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PREFACE

Disaster risk management is becoming increasingly crucial as the 
world experiences unprecedented urban development and 
environmental challenges. "Following Fron�ers of the Forest 
City: Unraveling Disaster Risk Informa�on at IKN and Beyond" 
seeks to bridge the gap between innova�ve urban planning and 
the importance of disaster resilience, par�cularly in light of 
expanding ci�es and emerging environmental threats. This 
connec�on is essen�al, as urban growth frequently overlooks 
vital factors such as climate vulnerability, poten�al natural 
disasters, and the overall resilience of infrastructure. There is a 
pressing need to develop ci�es that not only thrive but also 
withstand various threats. The concept of a "Forest City" 
represents a holis�c approach to urban planning by integra�ng 
green spaces, sustainable architecture, and eco-friendly 
prac�ces, thereby enhancing livability and minimizing the 
impact of disasters. This trend underscores the necessity of 
ensuring that disaster risk informa�on is both accessible and 
ac�onable.

At a �me when bolstering resilience is crucial, this book makes a 
significant contribu�on to the ongoing dialogue surrounding 
disaster risk reduc�on and sustainable urbaniza�on. It 
synthesizes knowledge of risk informa�on, ecological condi�ons, 
and hazard dynamics to present a comprehensive perspec�ve on 
disaster risks, including forest fires and floods. This book delves 
into the interplay of spa�al analysis, remote sensing, and 
advanced analy�cal tools to examine how environmental 
variables contribute to disaster events. It also discusses how 
these insights can inform more adap�ve and sustainable 

strategies. Beyond addressing the scien�fic and technical 
dimensions, the book aims to offer prac�cal approaches that will 
foster a vision for a resilient and sustainable future for IKN and its 
surroundings.

We extend our hear�elt gra�tude to the Ministry of Educa�on, 
Culture, Research, and Technology (Kementerian Pendidikan, 
Kebudayaan, Riset, dan Teknologi) and the Indonesia 
Endowment Fund for Educa�on (Lembaga Pengelola Dana 
Pendidikan - LPDP) for their financial support through the PRPB 
funding scheme, part of the Merian Fund, Coopera�on 
Indonesia - The Netherlands. This funding has been crucial in 
suppor�ng the Following Fron�ers of the 'Forest City' research 
consor�um to produce knowledge related to sustainable and 
inclusive urbaniza�on in Kalimantan and beyond. 

We hope this book will serve as both a reference and an 
inspira�on for researchers, policymakers, and communi�es 
commi�ed to building resilience and sustainability in IKN and 
beyond.

May 2025

Authors
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GLOSSARY

Deforesta�on The permanent removal or clearing of forests for 
non-forest land uses, such as agriculture, 
se�lements, or other purposes which leads to a 
significant loss of forest cover (FAO, 2020).

Eleva�on Eleva�on is the height of a point measured above a 
reference surface which is typically sea level. In the 
geospa�al context, eleva�on informa�on is a 
fundamental element in several applica�ons, such 
as topographic mapping, spa�al planning, and 
disaster risk analysis (Prasetyo, 2014).

Ecohydrology Ecohydrology is an innova�ve approach that 
integrates ecological and hydrological aspects to 
manage water resources sustainably.

Erosion The concept is defined as the erosion of soil or rock 
by water, wind, or human ac�vi�es, which can 
reduce soil fer�lity and increase risk of disasters 
(Morgan, 2009).

Forest City The urban proposals integrate infrastructures and 
local vegeta�on from the ecosystem used in the 
building process.   
The ecosystem of city is dominated by forest 
vegeta�on and has achieved integrated urban and 
rural development through ecological construc-
�ons (Liaio, 2021).  

Fron�er An area or source of unusually abundant natural 
resources and land rela�ve to labor and capital. 
“Transi�onal spaces where poli�cal authori�es 
and social and environmental rela�ons of the 
recent past are currently being challenged by new 

enclosures, territorializa�ons, and property 
regimes” (Peluso and Lund, 2011 in Hein et al., 
2016).

Hydrometeorology 
Disaster

Hydrometeorological disasters are events caused 
by atmospheric and hydrological phenomena, 
such as floods, droughts, storms, and landslides. 
These disasters occur due to disrup�ons in the 
hydrological and atmospheric cycles affec�ng 
climate and environmental stability (Sari et al., 
2023).

IKN Ibu Kota Nusantara (The new capital city of 
Indonesia in East Kalimantan).

Inclusive city A city that provides equal access to social, 
economic, and poli�cal opportuni�es for a wide 
variety of urban residents without prejudice to 
economic status, gender, race, ethnicity, or 
religion (Elias, 2020).

Indigenous 
communi�es/ 
people

“Dis�nct social and cultural groups that share 
collec�ve ancestral �es to the lands and natural 
resources where they live, occupy or from which 
they have been displaced” (World Bank, 2022).

Infiltra�on The movement of water from the surface into the 
soil is essen�al for maintaining the balance of the 
hydrological cycle and reducing runoff (Ward & 
Trimble, 2004).

Megathrust A collision zone between tectonic plates that has 
the poten�al to generate large earthquakes with 
high destruc�ve power (Lay & Kanamori, 1981).

Remote sensing A technology that enables the collec�on of data 
related to the surface of the Earth using satellites 
or aircra� without direct contact (Lillesand, Kiefer 
& Chipman, 2015).

xi
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Sedimenta�on The process of deposi�ng materials such as sand, 
silt, or gravel by the ac�on of water or wind, which 
can influence river and coastal morphology 
(Walling & Fang, 2003).

Transmigra�on “The transfer of popula�on in Indonesia from the 
islands of Central Java, Madura, Bali, and Lombok 
to  the outer  i s lands  under  government 
sponsorship” (MacAndrew, 1978).

Urbaniza�on “The process wherein urban living pa�erns 
supersede rural living pa�erns” (Murayama & 
Estoque, 2020). “The transforma�on of a lightly 
populated open country or rural areas into dense 
concentra�ons of people, characterized by the 
expansion of popula�on from central ci�es and 
the migra�on of people from other areas” (Grolier, 
1987).

Zero Burning Land management that does not use open burning 
approaches to clear logging residues (Nugroho, 
2012). The process has the ability to reduce 
greenhouse gas emissions produced from burning 
biomass (Dwijanarko et al., 2020).

ABBREVIATIONS

AATHP
ARI
ASEAN
BAPPENAS

BGI
BMKG

BNPB

BPBD

BPS
CHIRPS
DEM

ESDM

ENSO
GEE
GIS
GRDP
IKN
IoT
IRBI

KIPP

Agreement on Transboundary Haze Pollu�on
Acute Respiratory Infec�ons
Associa�on of Southeast Asian Na�ons
Badan Perencanaan Pembangunan Nasional (Na�onal 
Development Planning Agency)
Blue Green Infrastructure
Badan Meteoro log i ,  K l imato log i ,  dan  Geofis ika 
(Meteorology, Climatology, and Geophysics Agency)

Badan Nasional Penanggulangan Bencana (The Na�onal 
Disaster Management Agency)
Badan Penanggulangan Bencana Daerah (Regional Disaster 
Management Agency)
Badan Pusat Sta�s�k (Central Sta�s�cal Agency)

Climate Hazards Center InfraRed Precipita�on
Digital Eleva�on Model

Kementerian Energi dan Sumber Daya Mineral (Ministry of 
Energy and Mineral Resources)
El Niño-Southern Oscilla�on 
Google Earth Engine
Geographic Informa�on System
Gross Regional Domes�c Product
Ibu Kota Nusantara
Internet of Things
Indeks Risiko Bencana Indonesia (Indonesia Disaster Risk 
Index)
Kawasan In� Pusat Pemerintahan (IKN core area)

DRR Disaster Risk Reduc�on

LNG Liquefied Natural Gas

xiii
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The reloca�on of the capital city from 
Jakarta to Ibu Kota Nusantara (IKN) in the 
Penajam Paser Utara and Kutai Kartanegara 
Regencies of East Kalimantan was officially 
announced by the Government of Indonesia 
in 2019 and the celebra�on was conducted 
during the Independence Day on 17 August 
2024. The IKN area envisions a “Forest City” 
that retains 75% of the area as green space 
and the construc�on of government and 
commercial buildings with strict compliance 
with strict environmentally friendly principles 
(Ibu Kota Nusantara, 2025). The main reason 
for the reloca�on was for the allevia�on of the 
environmental problems of Jakarta such as 
the pollu�on experienced due to over-
exploita�on of resources (Erlis Saputra, 2019) 
which led to increasing hydrometeorological 
disaster risks (Susan� et al., 2022). The 
selec�on of the site for the new capital city 
was based on the considera�on of disaster 
risk in the region. The IKN in Penajam Paser 
Utara and Kutai Kertanegara Regencies 
selected has a stable geological forma�on, 
low seismic ac�vi�es, and a rela�vely low risk 
for natural disasters (Putri, 2022).

1



Introduc�on1
 
Garuda Palace, the Presiden�al Palace at IKN
Photo credit: Muhammad Qoirul Purwanto

The reloca�on of the capital city from 
Jakarta to Ibu Kota Nusantara (IKN) in the 
Penajam Paser Utara and Kutai Kartanegara 
Regencies of East Kalimantan was officially 
announced by the Government of Indonesia 
in 2019 and the celebra�on was conducted 
during the Independence Day on 17 August 
2024. The IKN area envisions a “Forest City” 
that retains 75% of the area as green space 
and the construc�on of government and 
commercial buildings with strict compliance 
with strict environmentally friendly principles 
(Ibu Kota Nusantara, 2025). The main reason 
for the reloca�on was for the allevia�on of the 
environmental problems of Jakarta such as 
the pollu�on experienced due to over-
exploita�on of resources (Erlis Saputra, 2019) 
which led to increasing hydrometeorological 
disaster risks (Susan� et al., 2022). The 
selec�on of the site for the new capital city 
was based on the considera�on of disaster 
risk in the region. The IKN in Penajam Paser 
Utara and Kutai Kertanegara Regencies 
selected has a stable geological forma�on, 
low seismic ac�vi�es, and a rela�vely low risk 
for natural disasters (Putri, 2022).

1



The East Kalimantan landscape has experienced significant 
transforma�on mainly due to land-based extrac�ve industries 
which have been the main source of income for the region (BPS, 
2023b). The process has led to the harvest of forests to serve 
other sectors with a specific focus on agricultural expansion of oil 
palm (van der Laan, 2016). This is observed from the fact that a 
substan�al por�on of forest areas are presently occupied by 
monoculture oil palm planta�ons (Auriga, 2019). Reports 
showed that East Kalimantan lost a significant por�on of the 
primary forest cover between 2001 and 2012 (Margono et al., 
2014) and the areas have been con�nuously decreasing. The 
layers of complexity in the landscape dynamics were further 
increased by the development of the new capital city.

The massive conversion for other land cover or use affected 
the unique biodiversity-rich tropical forests of East Kalimantan 
(Spencer et al., 2023), including the indigenous people (E. 
Saputra et al., 2023; Erlis Saputra et al., 2022) which further 
increased the Eco-environment Vulnerability Index (Kurniawan 
et al., 2022). An example is the recurrent occurrence of forest 
fires due to land clearing and peat drainage during the process of 
establishing new planta�ons (Syaufina, 2018). In 2015, 
significant fire events were recorded in the region which led to 
adverse impacts on social ac�vi�es and the environment 
(Budisulis�orini et al., 2018; Forsyth, 2014; Hansen & DeFries, 
2007b; Varkkey, 2015). Recently, there were hydrometeorology-
related disasters such as landslides, floods, forest fires, and 
extreme weather events that affected more than 14,000 
inhabitants in 2021 (BPS, 2022a, 2022b; Kumalawa� et al., 2023).

2

Climate change can intensify disaster events on the heavily 
extracted landscape of East Kalimantan and impede the process 
of sustainable urbaniza�on in IKN (Shimamura & Mizunoya, 
2020). The events can further damage important infrastructures 
in city and disrupt the func�ons of roads, buildings, and water 
distribu�on pipes (Heo et al., 2024). There is also the possibility 
of experiencing substan�al urban environmental damages and 
degrada�on to green and blue infrastructures (Rachmawa� et 
al., 2024). These impacts can cause a significant economic 
burden for recovery through the diversion of budget alloca�on 
for sustainable development projects to achieve long-term goals 
(Nguyen et al., 2024). 

The provision of informa�on related to disaster risks in urban 
areas can contribute to the process of sustainable urbaniza�on. 
The understanding of the vulnerabili�es and risks associated 
with urban areas is also capable of contribu�ng to the 
development of risk-informed planning and mi�ga�on 
strategies. The process can ensure the integra�on of disaster risk 
reduc�on into urban development plans to enhance resilience 
and sustainability (Macatulad & Biljecki, 2024). Moreover, 
advanced technology has the capacity of contribu�ng 
significantly to the enhancement of disaster management 
through improved data collec�on, analysis, and early warning 
systems to inform decision-making and support sustainable 
urbaniza�on (Elshoukry, 2024). There is also a need to 
disseminate informa�on through effec�ve communica�on 
channels to enhance community engagement and preparedness 
(Muhame et al., 2024). 
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Understanding 
Risk Informa�on2

Mining Area in Muara Jawa
Photo credit: Wisnu Hasan

Risk informa�on in the context of disaster 
and territorial governance refers to data and 
knowledge processed to understand the 
poten�al hazards, vulnerabili�es, exposures, 
and capaci�es of an area or community. This 
informa�on serves as the basis for making 
informed decisions related to mi�ga�on, 
preparedness, emergency response, and 
post-disaster recovery efforts. The term 
“informa�on” is  defined as the data 
processed with a context to provide value for 
the recipient. In risk management, the 
provision of relevant informa�on is capable of 
developing appropriate ac�ons, policies, or 
strategies. The United Na�ons Office for 
Disaster Risk Reduc�on (UNDDR, 2015) 
showed that risk informa�on covered all data 
and knowledge related to natural hazards, 
exposure levels, socio-economic vulnera-
bility, and community capacity to respond to 
poten�al disasters. Philosophically, the term 
“informa�on” originates from the La�n 
'informare' which is interpreted as “to give 
form” or “to shape”. Floridi (2011) explained 
that informa�on was not a sta�c en�ty but a 
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process of shaping understanding, construc�ng meaning, and 
developing structure in human knowledge. The trend shows that 
sta�s�cal data on rainfall or earthquake frequency can only be 
classified as risk informa�on a�er interpreta�on to provide 
ac�ons in the form of risk maps, early warning systems, or zoning 
policies. Therefore, risk informa�on is o�en produced through 
the interac�on between scien�fic data, social values, and spa�al 
context. The understanding of this philosophical basis is 
important to ensure risk informa�on is not treated merely as a 
technocra�c product but as a reflec�ve tool for building 
community resilience.

The concept of risk informa�on has grown significantly over 
�me due to the con�nuous development in disaster 
management. Ini�ally, it was interpreted strictly as technical 
scien�fic reports about poten�al natural hazards such as 
earthquake intensity or flood discharge. The defini�on is 
perceived to be reac�ve due to the lack of considera�on for the 
social and ins�tu�onal dimensions of risk. The influence of 
interna�onal frameworks such as the Hyogo Framework for 
Ac�on (2005-2015) and the Sendai Framework for Disaster Risk 
Reduc�on (2015-2030) in the early 2000s started to shi� the 
understanding of risk informa�on. The concept is currently 
viewed as part of a broader risk governance system that includes 
risk communica�on, public par�cipa�on, as well as the 
integra�on of spa�al and social data into the decision-making 
process.

Mul�dimensional approaches to risk assessment are 
increasingly being adopted but there is a strong argument that 
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the dependence of the process solely on physical aspects 
remains relevant and applicable in several disaster contexts, 
specifically during the early stages of spa�al and technical 
decision-making. The preference for the approach is associated 
with several reasons and the first is that physical data is 
objec�ve, measurable, and systema�cally computable, leading 
to an ease in mapping risks quan�ta�vely and visually. This is 
possible because variables such as rainfall, slope, soil type, and 
land use can be easily collected and analyzed through geospa�al 
approaches. Mohammady et al. (2012) and (iswajeet & Saro 
(2007) also reported that advances in remote sensing and GIS 
technology enabled accurate and efficient spa�al modelling of 
risk. The second is that the approach is resource-efficient in 
terms of �me, cost, and effort. Several areas with limited 
capacity for social or economic data use biophysical data as a 
prac�cal and reliable op�on. For example, Tien Bui et al. (2012) 
showed that physically-based approaches proved effec�ve in 
spa�al planning and disaster risk zoning in developing countries. 
The third is that disasters do not occur without certain triggers 
and physical environmental condi�ons. For example, landslides 
are highly dependent on land slope, rainfall, and soil 
characteris�cs. The trend shows that assessments based on 
physical variables are a logical step in detec�ng and an�cipa�ng 
disaster events (Kamp et al., 2008; Yilmaz, 2009). The final aspect 
is that physical-based risk informa�on has high technical 
eviden�ary value in terms of structural mi�ga�on policies and 
infrastructure development. Akgun et al. (2008) explained that 
geospa�al risk models developed based on topographic and 
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geological data could provide more accurate and technically 
responsible decision support for cri�cal infrastructure projects. 

Social and economic dimensions are important for framing 
the overall vulnerability but only a physical-based risk approach 
is sufficient to provide the basis for robust, efficient, and 
scien�fic mi�ga�on policies in several opera�onal, technical, 
and early decision-making contexts. Risk informa�on obtained 
through biophysical variables such as rainfall, slope, soil type, 
and land use can provide a clear ini�al picture of poten�al 
hazards, specifically when visualized through geospa�al 
technology. This approach enables quick and accurate 
presenta�on of data to support spa�al planning and the 
establishment of disaster-prone zones.

The approach was systema�cally adopted in Indonesia 
through the development of the InaRISK pla�orm and the 
Indonesian Disaster Risk Index (IRBI) by the Na�onal Disaster 
Management Agency (BNPB). The InaRISK is an interac�ve map-
based disaster risk informa�on system supported by Geographic 
Informa�on System (GIS) and Internet of Things (IoT) (Suharini et 
al., 2023). The system integrates three main components, 
including hazard, vulnerability, and capacity but prac�cally 
depends more on spa�al and biophysical data as the main basis 
for mapping. This was in line with the observa�on of Shortridge 
et al. (2017) that risk could be reliably es�mated without socio-
economic data provided spa�al and biophysical data were 
available and used systema�cally. The trend shows that the 
physical approach is a valid, efficient, and adap�ve scien�fic 
basis for building early warning systems and risk zones.

8

The report of the Indonesian Disaster Risk Book (RBI) by BNPB 
(2023) showed that the ini�al and main components of hazards 
in InaRISK were based on objec�ve environmental and geological 
data such as land use, rainfall intensity, historical disaster events, 
topography, and soil classifica�on. This approach is very useful, 
specifically in areas where socio-economic data is limited, by 
allowing valid risk analysis to support mi�ga�on policies, 
infrastructure development, and spa�al planning (Azizah et al., 
2022; Silfira & Rahman Saleh, 2023). Moreover, InaRISK supports 
the u�liza�on of scien�fic informa�on in the decision-making 
process, both at the central and regional levels. The pla�orm also 
ensures disaster risk reduc�on planning and programs (BNPB, 
2025) while expanding public par�cipa�on through the 
provision of risk visualiza�ons that are easily accessible and 
understood by different stakeholders. This shows that ideal 
disaster risk informa�on systems can holis�cally integrate social, 
economic, and ins�tu�onal dimensions but the physical-based 
approach remains a strategically valuable and technically 
feasible founda�on for ini�al implementa�on.
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Kalimantan Island and 
Its Environmental 
Challenges3

Mahakam Bridge 
Photo Credit:  Gery Novrian

Kalimantan is one of the five major islands 
in Indonesia considered rela�vely geologically 
stable compared to others such as Sumatra, 
Java, and Sulawesi. However, some major 
challenges are iden�fied in terms of natural 
d i s a s t e r s  w i t h  a  s p e c i fi c  f o c u s  o n 
hydrometeorological aspects even though 
the region is not directly located in an ac�ve 
subduc�on zone (Wahyuningtyas & Pratomo, 
2015). The challenges are closely related to 
clima�c condi�ons and increased human 
ac�vi�es. The trend of disaster events in 
Indonesia has significantly increased in the 
last decade, specifically from 2014 to 2023. 
This is observed from the 5,400 disasters 
recorded across the country according to    
the BNPB Disaster  Data  Book 2023. 
Approximately 99.35% were iden�fied as 
hydrometeorological disasters caused by 
meteorological and hydrological factors such 
as high rainfall, strong winds, extreme 
temperatures, and changes in hydrological 
condi�ons on the land surface and rivers. This 
category includes floods, landslides, extreme 
weather, as well as forest and land fires 
(BNPB, 2024).
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The con�nuous occurrence of disaster events is associated 
with increasingly complex environmental pressures, specifically 
due to land use change, uncontrolled urbaniza�on, and over-
exploita�on of natural resources. In several areas such as 
Kalimantan, massive deforesta�on for planta�ons and mining 
reduces the ability of forest areas to absorb and store water. This 
has led to a drama�c increase in risk of floods and landslides, 
par�cularly during the rainy season when rainfall intensity 
becomes more unpredictable due to global climate change. 

The BNPB Disaster Data Book 2023 showed that the three 
most frequent types of disasters were forest and land fires with 
2,051 events, extreme weather at 1,261, and floods with 1,255. 
The trend is an indica�on that climate change and environmental 
degrada�on have increased risk of Indonesia to ecological and 
climate-related disasters, with Kalimantan iden�fied as one of 
the most at-risk regions. The observa�on was consistent with the 
results of several previous research by Djalante (2018), Fuady et 
al. (2021), and Kusumastu� et al. (2014) that showed the inability 
of the infrastructure and disaster risk mi�ga�on system in the 
country to keep pace with the accelera�on of climate change and 
environmental damage.

