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Abstract

Coastal regions face multifaceted challenges, primarily concerning susceptibility to
natural disasters and environmental degradation, compounded by the lack of integrated
terrestrial and marine spatial planning. This research aims to analyze the integration of disaster
mitigation-based land and sea spatial planning in Tanah Laut Regency, South Kalimantan,
utilizing both qualitative and quantitative approaches. The study focuses on the coastal areas of
Tanah Laut Regency, characterized by an extensive coastline divided into two distinct zones:
West and South. This study examines disaster potential within the coastal region by integrating
disaster risk analyses in terrestrial areas with the Coastal Vulnerability Index (CVI) in marine
areas. The findings indicate that Tanah Laut Regency exhibits a considerably high level of
disaster risk, both on land and in the sea. Protected areas, such as water bodies, mangrove
ecosystems, and protected forests, predominantly occupy regions with moderate to high
terrestrial disaster risk. Cultivated areas, particularly plantations, settlements, and food crops,
also occupy a significant portion of areas with moderate to high terrestrial disaster risk. This
research provides specific recommendations for each sub-district in Tanah Laut Regency, based
on disaster risk levels and coastal typologies. These recommendations include mangrove
restoration and conservation, relocation of settlements in disaster-prone zones, implementation
of disaster-resilient building codes, and development of community-based ecotourism.

Keywords: spatial planning, disaster mitigation, coastal regions, Tanah Laut Regency, Coastal
Vulnerability Index (CVI).

Introduction

Coastal regions constitute complex and dynamic ecosystems, playing a crucial role as
hubs of economic, social, and ecological activities [1]. Economically, these regions support
vital sectors such as fisheries, tourism, and maritime transportation [2]. Socially, they serve as
home to millions of residents and contribute to the preservation of community cultural heritage
[3]. Ecologically, coastal areas exhibit high biodiversity and provide essential ecosystem
services, including coastal protection, flood regulation, and carbon sequestration [4]. However,
their geographical positioning at the interface of land and sea renders them vulnerable to a
variety of natural disasters, such as abrasion, tidal flooding, tsunamis, and storms [5]. Tanah
Laut Regency, with its extensive 72 km coastline [6], faces significant challenges concerning



coastal disaster vulnerability, potentially leading to infrastructure damage, economic losses, and
even fatalities [7].

Spatial planning in the coastal region of Tanah Laut Regency faces challenges in
integrating terrestrial and marine aspects, thereby exacerbating vulnerability to disasters and
environmental degradation [8]. Land-use conversion in upstream areas, such as deforestation
for palm oil plantations, leads to increased erosion and sedimentation in coastal zones [9].
Excessive sedimentation results in the shallowing of river estuaries, creating transitional waters
(i.e., brackish zones blending freshwater and seawater) [10], mangrove ecosystem damage, and
heightened risks of tidal flooding [11]. Furthermore, infrastructure development in coastal
areas, including settlements and tourism facilities, often neglects disaster potential and
environmental carrying capacity [12]. This is evidenced by numerous infrastructure systems
and buildings erected in disaster-prone zones [13], such as along coastlines susceptible to
abrasion and tsunamis, thereby escalating the risk of damage and loss of life during disasters.

Given the vulnerability of coastal regions to natural disasters, the integration of disaster
mitigation into spatial planning is crucial for risk reduction and the promotion of sustainable
development [8]. A disaster mitigation approach not only focuses on post-disaster management,
such as evacuation and reconstruction, but also on prevention and risk reduction through
comprehensive spatial planning [14]. This includes the identification and mapping of hazard
zones, the establishment of protection zones like protected areas and coastal buffer zones, and
the implementation of disaster-resilient building standards [13]. By integrating disaster
mitigation into spatial planning, it becomes possible to minimize disaster-induced losses,
safeguard communities and valuable assets, and achieve resilient and sustainable coastal
regional development [15].

Tanah Laut Regency, with its extensive coastline and rich coastal ecosystems, serves as
a strategic location for examining the integration of disaster mitigation-based terrestrial and
marine spatial planning [6]. This region faces various challenges, including increased coastal
disaster risk, mangrove ecosystem degradation, and land-use conflicts [6]. Therefore, this study
aims to analyze the integration of disaster mitigation-based land and sea spatial planning in
Tanah Laut Regency, employing both qualitative and quantitative approaches. Primary data
were collected through field observations, and document reviews, while secondary data were
obtained from government statistics and scholarly literature. Data analysis involved policy
analysis, spatial analysis using Geographic Information Systems (GIS), and disaster
vulnerability assessments. The findings of this research are expected to provide
recommendations to local authorities for enhancing the effectiveness of integrated terrestrial
and marine spatial planning to reduce disaster risks and support sustainable development in

coastal regions.
While the integration of terrestrial and marine spatial planning has been extensively

discussed in the literature [16], studies that specifically analyze this integration with an
emphasis on disaster mitigation in Tanah Laut Regency remain limited. Most previous research
has focused on specific aspects such as coastal vulnerability [7], [17], [18] r coastal resource
management [3], [19], while comprehensive studies linking spatial planning [20], disaster



mitigation, and the specific characteristics of Tanah Laut Regency are lacking. Therefore, this
research offers novelty by conducting an in-depth analysis of the integration of disaster
mitigation-based terrestrial and marine spatial planning in Tanah Laut Regency, considering
local factors such as land-use patterns, physical coastal characteristics, and local government
policies. This study will also generate specific recommendations to enhance the resilience of
Tanah Laut Regency's coastal regions to disasters.

Methods

The study area is located in the coastal region of Tanah Laut Regency, South
Kalimantan, which features a coastline that forms a cape projecting into the Java Sea, thus
dividing it into two coastal zones: West and South. Tanah Laut Regency encompasses six
coastal sub-districts, namely Bumi Makmur, Kurau, Takisung, Panyipatan, Jorong, and Kintap,
as illustrated in Figure 2. The landward research boundary is defined by geomorphology
(landforms) that are still influenced by marine processes, while the seaward boundary extends
12 nautical miles from the coastline (based on Law No. 32 of 2014).

