipitation value, and µ represents 
the mean. In this study, the control period was be-
tween 1991-2017.

2.3.4 Standardized Precipitation Index (SPI)
Many experts from various disciplines have put 
forward the definition of drought. In this study, the 
drought that will be discussed is meteorological 
drought or drought in terms of meteorological vari-
ables. The SPI (Standardized Precipitation Index) 
was also used to analyze the drought index in an area.

The standardized precipitation index (SPI) is a 
new drought index based only on probability pre-
cipitation for any time scale (McKee et al., 1993). 
The SPI can be calculated in several time standards, 
such as 1, 3, 6, 12, and 24 months. In this study, the 
SPI-3 was used as a standardization analysis method 
for precipitation.

The SPI generally uses the gamma distribution 
to calculate its rainfall data standardization. The 
formula for calculating SPI is presented in equations 
(3) until (7).

G (x) =
∫ x

0 xa–1e(–x /β ) d x 
βαΓ(α) 	 (3)

By using the gamma function, the SPI could be 
obtained from the equation below:

Z = SPI =

−
(
t −

c0 + c1t + c2t2

1+ d1t+d2t2 + d3t3)
; 0<H(x)≤ 0.5	 (4)

Z = SPI =

+
(
t−

c0 + c1t + c2t2

1+d1t+ d2t2+d3t3)
;0.5< H(x)≤ 1.0	 (5)

Table II. Representative Concentration Pathways in the year 2100 (Van Vuuren et al., 2014).

Radiative
Forcing

CO2 equivalent 
concentration

Rate of change in
radiative forcing

Key
Reference

RCP 8.5 8.5 W/m2 1350 ppm Rising Riahi et al., 2011
RCP 6.0 6.0 W/m2 850 ppm Stabilizing Masui et al., 2011
RCP 4.5 4.5 W/m2 650 ppm Stabilizing Thomson et al., 2011
RCP 2.6 2.6 W/m2 450 ppm Declining Van Vuuren et al. 2011b



27Drought Potential in Borneo Based on the RCP 4.5 Scenario

With:

t = ln
1

H(x)2 ; 0 < H(x) ≤ 0.5	 (6)

t = ln
1

(1.0 − H(x))2 ; 0 < H(x) ≤ 0.5	 (7)

c_0=2.515517
c_1=0.802583
c_2=0.010328
d_1=1.432788
d_2=0.189269
d_3=0.001308

Furthermore, the values of the SPI are categorized 
per the classifications presented in Table III.

2.3.5 Calculation of Consecutive Dry Days
Consecutive Dry Days (CDD) is the maximum 
number of consecutive days with less than 1 mm of 
rainfall (Duan et al., 2017). The CDD is an effec-
tive measure of extreme precipitation and seasonal 
droughts and provides information on the duration 
of drought events. By knowing the CDD value, mit-
igation and adaptation efforts can be appropriately 
implemented to prevent and overcome drought di-
sasters due to climate change. The CDD is an index 
developed by the Expert Team on Climate Change 
Detection and Indices (ETCCDIs) as one of the 27 
climate change indices. This index is widely used in 
the detection and study of extreme climate events, 
especially droughts (Duan et al., 2017; Alexander et 
al., 2006; Vincent and Mekis, 2006; Oikonomou et 
al., 2010; Zhang et al., 2011; IPCC, 2012).

2.3.6 Calculation of FAR, POD, and RMSE
The False Alarm Ratio (FAR) measures how much 
the model makes a false detection. The value of FAR 
calculates the event frequency when the observation 
data does not show rain while the model data shows 
rain. The FAR value ranges from 0-1, where a small 
FAR value indicates the model’s good performance. 

The Probability of Detection (POD) measures 
how much the model correctly detects the occurrence 
of rain. Therefore, the POD value will be high when 
the observation and model data show rain. A high 
POD value indicates the model’s good performance. 
The POD value ranges from 0-1.