Indonesia is geologically situated at the intersec�on of the 
four major tectonic plates in the world, including the Eurasian 
which covers the Asian Con�nent, the Indo-Australian, the 
Pacific, and the Philippine Sea. The condi�ons show the 
Indonesian region is very tectonically ac�ve which leads to the 
constant threat of earthquakes and volcanic ac�vity in several 
areas. The Ministry of Energy and Mineral Resources (ESDM, 
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2020) reported that 127 ac�ve volcanoes were spread along the 
Ring of Fire, and 70 were classified as very ac�ve and 
con�nuously monitored by the Centre for Volcanology and 
Geological Hazard Mi�ga�on (PVMBG). In 2024, 19 mountains 
were in Level II (Alert) status which signaled an increase in 
volcanic ac�vity considered capable of poten�ally leading to 
erup�ons at any �me (Dewi, 2024).

Geological disasters such as earthquakes are increasing in the 
country and the number was reported by Sabtaji (2020) to be at 
an average of 6,512 per year from 2009 to 2019. This is 
equivalent to approximately 543 earthquakes per month or 18 
per day. Moreover, the data from BMKG showed a further 
increase from 2021 to 2023. The report iden�fied 2021 as the 
year that recorded the highest number of earthquakes in the 
monitoring history with 11,386 events and 27 were classified as 
destruc�ve. There were 10,792 events in 2022 and the number 
increased to 10,983 in 2023 with 219 large-sized at ≥5.0 
magnitude, 861 were experienced by the public, and 10,570 
were classified as small.

Indonesia is highly vulnerable to tsunamis with 416 events 
recorded in the territory based on the Indonesian Tsunami 
Catalogue 2017. Most tsunamis occurred in southern Indonesia, 
par�cularly along the coasts of Sumatra, Java, Bali, and Nusa 
Tenggara which are considered to have proximity to ac�ve 
subduc�on zones such as the megathrust. Moreover, submarine 
volcanic erup�ons could cause tsunamis as reported in the 2018 
Sunda Strait event which was triggered by the erup�on of Mount 
Anak Krakatau (Anwar, 2021). 

13



The con�nuous occurrence of disaster events is associated 
with increasingly complex environmental pressures, specifically 
due to land use change, uncontrolled urbaniza�on, and over-
exploita�on of natural resources. In several areas such as 
Kalimantan, massive deforesta�on for planta�ons and mining 
reduces the ability of forest areas to absorb and store water. This 
has led to a drama�c increase in risk of floods and landslides, 
par�cularly during the rainy season when rainfall intensity 
becomes more unpredictable due to global climate change. 

The BNPB Disaster Data Book 2023 showed that the three 
most frequent types of disasters were forest and land fires with 
2,051 events, extreme weather at 1,261, and floods with 1,255. 
The trend is an indica�on that climate change and environmental 
degrada�on have increased risk of Indonesia to ecological and 
climate-related disasters, with Kalimantan iden�fied as one of 
the most at-risk regions. The observa�on was consistent with the 
results of several previous research by Djalante (2018), Fuady et 
al. (2021), and Kusumastu� et al. (2014) that showed the inability 
of the infrastructure and disaster risk mi�ga�on system in the 
country to keep pace with the accelera�on of climate change and 
environmental damage.

Indonesia is geologically situated at the intersec�on of the 
four major tectonic plates in the world, including the Eurasian 
which covers the Asian Con�nent, the Indo-Australian, the 
Pacific, and the Philippine Sea. The condi�ons show the 
Indonesian region is very tectonically ac�ve which leads to the 
constant threat of earthquakes and volcanic ac�vity in several 
areas. The Ministry of Energy and Mineral Resources (ESDM, 

12

2020) reported that 127 ac�ve volcanoes were spread along the 
Ring of Fire, and 70 were classified as very ac�ve and 
con�nuously monitored by the Centre for Volcanology and 
Geological Hazard Mi�ga�on (PVMBG). In 2024, 19 mountains 
were in Level II (Alert) status which signaled an increase in 
volcanic ac�vity considered capable of poten�ally leading to 
erup�ons at any �me (Dewi, 2024).

Geological disasters such as earthquakes are increasing in the 
country and the number was reported by Sabtaji (2020) to be at 
an average of 6,512 per year from 2009 to 2019. This is 
equivalent to approximately 543 earthquakes per month or 18 
per day. Moreover, the data from BMKG showed a further 
increase from 2021 to 2023. The report iden�fied 2021 as the 
year that recorded the highest number of earthquakes in the 
monitoring history with 11,386 events and 27 were classified as 
destruc�ve. There were 10,792 events in 2022 and the number 
increased to 10,983 in 2023 with 219 large-sized at ≥5.0 
magnitude, 861 were experienced by the public, and 10,570 
were classified as small.

Indonesia is highly vulnerable to tsunamis with 416 events 
recorded in the territory based on the Indonesian Tsunami 
Catalogue 2017. Most tsunamis occurred in southern Indonesia, 
par�cularly along the coasts of Sumatra, Java, Bali, and Nusa 
Tenggara which are considered to have proximity to ac�ve 
subduc�on zones such as the megathrust. Moreover, submarine 
volcanic erup�ons could cause tsunamis as reported in the 2018 
Sunda Strait event which was triggered by the erup�on of Mount 
Anak Krakatau (Anwar, 2021). 

13



Kalimantan is rela�vely safe from significant seismic and 
volcanic ac�vity threats but not free from disaster risks. This is 
observed from the frequent occurrence of major challenges 
associated with hydrometeorological disasters such as floods, 
landslides, as well as forest and land fires compared to geological 
disasters. The ecological characteris�cs of Kalimantan which 
include several areas with peatlands, extensive rivers, and large 
forests lead to the high sensi�vity of the region to climate change 
and human ac�vi�es.

The report from the (BNPB, 2024) showed that Kalimantan 
experienced 1,709 disaster events in 2023 and was the region 
with the third highest number a�er Java and Sumatra. In terms of 
percentage, Java Island had 34% of the total events followed by 
Sumatra 25%, Kalimantan 22%, Sulawesi 10%, Bali-Nusa 
Tenggara 6%, and Maluku-Papua 3% based on the na�onal 
disaster distribu�on. Disasters in Kalimantan were mostly 
dominated by forest and land fires with 1,288 events, floods 278, 
landslides 69, extreme weather 63, as well as earthquakes and 
high waves or tsunamis which were rela�vely rare (Figure 1).

Forest and land fires were found to be the most dominant 
disaster on the island of Kalimantan in 2023 (Figure 1). This can 
be because Kalimantan has a vast forest area specifically in 
Central Kalimantan which covers approximately 7.1 million 
hectares of natural forest. According to UNDRR (2024), 
Kalimantan experienced the highest rates of extensive and 
repeated fire incidents and this showed that the region had a 
very high rate of disaster. The main causes of forest fires were 
divided into two categories, including natural and anthropogenic 
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Figure 1. Number of Natural Disaster Events in Kalimantan by Type of 
Disaster in 2023

Source: Data from BNPB in BPS sta�s�cs of East Kalimantan, 2023

factors (Susan� et al., 2022). The natural factor is related to the 
long dry season with high temperatures and low humidity 
naturally which makes peatlands highly flammable. 

However, most forest fires in Kalimantan were associated 
with human ac�vi�es in the form of land clearing through 
burning by companies holding concession licenses (Saharjo & 
Hasanah, 2023). The preference for burning was because the 
approach was considered faster and more cost-effec�ve than the 
applica�on of heavy equipment and the employment of a larger 
number of laborers (A. W. Putri, 2019). The prac�ce is further 

15



Kalimantan is rela�vely safe from significant seismic and 
volcanic ac�vity threats but not free from disaster risks. This is 
observed from the frequent occurrence of major challenges 
associated with hydrometeorological disasters such as floods, 
landslides, as well as forest and land fires compared to geological 
disasters. The ecological characteris�cs of Kalimantan which 
include several areas with peatlands, extensive rivers, and large 
forests lead to the high sensi�vity of the region to climate change 
and human ac�vi�es.

The report from the (BNPB, 2024) showed that Kalimantan 
experienced 1,709 disaster events in 2023 and was the region 
with the third highest number a�er Java and Sumatra. In terms of 
percentage, Java Island had 34% of the total events followed by 
Sumatra 25%, Kalimantan 22%, Sulawesi 10%, Bali-Nusa 
Tenggara 6%, and Maluku-Papua 3% based on the na�onal 
disaster distribu�on. Disasters in Kalimantan were mostly 
dominated by forest and land fires with 1,288 events, floods 278, 
landslides 69, extreme weather 63, as well as earthquakes and 
high waves or tsunamis which were rela�vely rare (Figure 1).

Forest and land fires were found to be the most dominant 
disaster on the island of Kalimantan in 2023 (Figure 1). This can 
be because Kalimantan has a vast forest area specifically in 
Central Kalimantan which covers approximately 7.1 million 
hectares of natural forest. According to UNDRR (2024), 
Kalimantan experienced the highest rates of extensive and 
repeated fire incidents and this showed that the region had a 
very high rate of disaster. The main causes of forest fires were 
divided into two categories, including natural and anthropogenic 

14

Figure 1. Number of Natural Disaster Events in Kalimantan by Type of 
Disaster in 2023

Source: Data from BNPB in BPS sta�s�cs of East Kalimantan, 2023

factors (Susan� et al., 2022). The natural factor is related to the 
long dry season with high temperatures and low humidity 
naturally which makes peatlands highly flammable. 

However, most forest fires in Kalimantan were associated 
with human ac�vi�es in the form of land clearing through 
burning by companies holding concession licenses (Saharjo & 
Hasanah, 2023). The preference for burning was because the 
approach was considered faster and more cost-effec�ve than the 
applica�on of heavy equipment and the employment of a larger 
number of laborers (A. W. Putri, 2019). The prac�ce is further 

15



exacerbated in the community by the people who offer financial 
incen�ves to residents to set fires inten�onally. This shows 
economic factors as the primary driver for the ac�on despite the 
awareness about the nega�ve environmental impact (Farisa, 
2021). Pamungkas et al. (2024) also iden�fied carelessly 
discarded cigare�e bu�s as a significant contributor to forest 
fires in Kalimantan. 

Moreover, the conversion of forested areas to planta�ons was 
another significant factor because companies and people o�en 
used burning approaches to clear land quickly and affordably. 
The impacts of forest fires are far-reaching, both locally and 
interna�onally. The cases in Kalimantan trigger a haze crisis 
which further leads to air pollu�on in addi�on to environmental 
destruc�on and biodiversity loss. The impact extends beyond 
Indonesia to neighboring countries such as Malaysia, Singapore, 
and Brunei Darussalam. Interna�onal environmental 
organiza�ons such as Greenpeace have warned the Indonesian 
government regarding the increasing cases of forest fires 
between 2015 and 2019. The report “Synchroniza�on of Short-
Term Development Programs and Financing 2018-2020 
Integrated Regional Development with PUPR Infrastructure 
Kalimantan Island” showed that forest and land fires in 
Kalimantan occur almost every year with rela�vely high intensity 
during the dry season (Sosilawa� et al., 2016). The situa�on 
o�en leads to different nega�ve impacts at all levels, ranging 
from local to na�onal and regional.

The second most frequent disaster in Kalimantan Island is 
flooding with 278 events recorded in 2023 (Figure1). Kalimantan 
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is known as the “Island of a Thousand Rivers” which reflects the 
existence of several rivers flowing through the region. The term is 
a common descriptor of the region and also reflects the 
geographical reality as an extensive and winding river network 
naturally ac�ng as a drainage system for surface water 
(Anastasya & Wilan�ka, 2023; Susilowa�, 2011). The number of 
rivers can mi�gate risk of flooding but Kalimantan remains 
threatened by disaster due to natural condi�ons and human 
ac�vi�es. Previous research showed that the island tended to 
have flat topography and the historical development of ci�es and 
communi�es along the river systems exacerbated risk of flooding 
(Satar, 2022). Furthermore, the occurrence of heavy rainfall 
throughout the year par�cularly during the rainy season is a 
significant trigger for flooding. The inunda�on is also increased 
by the poor urban drainage systems while land conversion due to 
planta�on and mining expansion reduces soil absorp�on. These 
processes increase surface runoff which leads to the overflow of 
major rivers such as the Mahakam and Barito Rivers. Another 
important observa�on is that Kalimantan is largely dominated by 
peat soils and is expected to absorb large amounts of water. 
However, the degrada�on caused by land drainage and forest 
fires has reduced the capability of the soil to hold water which 
accelerates flood flows and worsens the impact.

Landslides and extreme weather are the other frequent 
disasters in Kalimantan with 69 and 63 events recorded 
respec�vely in 2023 (Figure 1). The occurrence of landslides is 
typically in areas with steep slopes because uncontrolled land 
use change such as the development of agriculture and 
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se�lements in hilly areas renders the soil highly unstable, 
specifically when combined with high rainfall (Darmatazia et al., 
2022). The instability of soil condi�ons increases risk of 
landslides, par�cularly when natural vegeta�on which normally 
stabilizes the soil is removed through mining and extensive land 
clearing (Dirgantara & Rahayu, 2023). 

Climate change triggers extreme weather such as strong 
winds, rainstorms, and tornadoes. The impact includes damage 
to infrastructure, disrup�on of electricity and transporta�on, as 
well as increased risk of flooding and landslides due to high-
intensity rain in a short period. The mi�ga�on of the two 
disasters requires reforesta�on of landslide-prone areas, the use 
of terracing approaches and strengthening infrastructure to 
withstand extreme weather. There is also a need for the 
improvement of land use monitoring and early warning systems 
to minimize the impact of future disasters.

Kalimantan experienced 10 earthquake events in 2023 
(Figure 1) because of the several ac�ve faults that are capable of 
triggering mild to medium earthquakes despite the rela�vely low 
tectonic ac�vity in the region compared to the others in 
Indonesia. According to Adip Mustofa, a geologist from Lambung 
Mangkurat University (ULM), earthquakes in Kalimantan are 
caused by the shi�ing of rock faults on the Pacific plate 
(Aritonang, 2024). The region is also located between five of the 
ac�ve tectonic plates in the world whose movement can trigger 
seismic ac�vity (Rusmilawa� et al., 2019). Several major faults 
such as the Lupar-Adang and the Mangkalihat were formed due 
to the collision between the Indian and Eurasian Plates in 
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addi�on to the ac�vity in the South China Sea. The Adang Fault is 
s�ll ac�ve but rela�vely few earthquakes have been recorded 
(Soeria-Atmadja et al., 1999). This tectonic ac�vity triggers 
earthquakes and has the poten�al to cause high waves and 
tsunamis but such events are rare in Kalimantan. 

Only one high wave event was recorded in the waters around 
Kalimantan in 2023 due to atmospheric disturbances such as 
tropical storms (Figure 1). This phenomenon disrupted fisheries 
and marine transporta�on ac�vi�es in addi�on to an increase in 
the abrasion within coastal areas. Approximately 90% of 
tsunamis in Indonesia are generally caused by submarine 
tectonic earthquakes (Reid & Mooney, 2023). Kalimantan has 
similar poten�al due to the presence of ac�ve faults such as the 
Sangkulirang and Mangkalihat which can trigger nearby seismic 
ac�vity.

The analysis of the pa�erns related to natural disasters in 
Kalimantan Island showed that forest and land fires, floods, and 
landslides were the main threats recurring con�nuously and 
domina�ng the number of cases recorded in the region. The 
trend is in line with the report of the BNPB that forest and land 
fires as well as floods were the most dominant natural disasters 
in Kalimantan. Tawakal (2022) also emphasized that the region 
was very prone to the three due to the geographical condi�ons 
and human ac�vi�es exacerba�ng risk. 

Natural disasters provide physical traces and trigger 
mul�dimensional impacts on different aspects of community 
life. From a social perspec�ve, disasters stretch community �es 
due to the reloca�on of residents and trigger changes in exis�ng 
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Figure 2. Number of Natural Disaster Events by Province in Kalimantan 
Island in 2023

Source: Data from BNPB in BPS sta�s�cs of East Kalimantan, 2023

lifestyles and local tradi�ons. The disrup�on of daily ac�vi�es 
due to haze limits outdoor ac�vi�es and forces the use of masks 
which further reduces comfort. Moreover, the psychological 
impacts o�en overlooked require special a�en�on, specifically 
for children and vulnerable groups experiencing prolonged 
trauma (Aulia, 2022). From an economic perspec�ve, natural 
disasters lead to the loss of livelihoods for people who depend on 
forest products through the disrup�on of supply chains and 
reduced employment opportuni�es. Forest fires also allow 
massive exploita�on of land for commercial purposes without 
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adequate supervision which further increases economic 
inequality and slows the recovery of affected areas (Pamungkas 
et al., 2024). An example was the massive floods experienced in 
South Kalimantan in January 2021 which led to significant 
economic losses up to Rp1.349 trillion in the educa�on, health, 
infrastructure, fisheries, community produc�vity, and 
agriculture sectors (Mur�, 2021).

Landslides which are o�en associated with heavy rainfall can 
damage agricultural land, roads, and public facili�es. This cuts off 
transporta�on access and hampers the distribu�on of goods and 
services. The long-term impacts also include decreased 
investment and reduced employment opportuni�es which slow 
regional economic growth (Aulia, 2022). Another example of the 
natural disasters in East Kalimantan with a significant impact was 
the massive flood recorded in Mahakam Ulu Regency in May 
2024 (Sucipto, 2024). It was iden�fied as the worst in history by 
submerging approximately five districts with water levels 
reaching two to four meters which led to the isola�on of 
thousands of residents, damage to infrastructure, and power 
outages in different areas. The consequences hampered the 
daily ac�vi�es of the residents and the effec�veness of 
emergency response efforts.

Disasters such as fires, floods, and landslides increase land 
degrada�on and threaten biodiversity from an environmental 
perspec�ve. This is because fires force species out of their 
habitats and increase risk of pests on agricultural and residen�al 
land. Moreover, dense haze pollutes local air and spreads to 
neighboring countries which triggers regional coopera�on 
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through the ASEAN Transboundary Haze Pollu�on Agreement 
(AATHP) for forest land regula�on (Pamungkas et al., 2024). 
Floods also cause runoff that pollutes water sources and 
damages forests while landslides destabilize slopes and destroy 
erosion-bearing vegeta�on. Land use change and lack of 
vegeta�on cover are capable of increasing risk as observed in 
South Kalimantan where forest cover has drama�cally 
decreased.

The health impacts are very significant because air pollu�on 
from fire smoke causes a spike in cases of acute respiratory 
infec�ons (ARI) and other respiratory disorders. For example, ARI 
cases increased significantly due to forest fire in 2015 in Central 
Kalimantan (Y. Astu� et al., 2022). Polluted post-disaster 
environments also serve as breeding grounds for infec�ous 
diseases such as dengue fever and leptospirosis. Furthermore, 
biomass smoke contains harmful substances including carbon 
monoxide, aldehydes, ozone, nitrogen oxides, carbon dioxide, 
and hydrocarbons which have a nega�ve effect on health. The 
evacua�on process during floods and landslides can also 
increase cases of diarrhea, derma��s, and other skin diseases 
worsened by poor sanita�on.

The report from BNPB (2024) showed that five provinces in 
Kalimantan experienced disasters with diverse characteris�cs in 
2023 as presented in Figure 2 and this reflected the complexity of 
environmental challenges on the island. South Kalimantan was 
recorded as one of the provinces with a high rate with 536 events 
and the most were forest and land fires at 437 or approximately 
81.5%. Flooding was also a serious problem with 48 events 
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followed by landslides with eight and extreme weather 43. The 
recurrent fires were closely related to land conversion for 
planta�ons and the �mber industry (Basani, 2018; Erlina et al., 
2021). The loss of the ecosystem due to deforesta�on increased 
risk of more severe disasters in the future. Meanwhile, West 
Kalimantan recorded a lower number of events at 116 consis�ng 
of forest and land fires with 72 followed by floods 37, landslides 
were two, and extreme weather was five. The province has an 
extensive river network including the Kapuas River which o�en 
overflows during the rainy season and causes flooding in 
different areas. This shows the need for watershed management 
as the key to disaster mi�ga�on in West Kalimantan 
(Wahyuningtyas & Pratomo, 2015). 

Figure 2 indicates that Central Kalimantan experienced 197 
disaster events throughout 2023, with forest and land fires 
accoun�ng for 147 which was approximated at 74.6%. Floods 
occurred 40 �mes, landslides were three events, and extreme 
weather was seven. As a province with extensive peatlands, 
Central Kalimantan faces a major challenge because peatland 
fires are difficult to control due to embers that can remain below 
ground for months (Pinem, 2016). These threats show the need 
for a systema�c and long-term management approach in the 
region. North Kalimantan is on the border of Malaysia and is 
iden�fied to have recorded 75 disaster events in 2023. The 
largest was forest and land fires with 40 events followed by 
floods 19, landslides 14, and extreme weather two. Despite the 
rela�vely lower number of events, the impact of fires in these 
border areas is o�en transboundary and affects neighboring 
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countries (Azaria et al., 2024; Pra�wi & Nugroho, 2020). This 
shows that fire management in Kalimantan is expected to be a 
na�onal concern and an interna�onal issue.

The report from BNPB (2024) showed that East Kalimantan 
Province recorded the highest number of disaster events of 785 
throughout 2023. Forest and land fires dominated with 592 
(75.4%) followed by floods at 134 (17.1%), landslides 42, 
earthquakes 10, and extreme weather occurred six �mes. The 
high risk of disasters was due to the extent of flammable forests 
and peatlands as well as high rainfall in some areas. Moreover, 
the strategic posi�on of the province contributes to the 
complexity experienced with a specific focus on the planned 
reloca�on of the new capital city to the region. This is possible 
because large infrastructure developments can poten�ally 
increase environmental pressures without sustainable spa�al 
policies. Therefore, the IKN Master Plan emphasizes the 
importance of mi�ga�ng flood and landslide risks through a 
strict management system. Land conversion and increased 
urbaniza�on can also worsen erosion and reduce water 
absorp�on which further increases risk of flooding in new urban 
areas (Hutapea, 2004). This shows the need for the priori�za�on 
of a balance between economic growth and environmental 
sustainability in the development efforts implemented in East 
Kalimantan.
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East Kalimantan and 
Natural Hazards

Living with Floods in Sepaku, East Kalimantan
Photo credit: Muhamad Ri�i Rafida

East Kalimantan Province is one of the 
regions located in the eastern part of 
Kalimantan Island and directly borders 
Malaysia. The province covers approximately 
129,066.64 km² with a popula�on es�mated 
at 3.6 million. It was the second-largest 
province a�er Papua with an area of 194,489 
km² or approximately 6.8% of the total in 
Indonesia before the division of the province 
in 2012 (BPS, 2023a). Currently, East 
Ka l i m a nta n  i s  s t rate g i c  to  n a� o n a l 
development due to the designa�on of the 
region as the loca�on of the new Capital City, 
IKN. The province administra�vely consists of 
seven regencies and three ci�es. The 
regencies include Paser with the capital 
located at Tanah Grogot, West Kutai at 
Sendawar, Kutai Kartanegara at Tenggarong, 
East Kutai at Sanga�a, Berau at Tanjung 
Redeb, Penajam Paser Utara at Penajam, and 
Mahakam Ulu at Long Bagun. Meanwhile, the 
three ci�es in the province are Balikpapan, 
Samarinda, and Bontang.