This study examines disaster potential in the coastal region by integrating terrestrial
disaster risk analyses with the Coastal Vulnerability Index (CVI) for marine areas. Data
collection was conducted through field surveys, secondary data analyses, and in-depth
interviews with community members [21]. The CVI assessment included parameters such as
geomorphology, beach slope, average tidal range, sea-level rise, abrasion and sedimentation
rates, average wave height, bathymetry, and land-use changes [22]. A spatial evaluation of
terrestrial and marine spatial plans was performed to identify their suitability concerning
disaster potential [18]. The integration analysis of terrestrial and marine spaces was conducted
through spatial analysis and qualitative descriptive methods.
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Oriented to the Indonesian context, specifically the coastal region of Tanah Laut
Regency, South Borneo, this research (August-November 2024) conducted an integrated



analysis of terrestrial and marine spaces using quantitative spatial methods and qualitative
descriptive approaches. This integration considered disaster risk levels [8], coastal typologies
[23], [24], and land and sea spatial pattern directives presented in a comparative table to
generate integration process recommendations [25]. he qualitative descriptive approach
facilitated an in-depth understanding of the characteristics and dynamics of Tanah Laut's coastal
regions [21], while the spatial analysis provided visualization and interpretation of spatial

patterns related to disaster potential and land use [26].
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This study analyzed disaster potential in Tanah Laut Regency by mapping terrestrial
disaster risks and coastal vulnerability (CVI) [22]. The disaster potential maps were overlaid
with the Regional Spatial Plan (RTRW) maps of Tanah Laut Regency and South Kalimantan
Province to evaluate and formulate the integration of terrestrial and marine spatial plans.
Terrestrial spatial evaluation considered existing land use/land utilization and zoning regulation
indicative directives, while marine spatial evaluation was based on marine spatial plan
directives with a space utilization inventory [27]. The integration of terrestrial and marine
spatial utilization plans was conducted descriptively based on previous case studies and related
regulations (Ministerial Regulation of Marine Affairs and Fisheries No. 28 of 2021, Ministerial
Regulation of Agrarian Affairs and Spatial Planning/National Land Agency No. 14 of 2021).
The overlay of terrestrial and marine spatial pattern maps and coastal vulnerability levels
resulted in spatial patterns that accommodated coastal disaster potential [28].



Results

Spatial analysis of Land Rights (HAT) vulnerability encompasses the following:
Ownership Rights (Hak Milik), which are heritable, strongest, and most complete land rights;
Cultivation Rights (Hak Guna Usaha or HGU), which are rights to cultivate state land for
agriculture, plantations, or livestock, with a 25-year term (renewable); Building Rights (HGB),
which are rights to erect/own buildings on non-owned land, with a 30-year term (renewable);
Usage Rights (Hak Pakai), which are rights to use/collect yields from state land or land owned
by others, with a term as per agreement or regulations; and Endowment Rights (Hak Wakaf),
which are rights to transfer owned land for social/religious purposes, valid indefinitely (Law
No. 5 of 1960; Law No. 41 of 2004; and Government Regulation No. 18 of 2021). Blank data
entries indicate data processing is ongoing by the National Land Agency.

The spatial analysis of Land Rights (HAT) vulnerability to tidal flooding in Tanah Laut
Regency reveals significant variations among sub-districts. The high number of affected HAT
in Panyipatan Sub-district corroborates research findings on the correlation between tidal flood
vulnerability and factors such as coastal morphology, land use, and population density [15].
Panyipatan's geographical conditions, characterized by predominantly low-lying plains and
settlement activities concentrated in coastal areas, amplify the potential impact of tidal flooding
[5], [29].

Variations in the number of affected Land Rights (HAT) across sub-districts indicate
differences in vulnerability levels and the effectiveness of mitigation strategies. Sub-districts
with lower numbers of affected HAT, such as Bati-Bati, Batu Ampar, and Tambang Ulang,
have likely implemented effective adaptation measures, such as the construction of flood
control infrastructure or spatial planning that considers disaster risks [26]. However, further
analysis is necessary to identify the specific factors influencing HAT vulnerability in each sub-
district.
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Gambar 3. Overlay of Land Rights Types Affected by Tidal Flood Disasters in Coastal
Areas of Tanah Laut Regency

The results of this study are divided based on the research objectives, namely the
potential for disasters in terrestrial spaces and marine spaces, prior to their integration. The
potential for coastal disasters (terrestrial spaces) was determined based on a study by the
Regional Development Planning Agency in 2021 regarding disaster risks to terrestrial spaces
and an analysis of the Coastal Vulnerability Index (CVI) for marine spaces, land-use changes,
and a potential matrix. Factors contributing to and impacts resulting from coastal disasters were
identified through field surveys and in-depth oral interviews with community and government
stakeholders in the study area (Table 1).

Based on the overlay analysis of marine and terrestrial spatial pattern plans with disaster
risks and coastal vulnerability in Tanah Laut Regency, South Kalimantan, several significant
conclusions can be drawn. Firstly, protected areas such as water bodies, mangrove ecosystems,
and protected forests dominate the land area in regions with moderate to high terrestrial disaster
risks. This indicates that these areas play a crucial role in mitigating natural disasters, such as
floods, landslides, and seawater intrusion [23]; Secondly, cultivated areas, particularly
plantations, settlements, and food crops, also occupy a significant land area in regions with
moderate to high terrestrial disaster risks. This suggests a potential conflict between economic
interests and conservation in the region [30]; Thirdly, within marine protected areas, there is a
trend that as coastal vulnerability increases, the area size decreases. This implies that the regions
most vulnerable to coastal disasters (abrasion, inundation) receive less protection. Fourthly,



capture fisheries dominate the land area in regions with very low coastal vulnerability. This

indicates that capture fishery activities tend to concentrate in areas relatively safe from coastal
disasters [19].