The Root Mean Square Error (RMSE) value 
shows how big the error or difference is between the 
model data and the observation data. A low RMSE 
value indicates the model’s good performance.

3.	 Result and Discussion
Before being used for rainfall projections, the 
CCAM output data was validated and tested for 
performance in the control period (1991-2017). 
After being validated and tested, the model data 
output was corrected using a linear scaling method 
to obtain a better performance of the model data 
output. The model performance parameters were 
FAR, POD, and RMSE. 

Table IV indicates that the FAR value after cor-
rection tends to decrease for almost all locations, 
although the decrease is relatively small. However, 
the FAR values for the model after self-correction 
in almost all locations ranged from 0.37-0.45. The 
POD values tend to increase when bias correction is 
performed by around 0.01-0.04, and this results in 
the POD values in almost all sample locations after 
self-correction ranging from 0.76-0.85 (Table IV). 

Table IV also shows the RSME-corrected CCAM 
data; lower values are observed in Balikpapan, Ban-
jarmasin, and Malinau. This suggests that the cor-
rection bias can reduce the error between the model 
and observations by 0.12-0.36. However, in Bandar 
Seri Begawan, Samarinda, Pontianak, Palangkaraya, 
Pangkalan Bun, and Sarawak, the correction bias in-
creased the model’s error by 0.07-0.54. This is due to 
the difference topography between all of the stations. 
The stations with high topography tend to have low 
errors compared to those with low topography. 

Table III. Classification of SPI.

SPI Value Drought Category

SPI ≤ -2 Extremely dry
-2 ≤ SPI ≤ -1.5 Very dry
-1.5 ≤ SPI ≤ -1 Dry

-1 ≤ SPI ≤ 1 Normal
1 ≤ SPI ≤ 1.5 Wet
1.5 ≤ SPI ≤ 2 Very wet

SPI Extreme wetness
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The stations that experienced improved perfor-
mance in RMSE reduction were located in highland 
areas (Fig. 1). Therefore, in this case, the linear 
scaling method can correct the rainfall value in the 
highland areas of Kalimantan.

Figure 2 shows the annual rainfall characteristics 
in Borneo: Figure 2a shows the average annual rain-
fall amount for Borneo Island. The northwest part 
of Borneo has the highest annual rainfall amount. 
The average annual rainfall amount in 1991-2020 
reached 4,000 mm. Meanwhile, the northeast area 
has the lowest annual rainfall of around 2,500 mm. 
The high amount of rainfall in the Borneo northwest 
area is related to the cyclonic activity of the Borneo 
vortex and MJO phase 3 (Ichikawa and Yasunari, 
2006; Isnoor et al., 2019; Purwaningsih et al., 2019).

Furthermore, the rainfall range in Borneo is rela-
tively high, reaching a maximum of 100 mm at a few 
points (Figure 2b). The majority of the rainfall range 
in this area is around 60 mm. The rainfall value is 
required to identify the range between the maximum 
and minimum rainfall values in a location to estimate 
whether the area experiences wet or dry days that 
alternate quite extremely or not.

Figure 2c presents the 5th percentile value and 
shows that most of the 5th percentile value of rainfall 
in Borneo is around 0.2 mm. The northwest Borneo 
area also has high annual rainfall and a high 5th per-
centile value. The 5th percentile value of the annual 
rainfall data in this area is 0.5 mm (Figure 2c). This 
indicates that this area tends to be wet as its 5th per-
centile value is quite large compared to other areas.

The standard deviation (SD) of rainfall data shows 
the diversity of data in the Borneo northwest area. In 
this study, the SD of rainfall has a reasonably high 
value, with the annual average value in this area being 
11 (Figure 2d). This tends to be higher than in other 
areas on the island of Borneo. This high SD value 
indicates that the rainfall values ​in the northwest 
Borneo area are quite diverse.