BPS (2025) reported that East Kalimantan 
has a diverse aqua�c ecosystem in the form of 
hundreds of rivers that flow through the 
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regencies and ci�es. The rivers provide natural resources and 
serve as the primary transporta�on route in addi�on to roads. 
The province also has several large lakes, including Semayang 
and Melintang in Kutai Kartanegara Regency with an es�mated 
area of 13,000 and 11,000 hectares respec�vely. Manufacturing 
and mining are the most important economic sectors and the 
processing industry is strongly associated with the exploita�on 
of natural resources such as coal, petroleum, and natural gas. 
The industry has a significant contribu�on to the Gross Regional 
Domes�c Product (GRDP) and serves as the primary driver of 
regional economic development. Balikpapan City is popular as 
the center of the oil and gas industry due to the presence of oil 
refineries and several mul�na�onal energy companies. 
Meanwhile, Bontang City is home to the largest liquefied natural 
gas (LNG) processing plant in Indonesia operated by PT Badak 
NGL. Another important informa�on is that Kutai Kartanegara 
and East Kutai regencies are the major centers of coal mining as 
observed by the presence of several mining companies 
opera�ng in the region.

The industrial and mining ac�vi�es have adverse impacts on 
the environment and increase risk of disasters. For example, 
surface mining causes dras�c landscape changes, reduces water 
catchment areas, and increases carbon emissions which further 
contribute to global warming. The empirical data provided by the 
Strategic Plan of the Regional Disaster Management Agency 
(BPBD) of East Kalimantan Province showed that the bio-
geophysical changes from global warming and climate change as 
well as the degrada�on of natural resources and the 

28

environment increased disaster risk in the region. These 
phenomena have led to droughts which were worsened by El 
Niño, extreme rainfall from La Niña triggering floods and 
landslides, as well as risk of forest and land fires. Further impacts 
iden�fied include a reduc�on in food availability and an increase 
in the outbreaks of pests and diseases. East Kalimantan BPBD 
data showed varia�on in the frequency of disaster events in each 
regency and city from 2018 to 2022. Samarinda City had the 
highest number with 737 events followed by Balikpapan 503, 
East Kutai 327, Kutai Kartanegara 294, Berau 269, Penajam Paser 
Utara 262, Paser 232, Bontang 202, West Kutai 131, and 
Mahakam Ulu recorded the lowest with 23. The region has low 
seismic ac�vity but remains vulnerable to other natural disasters 
such as forest fires and floods (BPBD Provinsi Kalimantan Timur, 
2024).

Flood is part of the primary threats with a specific focus on the 
two regencies of Penajam Paser Utara and Kutai Kartanegara 
where IKN is being developed. This shows the importance of 
disaster mi�ga�on efforts in planning the IKN development in 
order to reduce the threat of floods and landslides caused by 
land-use changes reducing water catchment areas. Therefore, 
the implementa�on of an efficient water management system is 
necessary with a focus on the construc�on of reservoirs, 
integrated drainage channels, and increasing green areas as 
natural water absorbers.

Forest fires o�en experienced during the dry season need to 
be an�cipated through a technology-based monitoring system 
and strict regula�ons on land clearing. This is necessary because 
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Figure 3. Share of Natural Disaster Events in East Kalimantan by Type of 
Disaster in 2023

Source: BNPB of East Kalimantan, 2023

the development of IKN as a sustainable city requires a mature 
and environmentally based approach to disaster risk mi�ga�on 
and adapta�on. Therefore, IKN can become a modern and 
advanced model city with resilience to a wide range of future 
natural disaster risks.

4.1 Fire Disasters
4.1.1  General Informa�on

Forest and land fires in East Kalimantan Province have been an 
alarming phenomenon since the early 1980s and the largest 
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events were recorded in the 1982-1983 period. According to 
FWI/GFW (2001), the fires were triggered by inadequate forest 
management policies during the Soeharto Era and the El Niño 
climate phenomenon that exacerbated drought condi�ons. The 
fires burned approximately 210,000 km² of land which covered 
almost the en�re province and lasted for months up to May 
1983. The massive fire events led to a con�nuous increase in the 
frequency and the scale of burned areas. Furthermore, the high 
rate of deforesta�on over the past three decades is iden�fied as 
one of the main factors worsening risk of forest fires in East 
Kalimantan. This was confirmed from the observa�on of Shafitri 
et al. (2018) that deforesta�on removed protec�ve vegeta�on 
cover and also changed soil and microclimate characteris�cs 
causing further increase in the suscep�bility of the region to 
fires.

The deforesta�on data recorded between 2013 and 2019 
showed that the rate of forest loss in East Kalimantan was 
rela�vely stable but con�nued to increase at a significant level 
(BPS, 2024a). The trend shows that the current management 
effort is insufficient (Ramadhany, 2023) because the drivers of 
deforesta�on such as land clearing for oil palm planta�ons, 
mining, and infrastructure development persist despite the 
implementa�on of different preven�ve programs. Moreover, 
BNPB (2024) showed that forest and land fires were the most 
dominant disaster in East Kalimantan with a total of 592 events. 
The number was observed to have increased compared to the 
previous year which showed a concerning trend. The provincial 
government responded by declaring emergency alert status and 
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strengthening inter-agency coordina�on. The Ministry of 
Environment and Forestry (MoEF) reported that the area 
affected by fires from January to March 2024 included 552.73 
hectares on peatlands and 5,460.93 hectares on mineral lands. 
The area covered con�nued to increase up to 13,225 hectares in 
June 2024 with the majority (94%) found on mineral land. 
Another important data reported was that the number of fire 
incidents recorded during the period was 120 (Puspa, 2024).

The root cause analysis showed that human ac�vi�es were 
the primary drivers of disaster based on their contribu�on of 
54.5% to the total. Some of the ac�vi�es include land clearing by 
burning, uncontrolled agricultural ac�vi�es, and community 
negligence. The analysis further showed that biophysical factors 
such as hot, dry, and windy weather condi�ons contributed 
45.5% (Novita & Vonnisa, 2021; Ramadhany, 2023). Kutai 
Kartanegara Regency was iden�fied as riskiest area with high 
hotspots followed by East Kutai Regency. Furthermore, the 
Terra/Aqua satellite detected 64 hotspots in Kutai Kartanegara 
and 105 in East Kutai between January and April 2024 with 
4,020.14 and 1,769.46 hectares of fire areas, respec�vely. 
Another survey by BMKG Balikpapan also reported 167 hotspots 
in April 2024 (Arumanto, 2024). 

Forest fires have a wide-ranging and complex impact on the 
environmental, health, economic, and social aspects of the 
region. From an environmental perspec�ve, the destruc�on of 
tropical rainforests which serve as the habitat for unique flora 
and fauna causes a decline in biodiversity and threatens the 
sustainability of the ecosystem. The loss of the humus layer due 
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to burning degrades soil fer�lity condi�ons also disrupts local 
agricultural ac�vi�es and forest regenera�on processes. This is 
mainly because ecosystem recovery par�cularly in burned 
peatlands can take years or even decades.

Large amounts of carbon emissions released through forest 
fires contribute significantly to global warming and climate 
change. This is because fire smoke degrades air quality and 
triggers haze that threatens public health. Haze pollutants 
increase risk of respiratory problems such as ARI, bronchi�s, and 
cardiovascular diseases. Vulnerable groups such as children, the 
elderly, and people with chronic diseases are most affected. Poor 
air quality also limits visibility, endangers land and air 
transporta�on, and disrupts the daily ac�vi�es of the people.

Forest fires cause significant damage when analyzed from an 
economic perspec�ve. This was observed from the losses 
recorded during the 1982-1983 fires which were es�mated at 
US$9 billion (FWI/GFW, 2001). There was also a dras�c decline in 
the produc�vity of the agriculture, planta�on, and forestry 
sectors in addi�on to the loss of forest cover. Moreover, the 
incomes of farmers and planters declined and the situa�on 
worsened local poverty. Logis�cs and trade disrup�ons caused 
by the haze also affected neighboring countries such as Malaysia 
and Singapore. Forest fires also forced several residents to 
evacuate considering the exposure to smoke and fire while those 
who stayed experienced reduced livelihoods and financial 
hardship. There were cases of death due to land fires as observed 
in Palaran, Samarinda, Manggar, East Balikpapan Districts during 
the 2019 event where residents died from burns while trying to 
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ex�nguish the fire (Metro Kal�m, 2019). The trend shows that 
forest fires extend beyond being an ecological disaster to 
func�oning as a serious threat to human safety and well-being. 
Therefore, the efforts to address forest fires need to be 
priori�zed na�onally through a mul�-sectoral approach, 
including the government, communi�es, academia, and the 
private sector. 

Several strategic ac�ons are included in the East Kalimantan 
Provincial Development Plan 2024 – 2026 to reduce forest 
degrada�on and fires. These include forest community-based 
patrols, educa�ng the community to prevent forest destruc�on, 
and establishing and developing the Forestry Police Partner 
Community (MMP). Forest patrol program has been opera�onal 
since 2019 with a primary focus on fire-prone areas in 
conserva�on forests and highly flammable peatlands. Moreover, 
the preven�on of forest and land fires is facilitated by providing 
suppression facili�es and infrastructure, including field 
equipment, fire ex�nguishers, hoses, and monitoring drones as 
well as water pumps. The other preven�on strategies designed 
are community patrols, socializa�on of awareness about the 
dangers of forest fires, as well as the establishment and 
development of Fire Care Communi�es (MPA). 

MMP and MPA are considered important ini�a�ves that 
require the direct par�cipa�on of local communi�es. MPA is 
significant to the detec�on of early symptoms of fire events and 
performing basic suppression using the provided tools such as 
light fire ex�nguishers, water hoses, and portable pumps. The 
use of drones as monitoring tools also increases the 
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effec�veness of early fire detec�on by enabling a quick response 
before the spread. However, the implementa�on of the ac�vity 
has not been op�mal despite several efforts. The main obstacle is 
the limited number of Forestry Police personnel and members of 
MMP and MPA. This lack of human resources and equipment 
affects the effec�veness of patrols and fire suppression, 
par�cularly in East Kalimantan which is a vast and challenging-to-
reach area. Therefore, capacity building, advanced training, and 
strengthening inter-agency coordina�on are key focuses for 
improving forest fire management system in the future.

4.1.2 Factors Affec�ng Fire Disasters
Forest and land fires in East Kalimantan are a complex 

phenomenon associated with the interac�ons between natural 
and anthropogenic factors. The occurrence, spread, and 
intensity of fires are influenced by the factors. This can be 
explained through a fire triangle theory approach that includes 
heat, fuel, and oxygen with four types of fire-triggering factors 
related to the anthropogenic, topographic, vegeta�on, and 
clima�c aspects (Barros-Rosa et al., 2022; Vasilakos et al., 2009; 
You et al., 2017). The factors contribu�ng to the occurrence of 
forest and land fires in East Kalimantan are described as follows.
 A. Natural factors

 The natural factors influencing the occurrence of natural 
disasters such as forest and land fires are defined as the 
events that occur naturally without human interven�on. 
Some of these include extreme weather condi�ons or 
natural processes triggering the emergence of hotspots 
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which are explained as follows.
 (a) Clima�c condi�ons and extreme weather
  Indonesia has a tropical climate characterized by two 

dis�nct rainy and dry seasons. Rainfall decreases 
drama�cally and causes vegeta�on to dry out which 
increases risk of fire during the dry season, specifically 
the El Niño phenomenon (Field et al., 2009). This is 
possible because high temperatures have a profound 
effect on the hydrology of a region. Areas with high air 
temperatures are more suscep�ble to fires (Dyer, 
2009). Moreover, the strong winds o�en experienced 
during the dry season can speed up the spread of fire 
and allow an immediate increase from small to larger 
intensity (Bowman et al., 2009). 

 (b) Vegeta�on condi�ons and biomass
  The type of vegeta�on in an area determines risk of fire. 

This is possible because vegeta�on is a closely related 
factor in the fuel element of the fire triangle theory 
(Chuvieco et al., 2010; P. Zhao et al., 2021). Areas with 
dense vegeta�on tend to have a higher risk of 
experiencing fires. Moreover, the differences in the 
ability of plants to retain moisture content lead to 
varia�on in the chances of fire occurrence. This shows 
the possibility of using a vegeta�on index that 
represents the degree of greenness as an effec�ve 
approach to predict the rela�onship between plants 
and fire occurrences. The plants with high vegeta�on 
index values tend to be fire resistant due to the high 
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moisture content (Jensen, 2007). However, certain 
ecosystems such as peatlands have a high risk of fire 
due to their ability to store large amounts of carbon 
(Page et al., 2002). The peatlands that have dried out 
can ignite and burn below the surface and the process 
leads to difficul�es in ex�nguishing the fire for weeks or 
even months (Turetsky et al., 2015). 

 (c) Topography and Land Characteris�cs 
  Topography is important due to the influence on the 

physical characteris�cs of an area in responding to fire 
events with a focus on the approach of spreading and 
the intensity (Conedera et al., 2011). The topographic 
characteris�cs also influence the distribu�on of the 
local climate such as sunlight, temperature, and others. 
Some of the main topographic factors with substan�al 
impact on fire occurrence include:
· Slope

   Fires tend to spread faster up the slope because the 
heat dries the vegeta�on at the top before the fire 
reaches the loca�on (Rebain, 2015). 

· Eleva�on
   Lowland areas such as peat swamps are more 

suscep�ble to fires due to changes in hydrology. 
Meanwhile, higher-eleva�on areas have a lower fire 
risk due to lower temperatures and higher humidity 
(van der Werf et al., 2009). 

· Wind direc�on and pa�ern
   Valley-mountain and tunnel wind effects in areas 
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with narrow valleys or hill gaps can increase wind 
speeds and speed up fire spread (Sharples et al., 
2012). 

· Hydrology and Drainage Systems
   Areas with pris�ne river systems and wetlands tend 

to have higher moisture levels which are capable of 
reducing fire risk. However, disrup�ons to 
hydrological systems due to the construc�on of 
drainage canals or deforesta�on make soils drier 
and more flammable (Msie�nen et al., 2016). 

 B. Anthropogenic factors
  The anthropogenic factors influencing the occurrence of 

natural disasters such as forest and land fires are directly 
and indirectly related to human ac�vi�es. In several cases, 
the main cause is the increased human ac�vi�es around 
forest and land areas as observed in the following 
anthropogenic factors.

  (a) Land clearing through burning 
   Slash-and-burn approaches are widely used to clear 

land by smallholders and large companies in 
Kalimantan (Mie�nen et al., 2011; Tacconi, 2003). This 
prac�ce is cheap and quick but has a high risk because 
uncontrolled fires can spread to other areas.

  (b) Human ac�vi�es and behavior 
   Human ac�vi�es are significant primary factors in the 

occurrence of fires and serve as the main source of 
triggers due to both inten�onal and uninten�onal 
combus�on ac�vi�es (Rico�a et al., 2018). A common 
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example is the outbreak of fires near roadsides caused 
by the careless disposal of cigare�e bu�s (Archibald et 
al., 2013). Another example is the le�over heat from 
land-clearing burns or the open burning of waste which 
is sufficient to ignite surrounding vegeta�on and trigger 
fire (Kamaludin et al., 2019).

  (c) Planta�on expansion and deforesta�on 
   Deforesta�on caused by the expansion of oil palm 

planta�ons and industrial �mber estates increases risk 
of the landscape to fire (Aus�n et al., 2019). The 
removal of forest canopy can reduce moisture levels 
while the accumula�on of woody residue and dry li�er 
serves as a source of highly flammable fuel. 

  (d) Infrastructure Development and Land Fragmenta�on 
   The development of roads and se�lements in forests 

increases human access to previously inaccessible 
areas. This triggers illegal land-clearing ac�vi�es that 
increase risk of fire (Barlow et al., 2016). 

  (e) Lack of Supervision and Law Enforcement 
   Land burning restric�ons and regula�ons exist but the 

implementa�on is frequently inadequate due to a lack 
of supervision and a low deterrent effect on illegal 
burners (Carlson et al., 2013). 

  (f) Water Management Failures in Peatlands
   The efforts to drain peatlands for agricultural or 

planta�on development o�en lower the water table 
which consequently causes the peat to dry and become 
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flammable (Page et al., 2011). The Mega Rice Project 
(MRP) program in Central Kalimantan in the 1990s is an 
example of how draining peatlands can increase fire 
risk in the long term (Mie�nen et al., 2011). 

The factors influencing forest and land fires in East Kalimantan 
are complex and require the interac�ons between natural and 
anthropogenic factors. Extreme clima�c and weather condi�ons 
such as El Niño increase risk but human factors such as land 
clearing by burning, deforesta�on, and draining of peatlands are 
the main causes of uncontrolled fires. Topographical factors are 
also important in influencing fire spread pa�erns because the 
slope, hydrological system, and wind direc�on of the landscape 
can determine the pace. The understanding of these factors 
allows for comprehensive fire mi�ga�on strategies, including 
ecosystem-based landscape management, improved law 
enforcement, and peatland restora�on to reduce risk of future 
fires (Bowman et al., 2020; Flannigan et al., 2009). 

4.2	 Flood Disasters
4.2.1	General Informa�on

East Kalimantan Province is ranked second among Indonesian 
regions in terms of the highest frequency of natural disasters. 
Flood is the most prevalent disaster iden�fied in the region with 
134 incidents recorded in 2023 alone (BPBD Provinsi Kalimantan 
Timur, 2024)). According to BPBD data, a total of 631 flood events 
occurred between 2018 and 2022 which affected approximately 
all areas of the region, including major ci�es such as Samarinda, 
Balikpapan, and Penajam Paser Utara. This high frequency has 
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led to considerable economic, social, and environmental losses 
(Satar, 2022). 

The province is the fourth largest in Indonesia with an area of 
129,066 km² (BPS, 2023a) and its loca�on adjacent to the 
Makassar Strait and the Sulawesi Sea affects the climate and 
weather dynamics. The Mahakam Watershed which covers 8.2 
million hectares or approximately 41% of the total area of the 
province is the largest watershed (Karim & Muhid, 2019). The 
Mahakam river is crucial for the community but also poses a 
threat, specifically during periods of heavy rainfall when runoff 
exceeds its capacity. The capacity of the province, Samarinda 
City, is divided by the Mahakam River and is among the most 
flood-prone areas in the region. The report from the 
Meteorology, Climatology, and Geophysics Agency (BMKG) 
showed the historical occurrence of seasonal floods in city for 
more than two decades. Sulaiman et al. (2020) also reported that 
the flood in Samarinda was triggered by high surface runoff and 
low capacity of drainage channels. The trend showed that hilly 
topography, high rainfall intensity, and rapid urbaniza�on 
worsened the flood risks due to the lack of proper spa�al 
planning. Naibaho et al. (2024) also observed that infrastructure 
development without adequate drainage systems aggravated 
stormwater management. The most severe flood disaster in East 
Kalimantan was reported by the Sultan Aji Muhammad Sulaiman 
Meteorological Sta�on in Balikpapan in May 2024. This was 
because of the con�nuous heavy rainfall for over a week that 
caused water levels to rise between two and four meters in the 
Mahakam Ulu Regency to displace more than 7,000 residents. 
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Furthermore, extreme rainfall of 400 mm/day which significantly 
exceeded the normal average also caused more infrastructure 
damage in the upstream area of the Mahakam River (Sucipto, 
2024). 

The flood problem in East Kalimantan is due to a combina�on 
of natural and anthropogenic factors. The natural factors that 
lead to high risk in the region include the topography, the size of 
the Mahakam watershed, and high rainfall. From the 
anthropogenic perspec�ve, land use change such as forest 
clearing for mining and planta�ons as well as degrada�on of 
catchment areas intensifies flood risks (Ramadhany, 2023). The 
illegal logging for the expansion of oil palm planta�ons and coal 
mines further disrupts the hydrological cycle (Aus�n et al., 2019). 

Several ci�es such as Samarinda, Balikpapan, and Bontang 
have insufficient drainage systems that cannot handle water 
runoff (Mauliannur, 2013; Mot, 2016; Pra�wi & Ndraha, 2018). 
This has led to the inclusion of flood as a major concern in the 
Regional Development Plan (RDP) 2024-2026 for the province 
with a specific focus on the ci�es designated as Na�onal Ac�vity 
Centers (PKN) and Provincial Strategic Areas. Therefore, the 
flood mi�ga�on efforts are focused on enhancing drainage 
capacity and promo�ng the sustainable development of control 
infrastructure.

Floods have a significant social and economic impact as 
observed in the total number of 50,672 people affected and 
displaced as of February 2024 in the data presented by the 
Central Sta�s�cs Agency (BPS, 2024b). Berau Regency recorded 
the highest number with 21,685 people followed by Paser 
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14,223, Samarinda City 5,840, and East Kutai 4,155. In May 2023, 
a flood in Kaubun, East Kutai also caused one death and damaged 
cri�cal infrastructure. Another recorded in Sanga�a in March 
2022 affected more than 16,800 people, displaced 2,000, and 
caused one death (BPBD Provinsi Kalimantan Timur, 2024). 
Samarinda City also reported damage to 1,722 houses but no 
fatali�es were recorded. Meanwhile, flash floods in Penajam 
Paser Utara caused economic losses of IDR 2.7 billion. The total 
losses due to the flood in East Kalimantan over the past two 
decades were es�mated to be in the trillions of rupiah (Satar, 
2022). This shows the need to integrate mi�ga�on efforts in the 
planning for regional development. 