Table 1. Overlay of Marine and Terrestrial Spatial Plans with Disaster Risk and Coastal
Vulnerability Index (CVI)

Terrestrial Indeks
TERRESTRIAL AND MARINE SPATIAL | Disaster Risk Kerentanan
No (Ha) Pantai (Ha)
PLAN . . Very
High High High
Protected Areas
1 | Water Bodies 863,92 - -
2 | Mangrove Ecosystem Area 1.212,52 - -
3 | Protected Forest Area 17,62 - -
4 | Local Protection Area 647,97 - -
5 | Wildlife Reserve 1.930,52 - -
6 | Natural Tourism Park 1.373,32 - -
7 | Marine Conservation Reserve Area -| 782,17 | 1.371,92
Cultivation Areas
1 | Horticultural Area 6,45 - -
2 | Permanent Production Forest Area 4.235,20 - -
3 | Convertible Production Forest Area 11,39 - -
4 | Tourism Area 267,38 18,24 -
5 | Power Generation Area 12,33 - -
6 | Aquaculture Area 3.202,84 - -
7 | Capture Fisheries Area - | 834,02 174,10
8 | Plantation Area 19.718,99 - -
9 | Rural Settlement Area 1.773,76 - -
10 | Urban Settlement Area 3.618,10 - -
11 | Defense and Security Area 428,22 - -
12 | Industrial Zone 664,78 -
13 | Livestock Area 328,13 - -
14 | Food Crop Agriculture Area 23.610,53 - -
15 | Transportation Area 89,56 | 290,40 -

Source : Analysis Result 2024
Fifthly, industrial and livestock areas exhibit relatively small coverage compared to

other areas, in terms of both terrestrial disaster risk and coastal vulnerability. Sixthly, several

areas exhibit overlap between terrestrial disaster risks and coastal vulnerabilities, such as

plantations and settlements. This indicates the need for an integrated approach in managing

disaster risks in these regions. Seventhly, overall, this overlay analysis demonstrates that Tanah

Laut Regency experiences a considerably high level of disaster risk, both on land and in the sea.

Therefore, serious efforts are required to integrate terrestrial and marine spatial planning,

considering aspects of disaster mitigation and adaptation.

Increased land-use changes along watershed areas have rendered South Kalimantan,

particularly Tanah Laut Regency, highly vulnerable to flooding in terms of morphometry and




morphology. Flood disasters predominantly impact settlement, industrial, and agricultural
areas, necessitating spatial planning regulations and recommendations that accommodate
recurrent disasters and outline flood mitigation strategies in Tanah Laut Regency. For this study,
the researcher’s area of focus for risk analysis is limited to Cultivation Areas directly involving
human activity, specifically rural settlements, urban settlements, tourism areas, power
generation facilities, aquaculture areas, plantations, defense and security areas, industrial zones,
livestock areas, food crop areas, horticultural areas, and transportation areas (Table 1).

The determination of coastal disaster potential in the western and southern regions of
Tanah Laut Regency was conducted based on the Coastal Vulnerability Index. Areas exhibiting
coastal vulnerability potential include both protected and cultural areas. Within protected areas,
high coastal vulnerability potential is observed in marine conservation reserve zones (Table 1).
In cultural areas, coastal vulnerability risk is present in tourism areas, industrial zones, and
transportation areas. Based on the spatial analysis of terrestrial and marine Spatial Pattern Maps
concerning disaster risks and the Coastal Physical Vulnerability Index, tourism areas and
settlement activities are highly impacted, necessitating the development of zoning and spatial
pattern directives to mitigate the impact of tidal flooding (ROB) accompanied by high waves.

Figure 5 provides a visual representation of the zoning or regional division in Bumi
Makmur and Kurau Sub-districts. This map indicates that these regions possess diverse
functions and potentials, ranging from conservation to industrial areas. The dominant land uses
in these two sub-districts are fisheries and cultivated crops, followed by plantations and
settlements. Bumi Makmur and Kurau Sub-districts are among the most severely affected areas
(Figure 5). Based on the map and observed events, the proposed spatial patterns for marine and
terrestrial areas include Marine Conservation Reserve Zones and mangrove ecosystems,
adjusted to the muddy coastal conditions. Consequently, suitable mangrove species for muddy
areas, such as Rhizophora mucronata and Avicennia marina, are recommended, as they thrive
in these soil types [31]. Terrestrial areas are predominantly used for agriculture, with
settlements located along collector and local sub-district roads, necessitating the planning of
evacuation routes and sites. Spatial patterns in disaster-affected areas require specific
arrangements based on high disaster risk levels.

The coastal region of Takisung Sub-district (Figure 6) encompasses diverse functions,
ranging from protected areas such as protected forests and conservation zones to productive
areas like agriculture, plantations, and fisheries. The dominant land uses are fisheries,
agriculture, and plantations. This region falls under a high disaster risk category, characterized
by shoreline changes and proximity to settlements with sandy beaches. Consequently, the
addition of marine spatial patterns, specifically Marine Conservation Reserve Zones and Local
Protection (Coastal Buffer Zones), is recommended to regulate and restrict land-use permits
along the coast. For tourism areas, spatial planning can involve community participation in the
development of tourism spaces during planning and implementation. Community involvement
fosters a sense of ownership and responsibility for sustainable resource management and
ensures successful tourism management [32], [33].



Panyipatan Sub-district (Figure 7), based on the map, indicates areas prone to flooding
and tidal inundation, yet it exhibits very low coastal vulnerability. This suggests that spatial
planning must consider natural factors such as topography and hydrology. Figure 5 reveals that
the dominant terrestrial spatial plan comprises Production Forest Areas, Natural Tourism Parks,
wildlife reserves, and marine areas designated for general capture fisheries. A religious tourism
site, Datuk Island (Pulau Datu Pamulutan), is a small island located near Batakan Beach in
Tanjung Dewa village, Panyipatan Sub-district, Tanah Laut, South Kalimantan. The island is
named “Pulau Datuk” due to the presence of a datuk (sunan/Islamic propagator) tomb, known
as “Datuk Pamulutan”.

The dominant land uses in Jorong Sub-district (Figure 8) include fisheries,
transportation, and plantations. In this area, disaster-prone regions are predominantly located in
estuary and riverbank areas, while the coastal vulnerability index remains in the low to moderate
category. The dominant terrestrial spatial arrangement is Jorong Industrial Zone, with the
existing Jorong Collector Port, and the marine spatial pattern comprises Capture Fisheries Areas
and transportation route areas for port and specialized coal terminals. The coastal region of
Jorong Sub-district features sandy beaches and high slopes, resulting in low risk of tidal
flooding (ROB).

Given the dominance of industrial activities and coal port operations in Jorong Sub-
district, the development of comprehensive zoning regulations for both terrestrial and marine
spaces is essential. Although terrestrial spatial planning has considered disaster-prone areas,
particularly flood risks, with measures such as early warning systems, drainage improvements,
reservoir construction, and evacuation route provisions, disaster vulnerability aspects in marine
spaces have not been specifically regulated.