Figure 3 exhibits the value of the annual rainfall 
amount in the projection/scenario period (2021-2050) 
and the percentage difference from the annual rainfall 
amount in the historical period (Figure 2a). Figure 3a 
shows that the rainfall in Borneo in the projection 
period (2021-2050) will significantly increase in 
almost all regions, especially in the western part 
of Borneo. This is reinforced by Figure 3b, which Ta
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Fig. 2. Annual rainfall characteristics in Borneo in mm: (a) Sum/Amount, (b) Range, (c) Percentile-5, and (d) Standard 
deviation based on CCAM Data 1991-2020.
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Fig. 3. (a) Annual rainfall amount in 2021-2050 in Borneo in mm, (b) Percent change of annual rainfall amount in 
2021-2050 compared to 1991-2020.
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shows that most of Borneo’s eastern and central 
regions will experience more rainfall in the 2021-
2050 period compared to the 1991-2020 period. The 
increase is relatively significant, reaching up to 25%. 
Meanwhile, the eastern part of Borneo, especially the 
northeast region, tends not to experience changes in 
the annual rainfall amount as it decreased by only 5% 
(Figure 2b). This indicates that for the annual rainfall 
amount, rainfall in the projection period (2021-2050) 
tends to be wetter than in the historical period (1991-
2020). However, this will be further reviewed using 
the SPI (Standardized Precipitation Index) and CDD 
(Consecutive Dry Days) for drought analysis.

The drought index was calculated using the SPI 
(Standardized Precipitation Index) from both periods 
(historical and scenario) to see and consider the possi-
bility of an increase in the frequency of drought events 
in the future. The frequency of drought events in the 
sample points for both periods, historical period (1991-
2020) and RCP (2021-2050), is presented in Table V.

The precipitation data for the calculation of 
drought was obtained from the model data. A drought 
is defined as an event where the local SPI-3 index is 
less than –0.5. Thus, the drought events calculated in 
the table are considered moderate to severe drought 
events.

According to Table V, three of the nine locations 
indicated an increase in the frequency of drought 
events. At the same time, the other 6 locations indi-
cated a decrease in drought frequency. Locations that 
see an increase in the frequency of drought events 
tend to be in the south-central part of Borneo, such 

as Banjarmasin and Pangkalan Bun, as well as the 
west-south areas, such as Pontianak. Banjarmasin, 
Pangkalan Bun, and Pontianak are predicted to 
experience more drought events in 2021-2050 com-
pared to 1991-2020. Meanwhile, other areas in the 
more northern part, such as Balikpapan, Bandar Seri 
Begawan, Malinau, Palangkaraya, Samarinda, and 
Sarawak, are estimated to experience a decrease in 
the frequency of drought in 2021-2050 compared to 
1991-2020.

While the SPI considers drought events to be 
based on the distribution of monthly rainfall data, it 
is necessary to analyze drought events based on dry 
spells or consecutive dry day events. Therefore, this 
will be discussed further in the following paragraphs.

The number of consecutive dry days (CDD) mea-
sures the maximum length of dry days where the rain-
fall value is less than 1 mm. Figure 4a shows the CDD 
value in Borneo in the historical period of 1991-2020. 
The CDD value in the southern part of Borneo has the 
highest value and reached 30 days. This means that 
the southern part of Borneo in 1991-2020 averaged 
a maximum consecutive dry day length of about 30 
days. This value is relatively high when compared to 
other regions. Other regions have CDD values that 
only reaches 10-15 days. The high CDD value in the 
southern part of Borneo is strongly suspected to be 
related to the rainfall pattern. The southern part of 
Borneo has a monsoon rainfall pattern (Arini et al., 
2015; Aldrian and Susanto, 2007). In monsoon areas, 
rainfall is closely related to wind bends during the 
Asian and Australian monsoons. This area has one 
rainfall peak (when the rainfall is maximum) in the 
December-January-February season (DJF) and one 
rainfall valley (when the rainfall is minimum) in the 
June-July-August (JJA) season. This suggests that 
this area tends to experience high rainfall in the DJF 
season and low rainfall in the JJA season. In contrast 
to the central and northern Borneo areas, which have 
an equatorial rainfall pattern, this area has two peaks 
for the rainy season. Therefore, the maximum con-
secutive dry days in this area tend to be lower than 
in the southern part of Borneo.