4.2.2	Factors Affec�ng Flood Disasters
Floods are hydrometeorological disasters that occur when 

water overflows and inundates areas originally considered to be 
dry. This phenomenon causes material losses, infrastructure 
damage, and loss of life in addi�on to far-reaching impacts on 
social, economic, and environmental systems. Flood typically 
occurs when the volume of water flowing on the ground exceeds 
the capacity of natural systems such as rivers, drainage channels, 
or infiltra�on ponds to contain and absorb. The triggering factors 
can be broadly categorized into two which are natural and 
anthropogenic aspects. The understanding of the two is very 
important for disaster risk reduc�on planning and sustainable 
area management, specifically in flood-prone areas such as East 
Kalimantan.
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area management, specifically in flood-prone areas such as East 
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 A. Natural Factors
 Natural factors that contribute to increased flood risk are 
related to the physical environmental characteris�cs of a 
par�cular area. These include rainfall, topography, soil 
infiltra�on capacity, river �des, as well as the processes of 
erosion and sedimenta�on. Heavy rainfall is one of the most 
common causes because high intensity, frequency, and 
dura�on can generate a rapid increase in water discharge, 
specifically when water flow systems such as rivers or 
drainage are unable to accommodate the volume surge. 
Moreover, extreme rainfall is o�en caused by changes in 
global climate pa�erns such as the El Niño-Southern 
Oscilla�on (ENSO) phenomenon and varia�ons in sea surface 
temperature which affect the hydrological cycle of different 
regions (Ida� et al., 2020). 
 Topography is another important factor because flat areas 
or depressions tend to retain rainfall for extended periods and 
subsequently cause floods. Hilly areas with steep slopes also 
speed up surface flow which leads to risk of flash floods in 
lowland areas. Moreover, soil infiltra�on capacity 
significantly influences the amount of water that the soil 
surface can absorb before flowing to the surface. This shows 
that soils with a dense texture, poor organic ma�er, or 
compacted due to the pressure of heavy vehicles or 
infrastructure development tend to have a low water 
absorp�on capacity. This causes rainwater to flow more 
quickly as surface runoff to form inunda�on and flood.
 Another factor associated with floods is river �des with a 
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specific focus on coastal areas or along major river basins such 
as the Mahakam River in East Kalimantan. During high �des, 
the flow of water from upstream is obstructed and causes a 
buildup of volume in the middle or downstream areas of the 
river. This situa�on becomes more cri�cal when high �des 
coincide with extreme upstream rainfall because the pressure 
from both direc�ons can lead to �dal or compound flooding.
 Erosion and sedimenta�on processes are further 
considered important in increasing flood risk. This is because 
the occurrence of erosion in the upper part of the watershed 
transports soil par�cles that eventually se�le along riverbeds 
and drainage channels. The sediment accumula�on reduces 
the capacity of the river to store and convey water over �me 
and this increases the propensity to overflow during periods 
of high discharge. The process is mostly triggered by the 
reduc�on of soil-retaining vegeta�on such as primary forests 
(Kodoa�e & Sugiyanto, 2002). In the long term, the 
combina�on of erosion, sedimenta�on, and land cover 
change can significantly worsen flood risks without proper 
watershed manage-ment.

 B. Anthropogenic factors 
 Human ac�vi�es or anthropogenic factors are significant 
to the occurrence of floods in addi�on to natural factors. This 
is mostly through land use change and development without 
considering the carrying and environmental capaci�es. 
Forests or green open land are o�en converted into 
se�lements, industrial areas, or large-scale planta�ons 
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without considering the existence of water absorp�on zones. 
Land surfaces originally absorbing rainwater are replaced 
with impermeable surfaces such as asphalt, concrete, and 
buildings which increase the volume of surface runoff 
(Darmawan et al., 2017). The increase in the runoff eventually 
leads to an overwhelmed drainage system and a higher 
poten�al for overflows. Furthermore, the rapid popula�on 
growth mostly in urban and riverfront areas has led to the 
development of se�lements without following the zoning 
regula�ons and riparian areas. The situa�on is narrowing 
rivers, reducing natural vegeta�on around riverbanks, and 
increasing the flood poten�al. This is because rivers are no 
longer able to accommodate water discharge during the rainy 
season.
 The quality and capacity of drainage systems are another 
serious challenge. This is because several ci�es or residen�al 
areas in Indonesia have drainage systems that are narrow, 
shallow, or even clogged with garbage. The accumula�on of 
both organic and inorganic waste causes the flow of water to 
be obstructed and speeds up the process of inunda�on during 
heavy rainfall. The lack of public awareness regarding the 
proper disposal of waste exacerbates this situa�on.
 Deforesta�on leads to the loss of vegeta�on that plays a 
cri�cal role in retaining water, specifically in the upper 
watershed. Forests are very important in absorbing rainwater 
through the tree root system and reducing the speed of 
surface runoff. The clearing of these forests without adequate 
reforesta�on or agroforestry systems allows rainwater to flow 
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directly into rivers. The process increases soil erosion and 
raises risk of both flash floods and sedimenta�on.
 Infrastructure development such as the construc�on of 
embankments, canals, or dams can have unintended nega�ve 
consequences when not carefully planned. The errors in 
technical planning or the failure to calculate the flow capacity 
of rivers are capable of leading to overflow in unan�cipated 
areas. Moreover, the prac�ce of land filling in areas around 
rivers for residen�al or commercial development disrupts the 
natural flow of rivers and increases inunda�on.
 Another equally important issue is weak spa�al planning 
and inadequate law enforcement. Some areas designated as 
water catchment zones are frequently converted into 
residen�al or industrial developments. This shows the 
weaknesses in integra�ng environmental aspects into the 
development decision-making process. For example, there 
are several cases where basins or riparian areas have been 
converted into produc�ve areas without considering the 
long-term implica�ons for disaster risk in East Kalimantan. 
Zoning and riparian protec�on regula�ons are in place but the 
implementa�on in the field is o�en weak due to inadequate 
supervision and enforcement of the law.

Flood disasters are generally due to complex interac�ons 
between natural and anthropogenic factors. Therefore, flood 
risk mi�ga�on efforts need to be based on a mul�disciplinary 
approach that includes understanding hydrology, risk-based 
spa�al planning, land conserva�on, and ac�ve community 
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par�cipa�on in protec�ng the environment. These efforts are 
reac�ve when disaster occurs and also need to be proac�ve and 
long-term planned. The implementa�on of good planning and 
cross-sector collabora�on can minimize flood risks and ensure 
be�er environmental sustainability.
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Industrial Flow in Balikpapan Bay 
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Delving Into 
the IKN Region5

Post-Mining Transforma�on in Kutai Kartanegara
Photo credit: Gery Novrian

The focus of this book is on IKN and the 
surrounding areas. A watershed-based 
approach was used as the primary spa�al and 
ecological unit of analysis. The preference for 
the approach is because watersheds are 
natural geographic units that integrate 
different environmental components such as 
topography, hydrology, soil, vegeta�on, and 
human ac�vi�es into a single interconnected 
system. The watershed boundaries used were 
defined through physical features in order to 
provide a more accurate reflec�on of the 
interac�ons between natural processes and 
human interven�ons compared to the 
administra�ve boundaries. Moreover, the 
approach provides a suitable framework for 
understanding the connec�ons between 
land-use change, surface water flow, and the 
impacts on risk of floods, landslides, as well as 
forest and land fires.

The massive and rapid development of IKN 
requires analyzing the region as part of a 
wider interconnected ecological landscape 
and not as an isolated en�ty. The watershed-
based approach enables a comprehensive 
analysis of the impact of land use change with 

51



Delving Into 
the IKN Region5

Post-Mining Transforma�on in Kutai Kartanegara
Photo credit: Gery Novrian

The focus of this book is on IKN and the 
surrounding areas. A watershed-based 
approach was used as the primary spa�al and 
ecological unit of analysis. The preference for 
the approach is because watersheds are 
natural geographic units that integrate 
different environmental components such as 
topography, hydrology, soil, vegeta�on, and 
human ac�vi�es into a single interconnected 
system. The watershed boundaries used were 
defined through physical features in order to 
provide a more accurate reflec�on of the 
interac�ons between natural processes and 
human interven�ons compared to the 
administra�ve boundaries. Moreover, the 
approach provides a suitable framework for 
understanding the connec�ons between 
land-use change, surface water flow, and the 
impacts on risk of floods, landslides, as well as 
forest and land fires.

The massive and rapid development of IKN 
requires analyzing the region as part of a 
wider interconnected ecological landscape 
and not as an isolated en�ty. The watershed-
based approach enables a comprehensive 
analysis of the impact of land use change with 

51



a specific focus on the upstream to downstream on ecosystem 
balance. The changes upstream, such as deforesta�on, large-
scale land clearing, and disturbance to natural vegeta�on 
directly affect hydrological stability and increase disaster risk 
downstream which includes the IKN core area (KIPP). Therefore, 
a deep understanding of watershed condi�ons is important in 
suppor�ng spa�al planning, disaster risk mi�ga�on, and 
sustainable urban development.

The approach enables the integra�on of bio-geophysical and 
socio-economic data within a single analysis pla�orm. For 
example, rainfall, soil type, land cover, and social vulnerability of 
communi�es  l iv ing  around r ivers  can  be  analyzed 
simultaneously to produce more accurate disaster risk maps. The 
watershed-based approach can also be a strategic tool in climate 
change adapta�on policy, specifically in addressing the 
increasing frequency and intensity of extreme weather events 
such as floods and droughts driven by global climate change.

The limited focus of the analysis on the IKN core area is 
insufficient to capture the full dynamics of risks. This is due to the 
transboundary nature of disasters such as forest fires and flash 
floods which do not recognize administra�ve boundaries. In 
reality, fires that start outside IKN can easily spread to the core 
area due to strong winds and topographic condi�ons facilita�ng 
the propaga�on as well as the distribu�on of natural fuels in the 
form of shrubs, secondary forests, and peat vegeta�on. The 
scope of this research was expanded to include watersheds 
outside the formal boundaries of IKN, specifically where ecology 
contributed to the hydrological flows into the IKN area.
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The areas surrounding IKN such as the upper watersheds of 
the Tembalang, Tengin, and Sepaku Rivers are dominated by 
secondary forest ecosystems, peatlands, as well as agricultural 
and planta�on areas. The combina�on of rich, dry vegeta�on, 
and a humid tropical climate provides a high fire-prone situa�on, 
specifically during the dry season. The presence of degraded 
peatlands also increases risk of smoldering fires which are 
difficult to ex�nguish and have the capacity to stay for months to 
cause cross-regional air pollu�on and extensive ecosystem 
damage.

The massive development of IKN infrastructure including the 
construc�on of main roads, se�lements, and public facili�es has 
altered the land use structure around the watershed area. The 
transforma�on of infiltra�on land into impermeable urban areas 
has also reduced the natural capacity of the soil to absorb 
rainwater. Therefore, the volume of surface runoff increases 
sharply and flows into the main rivers. The situa�on has caused 
the Sepaku and the Mahakam Rivers in the lower reaches to 
experience sedimenta�on loads because the flow from the 
upstream carries soil par�cles and ash from the fires. This 
narrows the river basins and reduces their capacity to hold water 
during heavy rains.

The situa�on is exacerbated by weak spa�al supervision and 
land conversion outside IKN. Several ecologically important 
areas such as riparian forests, swamps, and peatlands are 
converted without considering the carrying and environmental 
capaci�es. This leads to disrup�on of the local water cycle, 
increased microclimate temperatures, and loss of natural 
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habitats that act as buffer zones against disasters. In the context 
of watersheds, degrada�on in upstream areas puts addi�onal 
pressure on downstream areas such as the IKN in the form of 
increased flash flood risks, decreased water quality, and 
enhanced vulnerability to climate change.

The trend shows the need for a watershed-based approach to 
serve as risk iden�fica�on tool and a framework for policy and 
governance. This research recommends that the development of 
IKN considers the spa�al dimension within the administra�ve 
scope and integrates ecosystems across regions to reflect 
complex ecological reali�es. The understanding of the 
interconnec�ons between upstream and downstream areas as 
well as the impacts of landscape changes within the watershed 
context can guide the IKN development policies toward 
providing a resilient, disaster-resistant, and sustainable urban 
model for the long term.

The research area is geographically located at 115° 
45'31.644" - 117° 37'41.6712" East and 0° 17'38.0688" - 1° 
41'46.2408" LS which covers 37 districts. The boundaries 
iden�fied for the area are presented as follows:
North	: District Loa Kulu, Muara Badak, Tenggarong, 

Tenggarong Seberang of Kutai Kartanegara Regency, 
and District Samarinda Ulu, Samarinda Utara, Sungai 
Kunjang of Samarinda City.

South	: 	 District Batu Sopang, Long Ikis, Muara Komam of Paser 
Regency

West	 :	 District Gunung Purei, Bongan, Siluq Ngurai of Kutai 
Barat Regency, District Kotabangun, Muara Muntai, 
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Table 1. Size of District Administra�ve Areas

Source: Result of sta�s�cal analysis of the distribu�on in the research area, 2025

District Regency/City Area (ha)

105,306
42,914
19,403

1,092
3,858
1,095

12,015
13,862

226
410
310

1,702
69,861

2,991
139,794

32,513
256,088

37,206
52,042
14,535

48
19,242
89,818

178
83

1,027
1

1,366
28,221
41,786

6,396
10,243

128,540
625
114
164

61,784

Kutai Kartanegara
Penajam Paser Utara
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Paser
Kutai Barat
Barito Utara
Kutai Kartanegara
Kutai Kartanegara
Samarinda
Kutai Kartanegara
Paser
Paser
Kutai Kartanegara
Kutai Kartanegara
Paser
Kutai Kartanegara
Samarinda
Penajam Paser Utara
Samarinda
Samarinda
Samarinda
Samarinda
Samarinda
Kutai Kartanegara
Samarinda
Kutai Kartanegara
Penajam Paser Utara
Kutai Barat
Samarinda
Samarinda
Kutai Kartanegara
Penajam Paser Utara

Anggana
Babulu
Balikpapan Barat
Balikpapan Kota
Balikpapan Selatan
Balikpapan Tengah
Balikpapan Timur
Balikpapan Utara
Batu Sopang
Bongan
Gunung Purei
Kota Bangun
Loa Janan
Loa Janan Ilir
Loa Kulu
Long Ikis
Long Kali
Muara Badak
Muara Jawa
Muara Komam
Muara Muntai
Palaran
Penajam
Samarinda Ilir
Samarinda Kota
Samarinda Seberang
Samarinda Ulu
Samarinda Utara
Samboja
Sambutan
Sanga-Sanga
Sepaku
Siluq Ngurai
Sungai Kunjang
Sungai Pinang
Tenggarong
Waru

55



habitats that act as buffer zones against disasters. In the context 
of watersheds, degrada�on in upstream areas puts addi�onal 
pressure on downstream areas such as the IKN in the form of 
increased flash flood risks, decreased water quality, and 
enhanced vulnerability to climate change.

The trend shows the need for a watershed-based approach to 
serve as risk iden�fica�on tool and a framework for policy and 
governance. This research recommends that the development of 
IKN considers the spa�al dimension within the administra�ve 
scope and integrates ecosystems across regions to reflect 
complex ecological reali�es. The understanding of the 
interconnec�ons between upstream and downstream areas as 
well as the impacts of landscape changes within the watershed 
context can guide the IKN development policies toward 
providing a resilient, disaster-resistant, and sustainable urban 
model for the long term.

The research area is geographically located at 115° 
45'31.644" - 117° 37'41.6712" East and 0° 17'38.0688" - 1° 
41'46.2408" LS which covers 37 districts. The boundaries 
iden�fied for the area are presented as follows:
North	: District Loa Kulu, Muara Badak, Tenggarong, 

Tenggarong Seberang of Kutai Kartanegara Regency, 
and District Samarinda Ulu, Samarinda Utara, Sungai 
Kunjang of Samarinda City.

South	: 	 District Batu Sopang, Long Ikis, Muara Komam of Paser 
Regency

West	 :	 District Gunung Purei, Bongan, Siluq Ngurai of Kutai 
Barat Regency, District Kotabangun, Muara Muntai, 

54

Table 1. Size of District Administra�ve Areas

Source: Result of sta�s�cal analysis of the distribu�on in the research area, 2025

District Regency/City Area (ha)

105,306
42,914
19,403

1,092
3,858
1,095

12,015
13,862

226
410
310

1,702
69,861

2,991
139,794

32,513
256,088

37,206
52,042
14,535

48
19,242
89,818

178
83

1,027
1

1,366
28,221
41,786

6,396
10,243

128,540
625
114
164

61,784

Kutai Kartanegara
Penajam Paser Utara
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Paser
Kutai Barat
Barito Utara
Kutai Kartanegara
Kutai Kartanegara
Samarinda
Kutai Kartanegara
Paser
Paser
Kutai Kartanegara
Kutai Kartanegara
Paser
Kutai Kartanegara
Samarinda
Penajam Paser Utara
Samarinda
Samarinda
Samarinda
Samarinda
Samarinda
Kutai Kartanegara
Samarinda
Kutai Kartanegara
Penajam Paser Utara
Kutai Barat
Samarinda
Samarinda
Kutai Kartanegara
Penajam Paser Utara

Anggana
Babulu
Balikpapan Barat
Balikpapan Kota
Balikpapan Selatan
Balikpapan Tengah
Balikpapan Timur
Balikpapan Utara
Batu Sopang
Bongan
Gunung Purei
Kota Bangun
Loa Janan
Loa Janan Ilir
Loa Kulu
Long Ikis
Long Kali
Muara Badak
Muara Jawa
Muara Komam
Muara Muntai
Palaran
Penajam
Samarinda Ilir
Samarinda Kota
Samarinda Seberang
Samarinda Ulu
Samarinda Utara
Samboja
Sambutan
Sanga-Sanga
Sepaku
Siluq Ngurai
Sungai Kunjang
Sungai Pinang
Tenggarong
Waru

55



Muara Wis, Sebulu of Kutai Kartanegara 
Regency

East	 :  Makassar Strait
There are a total of 1,234,581.6 hectares and 37 

districts in the research area. The size of each 
administra�ve area is presented in the following table 
to provide more detailed informa�on. The table also 
shows the overlap between administra�ve areas 
based on the physical boundaries of the watershed.

Informa�on shows that the largest district is Long 
Kali in Paser Regency with an area of 256,088 hectares 
while the smallest is Samarinda Ulu district with just 1 
hectare. The districts form an ecological constella�on 
with the IKN area due to the geographic proximity  
and interconnected environmental systems.               
A visual representa�on of the research area and      
the ecological rela�onship with IKN is presented in 
Figure 4.

The IKN constella�on map shows that the core 
area of the Nusantara Capital City is situated in 
Sepaku District, Penajam Paser Utara Regency. 
Moreover, the research area covered in this book 
extends to the surrounding regions, including 
Balikpapan City,  Samarinda City,  and Kutai 
Kartanegara Regency. The districts share similar 
characteris�cs in terms of socio-cultural communi�es 
and natural resource condi�ons such as soil type, 
topography, and vegeta�on.
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Watersheds

Source: Geospa�al Informa�on Agency, 2025
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Disaster Risk 
Assessment Tools6

Landscape of Mentawir Village
Photo credit: Relissiana

This book focused on spa�al analysis as a 
tool to understand the dynamics of disaster 
risk in the IKN area and surroundings. The 
objec�ve was to iden�fy key factors that 
contribute to disaster risk by leveraging 
spa�al data. The results are expected to serve 
as a basis for designing more targeted 
mi�ga�on strategies and suppor�ng adap�ve 
and sustainable planning processes. The 
analysis not only intends to map poten�al 
risks but also to create the groundwork for 
more targeted and effec�ve disaster impact 
reduc�on efforts.

6.1  Requirements  for  Disaster  R isk 
Assessment

This book uses a cloud-based spa�al data 
processing approach with Google Earth 
Engine (GEE) to assess disaster risk in the IKN 
area and its surroundings. This is a powerful 
pla�orm for managing and analyzing large-
scale remote sensing data, elimina�ng the 
need for local data downloads. It enables real-
�me, efficient processing supported by a wide 
array of global datasets, including satellite 
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imagery, climate records, vegeta�on indices, and digital 
eleva�on models (DEM) (Gorelick et al., 2017). Therefore, GEE is 
par�cularly well-suited for tropical areas, such as Kalimantan, 
where environmental dynamics are complex, rapidly changing, 
and span extensive areas.

While using GEE, the data collec�on stages differ from those 
used in InaRISK. InaRISK is a Geographic Informa�on System 
(GIS) and Internet of Things (IoT)-based informa�on system 
designed to support real-�me, open, and easily accessible 
na�onal disaster risk assessment (Suharini et al., 2023). The 
specific explana�ons of the fire source and flooding trigger 
variables are provided below.

a. Fire Source Variable
The InaRISK method referenced in the Na�onal Disaster 

Management Agency (BNPB) Regula�on No. 2/2012 uses three 
main parameters — land use, climate (rainfall), and soil type — to 
assess forest and land fire hazards. The assessment is o�en 
conducted through a class-based scoring approach, with each 
parameter given a weight according to the influence on fire 
poten�al. Although this approach has become a na�onal 
standard, it has limita�ons in explaining the spa�al dynamics of 
fire, specifically those influenced by human ac�vi�es and more 
complex biophysical condi�ons.

As an alterna�ve, this book developed a high-resolu�on 
spa�ally-based mul�variate approach, incorpora�ng four main 
domains, namely anthropogenic, climatology, topography, and 
vegeta�on, which altogether have seven main variables. 
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1. Anthropogenic factors:
 (a) Distance from main road: The closer an area is to a 

road, the higher the probability of human ac�vi�es that 
could trigger a fire (Saharjo & Hasanah, 2023).

 (b) Distance from se�lements or populated areas: 
Densely populated areas face a higher fire risk due to 
community land burning prac�ces, specifically during 
the dry season (Field et al., 2009). 

2. Clima�c factor
 Land Surface Temperature (LST): LST is used to iden�fy 

areas with high temperatures that increase surface fuel 
dryness (Yulian� et al., 2012). 