In Kintap Sub-district (Figure 9), areas prone to high tidal flooding (ROB)
predominantly occur within the terrestrial spatial patterns of Mangrove Ecosystem Zones and
Aquaculture Areas. The coastal vulnerability, influenced by marine factors, falls into the low
to moderate category. Consequently, zoning regulations for Mangrove Ecosystem Zones are
not applied, as they fall within protected areas (Mahmud, et al., 2015). However, zoning
regulations for Aquaculture Areas are implemented as specific provisions for high disaster-
prone regions. Based on the conducted analyses, a map integrating terrestrial and marine spaces

has been developed, as depicted in Figure 10.

Tourism Area
B Proposed Marine Conservation Area

B Fisheries Area
B Transportation Area
Disaster Risk

Water Area
Bl Mangrove Ecosystem Area

M Local Protection Area
Rural Settlement Area
Urban Settlement Area

B Defence and Security Area

—
Figure 5. Integrated Terrestrial and Marine Figure 6. Integrated Terrestrial and Marine
Spatial Plan of Bumi Makmur dan Kurau Sub- Spatial Plan of Takisung Sub-district

district



Tourism Area
B Proposed Marine Conservation Area
I Fisheries Area
[ Defence and Security Area
Disaster Risk
Water Area
I Mangrove Ecosystem Area
Il Conservation Forest Area
B Permanent Production Forest Area
Tourism Area
I Plantation Area
I Local Protection Area
I Rural Settlement Area
I Urban Settlement Area
Food Crop Area
B Wildiife Reserve
Natural Tourism Park

Figure 7. Integrated Terrestrial and Marine

Spatial Plan of Panyipatan Sub-district

Tourism Area
B Fisheries Area
I Transportation Area
Disaster Risk
Water Area
I Mangrove Ecosystem Area
[ Permanent Production Forest Area
[0 Convertible Production Forest Area
Tourism Area
I Aquaculture Area
I Plantation Area
B Local Protection Area
[ Rural Settlement Area
[ Urban Settlement Area
Food Crop Area
B Transportation Area

Figure 9. Integrated T

Tourism Area
I Proposed Marine Conservation Area
B Fisheries Area
I oustrial Area
W Transportation Area
Disaster Risk
Water Area
I Mangrove Ecosystem Area
I permanent Production Forest Area
I convertible Production Forest Area
Tourism Area
B Power Generation Area
I aquacuture Area
B Plantation Area
B Local Protection Area
BN Rural Settlement Area
B urban Settlement Area
W ncustrial Area
Food Crop Area
W 1ransportation Area
B widife Reserve

Figure 8. Integrated Terrestrial and Marine

Spatial Plan of Jorong Sub-district

Scale 1:350.000

12

A T—
e ———r—

LOCATION DIAGRAM

Transverse Mercartor

dan Gid UTM
Datum WGS 1984 (DWGS-84)
Meter

©0s

errestrial and Marine Spatial Plan of Kintap Sub-district.

w0 0 s 20 ) i
— : ar
7 7 b =S = =
/. esmokuaarecency | ¢ LEGEND LAND USE SPATIAL PLAN W Peson s
i i i ARy ciry] "OWNSTRATVECAPTAL  RESEARCH AREA BOUNDARY LINE WaterAa S tconlPrbsctidma'
i H BAMIARIAR) O3 PR By W Margrove Ecosystem Area B Rusi Seterent Area
F 3 Hortcultssl Ares I Urben Setdemert Ares:
,.' ROADS COASTAL VULNERABILITY INDEX B Conservtin Forest Aves M Osferce and Securty Ama
] — Vv Roats e Lov M Permscect Producton Forest ivea [ i
~———  Prownce Roads ™ N Converible Production Forest Aves Lhmateck sa
E \WATER AREA  Medun Toursm Ao Fout Crap Ares g
e pesd W Pover Generation Ares. S Fewsoianiree
e - oo e - e Fasene
Naturai Toursm Pas
TANAH BUMBU REGENCY
Sese 1350000
LOCATION DIAGRAM
' ’1 :
i ~ . = I|I§
. JAVA SEA ==} :
Proscion Trrewne Mcarer
Syem G G Geogray 6 G
Dot s WGS 1504 (DNGS-30
Mt Syshen e
B 2 Zoon @
T . L
i Tore e T TR T

Figure 10. Integrated Spatial Plan Map of Terrestrial and Marine Areas in Tanah Laut
Regency



Figure 10 illustrates the interaction between terrestrial and marine spaces in Tanah Laut
Regency. Zonal delineation reflects varying functional divisions, and the map depicts how these
zones interact, particularly in coastal areas. For instance, fishery zones are generally adjacent
to coastlines, while forest areas often serve as buffer zones between land and sea. The map also
indicates potential natural resources both on land and in the sea. In terms of spatial planning,
the map demonstrates local government efforts to integrate terrestrial and marine spatial
planning. This integration is crucial for maintaining ecosystem balance and preventing land-
use conflicts.

Based on the initial hypothesis, the integration process of terrestrial and marine spaces
must align and mutually support each other in planning, ensuring no contradictions exist. As a
recommendation, in Bumi Makmur, Kurau, and Takisung Sub-districts, which exhibit high
disaster risks both from marine and terrestrial sources, the dominant land-use directive is
Cultivation activities, specifically Food Crop Agriculture Areas and Settlement Areas,
necessitating regulations for terrestrial space utilization. To safeguard and mitigate disasters in
terrestrial spaces, marine spatial directives recommend designating these areas as protected
Marine Conservation Reserve Zones, which include maintaining the sustainability of mangrove
areas [34].

The integration of terrestrial and marine space utilization (Figure 10) with high disaster
risk areas as protected zones in Takisung and Panyipatan Sub-districts, including Mangrove
Ecosystem Zones, Local Protection Areas, and Marine Conservation Reserve Zones,
necessitates regulatory measures to ensure space utilization remains intact and land-use
conversion does not harm coastal ecosystems. The integration of high disaster risk cultivation
areas in Jorong and Kintap Sub-districts requires zoning regulations and permit conditions that
consider building intensity in disaster adaptation, such as mandatory building height
requirements.