The CDD projected from scenario RCP4.5 for 
2021-2050 in Figure 4b shows a tendency to expand 
in the area and increase the value of CDD in the 
southern part of Borneo compared to 1991-2020. This 
is also confirmed by the plot in Figure 4c, where the 

Table V. Frequency of drought events in sample points 
(several cities in Borneo).

No. Location Drought Event Frequency

1991-2020 2021-2050

1 Balikpapan 114 77
2 Bandarseri Begawan 111 91
3 Banjarmasin 93 108
4 Malinau 107 94
5 Palangkaraya 96 81
6 Pangkalan Bun 79 109
7 Pontianak 85 91
8 Samarinda 108 93
9 Sarawak 111 91
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percentage difference in rainfall values in this area 
in the period 2021-2050 compared to 1991-2020 
reached more than 50%. Meanwhile, the central part 
of Borneo appears to have a constant CDD value of 
around 15 days (Figures 4b and 4c). The northern 
part of Borneo also has a declining CDD value 
(Figure 4c).

Figure 4d exhibits a plot of the linear regression 
slope of the CDD value in the years 2021-2050 
on the island of Borneo. This figure shows that in 
2021-2050, the slope value of the CDD in southern 
Borneo has a positive value where the value tends 
to increase from year to year. Meanwhile, the slope 
value is negative in other areas and leads to 0. This 
suggests that the CDD value in the Borneo area in 

the 2021-2050 period will remain constant.
Based on the above explanation and the SPI-3 

calculation, it can be concluded that the northern part 
of Kalimantan is projected to have a lower drought 
frequency. Moreover, according to the results of 
CDD calculations, this area will have a shorter dry 
day duration. Conversely, southern Kalimantan is 
projected to have a higher drought frequency and 
longer dry days.

It should be noted that the above analysis is only 
based on climate condition projections that are based 
on the RCP 4.5 scenario with GCM ACCESS 1-3 
inputs and downscaled by CCAM. This scenario 
is not based on changes in land use that occurred 
in Kalimantan, and the assumption of changes in 

Fig. 4. (a) Mean of Annual Consecutive Dry Days (CDD) in History Period (1991-2020) (b) Mean of Annual Con-
secutive Dry Days (CDD) in RCP Period (2021-2050) (c) Percent change of annual mean CDD in 2021-2050 (RCP 
Period) and 1991-2020 (History Period) (d) Slope (b coefficient) of linear regression trend of CDD in 2021-2050.
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conditions is only based on changes in radiative 
forcing of 4.5W/m2 as scripted by RCP 4.5. More 
massive scenarios and changes could occur if land 
use changes in Kalimantan occur a lot, especially 
related to forest fires, industrialization, and urban-
ization that have been happening on this island. 
Thus, climate change can significantly impact the 
variability of rainfall and drought events in Kali-
mantan if the spatial variability of land use changes 
more.

In addition, this scenario and study only used one 
GCM, ACCESS 1-3 CSIRO, which uses special land 
and cloud surface schemes in their atmospheric com-
ponents. The results may be different if the principle 
of the ensemble with various GCM inputs is carried 
out. Therefore, a study on drought potential in Bor-
neo as an impact of change with several GCM and 
ensemble methods should be done.