3. Topography factors:
 (a) Eleva�on: Al�tude affects air humidity and wind 

condi�ons, both of which influence the spread of fire 
(Menezes et al., 2024).

 (b) Slope: Slope affects water flow and the direc�on of fire 
spread (Chuvieco et al., 2010). 

 (c) Topographic Wetness Index (TWI): TWI shows areas 
with high moisture poten�al that are generally more 
resistant to fire (Mania�s et al., 2022).

Some studies also used aspect as a variable, specifically in 
subtropical and Mediterranean areas where sunlight is more 
intense on the south or west side of the slope. However, given 
that the IKN area and its surrounding watersheds is around the 
equator, sunlight varia�ons based on slope direc�on tend to be 
more homogeneous, and the impact on fire risk is rela�vely small 
(P. Zhao et al., 2021). 
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All data were obtained from GEE catalogues, such as Landsat 8 
OLI/TIRS and MODIS Terra/Aqua, which provide spectral data in 
the visible, near infrared, and thermal bands. These data allow 
the calcula�on of Normalized Difference Vegeta�on Index 
(NDVI), surface temperature, and analysis of land cover 
dynamics, which are important indicators in the study of forest 
and land fire (Roy et al., 2014). 

b. Flood Variables
The flood hazard assessment approach adopted by the 

InaRISK pla�orm is based on BNPB Decree No. 2/2012. This 
approach relies on the Topographic Index Modifica�on (TMI) 
developed by Manfreda et al. (2011). Flood-prone areas are 
es�mated using a Digital Eleva�on Model (DEM) analysis based 
on flow accumula�on and slope. Subsequently, the areas were 
mapped based on certain threshold values and further classified 
by considering distance from the river and slope through a fuzzy 
logic method.

However, there are some limita�ons, such as:
1. Low DEM resolu�on can poten�ally obscure micro-

topographic details such as localized depressions that are 
important in flood inunda�on (Smith et al., 2015). 

2. Do not consider changes in land cover and actual rainfall 
intensity due to climate change.

3. Ignores anthropogenic roles such as urbaniza�on and 
development without drainage planning.

In response to the limita�ons, the method in this book 
incorporated three main variables that affect runoff, namely:
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1. Topography
 This variable was used to map water flow direc�on, flow 

accumula�on, and catchment basins using algorithms 
such as D8 flow direc�on and flow accumula�on from 
DEM.

2. Land cover
 Land cover informa�on was used to assess the surface 

runoff coefficient. In general, built-up land and intensive 
planta�ons such as oil palm have high runoff values 
compared to natural forests (Wijesekara et al., 2012). 

3. Rainfall
 Daily to monthly spa�al rainfall data were used from 

datasets such as CHIRPS or IMERG, which allow spa�al 
analyses of precipita�on in 5-10 km resolu�on (Funk et al., 
2015). Extreme changes in precipita�on pa�erns due to 
climate change were also a key considera�on.

In general, this approach enriches the understanding of flood 
and fire risks in the IKN area and surroundings by integra�ng 
machine learning-based geospa�al methods, including Random 
Forest for probability predic�on, as well as modeling based on 
biophysical and anthropogenic indicators more adap�ve to local 
condi�ons. The results not only provide an overview of risk 
status but also enable more targeted spa�al planning and 
disaster mi�ga�on. Table 2 shows the full list of datasets used, 
along with the source and spa�al resolu�on.

To obtain a stable representa�on of environmental condi�ons 
without atmospheric disturbances such as clouds, shadows, and 
extreme temporal varia�ons, the satellite image processing used 
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a composite image genera�on approach based on annual 
accumula�on. The selected data was 2023 satellite imagery 
processed using two main sta�s�cal methods, namely the 
median func�on for vegeta�on and the mean for LST 
parameters.

The NDVI was calculated from the ra�o between the near-
infrared (NIR) spectrum and the red spectrum. High NDVI values 
show healthy and dense vegeta�on, while low values suggest 
open or degraded areas. The annual NDVI composite was 
calculated using the median func�on, which is sta�s�cally 
stronger against outliers such as the effects of clouds, haze, or 
reflec�ons from water surfaces (Roy et al., 2014). This allows for 
a more representa�ve annual vegeta�on map, crucial in 
iden�fying areas with high vegeta�on dryness, which is an 
indicator of fire risk.

Data Source Resolu�on

30 m x 30 m OpenStreetMap

Table 2. Spa�al Data Sources and Resolu�ons

Distance to road

Distance to populated areas

Land surface temperature

Eleva�on
Slope
Topographic wetness index

Normalized Difference 
Vegeta�on Index

Land Cover 

Precipita�on

100 m x 100 m

1 km x 1 km

30 m x 30 m
30 m x 30 m
30 m x 30 m

30 m x 30 m

30 m x 30 m

5 km x 5 km

WorldPop Global Project 
Popula�on Data

MOD11A2.061 Terra Land 
Surface Temperature and 
Emissivity

NASA SRTM Digital 
Eleva�on

Landsat 8 OLI Surface 
Reflectance (NIR & Red 
Band)

Landsat 8 OLI Surface 
Reflectance 
CHIRPS

64

LST is an important indicator in understanding the thermal 
condi�ons of an area. High values o�en correlate with land 
drought, low evapotranspira�on, and increased fire poten�al 
and surface runoff. The LST es�ma�on in this book was 
conducted using the thermal channels of Landsat images (bands 
10 and 11 of Landsat 8), which were then converted using the 
surface thermal radia�on emission algorithm (Chander et al., 
2009). The mean func�on was used to form an annual ESG 
composite, represen�ng the daily average temperature 
condi�ons in a year, assuming that the mean is be�er suited to 
describe long-term thermal trends than the median considered 
more sensi�ve to instantaneous variability.

This median- and mean-based composite approach provides 
several advantages:

· Reduces distor�on due to clouds and shadows, which is 
o�en a major obstacle in op�cal image-based analyses in 
tropical areas such as Indonesia (Zhu & Woodcock, 2012). 

· Maintains spa�al and temporal con�nuity, making it easier 
to extract spa�al pa�erns of disaster risk. It also produces 
a more consistent database for integra�on into spa�al 
modelling of disaster risk for both forest fire and flood.

The combina�on of NDVI and LST in one analy�cal framework 
opens up opportuni�es to analyze the interac�on between 
vegeta�ve and thermal factors in triggering disaster risk. Low 
NDVI combined with high LST, for example, can show areas with 
dry vegeta�on and high-water stress, which are poten�al 
hotspots for land fire (Chuvieco et al., 2019). Similarly, areas with 
high LST and low NDVI downstream may show land-use changes 
that increase surface runoff and flood risk.
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6.2 Modeling Disaster Risks
This book iden�fies and maps environmental variables that 

contribute to increased disaster risk, par�cularly forest fire and 
flood. The analysis was conducted through a spa�al-quan�ta�ve 
approach based on remote sensing data and GIS, with the 
integra�on of sta�s�cal methods and machine learning to 
strengthen the validity of the results.

The analy�cal process is structured into several key stages as 
follows:
1. Data Acquisi�on
 The data used include op�cal and thermal satellite imagery 

(Landsat), topographic data (eleva�on and slope), distance to 
infrastructure (roads and se�lements), and climatological 
data (precipita�on and composite NDVI). All data were 
compiled for the base year 2023 to ensure temporal 
uniformity and avoid bias due to annual variability.

2. Preprocessing
 Preprocessing stage includes atmospheric correc�on, 

cropping of the IKN area and its surrounding watersheds, and 
genera�on of annual composites (NDVI and LST) using 
sta�s�cal func�ons (median and mean) to produce a stable 
environment representa�on without disturbances such as 
clouds and cloud shadows.

3. Land Cover Classifica�on
 The land cover variable was classified using a machine 

learning-based classifica�on approach based on the Random 
Forest algorithm. The model was trained on 1,200 sample 
points evenly distributed across 12 land cover classes (100 
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samples per class). Valida�on was assessed across 360 field 
test points (30 points per class), resul�ng in high model 
performance with an overall accuracy of 92%, as measured by 
the confusion matrix. Moreover, model performance was 
evaluated using addi�onal metrics such as the kappa 
coefficient and producers/users accuracy to iden�fy poten�al 
classifica�on bias in each class.

4. Risk Assessment Based on Environmental Variables
 Each environmental variable was classified based on risk �ers 

iden�fied in previous literature and na�onal policies (e.g. 
from MoEF or BNPB). This classifica�on technique used 
natural breaks (Jenks) and quan�le classifica�on to spa�ally 
differen�ate risk levels.

5. Mul�variable Interpreta�on and Integra�on
 A�er the individual classifica�ons, further analysis integrated 

all variables in a spa�al framework to iden�fy areas of high-
risk overlap, which became the focus of priority mi�ga�on. 
Overlay analysis and risk score-based weigh�ng were used to 
interpret the results.

To support a clearer and systema�c understanding, the en�re 
workflow is showed through a flowchart (Figure 5) that outlines 
the sequen�al rela�onship between each stage of the analysis. 
This diagram offers a structured visualiza�on of the analy�cal 
logic, showing the role of each component in contribu�ng to a 
data-driven disaster risk modeling framework.
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Figure 5. Steps of Disaster Risk Assessment Using Environmental 
Variables
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Environmental Variables 
Contribu�ng to Disaster7
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Supplying the Capital: Sepaku Semoi Reservoir 
Photo credit: Ari Susan�

The disaster risk models of the IKN and the 
surrounding area show the various environ-
mental factors that trigger fire and flood 
disasters. The analysis focused on the spa�al 
characteris�cs and contribu�on of each 
variable (physical and anthropogenic) to 
increase the area risk of fire and flood disaster. 
In general, the results are organized into two 
main sec�ons, namely, forest/land fire and 
flood.

7.1 Variables Contribu�ng to Fire Disaster
The analysis iden�fied seven main 

variables contribu�ng to fire poten�al in the 
IKN area and its surrounding watersheds, 
namely:

· Anthropogenic: distance to the road 
and distance to populated area;

· Clima�c: LST;
· Topography: eleva�on, slope, and TWI;
· Vegeta�on: vegeta�on index (NDVI).
Some previous studies have considered 

slope direc�on as a triggering variable 
because the orienta�on of slopes to sunlight 
can affect vegeta�on dryness and heat 
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accumula�on (P. Zhao et al., 2021). However, since the study site 
was in the equatorial area with a rela�vely constant irradia�on 
angle throughout the year, this variable was not included in the 
model.

7.1.1 Anthropogenic
Human ac�vity is one of the primary factors contribu�ng to 

forest and land fire. Several studies showed that accessibility and 
popula�on density significantly contribute to fire risk (Balch et 
al., 2017; Cochrane, 2003). Accessibility through the road 
network serves as the main route for humans to reach an area. 
Areas situated near roads tend to experience greater human 
ac�vity, which in turn increases the possibility of fire incidents. 
For example, vehicles travelling through dry areas can generate 
sparks from the exhaust system or illegal burn li�er ac�vi�es that 
facilitate the spread of fire (Gaveau et al., 2014). 

The presence of se�lements signifies concentrated human 
ac�vity, including the use of fire for cooking, hea�ng, and land 
clearing through burning. These prac�ces significantly increase 
fire risk in populated areas due to the frequency and intensity 
(Archibald et al., 2013). In the context of forest fire in Indonesia, 
par�cularly in Kalimantan and Sumatra, numerous reports have 
linked the igni�on sources to human ac�vi�es, such as land 
clearing by burning (Tacconi, 2003). Beyond anthropogenic 
causes, geographical constraints also amplify the impact of fire. 
Many of the affected areas are remote and inaccessible to 
firefigh�ng teams. When fire occur in densely populated areas 
with limited accessibility, suppression efforts are not op�mized, 
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allowing fire to spread faster and cause more extensive damage. 
This underscores the cri�cal need for integrated, spa�ally 
informed risk management, ins�tu�onal preparedness, and 
spa�al planning that priori�zes accessibility for effec�ve disaster 
response.

A. Distance to populated area
Populated areas serve as hubs of intensive and varied human 

ac�vi�es, including domes�c rou�nes, commerce, and small-
scale industries that can directly or indirectly elevate the risk of 
forest and land fire. Therefore, proximity to these se�lements is 
a key variable in assessing fire risk.

Areas located near popula�on centers are more likely to 
experience fire-related ac�vi�es, both direct and indirect. 
Anthropogenic ac�vi�es such as waste burning, the use of fire for 
domes�c purposes (cooking and hea�ng), and land clearing 
through burning are s�ll prevalent in areas with high popula�on 
density (Archibald et al., 2013; Giglio et al., 2013). Moreover, the 
risk of human-induced fire is generally worsened by dry 
environmental condi�ons and the abundant availability of 
natural fuels.

Based on Figure 6, the distance of populated areas can be 
categorized into five fire risk classes, as follows: 

· < 400 meters (marked in red), which has a very high level of 
risk. Areas with this distance are directly under the 
influence of very intense human ac�vity, hence, the risk of 
fire increases significantly.

· 400 – 600 meters (marked in orange) has a high level of 
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Figure 6. Spa�al Distribu�on of Distance to Populated Area
Source: Spa�al analysis, 2025 
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risk, showing areas that are s�ll quite 
close to the center of human ac�vity.

· 600 – 1.200 meters (marked in yellow) 
is categorized as medium risk.

· 1.200 – 1.600 meters (marked in light 
green) shows low risk because the 
effect of human ac�vity starts to 
decrease. 

· > 1.600 meters (marked in dark green), 
represents a very low level of risk. These 
areas are rela�vely far from popula�on 
centers, and human ac�vi�es that could 
poten�ally cause fire are minimal.

Novita & Vonnisa (2021) reported that the 
proximity of an area to populated areas 
significantly increases the risk of fire 
occurrence, due to the high concentra�on of 
human ac�vi�es that have the poten�al to 
trigger fire sources. In addi�on, the economic 
and social aspects of an area, such as the level 
of popula�on density, the dominant type of 
economic ac�vity,  and the presence               
of infrastructure, also play a role in 
strengthening the spa�al pa�ern of fire      
risk (Thoha & Triani, 2021). 

Further spa�al analysis based on Figure 7 
shows that very high levels of risk only 
covered around 7.9% of the total IKN area and 
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its surrounding watersheds. In contrast, the majority of the area 
at 85.5%, fell into the very low risk category. The propor�on of 
areas with a high level of risk was 2.3%, while the low and 
medium categories each covered 2.2% of the total area. The 
dominance of the very low risk classifica�on can be a�ributed to 
the exis�ng condi�on of the IKN area and its surrounding 
watersheds, which is characterized by a high propor�on of green 
areas, par�cularly forests and planta�ons. These areas have 
rela�vely low levels of human interven�on, which significantly 
reduces the poten�al risk of fire (Mie�nen et al., 2011). 

The model demonstrates that areas measuring less than 400 
meters from popula�on centers are typically urban and districts 
in East Kalimantan Province. These areas include several districts 
in Samarinda City, namely Kota, Samarinda Ilir, Samarinda 
Seberang, Samarinda Ulu, and Samarinda Utara, as well as 
districts in Balikpapan City, comprising Balikpapan Kota, 

Figure 7. Share of Fire Risk Levels in 2025
Source: Sta�s�cal analysis result of fire risk 2025
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Balikpapan Timur, Balikpapan Utara, Balikpapan Selatan, and 
Balikpapan Barat. Samarinda and Balikpapan Ci�es are the main 
gateway to East Kalimantan Province and, alongside with 
Penajam Paser Utara and Kutai Kartanegara Regencies, play a 
strategic role as partner areas in the development of the IKN to 
become Indonesia new capital (Bappenas, 2021). 

Spa�al Distribu�on of Distance 
to Populated Class (ha)

Table 3. Distance to Populated Area by District
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High High Moderate Low Extremely 

Low

District Regency/City
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As shown in Table 3, North Balikpapan district had the largest 
area in the very high fire risk category, reaching 11,273 hectares. 
This result reinforces the opinion that urban area or district have 
a higher level of fire risk than non-urban areas. In general, the 
IKN area and its surrounding watersheds showed a rela�vely low 
level of fire risk in terms of proximity to populated centers. This is 
because the areas were dominated by forests and planta�ons, 
which naturally have a lower intensity of human ac�vity, 
reducing the poten�al for fire. However, environmental 
condi�ons such as extreme weather and prolonged dry seasons 
remain cri�cal factors that can elevate fire risk (Gaveau et al., 
2014). 

Aside from popula�on proximity, the accessibility and 
response capacity of firefigh�ng teams are also cri�cal factors in 
fire risk management. Areas near popula�on centers typically 
benefit from be�er infrastructure and quicker emergency 
response, enabling more effec�ve fire control (Tacconi, 2003). 
Although remote or sparsely populated centers may sta�s�cally 
show a lower possibility of fire igni�on, limited access and 
inadequate infrastructure may significantly worsen the 
consequences of a fire outbreak.

Distance to populated areas serves as a crucial variable in fire 
risk mapping, both in iden�fying poten�al fire triggers due to 
anthropogenic ac�vi�es and a basis for developing more 
comprehensive mi�ga�on and response strategies. 
Furthermore, very high-risk levels are generally located in urban 
and district service centers, such as districts in Samarinda Kota, 
Samarinda Ilir, Samarinda Seberang, Samarinda Ulu, and 
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Source: Sta�s�c analysis result on the distribu�on of distance from populated area, 2025
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Samarinda Utara, as well as Balikpapan Kota, 
Bal ikpapan Timur,  Bal ikpapan Utara, 
Balikpapan Selatan, and Balikpapan Barat. 
These two ci�es not only act as centers of 
economic and administra�ve ac�vity, but are 
also an integral part of the buffer zone of IKN 
and the main gateway to East Kalimantan 
Province. The results show that although 
proximity to populated areas does not 
directly determine the level of hazard, this 
variable is s�ll relevant as an indicator in the 
spa�al analysis of fire risk.

B. Distance to the main road
Accessibility provided by the road network 

plays a strategic role in determining the level 
of human interac�on with the surrounding 
environment. Road serves as the primary 
infrastructure that enables mobility, resource 
distribu�on, and access to certain areas, 
thereby directly influencing the intensity of 
human ac�vi�es. In the context of forest and 
land fire, the distance of an area to the road 
network is a cri�cal variable that significantly 
affects the level of fire risk (Masoudian et al., 
2025). 

Areas located closer to road networks 
typically experience higher levels of human 
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Figure 8. Spa�al Distribu�on of Distance to Road
Source: Spa�al analysis, 2025
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ac�vity and anthropogenic disturbance, which can increase the 
tendency of fire-related incidents. Roads provide easier access, 
making the surrounding landscapes more risk to fire igni�on 
from anthropogenic sources. For example, vehicles travelling 
along roads, specifically during the dry season or when 
vegeta�on is very dry, can trigger fire through various 
mechanisms. These include sparks from vehicle exhausts, 
carelessly discarded cigare�e bu�s, and traffic accidents capable 
of triggering explosions or sparks that ignite nearby vegeta�on 
(Bowman et al., 2011; Cochrane, 2003). 

Based on the map shown in Figure 8, distance from the road 
map in the IKN area and its surrounding watersheds is 
categorized into five classes, as follows:

· < 300 meters (marked in red), is an area with a very high 
level of fire risk due to easy and intense human access.

· 300 – 600 meters (marked in orange), high fire risk areas 
are s�ll highly affected by human ac�vi�es.

· 600 – 900 meters (marked in yellow), medium risk 
category.

· 900 – 1.200 meters (marked in light green), low risk 
category. 
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Compared to the current condi�ons as shown in Figure 6, 
areas close to the road network have a higher popula�on 
density. This phenomenon is understandable given that 
accessibility is a basic need in suppor�ng community daily 
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ac�vi�es. Road not only serves as a means of mobility, but also 
the primary corridor that supports the economic, social, and 
cultural ac�vi�es of the community (Seto et al., 2012). 
Therefore, se�lements and community ac�vity centers tend to 
develop linearly following the main road network. This spa�al 
pa�ern o�en intersects with the flow of rivers, which historically 
served as natural transporta�on routes, and the main source of 
water for domes�c and agricultural needs (Turner et al., 2007). 
The rela�onship shows that roads and rivers influence not only 
where community se�le, but also land use, thereby increasing 
environmental risks, including forest and land fire, as human 
ac�vi�es tend to be more concentrated around these accessible 
areas.
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Figure 9 shows the spa�al distribu�on of forest fire risk levels 
based on distance to the road network. Based on the data 
analysis, about 46.2% of the total IKN area and its surrounding 
watersheds falls into the high to very high-risk category. This 
result shows a strong correla�on between the level of fire risk 
and the proximity of an area to the road network.

As shown in Table 4, the spa�al distribu�on of distance to the 

Source: Sta�s�cal analysis result of distance distribu�on to road, 2025
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road network indicates that Loa Kulu and Siluq Ngurai had the 
largest areas in the category of close distance, covering 45,294 
hectares and 39,219 hectares, respec�vely. In terms of exis�ng 
condi�ons, these two sub-districts have spa�al characteris�cs 
where se�lements and community ac�vi�es tend to be centered 
along main roads that have historically also followed river flows. 
This pa�ern shows a strong rela�onship between the presence 
of road infrastructure, se�lement pa�erns, and the intensity of 
socioeconomic ac�vi�es (Hansen & DeFries, 2007a). 

The concentra�on of human ac�vity along major road 
corridors implies fire risk, specifically during the dry seasons. 
Ac�vi�es such as agricultural or planta�on land clearing through 
burning, domes�c waste burning, and recrea�onal ac�vi�es in 
areas around roads are poten�al sources of fire triggers 
(Flannigan et al., 2009). Therefore, areas near road networks 
should be considered as high-priority in forest and land fire 
mi�ga�on strategies.

Understanding the spa�al pa�ern of fire risk in rela�on to 
distance to roads is crucial for effec�ve landscape management 
planning and disaster mi�ga�on policies. Some risk reduc�on 
strategies in areas near roads may include installing fire hazard 
warning signs along road corridors, enhancing access and 
preparedness for firefigh�ng teams, par�cularly in zones with 
high human ac�vity, and ac�vely educa�ng communi�es about 
hazardous prac�ces and the importance of fire preven�on.