The integration of terrestrial and marine spaces in each sub-district within the study area
is summarized in Table 2. Recommendations concerning spatial pattern directives for both
terrestrial and marine areas are detailed for each sub-district, based on their respective coastal
typologies. According to Table 2, sub-districts with very high coastal vulnerability are Bumi
Makmur and Kurau. These two sub-districts also exhibit high terrestrial disaster risks,
influenced by their fluvial plain coastal typology. Consequently, appropriate recommendations
include mangrove planting, where soil type and species characteristics are crucial factors for
successful mangrove ecosystem restoration. Rhizophora spp., such as Rhizophora mucronata
and Rhizophora apiculata, are generally suitable for planting on muddy or sandy-mud
substrates in the lower intertidal zone, which is inundated during high tide. [35], [36]. Reef ball
techniques can enhance planting success in areas with soft substrates and strong currents, as
their concrete structures provide protection and stability for mangrove seedlings [37]. Early
warning systems play a vital role in reducing disaster risks and informing communities about
the potential for tidal flooding, enabling them to take preventive measures. Understanding tidal
cycles based on local wisdom and community experience is also crucial for adaptation and
disaster mitigation in coastal regions. Integrating scientific knowledge and local wisdom in



mangrove management can enhance the resilience of ecosystems and coastal communities to
climate change and natural disasters [38].

Panyipatan Sub-district exhibits very low coastal vulnerability risk, despite its protected
areas facing a high potential for terrestrial disasters. Recommendations for this region include
constructing seawalls or revetments composed of stacked stones, gabions, or riprap. This
measure is crucial considering that coastal regions also serve as strategic development areas,
providing numerous livelihood resources such as agriculture, fishponds, capture fisheries,
mining, and other resource extraction activities [39], [40]. Research conducted by Mujio [20]
has yielded similar conclusions regarding the integration of terrestrial and marine spaces. Mujio
suggests that the most applicable scenario optimizes coastal resource management while
preserving the coastal environment, aiming to allocate 75% of conservation features
(mangroves, coral reefs, and seagrass beds) for conservation purposes.

Discussion

Table 2 demonstrates that Tanah Laut Regency encompasses diverse coastal typologies,
ranging from fluvial plains to rocky shores, each possessing distinct characteristics and levels
of vulnerability to disasters. Terrestrial and marine spatial planning directives in Tanah Laut
Regency are based on disaster risk levels and these coastal typologies. Recommendations
include mangrove restoration and conservation, relocation of settlements in disaster-prone
zones, implementation of disaster-resilient building codes, and development of community-
based ecotourism. Furthermore, detailed mapping, establishment of protection zones, and
periodic environmental monitoring are also recommended. In the fisheries sector, implementing
catch quota systems, fishing gear regulations, and developing sustainable aquaculture are
advised. For the agricultural sector, sustainable farming practices and crop diversification are
recommended. In the industrial sector, developing integrated industrial zones with proper waste
management and clean technology implementation is suggested. For the tourism sector,
promoting community-based ecotourism with a sustainable approach and environmental
conservation considerations is recommended. Overall, these recommendations aim to achieve
sustainable development in Tanah Laut Regency, based on disaster risk mitigation and
environmental preservation.

Table 2. Recommendations for the Integration of Marine and Terrestrial Spatial Planning
Directives Based on Disaster Risk Levels and Coastal Typologies in Each Coastal Sub-district

of Tanah Laut Regency.
Location, Disaster |Marine Spatial Terrestrial
Level, and Coastal Plan Spatial Plan Recommendations
Typology Directives Directives

Bumi Makmur; eMarine eMangrove eMangrove restoration and
Disaster Risk: High;| Conservation | Ecosystem Area; | conservation with community
CVI:  Very High;| Reserve; eLocal Protection | involvement.
Coastal Typology:|eCapture (Coastal Buffer |eEstablishment of core zones,
Fluvial Plain (Muddy| Fisheries Area | Zone); limited use zones, and
Coast) intensive use zones.




Location, Disaster |Marine Spatial Terrestrial
Level, and Coastal Plan Spatial Plan Recommendations
Typology Directives Directives
eSettlement Area; [@Development of sustainable
Agriculture Area; | mangrove-based ecotourism.
e Aquaculture Area [#Delineation of local protection
(directed towards | zones based on vulnerability
special provisions | levels and ecological value.
for high disaster |eStrict law enforcement against
risk areas) violations in protection zones.
ePeriodic monitoring of
environmental conditions and
biodiversity.
Kurau eMarine eMangrove eRelocation of settlements in
Disaster Risk: High;| Conservation | Ecosystem Area | disaster-prone zones to safer
CVI:  Very High;| Reserve; eLocal Protection | areas.
Coastal Typology: |eCapture (Coastal Buffer [eImplementation of disaster-
Fluvial Plain (Muddy| Fisheries Area | Zone) resilient building codes for

Coast) and Fluvio-
Marine Plain

eSettlement Area

eAgriculture Area
Aquaculture Area
(directed towards
special provisions
for high disaster
risk areas)

new buildings.

eCapacity building for
communities to cope with
disasters.

eImplementation of sustainable
agricultural and fishery
practices adaptive to climate
change.

eDiversification of crop types
and fishery commodities.

eUtilization of appropriate
technology to increase
productivity and resilience to
disasters.

Takisung

Disaster Risk: High
(Tidal Flooding);

CVI: Moderate-High.
Coastal Typology:
Fluvio-Marine Plain

eMarine
Conservation
Reserve

eCapture
Fisheries Area

eMangrove
Ecosystem Area

e[ ocal Protection
(Coastal Buffer
Zone)

eSettlement Area

eTourism Area

eAgriculture Area

e Aquaculture Area
(directed towards
special provisions
for high disaster
risk areas)

eEstablishment of marine
conservation areas based on
biodiversity and ecological
value.

eRegulation of core zones,
limited use zones, and
utilization zones.

e Strict monitoring and law
enforcement to protect marine
ecosystems.

eImplementation of catch quota
systems and regulations on
fish sizes allowed to be

caught.