4.	 Conclusion
One of the impacts of climate change is an increase 
in the potential for drought. This paper describes the 
potential for future drought events as an impact of 
climate change in Borneo under the RCP4.5 climate 
scenario. According to our analysis, the northern part 
of Borneo will be wetter in the future. Therefore, 
the incidence of future drought (2021-2050) for this 
region will be lower than in the baseline period (1991-
2020). In contrast, in the southern part of Borneo, 
future drought frequency events (2021-2050) are 
projected to be more frequent than during the baseline 
period (1991-2020). In the future (2021-2050), this 
region will also experience longer consecutive dry 
days than the northern part of Borneo. However, this 
study is based only on simulations and projections 
based on downscaling one GCM ACCESS 1-3 and 
RCP 4.5 scenario. It is necessary to carry out simu-
lations and projections based on several GCMs with 
the ensemble method and consider land-use changes 
that may occur in Kalimantan.

Acknowledgments
The authors would like to thank the Research Orga-
nization of Aeronautics and Space, and the National 
Research and Innovation Agency of Indonesia, for 
their moral and material support for this research.

References 
Ackerley D, Dommenget D. 2016. Atmosphere-only GCM 

(ACCESS1.0) simulations with prescribed land surface 
temperatures. Geoscientific Model Development 9: 
2077–2098. https://doi.org/10.5194/gmd-9-2077-2016

Agnihotri P, Kumar A. 2015. Green House Gas Emissions 
and Climate Change: Options to Mitigate Climate 
Change. American Journal of Pharmacy and Health 
Research 3: 54-59.

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

Alexander LV, Zhang X, Peterson TC, Caesar J, Gleason 
B, Klein Tank AMG, Haylock M, Collins D, Trewin 
B, Rahimzadeh F, Tagipour A, Rupa Kumar K, Re-
vadekar J, Griffiths G, Vincent L, Stephenson DB, 
Burn J, Aguilar E, Brunet M, Taylor M, New M, Zhai 
P, Rusticucci M, Vazquez-Aguirre JL. 2006. Global 
Observed Changes in Daily Climate Extremes of 
Temperature and Precipitation. Journal of Geophys-
ical Research: Atmospheres 111: D5109. https://doi.
org/10.1029/2005JD006290

Arini EY, Hidayat R, Faqih A. 2015. Rainfall Simula-
tion Using RegCM4 Model in Kalimantan during El 
Nino Southern Oscillation. Procedia Environmen-
tal Sciences 24: 70–86. https://doi.org/10.1016/j.
proenv.2015.03.011

Colmet-Daage A, Sanchez-Gomez E, Ricci S, Llovel C, 
Borrell Estupina V, Quintana-Seguí P, Llasat MC, 
Servat E. 2018. Evaluation of uncertainties in mean 
and extreme precipitation under climate change 
for northwestern Mediterranean watersheds from 
high-resolution Med and Euro-CORDEX ensembles. 
Hydrology and Earth System Sciences 22: 673–687. 
https://doi.org/10.5194/hess-22-673-2018

Costa de Oliveira A, Marini N, Farias DR. 2014. Climate 
Change: New Breeding Pressures and Goals. In: Van 
Alfen NK, eds. Encyclopedia of Agriculture and Food 
Systems 284-293. https://doi.org/10.1016/B978-0-444-
52512-3.00005-X

Dambul R. 2010. Monsoon Indicators for Borneo. Geogra-
fia: Malaysian Journal of Society and Space 6: 1 – 12.

Duan Y, Ma Z, Yang Q. 2017. Characteristics of con-
secutive dry days variations in China. Theoretical 
and Applied Climatology 130: 701–709. https://doi.
org/10.1007/s00704-016-1984-6

https://doi.org/10.5194/gmd-9-2077-2016
https://doi.org/10.1002/joc.950
https://doi.org/10.1002/joc.950
https://doi.org/10.1029/2005JD006290
https://doi.org/10.1029/2005JD006290
https://doi.org/10.1016/j.proenv.2015.03.011
https://doi.org/10.1016/j.proenv.2015.03.011
https://doi.org/10.5194/hess-22-673-2018
https://doi.org/10.1016/B978-0-444-52512-3.00005-X
https://doi.org/10.1016/B978-0-444-52512-3.00005-X
https://doi.org/10.1007/s00704-016-1984-6
https://doi.org/10.1007/s00704-016-1984-6


33Drought Potential in Borneo Based on the RCP 4.5 Scenario

Farzaneh MR, Eslamian S, Samadi SZ, Akbarpour 
A. 2012. An appropriate general circulation mod-
el (GCM) to investigate climate change impact. 
International Journal of Hydrology Science and 
Technology 2: 34–47. https://doi.org/10.1504/
IJHST.2012.045938

Harrison RD. 2001. Drought and the consequences of El 
Niño in Borneo: a case study of figs. Population Ecol-
ogy 43: 63–75. https://doi.org/10.1007/PL00012017

Ichikawa H, Yasunari T. 2006. Time-Space Characteris-
tics of Diurnal Rainfall over Borneo and Surround-
ings Oceans as Observed by TRMM-PR. Journal 
of Climate 19: 1238-1260. https://doi.org/10.1175/
JCLI3714.1

IPCC. 2012. Field CB, Barros V, Stocker TF, Qin D, 
Dokken DJ, Ebi KL, Mastrandrea MD, Mach KJ, 
Plattner GK, Allen SK, Tignor M, Midgley PM, eds. 
Managing the Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation: Special Report 
of the Intergovernmental Panel on Climate Change. 
Cambridge: Cambridge University Press.

Isnoor KFN, Firdianto PU, Rejeki HA. 2019. The activ-
ity of Borneo Vortex as a trigger for extreme rain in 
West Borneo (case study: 24th – 25th January 2017). 
IOP Conference Series: Earth and Environmental 
Science 303: 012061. https://doi.org/10.1088/1755-
1315/303/1/012061

Lenderink G, van Ulden A, van den Hurk B, Keller F. 
2007. A study on combining global and regional cli-
mate model results for generating climate scenarios of 
temperature and precipitation for the Netherlands. Cli-
mate Dynamics 29: 157–176. https://doi.org/10.1007/
s00382-007-0227-z

Mandang I, Rahmiati. 2022. Influence El Nino Southern 
Oscillation (ENSO) on rainfall in East Kalimantan-In-
donesia. AIP Conference Proceedings 2668: 040001 
https://doi.org/10.1063/5.0113918

Masui T, Matsumoto K, Hijioka Y, Kinoshita T, Nozawa T, 
Ishiwatari S, Kato E, Shukla PR, Yamagata Y, Kainuma 
M. 2011. An emission pathway for stabilization at 6 
Wm-2 radiative forcing. Climatic Change 109: 59. 
https://doi.org/10.1007/s10584-011-0150-5

McGregor JL, Dix MR. 2008. An Updated Description 
of the Conformal-Cubic Atmospheric Model. In: 
Hamilton K and Ohfuchi W, eds. High Resolution 
Numerical Modelling of the Atmosphere and Ocean. 
New York: Springer New York. 51–75.  https://doi.
org/10.1007/978-0-387-49791-4_4

McGregor JL. 2005. C-CAM: Geometric Aspects and 
Dynamical Formulation. Aspendale, Victoria: CSIRO 
Atmospheric Research. Technical Paper 70

McKee TB, Doesken NJ, Kleist J. 1993. The Relation of 
Drought Frequency and Duration to Time Scales. In: 
Proceedings of the 8th Conference on Applied Clima-
tology, Anaheim, California: 179-184.

Miyamoto K, Aiba SI, Aoyagi R, Nilus R. 2021. Effects of 
El Niño Drought on Tree Mortality and Growth across 
Forest Types at Different Elevations in Borneo. Forest 
Ecology and Management 490: 119096. https://doi.
org/10.1016/j.foreco.2021.119096

Oikonomou C, Flocas HA, Hatzaki M, Nisantzi A, Asi-
makopoulos DN. 2010. Relationship of Extreme Dry 
Spells in Eastern Mediterranean with Large-Scale 
Circulation. Theoretical and Applied Climatology 100: 
137–151. https://doi.org/10.1007/s00704-009-0171-4

Paulus AW, Shanas SP. 2017. Atmospheric Study of the 
Impact of Cold Surges and Borneo Vortex over Western 
Indonesia Maritime Continent Area. Journal of Clima-
tology & Weather Forecasting 05: 1000189. https://doi.
org/10.4172/2332-2594.1000189

Purwaningsih A, Harjana T, Hermawan E, Andarini DF. 
2020. Kondisi Curah Hujan dan Curah Hujan Eks-
trem Saat MJO Kuat dan Lemah : Distribusi Spasial 
dan Musiman di Indonesia. Jurnal Sains & Teknologi 
Modifikasi Cuaca 21: 85-94. https://doi.org/10.29122/
jstmc.v21i2.4153

Qian JH, Robertson AW, Moron V. 2013. Diurnal Cycle 
in Different Weather Regimes and Rainfall Vari-
ability over Borneo Associated with ENSO. Journal 
of Climate 26: 1772–1790. https://doi.org/10.1175/
JCLI-D-12-00178.1

Riahi K, Rao S, Krey V, Cho C, Chirkov V, Fischer G, 
Kindermann G, Nakicenovic N, Rafaj P. 2011. RCP 
8.5 – A Scenario of Comparatively High Greenhouse 
Gas Emissons. Climatic Change 109 : 33 https://doi.
org/10.1007/s10584-011-0149-y

Taylor KE, Stouffer RJ, Meehl GA. 2012. An Overview 
of CMIP5 and the Experiment Design. Bulletin of the 
American Meteorological Society 93: 485–498. https://
doi.org/10.1175/BAMS-D-11-00094.1 

Thomson AM, Calvin KV, Smith SJ, Kyle GP, Volke A, 
Patel P, Delgado-Arias S, Bond-Lamberty B, Wise 
MA, Clarke LE, Edmonds JA. 2011. RCP4.5: A Path-
way for Stabilization of Radiative Forcing by 2100. 
Climatic Change 109: 77. https://doi.org/10.1007/
s10584-011-0151-4

https://doi.org/10.1504/IJHST.2012.045938
https://doi.org/10.1504/IJHST.2012.045938
https://doi.org/10.1007/PL00012017
https://doi.org/10.1175/JCLI3714.1
https://doi.org/10.1175/JCLI3714.1
https://doi.org/10.1088/1755-1315/303/1/012061
https://doi.org/10.1088/1755-1315/303/1/012061
https://doi.org/10.1007/s00382-007-0227-z
https://doi.org/10.1007/s00382-007-0227-z
https://doi.org/10.1063/5.0113918
https://doi.org/10.1007/s10584-011-0150-5
https://doi.org/10.1007/978-0-387-49791-4_4
https://doi.org/10.1007/978-0-387-49791-4_4
https://doi.org/10.1016/j.foreco.2021.119096
https://doi.org/10.1016/j.foreco.2021.119096
https://doi.org/10.1007/s00704-009-0171-4
https://doi.org/10.4172/2332-2594.1000189
https://doi.org/10.4172/2332-2594.1000189
https://doi.org/10.29122/jstmc.v21i2.4153
https://doi.org/10.29122/jstmc.v21i2.4153
https://doi.org/10.1175/JCLI-D-12-00178.1
https://doi.org/10.1175/JCLI-D-12-00178.1
https://doi.org/10.1007/s10584-011-0149-y
https://doi.org/10.1007/s10584-011-0149-y
https://doi.org/10.1175/BAMS-D-11-00094.1
https://doi.org/10.1175/BAMS-D-11-00094.1
https://doi.org/10.1007/s10584-011-0151-4
https://doi.org/10.1007/s10584-011-0151-4