Mi�ga�on-based land management strategies should be 
strengthened in addi�on to socio-infrastructure approaches. 
These strategies include the crea�on of firebreaks along 
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roadsides, management and clearance of dry fuels (dead and 
flammable vegeta�on), and intensive monitoring with early 
warning systems, specifically during the dry season or periods of 
extreme weather (Bowman et al., 2011). 

7.1.2 Climate
A. LST

Climate is one of the primary natural factors that significantly 
contribute to wildfire risk. In general, climate elements, such as 
temperature, humidity, precipita�on, and wind speed, strongly 
influence the degree of surface fuel dryness, oxygen availability, 
and rate of fire spread (Flannigan et al., 2009). Among these 
climate variables, LST is a key indicator in assessing poten�al fire 
risk because it directly influences the physical condi�ons of 
natural fuels and the surrounding environment that support fire 
(Jodhani et al., 2024). 

Rising LST accelerates the drying process of vegeta�on, 
lowers air humidity, and increases the flammability of natural 
fuels such as dry leaves, twigs, and li�er. Under dry and hot air 
condi�ons, vegeta�on becomes more flammable, hence, areas 
with high LST tend to have a higher fire risk (Rendana et al., 
2023). In addi�on, these temperature increases are o�en closely 
related to anthropogenic ac�vi�es, including deforesta�on and 
land use change, as well as the global warming phenomenon, 
which has cumula�vely contributed to the trend of increasing air 
temperatures in various areas, including East Kalimantan.

LST analysis shows average values ranging from 27°C to 29°C 
in the IKN area and its surrounding watersheds. Based on this 
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range, the area is classified into five categories 
of fire risk level. LST map in Figure 10 shows 
the spa�al distribu�on of temperatures 
within these categories,  providing a 
comprehensive visualiza�on of areas with 
higher fire poten�al.

The moderate temperature category is the 
dominant class in the LST distribu�on, 
accoun�ng for 61.1% of the total area, 
sugges�ng more than half of the IKN area and 
its surrounding watersheds is within the 
moderate fire risk zone, which s�ll requires 
a�en�on in the context of disaster mi�ga�on. 
Rainfall factors strongly influence daily 
temperature varia�ons, with low rainfall 
condi�ons leading to increased surface 
temperature, as well as decreased air 
humidity, which synergis�cally elevate the 
flammability of natural fuels and ul�mately 
increase the r isk of  fire occurrence. 
Conversely, high rainfall contributes to lower 
LST and increased rela�ve humidity, 
decreasing the poten�al for forest and land 
fire (Rendana et al., 2023). 

Based on Table 5, the distribu�on of LST by 
district shows that Loa Kulu in Kutai 
Kartanegara Regency had the largest area in 
the high category, comprising both the high 
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Figure 10. Spa�al Distribu�on of Land Surface Temperature
Source: Spa�al analysis, 2025
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Figure 11. Share of Fire Risk Levels Based on Land Surface Temperature
Source: Sta�s�cal analysis, 2025
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Figure 11. Share of Fire Risk Levels Based on Land Surface Temperature
Source: Sta�s�cal analysis, 2025
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and extremely high classes. This was followed 
by Sambutan in Samarinda City and Loa Janan 
in Kutai Kartanegara Regency. In line with the 
spa�al distribu�on pa�ern, high-risk levels for 
forest and land fire are generally located in 
areas with high popula�on density, which can 
also increase fire risk due to human ac�vi�es 
(see Figure 10).

7.1.1 Topographic
Topography is one of the environmental 

factors that significantly influences the level 
of risk and dynamics of forest and land fire 
behavior. It reflects the morphological 
characteris�cs of the Earth surface, including 
elements such as eleva�on, slope, aspect, and 
TWI. These four elements collec�vely 
influence fire spread pa�erns, movement 
speed, and intensity in an area. Therefore, 
topographic analysis is a crucial component of 
spa�ally-based fire risk assessment. For 
example, steep slopes can accelerate the 
spread of a fire event because heat and fire 
tend to move upslope more quickly than on 
fla�er terrain. 

Eleva�on determines air temperature and 
humidity condi�ons, which indirectly affect 
the dryness of natural trigger fuel such as 

92

Figure 12. Spa�al Distribu�on of Eleva�on
Source: Spa�al analysis, 2025
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li�er and understory vegeta�on. Slope direc�on is also an 
important factor as it relates to the level of exposure to solar 
radia�on, which affects the temperature and humidity of the 
vegeta�on. However, in tropical areas close to the equator (East 
Kalimantan), varia�ons in irradiance due to slope direc�on are 
rela�vely small, as sunlight intensity is rela�vely even 
throughout the year (Viedma, 2008). 

A. Land eleva�on
Land eleva�on, which refers to the height of a loca�on above 

sea level, is a crucial topographic variable in assessing forest fire 
risk. Low eleva�on areas generally tend to have higher humidity 
levels due to increased poten�al for water accumula�on and 
rela�vely warmer temperatures. However, these low areas are 
also prone to the buildup of dry, flammable materials (leaves and 
twigs), specifically during the dry season, which increases fire 

Figure 13. Share of Fire Risk Levels Based on Eleva�on
Source: Sta�s�cal analysis, 2025
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risk. High-eleva�on areas, on the other hand, tend to have lower 
temperatures and higher rela�ve humidity, reducing fire risk.

The land eleva�on map was classified into several eleva�on 
classes, with different grada�on colors. Eleva�ons less than 100 
meters above sea level (MASL) were given the light grada�on 
color, while the highest eleva�ons of more than 400 MASL were 
marked with the dark grada�on color. Fire risk level was 
subsequently classified into five categories based on eleva�on. 
These categories are based on the assump�on that the lower the 
eleva�on, the greater the suscep�bility to fire risk, due to higher 
ambient temperature, lower humidity level, and increased 
accumula�on of combus�ble surface fuels (Finney, 2005; Keeley, 
2009). 

Spa�al analysis shows that the IKN area and its surrounding 
watersheds was dominated by lowland areas,  with 
approximately 73.2% of the total area situated at eleva�ons 
below 100 MASL. This topographic characteris�c suggests a high 
poten�al for fire risk, par�cularly when combined with 
biophysical factors and the typically higher intensity of human 
ac�vity in lowland zones. Geographically, these lower eleva�ons 
are commonly found along alluvial plains and river corridors, 
which historically func�on as natural transporta�on routes and 
hubs of se�lement. The convergence of low eleva�on, easy 
accessibility, and dense human ac�vity contributes to an 
increased risk of both natural and human-induced forest and 
land fire.

Based on Table 6, Long Kali district had the largest expanse of 
low-eleva�on land, covering 19,384 hectares. This condi�on can 
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be a�ributed to the geographical loca�on of the Long Kali 
district, which is situated in the lowlands and follows the main 
river course, naturally facilita�ng the accumula�on of surface 
fuel, such as li�er, dry leaves, and twigs. In addi�on, the posi�on 
along the river path also makes the district a strategic loca�on for 
community ac�vi�es, including se�lements, agriculture, and 
local transporta�on. The high interac�on between humans and 
the environment in the low-eleva�on area increases the 

Sungai Pinang

Tenggarong

Waru

Samarinda
Kutai 
Kartanegara
Penajam Paser 
Utara

Source: Sta�s�cal analysis, 2025

Spa�al Distribu�on of Eleva�on Class
(ha)

Extremely 
High High Moderate Low Extremely 

Low

District Regency/City

Penajam Paser 
Utara
Samarinda

Samarinda

Samarinda

Samarinda

Samarinda
Kutai 
Kartanegara

Samarinda
Kutai 
Kartanegara
Penajam Paser 
Utara

Kutai Barat

Penajam

Samarinda Ilir
Samarinda 
Kota
Samarinda 
Seberang

Samarinda Ulu
Samarinda 
Utara
Samboja

Sambutan

Sanga-Sanga

Sepaku

Siluq Ngurai

Sungai Kunjang Samarinda

74,116

176

82

995

1

1,346

27,993

39,500

6,342

10,165

76,105

112

161

50,844

11,974

7,295

0

22

6

0

1,957

2

0

8,297

4,754

1

14,034

524

1,898

1,870

14,537

84

257

1,075

10,888

2

97



Extremely 
High High Moderate Low Extremely 

Low

District Regency/City

Kutai 
Kartanegara
Penajam Paser 
Utara

Balikpapan

Balikpapan

Balikpapan

Balikpapan

Balikpapan

Balikpapan

Anggana

Babulu

Balikpapan 
Barat
Balikpapan 
Kota
Balikpapan 
Selatan
Balikpapan 
Tengah
Balikpapan 
Timur
Balikpapan 
Utara

Spa�al Distribu�on of Eleva�on Class
(ha)

PaserBatu Sopang

Kutai Barat

Barito Utara
Kutai 
Kartanegara
Kutai 
Kartanegara

Samarinda
Kutai 
Kartanegara
Paser

Paser

Bongan

Gunung Purei

Kota Bangun

Loa Janan

Loa Janan Ilir

Loa Kulu

Long Ikis

Long Kali

Muara Badak

Muara Jawa

Muara Komam

Muara Muntai

Palaran

Kutai 
Kartanegara
Kutai 
Kartanegara

Paser
Kutai 
Kartanegara

Samarinda

Table 6. Eleva�on by District

96

104,169

41,992

18,925

1,082

3,827

1,086

11,919

13,753

64,912

2,918

84,633

23,654

88,909

36,765

51,149

19,038

157

574

325

0

6

201

4,379

48

30,825

2,967

64,898

148

489

935

17

57

77

1

12

144

1,330

34

16,609

2,975

57,470

9,605

30

0

37

112

62

124

154

4,961

1,777

23,405

3,171

55

108

316

27

1,664

854

19,384

690

be a�ributed to the geographical loca�on of the Long Kali 
district, which is situated in the lowlands and follows the main 
river course, naturally facilita�ng the accumula�on of surface 
fuel, such as li�er, dry leaves, and twigs. In addi�on, the posi�on 
along the river path also makes the district a strategic loca�on for 
community ac�vi�es, including se�lements, agriculture, and 
local transporta�on. The high interac�on between humans and 
the environment in the low-eleva�on area increases the 

Sungai Pinang

Tenggarong

Waru

Samarinda
Kutai 
Kartanegara
Penajam Paser 
Utara

Source: Sta�s�cal analysis, 2025

Spa�al Distribu�on of Eleva�on Class
(ha)

Extremely 
High High Moderate Low Extremely 

Low

District Regency/City

Penajam Paser 
Utara
Samarinda

Samarinda

Samarinda

Samarinda

Samarinda
Kutai 
Kartanegara

Samarinda
Kutai 
Kartanegara
Penajam Paser 
Utara

Kutai Barat

Penajam

Samarinda Ilir
Samarinda 
Kota
Samarinda 
Seberang

Samarinda Ulu
Samarinda 
Utara
Samboja

Sambutan

Sanga-Sanga

Sepaku

Siluq Ngurai

Sungai Kunjang Samarinda

74,116

176

82

995

1

1,346

27,993

39,500

6,342

10,165

76,105

112

161

50,844

11,974

7,295

0

22

6

0

1,957

2

0

8,297

4,754

1

14,034

524

1,898

1,870

14,537

84

257

1,075

10,888

2

97



poten�al for fire, either through land-clearing prac�ces with fire, 
burning garbage, or other ac�vi�es that risk crea�ng sources of 
fire.

Land eleva�on has a mul�faceted influence on forest fire risk, 
which can be explained by several mechanisms:

1. Varia�on of clima�c condi�ons and microclimate
 Eleva�on plays a role in determining air temperature and 

rela�ve humidity. Lowland areas typically experience 
higher temperatures and lower humidity, which causes 
vegeta�on to dry out easily and become suscep�ble to fire 
(Bradstock et al., 2010). Conversely, higher eleva�on areas 
typically have cooler temperatures and greater rela�ve 
humidity condi�ons that help maintain vegeta�on 
moisture, reducing the likelihood of fire occurrence (Agee, 
1993). 

Figure 14. District with High Fire Risk Level
Source: Sta�s�cal analysis, 2025

98

2. The influence of species and vegeta�on condi�on
 Vegeta�on type and fuel condi�ons are closely influenced 

by eleva�on. Lowland areas are o�en dominated by fire-
prone fuels such as dry grasses, shrubs, and accumulated 
leaf li�er. In contrast, highland areas typically support 
denser and more moisture-rich vegeta�on, which lowers 
the probability of fire igni�on and spread (Gill et al., 2013). 

3. The influence of wind pa�erns and fire spread
 Eleva�on affects wind movement pa�erns, which 

determines the direc�on and speed of fire spread. Winds 
moving downhill from a mountainside can accelerate fire 
spread, while uphill winds from a mountainside can slow 
or even help the firefigh�ng process (Sharples et al., 2012).

 
The IKN area and its surrounding watersheds topographic 

condi�on, which is mostly at an eleva�on below 100 MASL, 
poses a very high risk of forest and land fire. This requires special 
treatment in area management and fire mi�ga�on planning, 
specifically in lowland areas with higher fire risk. Priority efforts 
such as early monitoring, dry fuel load management, and 
regula�on of human ac�vi�es should focus on areas with similar 
eleva�on characteris�cs.

B. Land Moisture
Land moisture is one cri�cal parameter that influences an 

area risk of forest and land fire. It is related to eleva�on, with 
higher eleva�ons retaining more land moisture, while lowland 
areas typically have lower moisture levels. This pa�ern is 
influenced by hydrological processes, including surface runoff, 
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Figure 15. Spa�al Distribu�on of Land Moisture
Source: Spa�al analysis, 2025 
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infiltra�on, and evapora�on, all of which are 
shaped by the area topographic characteris-
�cs (Sidle & Ziegler, 2012). 

Although the IKN area and its surrounding 
watersheds showed significant varia�ons in 
land eleva�on, the overall land moisture 
characteris�cs were rela�vely uniform, with a 
predominance of low-moisture condi�ons. 
TWI was used as a key indicator of soil 
moisture and fire risk. TWI provides an 
es�mate of groundwater accumula�on 
poten�al based on topographic features 
(Beven & Kirkby, 1979). By incorpora�ng both 
catchment area and slope, the index offers a 
more accurate representa�on of moisture 
distribu�on across the landscape.

Based on the analysis result, the IKN area 
and its surrounding watersheds showed a 
very high dominance in the TWI category < 7, 
covering about 99.91% of the total area. This 
condi�on shows that nearly the en�re area 
has very low land moisture levels and limited 
poten�al for water accumula�on. Land with 
low moisture has a minimal water storage 
capacity, making it highly suscep�ble to 
igni�on and fire spread, specifically during the 
long dry season or rapid transi�on to a wet 
season (van der Werf et al., 2009). 

101



Figure 15. Spa�al Distribu�on of Land Moisture
Source: Spa�al analysis, 2025 

100

infiltra�on, and evapora�on, all of which are 
shaped by the area topographic characteris-
�cs (Sidle & Ziegler, 2012). 

Although the IKN area and its surrounding 
watersheds showed significant varia�ons in 
land eleva�on, the overall land moisture 
characteris�cs were rela�vely uniform, with a 
predominance of low-moisture condi�ons. 
TWI was used as a key indicator of soil 
moisture and fire risk. TWI provides an 
es�mate of groundwater accumula�on 
poten�al based on topographic features 
(Beven & Kirkby, 1979). By incorpora�ng both 
catchment area and slope, the index offers a 
more accurate representa�on of moisture 
distribu�on across the landscape.

Based on the analysis result, the IKN area 
and its surrounding watersheds showed a 
very high dominance in the TWI category < 7, 
covering about 99.91% of the total area. This 
condi�on shows that nearly the en�re area 
has very low land moisture levels and limited 
poten�al for water accumula�on. Land with 
low moisture has a minimal water storage 
capacity, making it highly suscep�ble to 
igni�on and fire spread, specifically during the 
long dry season or rapid transi�on to a wet 
season (van der Werf et al., 2009). 

101



TWI is a crucial variable in determining the distribu�on of land 
moisture and vegeta�on condi�ons within a given area. Areas 
with high TWI values show a higher possibility for surface water 
accumula�on, resul�ng in a high level of land moisture. This 
condi�on has a posi�ve impact on the lifespan of vegeta�on 
because trees become more resistant to drought, and the 
poten�al for fire decreases due to the high-water content in the 
soil, which prevents fire from star�ng and spreading (Keeley, 
2009). In contrast, areas with low TWI values are characterized 
by low water accumula�on capacity and soil moisture. 
Vegeta�on in these areas is more prone to water stress, which 
can lead to highly flammable surface fuels during the dry season 
or extreme weather condi�ons. Consequently, areas with low 
TWI   tend to be hotspots of fire risk, par�cularly when combined 

Figure 16. Share of Fire Risk Levels Based on Land Moisture
Source: Sta�s�cal analysis, 2025
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with intensive human ac�vi�es (Dingman, 2015). 
In the IKN area and its surrounding watersheds, soil moisture 

was mostly characterized by TWI <7, sugges�ng a dry land 
condi�on with low resistance to fire spread. The low land 
moisture levels also correlated with intense anthropogenic 
ac�vi�es, such as the presence of se�lements, community 
ac�vity centers, and open land. According to Bowman et al. 
(2011), the ecological carrying capacity for water storage is 
generally very limited due to the disrup�on of soil structure and 
the loss of cover vegeta�on, which func�ons to maintain 
moisture, specifically in former mining areas. Under these 
condi�ons, the surface organic material, such as dry leaves, 
twigs, and dead vegeta�on, dries faster, producing a significant 
volume of flammable fuel. The situa�on is worse in areas with 
poor land cover, where maintaining soil moisture is challenging 
and surface fuel accumula�on is also uncontrolled, thereby 
significantly increasing the fire risk (Cer�ni et al., 2021). 

The results showed that ecologically, the IKN area and its 
surrounding watersheds had a very high level of fire risk, 
specifically because the coverage included se�lements, 
community ac�vity areas, and ex-mining land, all characterized 
by low capacity in maintaining soil moisture. Therefore, in the 
framework of forest and land fire management and mi�ga�on, 
the level of soil moisture, represented by the TWI value, should 
be used as one of the primary parameters. The integra�on of 
land moisture informa�on into risk modeling and early warning 
systems can help design more targeted strategies, including 
priori�zing dry land rehabilita�on, providing outreach to the 
community, and installing fire control infrastructure.
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soil, which prevents fire from star�ng and spreading (Keeley, 
2009). In contrast, areas with low TWI values are characterized 
by low water accumula�on capacity and soil moisture. 
Vegeta�on in these areas is more prone to water stress, which 
can lead to highly flammable surface fuels during the dry season 
or extreme weather condi�ons. Consequently, areas with low 
TWI   tend to be hotspots of fire risk, par�cularly when combined 

Figure 16. Share of Fire Risk Levels Based on Land Moisture
Source: Sta�s�cal analysis, 2025

102

with intensive human ac�vi�es (Dingman, 2015). 
In the IKN area and its surrounding watersheds, soil moisture 

was mostly characterized by TWI <7, sugges�ng a dry land 
condi�on with low resistance to fire spread. The low land 
moisture levels also correlated with intense anthropogenic 
ac�vi�es, such as the presence of se�lements, community 
ac�vity centers, and open land. According to Bowman et al. 
(2011), the ecological carrying capacity for water storage is 
generally very limited due to the disrup�on of soil structure and 
the loss of cover vegeta�on, which func�ons to maintain 
moisture, specifically in former mining areas. Under these 
condi�ons, the surface organic material, such as dry leaves, 
twigs, and dead vegeta�on, dries faster, producing a significant 
volume of flammable fuel. The situa�on is worse in areas with 
poor land cover, where maintaining soil moisture is challenging 
and surface fuel accumula�on is also uncontrolled, thereby 
significantly increasing the fire risk (Cer�ni et al., 2021). 

The results showed that ecologically, the IKN area and its 
surrounding watersheds had a very high level of fire risk, 
specifically because the coverage included se�lements, 
community ac�vity areas, and ex-mining land, all characterized 
by low capacity in maintaining soil moisture. Therefore, in the 
framework of forest and land fire management and mi�ga�on, 
the level of soil moisture, represented by the TWI value, should 
be used as one of the primary parameters. The integra�on of 
land moisture informa�on into risk modeling and early warning 
systems can help design more targeted strategies, including 
priori�zing dry land rehabilita�on, providing outreach to the 
community, and installing fire control infrastructure.
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C. Slope
Slope is among the key factors affec�ng surface hydrology and 

land moisture distribu�on in an area. It also plays an important 
role in determining the pa�ern of vegeta�on distribu�on, which 
directly impacts the poten�al risk of land and forest fire. In areas 
with steep slopes, rainwater surface flow occurs at a higher 
speed. Consequently, rainwater tends to flow rapidly across the 
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surface, reducing the opportunity for infiltra�on 
and leading to lower soil moisture levels 
(Dingman, 2015). The quick drying of soil under 
such condi�ons increases the risk of fire, 
par�cularly during dry seasons when rainfall is 
scarce.

Based on the spa�al analysis data of slope in 
the IKN area and its surrounding watersheds 
(Figure 17), slope was categorized with a color 
grada�on ranging from green (low slope) to red 
(high slope). This slope classifi-ca�on, which is 
associated with the level of fire risk, includes:

· Slope < 5°: The risk of fire is very low, 
because rainwater is more easily retained 
on the ground surface and humidity is 
be�er maintained.

· Slope 5° – 10° and 10° – 20°: Medium fire 
risk, requiring more intensive vegeta�on 
and soil moisture management.

· Slope > 30°: The fire risk is very high, as 
water flows quickly and the soil dries out 
quickly, resul�ng in vegeta�on being 
flammable.

Figure 18 and Table 8 show that the IKN area 
and its surrounding watersheds had quite 
significant slope varia�ons. The results from the 
analysis include:
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Figure 17. Spa�al Distribu�on of Slope
Source: Spa�al analysis, 2025
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Figure 17. Spa�al Distribu�on of Slope
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· Approximately 48% of the total area was in the very low 
slope category (<5°). This area is rela�vely morphologically 
stable and has a lower fire risk because fire spreads more 
slowly on flat land.

· About 20.6% of the area was classified as a moderate slope 
(between 5° and 20°). In this area, adap�ve vegeta�on and 
soil moisture management strategies are required 
because moderate slopes can accelerate fire propaga�on 
when not managed properly.

· Only about 0.4% of the area was classified in the very high 
slope category (>30°). Despite the small coverage, this 
area has a high level of risk, not only to fire, but also land 
degrada�on, erosion, and landslides, which can synergis�-
cally worsen the impacts of forest and land fire.

Figure 18. Share of Fire Risk Levels by Slope
Source: Sta�s�cal analysis, 2025
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· Approximately 48% of the total area was in the very low 
slope category (<5°). This area is rela�vely morphologically 
stable and has a lower fire risk because fire spreads more 
slowly on flat land.

· About 20.6% of the area was classified as a moderate slope 
(between 5° and 20°). In this area, adap�ve vegeta�on and 
soil moisture management strategies are required 
because moderate slopes can accelerate fire propaga�on 
when not managed properly.

· Only about 0.4% of the area was classified in the very high 
slope category (>30°). Despite the small coverage, this 
area has a high level of risk, not only to fire, but also land 
degrada�on, erosion, and landslides, which can synergis�-
cally worsen the impacts of forest and land fire.

Figure 18. Share of Fire Risk Levels by Slope
Source: Sta�s�cal analysis, 2025
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Long Kali District in Paser Regency is one example of a high-
slope area, covering around 2,776 hectares with a slope area of 
more than 30°. Therefore, to reduce the risk of ver�cal and quick 
fire spread, this area requires the implementa�on of integrated 
soil conserva�on and land management strategies, such as 
terracing, slope-retaining vegeta�on, and soil moisture 
monitoring.
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Areas with steep slopes tend to experience faster soil drying 
processes caused by intense surface runoff. This condi�on 
decreases soil moisture and increases vegeta�on risk to fire. In 
addi�on, steep slopes increase the risk of soil erosion and 
landslides, which not only damage the structure of the land 
cover but also expand the poten�al risk of the area to fire spread 
due to the loss of vegeta�ve cover. Considering these 
characteris�cs, land management in areas with high slopes 
needs to implement an integrated conserva�on approach, such 
as plan�ng erosion-resistant vegeta�on, terracing construc�on, 
and surface flow management aimed at slowing runoff and 
increasing water infiltra�on. On the other hand, for areas with 
low to moderate slopes, management strategies should focus on 
efforts to maintain soil moisture. This can be achieved through 
organic ma�er management and micro-irriga�on systems, as 
well as strengthening vegeta�on resistance to fire, as part of 
landscape-based fire risk mi�ga�on.

7.1.4	Vegeta�on
Vegeta�on density  is  an important indicator for 

understanding the hydrological dynamics and the risk of 
hydrometeorological disaster in an area, specifically for flood 
and forest/land fire. In general, vegeta�on density is expressed 
as an index, the NDVI, which reflects the level of greenery and 
biomass cover of an area (Huete, 1997). Vegeta�on plays an 
important role in reducing the risk of forest and land fire through 
the ability to maintain biomass moisture and reduce the 
accumula�on of dry fuel. Healthy and dense vegeta�on, 
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and forest/land fire. In general, vegeta�on density is expressed 
as an index, the NDVI, which reflects the level of greenery and 
biomass cover of an area (Huete, 1997). Vegeta�on plays an 
important role in reducing the risk of forest and land fire through 
the ability to maintain biomass moisture and reduce the 
accumula�on of dry fuel. Healthy and dense vegeta�on, 
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specifically in tropical forest areas, tends to 
retain high moisture levels, making it more 
resistant to fire igni�on. In contrast, 
degrada�on caused by ac�vi�es such as land 
clearing, mining, and planta�on expansion 
leads to an increase in flammable materials 
and the possibility of fire spreading (Field et 
al., 2009; Syaufina, 2018).

Most of the IKN area and its surrounding 
watersheds showed a dominant dark green 
color (NDVI > 0.45), indica�ng that the area 
s�ll had rela�vely good vegeta�on cover, 
capable of protec�ng against poten�al fire. 
Figure 19 shows the detailed vegeta�on 
density distribu�on in the IKN area and its 
surrounding watersheds based on NVDI 
values:

· Red (NDVI < 0): Almost no vegeta�on, 
such as grassland or water bodies, and 
is highly suscep�ble to fire spread.

· Orange (NDVI 0 – 0,15): Sparse or 
damaged vegeta�on cover, high risk of 
forest and land fire

· L ight  green (NDVI  0 ,15 –  0 ,3) : 
Moderate vegeta�on with modest 
forest and medium fire poten�al.

· Dark green (NDVI > 0,45): Dense and 
healthy vegeta�on, with a high ability to 
prevent the fire spread.
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Figure 19. Spa�al Distribu�on of Vegeta�on Density
Source: Spa�al analysis, 2025
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Figure 19. Spa�al Distribu�on of Vegeta�on Density
Source: Spa�al analysis, 2025
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Based on Figure 20, the majority of the IKN area and its 
surrounding watersheds was characterized by an extremely low 
level of fire risk, accoun�ng for 89.2%. This result shows a lower 
poten�al for fire occurrence, as higher NDVI values generally 
correlate with dense, healthy vegeta�on that retains higher 
moisture levels, thereby reducing flammability. In contrast, areas 
with low NDVI values, o�en associated with sparse or stressed 
vegeta�on, are more suscep�ble to fire igni�on due to reduced 
moisture content and an abundance of dry, combus�ble 
material. NDVI is a satellite image-based vegeta�on indicator 
that is effec�ve in detec�ng land cover condi�ons and vegeta�on 
health, making it highly relevant for early iden�fica�on of fire-

Figure 20. Share of Fire Risk Levels by Vegeta�on Density
Source: Sta�s�cal analysis, 2025
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prone areas, specifically during the dry season period when 
vegeta�on moisture decreases dras�cally (Chuvieco et al., 2010). 

Although vegeta�on cover with high index s�ll dominated 
most of the IKN area and its surrounding watersheds, several 
districts showed indica�ons of vegeta�on degrada�on, 
specifically in areas with high pressure due to anthropogenic 
ac�vi�es, such as land conversion, extrac�ve industry ac�vi�es, 
and se�lement expansion. According to Tacconi (2003), forest 
fragmenta�on and degrada�on are key factors that increase the 
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risk of forest and land fire, specifically in tropical areas such as 
Kalimantan.

In this context, adap�ve vegeta�on and landscape 
management approaches are very important to reduce the risk 
of forest and land fire. The approach includes:

· Protec�on of natural forest areas from deforesta�on and 
land conversion ac�vi�es.

· Rehabilita�on of degraded land using local vegeta�on 
species that are resistant to fire.

· Controlling the expansion of extrac�ve industries, such as 
mining and large-scale planta�ons, through a fire risk-
based spa�al planning approach.

· Regular vegeta�on monitoring using satellite imagery and 
vegeta�on indices such as NDVI.

7.2	 Variables Contribu�ng to Flooding Disaster
7.2.1	Topographic

Topography is cri�cal in determining the risk of an area to 
flooding. It determines surface water flow pa�erns, runoff 
velocity, and water accumula�on loca�ons. The two main 
components of topography that play a significant role in 
hydrological and flood processes are eleva�on and slope.

· Eleva�on: In general, areas with low eleva�on are more at 
risk of flooding as water tends to flow and collect in lower 
areas. Choubin et al. (2019) showed a nega�ve correla�on 
between eleva�on and flood occurrence, where flood 
frequency increases as eleva�on decreases. Watersheds 
and floodplains are usually associated with low eleva�ons 
that increase the risk of inunda�on and flooding.
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risk of forest and land fire, specifically in tropical areas such as 
Kalimantan.

In this context, adap�ve vegeta�on and landscape 
management approaches are very important to reduce the risk 
of forest and land fire. The approach includes:
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· Rehabilita�on of degraded land using local vegeta�on 
species that are resistant to fire.

· Controlling the expansion of extrac�ve industries, such as 
mining and large-scale planta�ons, through a fire risk-
based spa�al planning approach.

· Regular vegeta�on monitoring using satellite imagery and 
vegeta�on indices such as NDVI.
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Topography is cri�cal in determining the risk of an area to 
flooding. It determines surface water flow pa�erns, runoff 
velocity, and water accumula�on loca�ons. The two main 
components of topography that play a significant role in 
hydrological and flood processes are eleva�on and slope.

· Eleva�on: In general, areas with low eleva�on are more at 
risk of flooding as water tends to flow and collect in lower 
areas. Choubin et al. (2019) showed a nega�ve correla�on 
between eleva�on and flood occurrence, where flood 
frequency increases as eleva�on decreases. Watersheds 
and floodplains are usually associated with low eleva�ons 
that increase the risk of inunda�on and flooding.
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· Slope: This factor significantly influences surface runoff 
velocity and volume. Steeper slopes facilitate rapid water 
movement, reducing infiltra�on �me and increasing the 
poten�al for soil erosion and downstream flooding (Meraj 
et al., 2018). In contrast, gentle or flat slopes tend to slow 
down water flow, enhancing water infiltra�on and 
absorp�on but also causing runoff accumula�on that can 
trigger local flooding (Tehrany et al., 2014). 

The watersheds around the IKN area were dominated by low 
eleva�on and gentle slopes, showing a high level of risk to 
flooding and surface water inunda�on. This risk increases when 
there is a decrease in the quality and extent of vegeta�on cover, 
which func�ons as a water flow barrier, infiltra�on regulator, and 
surface runoff inhibitor.  Furthermore,  topographic 
characteris�cs play a crucial role in determining flood-prone 
loca�ons, specifically through the influence on the direc�on and 
speed of surface water flow. Basin and valley areas with low 
topographic contours tend to be runoff accumula�on points 
(basin outlets), which hydrologically have the poten�al to 
experience flooding when the natural capacity is exceeded 
(Kundzewicz & Takeuchi, 1999). 

7.2.2 Precipita�on
Precipita�on is one of the primary drivers of flood, 

par�cularly when the volume of water surpasses the capacity of 
natural and ar�ficial drainage systems such as rivers, channels, or 
reservoirs. High precipita�on poten�ally increases the risk of 
flooding due to the high poten�al for excess water flow capacity 
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rela�ve to the real capacity. Based on historical data from the 
Na�onal Disaster Management Agency (BNPB), the IKN area and 
its surrounding watersheds has been experiencing annual 
flooding for the past decade, showing a high level of 
hydrometeorological disaster. This informa�on is supported by 
data from the Climate Hazards Center InfraRed Precipita�on with 
Sta�on data (CHIRPS), showing that the IKN area has an average 
annual rainfall of more than 2,500 mm/year in the last 10 years 
(Figure 22). Consequently, the area is classified as high rainfall, 
which directly increases the poten�al for flooding due to 
precipita�on intensity above the capacity of natural and ar�ficial 
drainage systems. Tabari (2020) also men�oned that global 
climate change could poten�ally intensify the hydrological cycle, 
leading to an increase in the frequency and intensity of extreme 
precipita�on events. This phenomenon elevates the risk of 
flooding in tropical areas with limited drainage systems, 
specifically in urban areas that experience increased land 
conversion and decreased water absorp�on capacity.

Based on Figure 21, the daily precipita�on rate shows quite 
significant variability, with the lowest and highest values of 31.87 
mm/day and 71.79 mm/day, respec�vely. This varia�on reflects 
the dynamics of the local climate influenced by many factors, 
including global climate change that increases the intensity of 
extreme precipita�on, changes in land cover disrup�ng micro air 
circula�on pa�erns, and decreased soil infiltra�on capacity due 
to land conversion, specifically from forests or grassland to 
se�lement areas. Fluctua�ons in daily precipita�on pa�erns 
contribute directly to the instability of hydrological dynamics, 
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Figure 21. Spa�al Distribu�on of Precipita�on Levels
Source: Spatial analysis, 2025
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which ul�mately becomes one of the main 
factors triggering annual flooding.

Figure 22 shows a declining trend in annual 
precipita�on in the IKN area and its 
surrounding watersheds from 2022 to 2023. 
In 2022, the area experienced rela�vely high 
rainfall exceeding 3,000 mm/year, but by 
2023, there was a dras�c decline to below 
2,500 mm/year. In the previous year, a 
declining pa�ern was observed from 2017 to 
2019. This decreasing trend can be a�ributed 
to clima�c factors such as El Niño, which 
creates drier condi�ons. Addi�onally, land 
degrada�on also contributes to changing 
precipita�on pa�erns by indirectly affec�ng 
the water and energy cycle. Changes in 
vegeta�on cover impact processes such as 
evapotranspira�on, cloud forma�on, and the 
atmospheric cycle, all of which play a role in 
determining rainfall pa�erns and distribu�on. 

The graph in Figure 22 shows a significant 
decrease in water holding capacity from 2022 
to 2023. In 2022, the area had a rela�vely high 
water holding capacity, which was more than 
3,000 mm/year, but in 2023, there was a 
dras�c decline to less than 2,500 mm/year. 
This  decl ine in capacity  reflects  the 
degrada�on of hydrological func�on, which 
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indirectly shows a reduc�on in the ability to absorb and store 
rainwater. This phenomenon is closely related to various 
environmental factors, including land degrada�on due to the 
conversion of vegeta�on cover, the influence of climate change, 
which causes an increase in the intensity of extreme rainfall and 
temperature variability, as well as subop�mal water resource 
management.

Based on Table 10, the distribu�on of precipita�on levels per 
district was rela�vely uniform, with an average of between 50 
and 60 mm per day. However, there were striking differences in 
several areas, such as in Long Ikis and Long Kali districts, which 
recorded the highest precipita�on levels of up to 71.8 mm per 
day. In comparison, Samarinda Kota district had the lowest value 

Figure 22. Annual Precipita�on Between 2015 and 2023
Source: Sta�s�cal analysis, 2025
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Table 10. Maximum Precipita�on by District

District Regency/City Max Precipita�on 
(mm/day)

Source: Sta�s�cal analysis, 2025

Anggana
Babulu
Balikpapan Barat
Balikpapan Kota
Balikpapan Selatan
Balikpapan Tengah
Balikpapan Timur
Balikpapan Utara
Batu Sopang
Bongan
Gunung Purei
Kota Bangun
Loa Janan
Loa Janan Ilir
Loa Kulu
Long Ikis
Long Kali
Muara Badak
Muara Jawa
Muara Komam
Muara Muntai
Palaran
Penajam
Samarinda Ilir
Samarinda Kota
Samarinda Seberang
Samarinda Ulu
Samarinda Utara
Samboja

Kutai Kartanegara
Penajam Paser Utara
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Paser
Kutai Barat
Barito Utara
Kutai Kartanegara
Kutai Kartanegara
Samarinda
Kutai Kartanegara
Paser
Paser
Kutai Kartanegara
Kutai Kartanegara
Paser
Kutai Kartanegara
Samarinda
Penajam Paser Utara
Samarinda
Samarinda
Samarinda
Samarinda
Samarinda
Kutai Kartanegara

55.6
55.6
65.2
70.8
70.8
70.8
67.2
70.8
63.7
59.4
52.3
57.3
56.1
51.2
58.2
71.8
71.8
52.6
70.7
63.7
53.7
59.2
59.7
59.2
43.4
45.6
59.2
59.2
65.1

Sambutan
Sanga-Sanga
Sepaku
Siluq Ngurai
Sungai Kunjang
Sungai Pinang

Samarinda
Kutai Kartanegara
Penajam Paser Utara
Kutai Barat
Samarinda
Samarinda

59.2
70.7
59.6
47.6
43.4
45.6
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indirectly shows a reduc�on in the ability to absorb and store 
rainwater. This phenomenon is closely related to various 
environmental factors, including land degrada�on due to the 
conversion of vegeta�on cover, the influence of climate change, 
which causes an increase in the intensity of extreme rainfall and 
temperature variability, as well as subop�mal water resource 
management.

Based on Table 10, the distribu�on of precipita�on levels per 
district was rela�vely uniform, with an average of between 50 
and 60 mm per day. However, there were striking differences in 
several areas, such as in Long Ikis and Long Kali districts, which 
recorded the highest precipita�on levels of up to 71.8 mm per 
day. In comparison, Samarinda Kota district had the lowest value 

Figure 22. Annual Precipita�on Between 2015 and 2023
Source: Sta�s�cal analysis, 2025
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Table 10. Maximum Precipita�on by District

District Regency/City Max Precipita�on 
(mm/day)

Source: Sta�s�cal analysis, 2025

Anggana
Babulu
Balikpapan Barat
Balikpapan Kota
Balikpapan Selatan
Balikpapan Tengah
Balikpapan Timur
Balikpapan Utara
Batu Sopang
Bongan
Gunung Purei
Kota Bangun
Loa Janan
Loa Janan Ilir
Loa Kulu
Long Ikis
Long Kali
Muara Badak
Muara Jawa
Muara Komam
Muara Muntai
Palaran
Penajam
Samarinda Ilir
Samarinda Kota
Samarinda Seberang
Samarinda Ulu
Samarinda Utara
Samboja

Kutai Kartanegara
Penajam Paser Utara
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Balikpapan
Paser
Kutai Barat
Barito Utara
Kutai Kartanegara
Kutai Kartanegara
Samarinda
Kutai Kartanegara
Paser
Paser
Kutai Kartanegara
Kutai Kartanegara
Paser
Kutai Kartanegara
Samarinda
Penajam Paser Utara
Samarinda
Samarinda
Samarinda
Samarinda
Samarinda
Kutai Kartanegara

55.6
55.6
65.2
70.8
70.8
70.8
67.2
70.8
63.7
59.4
52.3
57.3
56.1
51.2
58.2
71.8
71.8
52.6
70.7
63.7
53.7
59.2
59.7
59.2
43.4
45.6
59.2
59.2
65.1

Sambutan
Sanga-Sanga
Sepaku
Siluq Ngurai
Sungai Kunjang
Sungai Pinang

Samarinda
Kutai Kartanegara
Penajam Paser Utara
Kutai Barat
Samarinda
Samarinda

59.2
70.7
59.6
47.6
43.4
45.6

123



of 43.4 mm per day. The difference can be 
a�ributed to geographical factors, local 
topography, and microclimate varia�ons 
influenced by wind pa�erns, air humidity, and 
local land cover (Dinku et al., 2018). This 
condi�on shows that although the rainfall 
pa�ern is quite uniform, local varia�ons may 
cause different levels of flood risk between 
areas.

7.2.3 Land cover 
Land cover is one of the main factors 

influenc ing  flooding  due  to  the  c lose 
rela�onship with surface flow and soil 
permeability. Different land cover types directly 
affect the speed and volume of water flowing 
towards drainage channels or rivers, as well as 
the volume of rainwater absorbed by the soil 
and stored in the ecosystem. Nie et al. (2011) 
stated that watersheds provide different 
hydrological responses depending on the land 
cover. Land with natural cover or dominated by 
vegeta�on, such as secondary forests and 
industrial planta�ons, tends to have higher 
permeability. This enables more op�mal 
absorp�on of rainwater, slows down surface 
flow, and reduces the risk of flooding. In 
contrast, urban land dominated by imper-
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Figure 23. Spa�al Distribu�on of Land Use/ Land Cover
Source: Spa�al analysis, 2025
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meable surfaces such as concrete and asphalt has a large surface 
flow coefficient.
 Consequently, rainwater quickly flows into the drainage system, 
significantly increasing the risk of flooding (Suriya & Mudgal, 
2012). 

The development of the new Indonesian capital city will 
directly impact the increase in urbaniza�on, specifically in the 
Central Government Core Area (KIPP). Based on assessment 
using Landsat 8 imagery in 2023, land cover in the river basin 
around the KIPP area is dominated by vegeta�on cover such as 
industrial planta�on forests and secondary forests, which have 
an important role in regula�ng water flow and maintaining 
hydrological balance.

Figure 23 shows that the land cover condi�ons area is very 
diverse, reflec�ng the complexity of spa�al use influenced by 
various ecological and socio-economic func�ons. The main types 
of land cover iden�fied include annual crops, bareland and rock, 
build-up area, industrial �mber planta�on, mangrove, mining, 
oil palm, paddy field, ponds, secondary forest, shrubs, and water 
bodies. The diversity of land cover shows a combina�on of 
conserva�on, produc�on, and se�lement func�ons, which 
directly affect surface water flow pa�erns, infiltra�on capacity, 
and poten�al flood risks in each area. Differences in land cover 
characteris�cs between districts also show that each area has a 
unique spa�al u�liza�on pa�ern consistent with geographical 
condi�ons and spa�al func�ons.

Table 11 shows that several types of land cover contribute 
significantly to increasing flood poten�al, including:
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meable surfaces such as concrete and asphalt has a large surface 
flow coefficient.
 Consequently, rainwater quickly flows into the drainage system, 
significantly increasing the risk of flooding (Suriya & Mudgal, 
2012). 

The development of the new Indonesian capital city will 
directly impact the increase in urbaniza�on, specifically in the 
Central Government Core Area (KIPP). Based on assessment 
using Landsat 8 imagery in 2023, land cover in the river basin 
around the KIPP area is dominated by vegeta�on cover such as 
industrial planta�on forests and secondary forests, which have 
an important role in regula�ng water flow and maintaining 
hydrological balance.

Figure 23 shows that the land cover condi�ons area is very 
diverse, reflec�ng the complexity of spa�al use influenced by 
various ecological and socio-economic func�ons. The main types 
of land cover iden�fied include annual crops, bareland and rock, 
build-up area, industrial �mber planta�on, mangrove, mining, 
oil palm, paddy field, ponds, secondary forest, shrubs, and water 
bodies. The diversity of land cover shows a combina�on of 
conserva�on, produc�on, and se�lement func�ons, which 
directly affect surface water flow pa�erns, infiltra�on capacity, 
and poten�al flood risks in each area. Differences in land cover 
characteris�cs between districts also show that each area has a 
unique spa�al u�liza�on pa�ern consistent with geographical 
condi�ons and spa�al func�ons.

Table 11 shows that several types of land cover contribute 
significantly to increasing flood poten�al, including:
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7 0 93 3 74 (a) Bareland and rocks, which usually have low soil moisture and 
water absorp�on capacity, as well as trigger high surface 
runoff when it rains. This condi�on is common on hard and 
less vegetated land surfaces, which cannot absorb water 
op�mally. 