Location, Disaster
Level, and Coastal

Typology

Marine Spatial
Plan
Directives

Terrestrial
Spatial Plan
Directives

Recommendations

eRegulation of fishing zones
and fishing seasons.

eDevelopment of alternative
livelihoods for fishermen to
reduce pressure on fish
resources.

Panyipatan;
Disaster Risk: High in
Protected Areas;

eTourism Area
eCapture
Fisheries Area

eProtected Forest
Area
eNatural Tourism

eMangrove restoration and
conservation with community
involvement, considering high

CVI: Very Low Park vulnerability and vital
Coastal Typology: eWildlife Reserve | functions of mangroves.
Marine Deposition eDefense and eEstablishment of core zones,
Coast &  Volcanic Security Area limited use zones (ecotourism,
Coast research), and intensive use
zones (sustainable
silvofishery).
eMonitoring of mangrove
growth and sedimentation to
anticipate coastline changes.
eDetailed mapping:
identification of disaster-prone
areas (floods, erosion,
seawater intrusion) and high
ecological value areas (habitat
of endemic fauna and flora).
Jorong; eIndustrial eIndustrial Zone [eEstablishment of protection
Disaster Risk: High in| Zone eShipping zones based on vulnerability
Water Body Areas|eShipping Transportation levels and functions: core zone
(Rivers); Transportation | Area (no activity), buffer zone,
CVI: Low-Moderate; | Area eSpecialized Coal | limited use zone.
Coastal Typology:|eSpecialized Terminal eIntegration into spatial
Marine Deposition| Coal Terminal planning: local protection
Coast zones must have clear zoning

regulations integrated with the
Regional Spatial Plan
(RTRW).

eGradual relocation: prioritize
settlements in disaster-prone
zones (coastline, floodplains)
to safer locations, considering
social and economic aspects.

eImplementation of disaster-
resistant building codes: new
buildings must meet standards




Location, Disaster |Marine Spatial Terrestrial
Level, and Coastal Plan Spatial Plan Recommendations
Typology Directives Directives
for flood, strong wind, and
earthquake resistance.
Kintap; eIndustrial eCapture Fisheries [#Capacity building for
Disaster Risk: High in| Zone Area communities: evacuation
Aquaculture Areas; eShipping eIndustrial Zone training, early warning
CVI: Low-Moderate; | Transportation «Shipping systems, and disaster
Coastal Typology:| Area Transportation preparedness.
Marine Deposition|eSpecialized Area eIntegrated agriculture:
Coast Coal Terminal |eSpecialized Coal | integrate agricultural land with
eMangrove Terminal mangrove forests
Ecosystem eAquaculture Area | (silvofishery) or ponds
Area (aquaculture) to increase

resilience and productivity.

eCommodity diversification:
reduce dependence on a single
crop or fish species by
developing varieties adaptive
to environmental conditions
and climate change.

eSustainable water and soil
management: implement water
conservation techniques,
erosion control, and organic
fertilization to maintain soil
fertility.

S: [6] and analysis Result, 2024

Conclusions

This study analyzed the integration of disaster mitigation-based terrestrial and marine spatial
planning in Tanah Laut Regency. The findings indicate that Tanah Laut Regency exhibits a
considerably high level of disaster risk, both on land and at sea. Several significant conclusions
emerge, including the dominance of protected areas in regions with moderate to high terrestrial
disaster risks, the significant presence of cultivated areas in these regions, and the lack of
adequate protection for areas most vulnerable to coastal disasters.

This research generates specific recommendations for each sub-district in Tanah Laut Regency,
based on disaster risk levels and coastal typologies. These recommendations encompass
mangrove restoration and conservation, relocation of settlements in disaster-prone zones,
implementation of disaster-resilient building codes, and development of community-based
ecotourism.

This study is expected to provide valuable recommendations to local authorities for enhancing
the effectiveness of integrated terrestrial and marine spatial planning to reduce disaster risks



and support sustainable development in coastal regions. Furthermore, it is anticipated that this
research will furnish researchers and academics in the fields of spatial planning and disaster
mitigation with pertinent information.

Acknowledgements

This paper is a collaborative effort between academics from the Urban and Regional Planning
Department at Universitas Muhammadiyah Banjarmasin, the Urban and Regional Development
Study Program at Krisnadwipayana University (UNKRIS) Jakarta, and researchers from the
Research Center for Conservation of Marine and Inland Water Resources, BRIN.

Conflict of Interest

State any potential conflicts of interest here or "The authors declare no conflict of interest".
References

[1] F. Dahdouh-Guebas, C. Mathenge, J. G. Kairo, and N. Koedam, “Utilization of
mangrove wood products around Mida Creek ‘Kenya’ amongst subsistence and
commercial users,” Econ. Bot., vol. 54, no. 4, pp. 513-527, 2000, doi:
10.1007/BF02866549.

[2] L.S.L.Teh, L. C. L. Teh, and U. R. Sumaila, “A Global Estimate of the Number of
Coral Reef Fishers,” PLoS One, vol. 8, no. 6, 2013, doi: 10.1371/journal.pone.0065397.

[3] W. N. Adger, T. P. Hughes, C. Folke, S. R. Carpenter, and J. Rockstrom, “Social-
ecological resilience to coastal disasters,” Science (80-. )., vol. 309, no. 5737, pp. 1036—
1039, 2005, doi: 10.1126/science.1112122.

[4] E. B. Barbier, S. D. Hacker, C. Kennedy, E. W. Koch, A. C. Stier, and B. R. Silliman,
“The value of estuarine and coastal ecosystem services,” Ecol. Monogr., vol. 81, no. 2,
pp. 169-193, 2011, doi: 10.1890/10-1510.1.

[5S] R.J.Nicholls et al., “Coastal systems and low-lying areas,” Clim. Chang. 2007 Impacts,
Adapt. Vulnerability., no. January, pp. 315-356, 2007.

[6] K. P. Setiawan, “Kajian Pengelolaan Pesisir berbasis Tipologi di Kabupaten Tanah
Laut,” J. Spat. Wahana Komun. dan Inf. ..., pp. 71-82, 2023, [Online]. Available:
https://journal.unj.ac.id/unj/index.php/spatial/article/view/33538%0Ahttps://journal.unj
.ac.id/unj/index.php/spatial/article/download/33538/14982

[7]  G. N. Kharisma, Triani, A. Ulfa, R. A. Ghiffari, and H. A. Sari, “Coastal Vulnerability
Assessment Based on Coastal Vulnerability Index (CVI) on the Coastal Area of Kolaka
Regency, Southeast Sulawesi, Indonesia,” J. Pengelolaan Sumberd. Alam dan
Lingkung., vol. 14, no. 2, pp. 267-279, 2024, doi: 10.29244/jpsl.14.2.267.

