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SPATIAL PLANNING AND SUSTAINABLE CITIES: THE PERSPECTIVE OF
SUSTAINABLE DEVELOPMENT OF SETTLEMENTS POST-NATURAL

DISASTERS IN PALU CITY, CENTRAL SULAWESI, INDONESIA

Abstract: Post-natural disaster spatial planning requires a study of spatial carrying capacity
and support to promote the sustainability of settlement development. This study aims to analyze
settlements' carrying capacity and spatial support and formulate development guidelines for
post-natural disaster settlements in the Mantikulore Subdistrict, Palu City. The study adopts a
sequential explanatory approach combining quantitative and qualitative methods. Data were
obtained through observation, surveys, and documentation. The analysis of the carrying
capacity and spatial support for settlement zones in the Mantikulore Subdistrict, Palu City,
shows that the environmental carrying capacity and support for settlement zones could be more
robust. Only the neighborhoods of Lasoani and Poboya demonstrate high environmental
carrying capacity and support for settlement zones. In contrast, other neighborhoods must meet
the environmental carrying capacity and support needed for settlement development. The
zoning guidelines for settlements in the Mantikulore Subdistrict, Palu City, are divided into
allowed zones, conditionally allowed zones, limitedly allowed zones, and prohibited zones.
Consequently, the developmental direction for settlement zones in the Mantikulore Subdistrict,

Palu City, prioritizes Lasoani and Poboya neighborhoods.

Keywords: Settlement development, natural disasters, city zoning.

Introduction
Indonesia's cities face complex social, economic, and environmental issues that impact urban
life (Wandl et al., 2017; Panteleeva & Borozdina, 2022; Ouedraogo et al., 2023). The lack of

city planning and management contributes to a decline in urban environmental quality, leading

1
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to the proliferation of slums and natural disasters (Bathrellos & Skilodimou, 2019). To achieve
better city management, spatial planning is necessary, which involves designing and organizing
land use, infrastructure, and the environment to attain sustainable urban development
(Turkelboom et al., 2018; Ouedraogo et al., 2023). Effective spatial planning can help reduce
disaster risks, including avoiding construction in disaster-prone areas (Hofmann, 2022). In this
regard, spatial planning refers to zoning urban areas based on land-carrying capacity and
environmental support, creating safe, comfortable, and sustainable spaces ( Liu et al., 2018;
Kalfas et al., 2023). In other words, good spatial planning can aid in minimizing disaster risks,
including avoiding construction in vulnerable areas like earthquake-prone and flood-prone
regions (Hofmann, 2022; Huang et al., 2023).

Spatial planning in Palu City is a process of recovering and reconstructing urban areas
that suffered damages from earthquake disasters. The National Disaster Management Agency
(NDMA) reported a 7.7 magnitude earthquake in Palu City in 2018, resulting in thousands of
casualties, extensive infrastructure damage, and significant social and economic impacts on the
community. Meanwhile, according to the Central Bureau of Statistics of Palu City, in 2023, the
population growth in Palu City will continue to experience an average growth rate of 1.27% in
2022, leading to increasing demand for residential land. Therefore, Palu City requires well-
structured spatial planning and integration of social, economic, environmental, and
infrastructure ( Teklemariam, 2022; Alipour & Dia, 2023). Directed spatial planning is crucial
for sustainable urban growth (Naess, 2001; Lara et al., 2021; Kalfas et al., 2023). Proper zoning
for residential areas and disaster-responsive zones must be the primary consideration in Palu
City's planning (Akola et al., 2023; Dandoulaki et al., 2023). Thus, good spatial planning can
help reduce disaster risks, including avoiding building settlements in disaster-prone areas

(Mileu & Queiros, 2018; Rezvani et al., 2023).
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Settlement development in Palu City is a part of the post-earthquake recovery and
reconstruction process for residential areas. Selecting the locations for post-earthquake
settlement development should be based on a comprehensive risk assessment to ensure the new
settlements are safer, sustainable, and earthquake-resistant (Alipour & Dia, 2023). In other
words, the development of settlements in Palu City is of utmost importance, considering the
environmental carrying capacity and support to strike a balance between urban growth and the
environment's capacity to maintain sustainability and environmental quality (Luo et al., 2022,
Pourebrahim et al., 2023). Factors considered for settlement development in terms of
environmental carrying capacity and support in Palu City include protected zones, disaster-
prone zones, land cover ratio, population size, potential area size, and the coefficient of built-
up area requirement (Wang, 2018; Alipour & Dia, 2023). Therefore, sustainable settlement
development provides residents safety and comfort (Ibrahim et al., 2020 & Harbiankova &
Shcherbina, 2021).

Previous studies that support this research include: (1) Lara et al. (2021) found that non-
integrated city planning between the city center and other sub-centers leads to urban issues in
terms of economic, social, and environmental aspects; (2) Atmaca et al. (2023) stated that the
lack of resources for post-disaster temporary evacuation plans resulted in significant physical,
economic, and social losses for the community; (3) Hofmann (2022), mentioned that effective
governance supports faster and better post-disaster recovery and resettlement; (4) Nickuyin et
al. (2020), Medeiros et al. (2020), and Kalfas et al. (2023), found that weak institutions in
managing urban activities lead to social, economic, and environmental problems.

These four studies collectively emphasize the need for more resources in post-disaster
urban planning and management institutions. