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ABSTRACT

The Archipelago's Capital City Region (IKN) is a candidate for
Indonesia's new capital city. It requires in-depth research
across all relevant sectors to ensure the comfort of the people
of Indonesia. Numerous studies have been conducted in
various fields, including social, cultural, political, economic,
and others. However, no study has provided a climate-based
perspective on IKN compared to the others. Extreme climate
indices calculation for the IKN region used the latest
projection data, SSP, and statistical analysis techniques via R
programming. According to 18 extreme climate indices, the
IKN region is expected to experience an increasing trend in
both temperature and precipitation indices until 2050. The
temperature index that experienced the most significant
increase is T90p, while the rainfall index is RX1day. In the IKN
region, there is a difference of about 300 days between wet
days (CWD) and dry days (CDD), with 350 days being wet and
35 days being dry. Spatial projection analysis has revealed an
increase in CWD values in most of the IKN area during the
rainy season and a decrease in CWD values during the dry
season.
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1. INTRODUCTION

Climate change is usually attributed to global warming and is an inevitable aspect of human life
(Nurhayati, et al., 2020 ; Tuejeh, et al., 2023) This phenomenon affects human activities across all
facets of life, including transportation, agriculture, healthcare, economy, socio-culture, and even
democracy (Perdinan et al., 2020 ; Surmaini et al., 2016). Climate change causes severe changes in
weather and climate (Hidayat et al., 2018 ; Sulistiyono et al., 2020 ; Suwarman et al., 2022).

The newest IPCC report emphasizes that inadequate adaptation and mitigation efforts could have
severe consequences on human life and natural ecosystems due to climate change impacts (Suryadi
etal.,, 2017 ; Tulak et al., 2022). Scientists predict that the earth's temperature will increase by 3°C
by the end of this century, if the current emissions do not decrease (Portner et al., 2022). Moreover,
both adaptation and mitigation of climate change are necessary to be carried out in a balanced and
comprehensive manner (Abbasi et al., 2020).

Several methods are used to describe future climate conditions, and one such method is to use
climate change scenarios, also known as climate projections (Suryadi et al., 2017 ; Akinnusotu, et
al., 2023 ; Saringatin, 2022). The most recent climate projection is known as the Coupled Model
Intercomparison Projecté (CMIP6), which is based on full-strength mitigation with sustainable
emissions and is the most complex projection created to date (Gusain et al., 2020; Ridwana et al.,
2023). There are multiple CMIP6 assumptions, including the Shared Socioeconomic Pathways 2
(SSP2), which emphasizes moderate mitigation and adaptation across social, economic,
technological, and developmental factors (Eyring et al., 2016). Compared to previous climate
projections, the use of CMIP6 is purportedly more realistic in describing climate variables (Zhu et
al., 2020).

Given the development plan of the Capital City of the Archipelago (IKN), situated in the East
Kalimantan region between the Penajam Paser Utara (PPU) Regency and Kutai Kartanegara
Regency, it is necessary to envision future climate scenarios. In IKN, the annual rainfall intensity is
classified as very high, reaching 2,223 millimeters per year (Marzuki, 2023). Since 1983, temperature
conditions in IKN have significantly increased. Moreover, there are few studies concerning weather
and climate in the IKN region. Therefore, the purpose of this study is to investigate changes in
temperature and precipitation variables, as well as their relationship to potential future climate
change using climate projections in the IKN region.

2. METHODS

The research area selected for this study is the Capital City of the Archipelago (IKN) area, located
between 117°0'31.292" and 117° 11' 51.903" East longitude and 0° 38' 44.912" and 1° 15' 25.260"
South latitude. The area covers the North Penajam Paser Regency and Kutai Kartanegara Regency
in the East Kalimantan Province. The boundaries of the area are defined by the following
coordinates:

e North: 1° 15' 25.260" S, longitude 117° 0' 31.292" E
e East:1°6'42.398" S, longitude 117° 18' 28.084" E
e West: 0°59'22.510" S, longitude 116° 31' 37.728" E

To be precise, the IKN area is partly located in North Penajam Paser Regency and partly in Kutai
Kartanegara Regency within East Kalimantan Province.
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Figure 1. Research Maps

This study used the CMIP6 climate projection data from the latest SSP2 scenario of the MRI-ESM
2-0 model. The SSP2 data period used in this study is from 2015 to 2050, with a baseline of 2015 to
2020. The projection data was corrected prior to use. Rainfall and temperature are the variables of
interest, calculated using the climate indices formula established by the Expert Team for Climate
Change Detection Monitoring and Indices (ETCCDMI). Data processing is performed using the R
programming software package RClimdex. RClimdex is an R package that directly processes and
calculates the extreme climate indices. The methods employed include the average method, linear
regression, and Mann-Kendall trend test. 18 extreme climate indices were selected and are
presented below.

Tabel 1. Extreme Climate Index Indicators

Index Indicator Name Definition Unit
TN10p Cool nights Percentage of days with minimum temperature < %
10th percentile
TN9Op Warm nights Percentage of days with minimum temperature > %
90th percentile
TX10p Cool days Percentage of days with maximum temperature < %
10th percentile
TX90p Warm days Percentage of days with maximum temperature > %
90th percentile
TNn Min Tmin Monthly minimum value of minimum temperature  °C
TNXx Max Tmin Monthly maximum value of minimum temperature °C
TXn Min Tmax Monthly minimum value of maximum temperature °C
TXx Max Tmax Monthly maximum value of maximum temperature °C

DOI: https://doi.org/10.17509/gea.v24i1.62607
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SDII Simple Daily Total amount of rainfall for 1 year divided by rainy mm
Intensity Index days
RX1day Max-1 day Highest daily rainfall amount in one month mm
precipitation
amount
RX5day Max-5 day Most amount of rainfall for 5 consecutive days mm
precipitation
amount
CDD Consecutive Dry Most number of days when rainfall <Imm Day
Days
CwD Consecutive Wet Most number of days when rainfall > 1mm Day
Days
R95p Very Wet Days Total annual rainfall amount When rainfall > 95th  mm
percentile
R20mm Annual count of Number of days when daily rainfall is 20 mm Day
days when PRCP
>20mm
R25mm Annual count of Number of days when daily rainfall is 25 mm Day
days when PRCP
>25mm

PRCPTOT Annual total wet- Total annual rainfall with rainfall greater than or  mm

day precipitation equal to 1 mm
DTR Daily The daily maximum temperature difference with the °C
Temperature daily minimum temperature
Range

Source: ETCCDMI (2017)
3. RESULTS AND DISCUSSION

The Results and Discussion section explains each climate variable used in the calculation of the
extreme climate index in the IKN region, namely minimum temperature, maximum temperature,
precipitation, CDD, and CWD.

1. Minimum Temperature

The minimum temperature index itself consists of the minimum monthly value of the minimum
temperature (TNn), the maximum monthly value of the minimum temperature (TNx), the
percentage of days with minimum temperatures above the 90th percentile (TN90p), and the
monthly mean minimum temperature (TMINmean), which is used to see changes in the patterns
that occur in the minimum temperature in the capital of the archipelago (IKN).

Based on Figure 2 below, it can be seen that the average minimum temperature is projected to
increase during the period 2023-2050 with a rate of change of 0.023 C/year. The projection results
show that the highest average minimum temperature will occur in 2046 with a value of 25.0 C, while
the lowest minimum temperature will occur in 2040 with an average value of 22.0 C.

DOI: https://doi.org/10.17509/gea.v24i1.62607
p- ISSN 1412-0313 e- ISSN 2549-7529




105 | Jurnal Geografi Gea, Volume 24 Issue 1, April 2024 Hal 101-12

TN9OP ibukotabaru TMINmean ibukotabaru

TNSOP
TMINmean

. T T T
2015 2020 2025 2030 2035 2040 2045 2050 20150 2020, 2025 200) 2035 20407 2045 (2050
Year

Y
e R2=66.3 p-value=0 Slope estimate= 0.023 Slope error= 0.003

R2=73 p-value= 0 Slope estimate= 1.394 Slope error= 0.146

TNN ibukotabaru TNX ibukotabaru

235

TNn
TNx

220

215
258 260 262 264 266 268 270

|

1 1 T 1 T
2015 2020 2025 2030 2035 2040 2045 2050 2015 2020 2025 2030 2035 2040 2045 2050

Year Year
R2=7.5 p-value= 0.105 Slope estimate= 0.015 Slope error= 0.009 R2=70.4 p-value= 0 Slope estimate= 0.025 Slope error= 0.003

Figure 2. Graphic Minimum Temperature Index

TN9Op is projected to increase with a rate of change reaching 1, 394 oC/year in 2023-2050. TN90p
is the percentage of days where the minimum temperature reaches the 90th percentile, defined as
cool nights. The highest percentage of days in a year with extreme minimum temperatures at the
90th percentile is projected to occur in 2046, reaching 53% of occurrences in a year.

Figure 2 also displays a graph representing the index for the smallest value of minimum
temperature (TNn) and the largest value of minimum temperature (TNx). TNn and TNx are referred
to as the coldest night and the warmest night temperatures, respectively, by You et al. (2010).
During the period from 2023 to 2050, the projected TNn exhibits an increasing trend with a change
rate of temperature of 0.015 oC. According to the projections, TNn is expected to reach its highest
value in 2040, reaching 24.5 C, while the lowest is projected to happen in 2028, at 20.4 C.
Additionally, the period between 2023 and 2050 is expected to see an increase in the projected
values for TNx, with a rate of change of 0.025 C per year. The projections indicate that the highest
TNx value will occur in 2048, reaching 26.9 C, while the lowest value is projected to happen in 2024,
at 26.1 C.

2. Maximum Temperature

The Maximum Temperature Index is composed of several variables. First, the percentage of days
where maximum temperatures are above the 90th percentile value (TN90p). Second, the largest
monthly value of maximum temperature (TXx). Third, the smallest monthly value of maximum
temperature (TXn). Fourth, the monthly average maximum temperature (TMAXmean) used to
observe any changes in temperature patterns. Finally, the daily temperature difference (DTR) is used
to measure the difference between the maximum temperature and daily minimum temperature.
These variables are measured in the Capital City of the Archipelago (IKN).
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Figure 3. Graphic Maximum Temperature

Figure 3 indicates a projected increase in the average maximum temperature during the period

2023-2050 with a rate of change of 0.014°C/year. According to the projection results, the average

maximum temperature will reach its peak

in 2023 (30.0°C), and its lowest point in 2043 (25.3°C).

The projection shows an increase in TX90p with a rate of change of 0.623°C/year during the period
2023-2050. TX90p refers to the percentage of days when the maximum temperature reaches the

90th percentile, defined as a warm night.

According to the projection, 2038 will experience the

highest percentage of days in a year with extreme maximum temperatures at the 90th percentile,

reaching 37% of the total yearly events.

Figure 3 includes a graph illustrating the index of the minimum value of maximum temperature
(TXn) and the maximum value of maximum temperature (TXx). There is an increasing trend in TXn
projections for the period of 2023-2050 with a rate of change of 0.014 C. By 2033, the highest TXn
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is projected to occur at 30.0 C. Conversely, the lowest TXn is expected to occur in 2043, reaching
25.3 C. Additionally, projections for TXx during the period of 2023-2050 depicts an increasing trend
with a rate of change of 0.022 C/year. By 2029, the highest TXx is projected to occur at 32.1 C, while

the lowest is expected to occur in 2021 at 31.3 C.

3. Rainfall

Extreme rainfall indices such as the maximum total rainfall for 5 days and 1 day (RX5day and
RX1day), the total annual rainfall amount when rainfall is >95th percentile (R95p), the number of
days when daily rainfall is 20 mm and 25 mm (R20mm and R25mm), the total annual rainfall amount

with rainfall more or equal to 1 mm (PRCPTOT).
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Figure 4. Graphic Rainfall Index
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The maximum amount of rainfall intensity in one day is expressed by the RX1day index as shown
in Figure 3. It can be seen that the projection results for the period 2023-2050, the largest rainfall in
one day has an increasing trend with a relatively low slope value of 0.099 mm/day. The highest
average rainfall in one day is projected to occur in 2048 with rainfall of 48 mm/day. The RX5day
index represents the highest amount of rainfall calculated in five consecutive days. The projection
results show that this index has a fixed trend during the period 2023-2050 with a slope of 0.025. The
highest average rainfall in five days is projected to occur in 2049 with 150 mm of rainfall in 5 days.
Then there is R20mm or the number of days there is light rainfall. It can be seen that in the projection
period 2023-2050 the trend tends to remain with a slope value of 0.047. The highest value is in 2040
with 58 days. Furthermore, at R25 mm or the number of days there is moderate rainfall in the
projection period 2023-2050 the trend tends to increase with a slope value of 0.031. The highest
value is in 2032 with 18 days.

Furthermore, there is R95p, which is the amount of annual rainfall when it is greater than the
95th percentile. In the projection period, the trend tends to increase with a slope value of 1.5238.
On the other hand, the SDII value tends to decrease with a slope value of -0.0005.

Rainfall in the IKN region is seen for all climate indices calculated to have dominantly increased
but lower than temperature. Moderate rainfall in the IKN region has increased more than low
rainfall even though the number of days is less, meaning that a significant increase in rainfall is
projected from year to year in the IKN region. When viewed from 5 consecutive days also the highest
amount of rainfall in the IKN region is above 150 mm and is considered high.

4. CDD and CWD

Consecutive dry days (CDD) is the number of consecutive days without rain or with rainfall
intensity less than 1mm and Consecutive wet days (CWD) is the number of consecutive days with
rainfall intensity greater than 1 mm. Extreme climate index Simple daily intensity index (SDII) is the
total amount of rainfall for 1 year divided by wet days (defined as rainfall more than 1 mm/day).
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Figure 5. Graphic CDD and CWD Index

In the projection period, it can be seen that the trend of CDD values is relatively fixed and CWD
tends to increase with slope values of 0.051 and 0.385, respectively. The highest value of CDD
occurred in 2028 with 37 days and the highest value of CWD occurred in 2023 with 340 days. A
decrease in the CDD value indicates an increase in the average rainfall of the region which can have
an impact on agriculture. There is such a large difference in days between CDD and CWD of almost
250 days, meaning that the IKN region is projected to have more wet days than dry days or it can be
said that the amount of rainfall is very high and is also influenced by other climate phenomena (V.
Munir, 2009). Spatial mapping is also carried out for the value of CDD and CWD in Kalimantan island
where IKN is located.
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Figure 6. Spatial map of CDD and CWD in the wet season
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It can be seen and analyzed for spatial mapping of CDD and CWD in the rainy season which
generally occurs in December, January and February. It can be seen that in the IKN region, the
CDD value in December is generally 5-10 days of rain. In January and February there is a spatial
increase, namely rainy days of 11-20 days. Then for the CWD value in the IKN region in
December, January, and February the range of values is the same, namely 41-50 days. It can
be said that spatially in the rainy season there is a very large difference between wet days
and dry days (Zhang et al., 2011 ; Zarrin et al., 2021 ; Zong et al., 2023 ; Wang et al., 2021).
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Figure 7. Spatial map of CDD and CWD in the dry season
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It can be seen and analyzed for spatial mapping of CDD and CWD in the dry season which
generally occurs in June, July, and August. It can be seen that in the IKN region, the CDD value
in June is generally 11-20 days of rain. In July and August, there was a spatial increase of 21-
30 days of rain. Then for the CWD value in the IKN region in June and July amounted to 41-50
days while in August there was a decrease to 31-40 days. It can be said that wet days are
higher than dry days despite being in the dry season (Nastos and Zerefos, 2009 ; Shi et al.,
2018 ; Jianfeng et al., 2012). In the dry season there is a decrease in wet days and an increase
in dry days in the IKN region. Information on projected CDD and CWD values can be key in
mitigating climate extremes, namely rainfall.

4. CONCLUSIONS

on 18 extreme climate indices, the IKN region is projected to experience an increasing
trend for temperature and rainfall until 2050. The most significantly increasing temperature
index is T90p and for the rainfall index is RX1day. Then there is a difference of about 300 days
between wet and dry days in the IKN region with 350 wet days and 35 dry days. Spatial
projection analysis shows that most of the IKN region in the rainy season has an increase in
CWD values and the dry season has a decrease in CWD value.
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