[8] R. Djalante and F. Thomalla, “Disaster risk reduction and climate change adaptation in
Indonesia: Institutional challenges and opportunities for integration,” Int. J. Disaster
Resil.  Built  Environ., vol. 3, mno. 2, pp. 166-180, 2012, doi:
10.1108/17595901211245260.

[9] K. M. Carlson, L. M. Curran, G. P. Asner, A. M. D. Pittman, S. N. Trigg, and J. Marion
Adeney, “Carbon emissions from forest conversion by Kalimantan oil palm plantations,”
Nat. Clim. Chang., vol. 3, no. 3, pp. 283-287, 2013, doi: 10.1038/nclimate1702.

[10] J. H. Lee, H. J. Woo, H. S. Jung, J. B. Jeong, and K. Park, “Characteristics of



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

sedimentation based on data from the Nakdong estuary information service system
(NEISS), South Korea,” Estuar. Coast. Shelf Sci., vol. 293, Oct. 2023, doi:
10.1016/j.ecss.2023.108479.

K. K. Steward et al., “Highlighting the Use of UAV to Increase the Resilience of Native
Hawaiian Coastal Cultural Heritage,” Remote Sens., vol. 16, no. 12, Jun. 2024, doi:
10.3390/rs16122239.

M. A. Marfai and L. King, “Coastal flood management in Semarang, Indonesia,”
Environ. Geol., vol. 55, no. 7, pp. 1507-1518, 2008, doi: 10.1007/s00254-007-1101-3.

D. R. Godschalk, “Urban Hazard Mitigation: Creating Resilient Cities,” Nat. Hazards
Rev., vol. 4, no. 3, pp. 136—143, 2003, doi: 10.1061/(asce)1527-6988(2003)4:3(136).

UNDP, “2010 Annual Report Bureau for Crisis Prevention and Recovery,” United
Nations Dev. Program., p- 76, 2010, [Online]. Auvailable:
https://www.undp.org/content/undp/en/home/librarypage/crisis-prevention-and-
recovery/preventing-crisis-enabling-recovery-2010-annual-report.html

N. Fitriyati, H. S. Arifin, R. L. Kaswanto, and Marimin, “Enhancing land use planning
through integrating landscape analysis and flood inundation prediction Bekasi City’s in
2030,” Geomatics, Nat. Hazards Risk, vol. 15, mno. 1, p., 2024, doi:
10.1080/19475705.2024.2360623.

F. Douvere and C. N. Ehler, “New perspectives on sea use management: Initial findings
from European experience with marine spatial planning,” 2009, Academic Press. doi:
10.1016/j.jenvman.2008.07.004.

C. Theocharidis et al., “Coastal Vulnerability Index (CVI) Assessment: Evaluating Risks
Associated with Human-Made Activities along the Limassol Coastline, Cyprus,” Remote
Sens., vol. 16, no. 19, 2024, doi: 10.3390/rs16193688.

K. S. S. Parthasarathy and P. C. Deka, “Remote sensing and GIS application in
assessment of coastal vulnerability and shoreline changes: a review,” ISH J. Hydraul.
Eng., vol. 27, no. S1, pp. 588—600, 2021, doi: 10.1080/09715010.2019.1603086.

D. Meng et al., “Spatial Distribution and Differentiation Analysis of Coastal Aquaculture
in China Based on Remote Sensing Monitoring,” Remote Sens., vol. 16, no. 9, May 2024,
doi: 10.3390/rs16091585.

Mujio, “Model Perencanaan Tata Ruang Pesisir Dengan Pendekatan Keterkaitan Daratan
Dan Perairan Pesisir,” Dissertation, p. 226, 2016, [Online]. Available:
https://repository.ipb.ac.id/handle/123456789/82377

J. W. Creswell and J. D. Creswell, 4 Mixed-Method Approach. 2018. doi:
10.4324/9780429469237-3.

M. S. Chacanza et al., “Coastal Vulnerability in the Stretch Between Beaches of Peroba
and Redonda in the Municipality of Icapui-Ceara, Brazil,” Rev. Geociencias do Nord.,
vol. 10, no. 1, pp. 414425, 2024, doi: 10.21680/2447-3359.2024v10n11D31738.

F. Dahdouh-Guebas, L. P. Jayatissa, D. Di Nitto, J. O. Bosire, D. Lo Seen, and N.
Koedam, “How effective were mangroves as a defence against the recent tsunami?,”
Curr. Biol., vol. 15, no. 12, 2005, doi: 10.1016/j.cub.2005.06.008.

M. Lehmann, D. C. Major, J. M. Fitton, K. Doust, and S. O’Donoghue, “Towards a
typology for coastal towns and small cities for climate change adaptation planning,”
Ocean Coast. Manag., vol. 212, no. August 2019, p. 105784, Oct. 2021, doi:



[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

10.1016/j.ocecoaman.2021.105784.

C. L. Tocco, L. Frehen, A. Forse, G. Ferraro, and P. Failler, “Land-sea interactions in
European marine governance: State of the art, challenges and recommendations,”
Environ.  Sci.  Policy, vol. 158, mno. March, p. 103763, 2024, doi:
10.1016/j.envsci.2024.103763.

A. Galderisi and A. S. Profice, “Sustainability, risks, land use planning: Tools for
integration,” WIT Trans. Ecol. Environ., vol. 155, pp. 981-992, 2011, doi:
10.2495/SC120822.

C. Ehler, “MARINE SPATIAL PLANNING A Step-by-Step Approach toward
Ecosystem-based Management,” Intergov. Oceanogr. Comm., vol. Manual and, no. May,
p- ICAM Dossier No. 6, 2009.

B. Neumann, A. T. Vafeidis, J. Zimmermann, and R. J. Nicholls, “Future coastal
population growth and exposure to sea-level rise and coastal flooding - A global
assessment,” PLoS One, vol. 10, no. 3, 2015, doi: 10.1371/journal.pone.0118571.