(b) Build-up area, include residen�al areas, roads, and buildings, 
whose surfaces are impermeable, thereby inhibi�ng water 
infiltra�on into the soil and causing increased surface flow.

(c) Mining areas, naturally have degraded soil, o�en lose a 
covering vegeta�on layer, and have dense or damaged soil 
structures, which reduces water absorp�on capacity. 

(d) Water bodies, although this area does not directly absorb 
water, the existence of lakes, swamps, or rivers influences the 
flow pa�erns and acts as a place to collect surface water 
runoff.
In general, bare land and rocks, developed land, and mining 

areas have dry soil characteris�cs and low water absorp�on, 
specifically during the dry season. The dry soil o�en results in 
increased surface runoff, due to the reduced capacity of the soil 
to absorb water, thereby eleva�ng the risk of flooding (J. Zhao et 
al., 2022). This phenomenon is par�cularly prevalent in urban 
and semi-urban areas, where land use change is rapid and 
massive, worsening the risk of flooding (Nie et al., 2011; Zhou et 
al., 2019). Therefore, land cover management and increasing the 
cover of water-absorbing vegeta�on are cri�cal to reduce flood 
risk in the IKN area and beyond.
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7 0 93 3 74 (a) Bareland and rocks, which usually have low soil moisture and 
water absorp�on capacity, as well as trigger high surface 
runoff when it rains. This condi�on is common on hard and 
less vegetated land surfaces, which cannot absorb water 
op�mally. 

(b) Build-up area, include residen�al areas, roads, and buildings, 
whose surfaces are impermeable, thereby inhibi�ng water 
infiltra�on into the soil and causing increased surface flow.

(c) Mining areas, naturally have degraded soil, o�en lose a 
covering vegeta�on layer, and have dense or damaged soil 
structures, which reduces water absorp�on capacity. 

(d) Water bodies, although this area does not directly absorb 
water, the existence of lakes, swamps, or rivers influences the 
flow pa�erns and acts as a place to collect surface water 
runoff.
In general, bare land and rocks, developed land, and mining 

areas have dry soil characteris�cs and low water absorp�on, 
specifically during the dry season. The dry soil o�en results in 
increased surface runoff, due to the reduced capacity of the soil 
to absorb water, thereby eleva�ng the risk of flooding (J. Zhao et 
al., 2022). This phenomenon is par�cularly prevalent in urban 
and semi-urban areas, where land use change is rapid and 
massive, worsening the risk of flooding (Nie et al., 2011; Zhou et 
al., 2019). Therefore, land cover management and increasing the 
cover of water-absorbing vegeta�on are cri�cal to reduce flood 
risk in the IKN area and beyond.
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Alterna�ve Risk 
Management 
Strategies8

Degraded Forest in Sepaku
Photo credit: Relissiana

East Kalimantan is a province with a high 
level of risk of hydrometeorological disaster, 
specifically forest fire and flood. Factors such 
a s  c h a n ge s  i n  l a n d  u s e ,  e co syste m 
degrada�on, and global climate change are 
deteriora�ng the intensity and frequency of 
disaster. Therefore, a science-based approach 
is needed in designing effec�ve mi�ga�on 
and adapta�on. Risk management-based 
alterna�ves are crucial in spa�al planning and 
environmental policies by considering various 
approaches that have been implemented at 
the na�onal and interna�onal levels. Several 
alterna�ves can be used to mi�gate the risk of 
natural disaster in the form of forest fire and 
flood, which are explained as follows.

8.1 Nusantara Net Zero Strategy 2045
The strategy document “Nusantara Net 

Zero Strategy 2045”, published by the Deputy 
for Environment and Natural Resources of the 
Indonesian Capital City Authority in 2023, 
outlines a comprehensive framework for 
achieving net-zero emissions in the new 
capital city. One of the strategies discussed is 
fire and flood risk management designed to 
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strengthen climate resilience in IKN through a policy-based 
approach, technology, and stakeholder par�cipa�on. In rela�on 
to the loca�on of the IKN in East Kalimantan, this strategy is very 
relevant considering the ecological characteris�cs, which 
include extensive forest cover, poten�al for forest and land fire, 
and the threat of flooding due to high rainfall and changes in land 
use. Developing IKN as a forest-based city requires an effec�ve 
mi�ga�on and adapta�on system to ensure the environment is 
maintained and disaster risks are minimized.

In terms of fire risk management, the Nusantara Net Zero 
Strategy 2045 iden�fies various preven�ve and responsive 
approaches in line with the ecological condi�ons of East 
Kalimantan. Historically, the province is prone to forest fire, 
specifically in the dry season, due to natural factors and human 
ac�vi�es such as land clearing for agriculture and planta�ons. 
Therefore, the strategies implemented include local regula�ons 
and policies specifically for fire preven�on, developing technical 
guidelines and mi�ga�on protocols, as well as increasing public 
awareness through educa�on and training. Fire risk monitoring 
can be implemented using technology-based indicators 
connected to a digital pla�orm for early detec�on and rapid 
response. In addi�on, procurement of firefigh�ng equipment, 
establishment of firefigh�ng units, as well as sufficient budget 
alloca�on, are part of the strategy to ensure opera�onal 
readiness in dealing with the threat of forest fire.

Flood risk management within the strategy places a strong 
emphasis on nature-based solu�ons, which are par�cularly 

132

appropriate given East Kalimantan ecological context, 
characterized by a vast swamp ecosystem, tropical rainforest, 
and river basin. Key strategies include reforesta�on and 
preserva�on of green areas as well as wetlands, to increase 
rainwater infiltra�on capacity and reduce the risk of flooding due 
to land conversion in the development of the IKN. Developing an 
early warning system that includes monitoring water discharge, 
detec�ng signs of risk, and preparing emergency ac�on plans is 
an integral part of the smart city concept. These strategies also 
underscore the importance of integra�ng climate change issues 
into spa�al planning to ensure urban expansion remains 
consistent with environmental carrying capacity. Moreover, 
community capacity in disaster preparedness can be increased 
through an inclusive approach that comprises local communi�es 
and related stakeholders. This approach includes efforts to 
mi�gate drought risk with the development of an integrated and 
sustainable water supply system.

All of these strategies are consistent with the vision of 
developing IKN as a modern city resilient to climate change. 
Considering the ecological condi�ons of East Kalimantan, the 
proposed fire and flood mi�ga�on strategies focus not only on 
protec�ng urban infrastructure but also on environmental 
sustainability and the welfare of local communi�es. The 
successful implementa�on of this strategy will depend greatly on 
the effec�veness of coordina�on between ins�tu�ons, the 
readiness of suppor�ng infrastructure, and the commitment to 
adequate funding alloca�on.
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8.2 Zero Burning  
Zero-burning is a land management method that does not use 

open-burning to clear the remaining logging results (Nugroho, 
2012). This concept is implemented as part of the forest and land 
fire control policy (Rahmat & Fadli, 2016), specifically in the Zero 
Burning Policy, which prohibits land clearing by burning. This 
policy has been adopted in the ASEAN Agreement on 
Transboundary Haze Pollu�on (AATHP), a regional agreement to 
prevent transboundary haze pollu�on due to forest fire. 
Although the agreement became official on November 25, 2003, 
Indonesia did not ra�fy and implement it un�l 2014, through Law 
No. 26 of 2014. Before the agreement, Indonesia had already 
enforced a prohibi�on on open burning under Ar�cle 69, 
paragraph (1), point (h), and paragraph (2) of Law No. 32 of 2009 
on Environmental Protec�on and Management (UU PPLH).

East Kalimantan is one of the areas with the highest risk of 
forest and land fire due to a combina�on of many factors. 
Although many forest and land fire are triggered by land clearing 
through burning, other factors, such as dry climate pa�erns due 
to the El Niño phenomenon, flammable peat soil condi�ons, and 
strong winds that accelerate the spread of fire, all exacerbate the 
frequency and intensity of these events. Human negligence, 
such as the uncontrolled use of fire in open land, also 
deteriorates the situa�on. In this case, the applica�on of the zero 
burning method is important to reduce the risk of fire and the 
impact on the environment and economic aspect (Hanafi, 2023). 
The development of IKN in East Kalimantan is also a factor that 
must be considered when implemen�ng the zero-burning 
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method. As a large-scale project that requires infrastructure 
development, significant land clearing cannot be avoided. 
Therefore, implemen�ng the zero-burning method is crucial to 
prevent poten�al fire that can disrupt the development process 
and damage the surrounding ecosystem. Given that IKN is 
designed as a green and sustainable city, environmentally 
friendly land management policies must be a top priority to 
ensure the vision of this future city can be realized without 
sacrificing ecological balance.

The main advantage of the zero-burning method is the 
poten�al to reduce greenhouse gas emissions resul�ng from 
biomass burning (Dwijanarko et al., 2020). In addi�on, this 
method also helps to preserve ecosystem balance by 
maintaining carbon content in the soil and nutrients usually lost 
due to land burning (Juo & Manu, 1996; Nugroho, 2019). 
Ecologically, zero burning can increase the capacity of the soil to 
absorb and retain water, minimizing land degrada�on that o�en 
occurs in areas with frequent fire (Pantami et al., 2010; Putra, 
2021). Another benefit is maintaining the popula�on of 
microorganisms in the soil, which play an important role in 
preserving land fer�lity and suppor�ng tree growth (Adeniyi, 
2010). Despite the several environmental benefits, the 
implementa�on faces some challenges, par�cularly in East 
Kalimantan. One of the most significant challenges is the 
increased risk of disease a�acks on plants, such as White Root 
Fungus (Rigidoporus microporus), which can a�ack planta�on 
commodi�es such as rubber and oil palm when the remaining 
biomass is not decomposed immediately (Nugroho, 2019). 
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Moreover, this method takes a longer �me to decompose the 
falling residues. Land prepara�on also becomes more difficult 
due to the pile of remaining biomass, making it less prac�cal and 
requiring higher opera�onal costs (Dwijanarko et al., 2020). 

8.3 Blue Green Infrastructure (BGI)
The ar�cle "Blue-Green Infrastructure: An Eco-Friendly Route 

to Development" published by The Constructor (2024), 
describes Blue-Green Infrastructure (BGI) as a nature-based 
approach in urban planning that integrates water aspects (blue), 
including rainwater management, sustainable drainage systems, 
and water resource conserva�on, with vegeta�on aspects 
(green), comprising green infrastructure. The objec�ve is to 
increase resilience toward environmental risks, namely flooding 
and climate change. This concept includes various elements, 
such as rain gardens, green roofs, reten�on ponds, and natural 
drainage systems designed to manage water more sustainably 
and reduce surface runoff (O'Donnell et al., 2017). BGI is 
recognized as an effec�ve method in flood mi�ga�on in urban 
areas. Several ci�es, such as Samarinda, Balikpapan, Bandung, 
and Semarang, have started to adopt this method. However, 
op�mizing the implementa�on remains a challenge, specifically 
due to the lack of integra�on in spa�al planning (Ariyaningsih et 
al., 2024). One of the main challenges is the limited resources 
and knowledge at the community level. When implemen�ng this 
strategy, the role of the government is very crucial in ensuring 
the effec�veness of flood management. The government needs 
to increase capacity in strategic planning, preparedness, 
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opera�onal management, and collabora�on with various par�es 
to support the sustainability of BGI.

Aside from regulatory and spa�al planning challenges, rapid 
urbaniza�on in Indonesia adds to the complexity of BGI 
implementa�on. Case studies from ci�es show that rapid 
urbaniza�on o�en hinders the effec�veness of BGI, both in 
terms of design, implementa�on, as well as maintenance of 
green and blue infrastructure. However, this condi�on also 
provides opportuni�es for the development of new strategies 
and program adjustments that are more appropriate to the 
various areas in Indonesia (Ariyaningsih et al., 2024). As an 
alterna�ve strategy in risk management, BGI contributes to 
reducing waterlogging by increasing natural infiltra�on capacity 
while reducing dependence on “grey” infrastructure that o�en 
requires high maintenance costs. The use of this strategy is 
gaining more a�en�on worldwide, specifically regarding the 
efforts to create ci�es that are more resilient to climate change. 
In addi�on to helping manage rainwater, BGI also has ecological 
and social benefits, such as improving air quality, reducing the 
urban heat island effect, improving aesthe�cs, and community 
well-being (Thorne et al., 2018). 

One example of BGI applica�on in urban areas is showed in a 
study by Nurhidaya�, (2022), which emphasized the 
effec�veness of permeable pavements as flood mi�ga�on 
measure. This type of pavement facilitates the direct infiltra�on 
of rainwater into the soil, reducing surface runoff and enhancing 
urban water management. The strategy is consistent with the 
BGI principle because it reduces waterlogging and also supports 
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improving groundwater quality and maintaining the balance of 
urban ecosystems. In addi�on, systems such as Rain Water 
Harves�ng (RWH) can be combined to maximize rainwater use 
and reduce pressure on conven�onal water resources (Kaur & 
Gupta, 2022; Mamangkey et al., 2021). The implementa�on of 
the BGI concept, including the use of permeable pavements, is 
very relevant for the East Kalimantan area, specifically with the 
presence of the IKN. Increasing infrastructure development and 
rapid urbaniza�on can poten�ally increase the risk of flooding 
due to reduced water catchment areas. Therefore, the BGI 
concept is a strategic solu�on in suppor�ng environmental 
sustainability in East Kalimantan. The success of implemen�ng 
this strategy relies on an understanding of local environmental 
condi�ons, including soil characteris�cs and rainfall pa�erns, as 
well as collabora�on between local governments, communi�es, 
and the private sector.

Globally, there is a growing shi� from tradi�onal grey infra-
structure toward more adap�ve and sustainable approaches, 
such as Water-Sensi�ve Urban Design (WSUD). Ci�es around the 
world are star�ng to implement a combina�on of green roofs, 
swales, reten�on ponds, and permeable surfaces to build more 
sustainable water management systems. This strategy not only 
addresses urban flooding but also offers co-benefits, including 
enhanced biodiversity, improved water conserva�on, and 
reduced carbon emissions (Fawzy et al., 2020). With increasing 
awareness about the impacts of climate change, governments 
and communi�es should adopt the BGI strategy as a long-term 
solu�on to building more resilient ci�es. In addi�on to stronger 
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regula�ons, educa�on and increased public awareness of BGI 
technology and sustainable urban planning prac�ces are also key 
factors in the successful implementa�on of this concept in 
Indonesia (Ariyaningsih et al., 2024). 

8.4 Ecohydrology and Eco-hydraulics Concept
A combina�on of natural and anthropogenic factors causes 

flood problems in East Kalimantan. Naturally, topographic 
condi�ons that vary from lowlands to hills and the presence of 
the Mahakam watershed make the area riskier for water 
accumula�on from rain runoff. High rainfall throughout the year 
and �des along the coast also worsen the poten�al for flooding. 
On the other hand, human ac�vi�es, including changes in the 
func�on of catchment areas, land clearing for planta�ons and 
industry, as well as deforesta�on in upstream areas, also 
nega�vely affect the hydrological cycle. The decline in forest area 
due to the expansion of oil palm planta�ons and coal mining 
ac�vi�es deteriorates the land capacity to absorb rainwater, 
increasing the frequency and intensity of flooding (Ramadhany, 
2023). Poorly managed drainage systems in major ci�es such as 
Samarinda, Balikpapan, and Bontang further contribute to 
severe flooding during intense rainfall (Mauliannur, 2013; Mot, 
2016; Pra�wi & Ndraha, 2018). 

Conven�onal flood management strategies generally focus 
on building drainage and embankment infrastructure, which are 
o�en temporary and tend to overlook ecological balance. 
Therefore, there is a growing need for more sustainable 
strategies, including the applica�on of ecohydrology and 
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ecohydraulics concepts as an innova�ve approach to water 
resource management. Ecohydrology is an innova�ve approach 
that combines ecological and hydrological aspects to manage 
water resources sustainably. This concept was first introduced at 
the Interna�onal Conference on Water and Environment in 
Dublin in 1992 and was further developed by UNESCO in the mid-
1990s. The main principle is to ensure a balance between the 
dynamics of biota and hydrology in the catchment area to 
address various environmental problems.

One concrete strategy in water resource management is to 
increase soil absorp�on capacity, ensuring that the availability 
and quality of groundwater are maintained. Subop�mal water 
absorp�on process leads to an increase in the risk of flooding. 
Theore�cally, green areas should cover 30-40% of the total area 
to support water absorp�on, but with the applica�on of wind-
based ecohydrology, it can be reduced to 10% (Soeprobowa�, 
2010). The ecohydrology approach has been applied in various 
areas, such as Semayan-Malintang, East Kalimantan, and in Lake 
Limboto, Gorontalo, which covers   562 hectares. Studies in these 
loca�ons show that the concept can effec�vely overcome the 
problems of sedimenta�on, flooding, and increase fisheries 
produc�vity (Pawitan, 2011). Since the 1980s, this concept has 
been developed by Zalewski et al. (1997) in Poland for 
agricultural areas and then adapted into sustainable urban 
planning. 
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8.5 Educa�on and Community Engagement
In the context of disaster events, the most cri�cal element 

assessed is not solely the func�onality of early warning systems 
or the robustness of physical infrastructure, but human 
preparedness. This refers to the capacity of individuals and 
communi�es to comprehend risks, respond appropriately, and 
support collec�ve safety. Effec�ve disaster mi�ga�on is 
fundamentally dependent on sustained educa�onal efforts that 
transcend genera�ons. In this regard, Disaster Risk Reduc�on 
(DRR) educa�on should be recognized not merely as a 
supplementary component of formal educa�on but a 
founda�onal pillar that contributes to long-term sustainable 
development and enhances societal resilience (Husniawa� et al., 
2023). 

Disaster have become an almost rou�ne aspect of life in 
Indonesian society. Although many community members 
possess adequate knowledge regarding disaster risks and 
mi�ga�on strategies, par�cularly in the context of flooding, 
ac�ve par�cipa�on during actual events o�en remains limited or 
unclear (Husniawa� et al., 2023). Fostering community 
par�cipa�on is crucial, not merely to posi�on communi�es as 
passive recipients of protec�on, but proac�ve agents in disaster 
preparedness. Community par�cipa�on is both irreplaceable 
and urgent. In every disaster scenario, the community is 
primarily impacted, and concurrently, the first to respond and 
assist others. Therefore, integra�ng the community into 
preparedness ac�vi�es, from disaster simula�ons and 
evacua�on training to community-based educa�onal forums, is 
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not only necessary but also absolute (Irwan & Nakoe, 2021). 
Indonesia s�ll faces major challenges in strengthening the 

culture of disaster preparedness. The weak integra�on of 
disaster educa�on into the formal educa�on system, low 
ins�tu�onal a�en�on to mi�ga�on, and minimal disaster 
management performance in many areas are significant 
challenges (S. P. Astu� et al., 2023). Well-designed schools can be 
the star�ng point for major changes, serving not only as a 
learning space but also for forming collec�ve awareness and 
transforming behavior. As a country that has ra�fied the Hyogo 
Framework, Indonesia is commi�ed to ins�lling a safety culture 
from an early age. In this regard, educa�onal ins�tu�ons play a 
strategic role. Schools, with broad reach and educa�onal 
func�ons, are the ideal medium for nurturing values, a�tudes, 
and skills in addressing disaster (Rahma, 2018). 

Effec�ve disaster educa�on must be able to bridge 
knowledge and ac�on between individual learning and social 
engagement. The focus is not only on informa�on, but also 
forming life skills, psychosocial resilience, and community 
solidarity. This has become the core of comprehensive DRR 
educa�on, producing ci�zens who are knowledgeable, 
responsive, and mo�vated (Tahmidaten & Krismanto, 2019). 
Educa�on and community engagement ul�mately support each 
other, forming a social ecosystem prepared to face risks, learn 
from the past, and together build a safer future.
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Conclusion9
Rainforest Serenity at Bukit Bangkirai
Photo credit: Stevie Nissauqodry 

In  conclus ion,  th is  book presents 
conceptual and applied founda�ons related 
to the importance of risk informa�on in area 
development. Risk informa�on serves as a 
collec�on of technical data on poten�al 
disaster and a strategic instrument that forms 
the basis for decision-making in disaster 
management and sustainable development 
p l a n n i n g .  F ro m  a  t e r m i n o l o g y  a n d 
philosophical point of view, informa�on is 
obtained from the process of interpre�ng 
data. In the context of disaster, informa�on is 
interpreted as a tool to form collec�ve 
awareness, guide mi�ga�on strategies, and 
strengthen the adap�ve capacity of the 
community.  By  understanding these 
conceptual roots, development actors can 
posi�on risk informa�on as an important 
pillar in resilient city design. Through the 
evolu�on of the global DRR paradigm, 
informa�on has witnessed a transforma�on 
from a technocra�c to a systemic and 
par�cipatory approach. In this context, 
developing the IKN as a na�onal strategic 
project suggests that risk informa�on needs 
to be a dynamic and ac�ve planning tool, 
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rather than simply a formal administra�ve document.
The reloca�on of capital city to East Kalimantan is an 

ambi�ous step for Indonesia in building an environmentally 
friendly and sustainable city of the future. However, one of the 
major challenges faced is the risk of natural disaster, specifically 
forest fire and flood. This book found that from a physical 
perspec�ve, the level of risk of forest fire was influenced by 
anthropogenic, climatological, and topographic factors. 
Meanwhile, the level of flood risk was influenced by aspects of 
rainfall, topography, and land cover. These aspects must be 
considered in planning the development of the IKN and 
surrounding areas.

This book presents various alterna�ve risk management 
strategies, including low-carbon development through Net Zero 
Nusantara 2045, and the elimina�on of land burning prac�ces 
(Zero Burning) to reduce the number of forest fire. In addi�on, 
the applica�on of blue-green infrastructure incorpora�ng 
natural elements, along with an ecohydrology approach that 
considers ecosystem balance, is necessary. This approach 
focuses on watershed management and the conserva�on of 
buffer vegeta�on to mi�gate flooding. Strengthening 
ins�tu�onal capacity and disaster educa�on within the 
community is also crucial. The risk management-based 
alterna�ves are crucial in spa�al planning and environmental 
policy.
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