34 A. Nurlatifah et al.

van den Besselaar EJM, van der Schrier G, Cornes RC, 
Iqbal AS, Klein Tank AMG. 2017. SA-OBS: A Daily 
Gridded Surface Temperature and Precipitation Dataset 
for Southeast Asia. Journal of Climate 30: 5151–5165. 
https://doi.org/10.1175/JCLI-D-16-0575.1

Van Vuuren DP, Edmonds J, Kainuma M, Riahi K, 
Thomson A, Hibbard K, Hurtt GC, Kram  T, Krey V, 
Lamarque JF, Masui T, Meinshausen M, Nakicenovic 
N, Smith SJ, Rose SK. 2011a. The Representative Con-
centration Pathways: An Overview. Climatic Change 
109: 5. https://doi.org/10.1007/s10584-011-0148-z

Van Vuuren DP, Stehfest E, den Elzen MGJ, Kram T, van 
Vliet J, Deetman S, Isaac M, Klein Goldewijk K, Hof 
A, Mendoza Beltran A, Oostenrijk R, Van Rujiven 
B. 2011b. RCP2.6: exploring the possibility to keep 
global mean temperature increase below 2°C. Climatic 
Change 109: 95. https://doi.org/10.1007/s10584-011-
0152-3

Van Vuuren DP, Kriegler E, O’Neill BC, Ebi KL, Riahi K, 
Carter TR, Edmonds J, Hallegate S, Kram T, Mathur 
R, Winkler H. 2014. A New Scenario Framework for 
Climate Change Research: Scenario Matrix Archi-
tecture. Climatic Change 122: 373–386. https://doi.
org/10.1007/s10584-013-0906-1

Vincent LA, Mekis E. 2006. Changes in Daily and Extreme 
Temperature and Precipitation Indices for Canada 
over the Twentieth Century. Atmosphere-Ocean 44: 
177–193. https://doi.org/10.3137/ao.440205

Wang YQ, Leung LR, McGregor JL, Lee DK, Wang WC, 
Ding Y, Kimura F. 2004. Regional Climate Modeling: 
Progress, Challenges, and Prospects. Journal of the Me-
teorological Society of Japan. Ser. II 82: 1599–1628. 
https://doi.org/10.2151/jmsj.82.1599

WWF. 2012. Assessing the impact of climate change in 
Borneo. World Wide Fund for Nature. Available at : 
https://wwf.panda.org/wwf_news/?205199/Assessing-
the-impact-of-climate-change-in-Borneo (accessed 
2022 March 29).

Yamanaka MD. 2016. Physical Climatology of Indo-
nesian Maritime Continent: An Outline to Compre-
hend Observational Studies. Atmospheric Research 
178–179: 231–59. https://doi.org/10.1016/j.atmos-
res.2016.03.017

Zhang X, Alexander L, Hegerl GC, Jones P, Tank AK, 
Peterson TC, Trewin B, Zwiers FW. 2011. Indices 
for Monitoring Changes in Extremes Based on Daily 
Temperature and Precipitation Data. WIREs Climate 
Change 2: 851–70. https://doi.org/10.1002/wcc.147

https://doi.org/10.1175/JCLI-D-16-0575.1
https://doi.org/10.1007/s10584-011-0148-z
https://doi.org/10.1007/s10584-011-0152-3
https://doi.org/10.1007/s10584-011-0152-3
https://doi.org/10.1007/s10584-013-0906-1
https://doi.org/10.1007/s10584-013-0906-1
https://doi.org/10.3137/ao.440205
https://doi.org/10.2151/jmsj.82.1599
https://wwf.panda.org/wwf_news/?205199/Assessing-the-impact-of-climate-change-in-Borneo
https://wwf.panda.org/wwf_news/?205199/Assessing-the-impact-of-climate-change-in-Borneo
https://doi.org/10.1016/j.atmosres.2016.03.017
https://doi.org/10.1016/j.atmosres.2016.03.017
https://doi.org/10.1002/wcc.147