R. Thiéblemont et al., “Sea-level rise induced change in exposure of low-lying coastal
land: implications for coastal conservation strategies,” Anthr. Coasts, vol. 7, no. 1, Dec.
2024, doi: 10.1007/s44218-024-00041-1.

R. Hietala et al., “Data integration and participatory process in developing integrated
coastal zone management (ICZM) in the northern Baltic Sea,” J. Coast. Conserv., vol.
25, no. 5, pp. 1-15, 2021, doi: 10.1007/s11852-021-00833-4.

7. Farooqui and P. Jamal Siddiqui, “Assessment of vegetative Phenology with respect to
leaf elongation pattern of Avicennia marina and Rhizophora mucronata in Hajambro
creek, Indus delta, Pakistan,” J. Trop. Life Sci., vol. 4, no. 2, pp. 142—-148, 2014, doi:
10.11594/jtls.04.02.11.

B. B. Senasaputro and G. E. Widiangkoso, “Strategi Pengembangan Kawasan Pesisir
‘Pantai Alam Indah’ Kota Tegal Melalui Konsep Sustainable Waterfont-City,” J. Desain
Lingkung.  Binaan Indomes., vol. 1, mno. 1, pp. 43-56, 2024, doi:
10.32315/JDLBI.v1il.353.

I. M. Ashgaf, N. Sunu, and S. Giriwati, “Partisipasi Berbasis Masyarakat dalam
Pembangunan di Pantai Watukarung Pacitan Community-Based Participation in
Development at Watukarung Beach Pacitan,” J. Lingkung. Binaan Indones., vol. 13, no.
167,2024.

M. Bavinck and V. Vivekanandan, “Conservation, conflict and the governance of fisher
wellbeing: Analysis of the establishment of the Gulf of Mannar National Park and
Biosphere Reserve,” Environ. Manage., vol. 47, no. 4, pp. 593-602, 2011, doi:
10.1007/300267-010-9578-z.

F. Blasco, P. Saenger, and E. Janodet, “Mangroves as indicators of coastal change,”
Catena, vol. 27, no. 3—4, pp. 167-178, 1996, doi: 10.1016/0341-8162(96)00013-6.

F. Blasco, M. Aizpuru, and J. Besnehard, Mangroves, ecology, vol. 14. 2005. doi:
10.1007/1-4020-3880-1_203.

B. D. Perog et al., “Shell cover, rugosity, and tidal elevation impact native and non-
indigenous oyster recruitment: Implications for reef ball design,” Ecol. Eng., vol. 192,
no. July 2022, 2023, doi: 10.1016/j.ecoleng.2023.106969.

M. A. Marfai, “Pengantar Etika Lingkungan dan Kearifan Lokal - Muh. Aris Marfai -



Google  Buku,” UGM  Press, p. 4, 2019, [Online].  Available:
https://books.google.com/books?hl=en&Ir=&id=9Q6XDwAAQBAJ&oi=fnd&pg=PA1
0&dgq=dampak+abrasi+pantai+tehadap+sosial+ekonomi+masyarakat&ots=R9 DHSEBrl
7&sig=V_8MzQ51ua95N6pN60J2HCD-z08

T. Solihuddin et al., “Coastal erosion on the north coast of Java: Adaptation strategies
and coastal management,” IOP Conf. Ser. Earth Environ. Sci., vol. 777, no. 1, 2021, doi:
10.1088/1755-1315/777/1/012035.

D. N. Handiani, A. Heriati, and F. Suciaty, “Coastal Vulnerability Assessment Along
The North Java Coastlines-Indonesia,” J. Segara, vol. 18, no. 1, p. 1, 2022, doi:
10.15578/segara.v18i1.10664.



Integrated Environmental Assessment and Management

OXFORD Integrated Environmental

UNIVERSITY PRESS Assessment and Management

Integrated Land-Sea Spatial Planning for Disaster Risk
Reduction in Tanah Laut Regency, South Kalimantan,
Indonesia

Journal: | Integrated Environmental Assessment and Management

Manuscript ID | IEAM-2025-543-0A

Manuscript type: | Original Article

Spatial Planning, Disaster Risk Reduction, Coastal Vulnerability,

B Terrestrial and Marine Spatial Planning, Coastal Typology

This research examines the potential of integrated land-sea spatial
planning as a strategic approach to disaster risk reduction in Tanah Laut
Regency, South Kalimantan Province, Indonesia. Specifically, it aims to 1)
assess spatial overlaps between terrestrial-marine landuse patterns and
hazard zones; 2) evaluate coastal typologies and their corresponding
vulnerabilities; and 3) formulate sub-district-specific spatial planning
recommendations to enhance regional resilience. A mixed-methods
design was adopted, combining quantitative spatial techniques and
qualitative descriptive analysis. Disaster potential in coastal regions is
examined through an integrated assessment of terrestrial disaster risks
and marine-based Coastal Vulnerability Index (CVI) analyses. Terrestrial
disaster susceptibility was assessed using the Regional Development
Planning Agency (RDPA) 2021 disaster risk assessment, while coastal
vulnerability was evaluated using CVI parameters and overlaid with
terrestrial and marine spatial planning categories. The spatial analysis
shows a strong convergence between high terrestrial disaster risk and
land-use categories associated with intensive human modification,
notably food crop agriculture (23,610.53 ha), plantations (19,718.99 ha),
aquaculture, and urban and rural settlements. Protected areas such as
mangrove ecosystems, wildlife reserves, and natural tourism parks are
located in high-risk coastal belts, while parts of marine conservation
reserve areas and capture fisheries areas fall within high and very high
CVI classes. Land-rights (LR) overlays demonstrate that high tidal-flood
risk coincides with Ownership Rights (OR) and unregistered parcels.
Overall, the research demonstrates that sustainable coastal development
in Tanah Laut Regency cannot be achieved by treating land and sea as
separate planning arenas. Risk-sensitive, typology-based integration of
terrestrial and marine spatial plans, supported by ecosystem-based
zoning, mangrove restoration, relocation from high-risk zones, and
strengthened marine conservation and fisheries management, is essential
to enhance disaster resilience and long-term spatial sustainability in
Tanah Laut Regency.
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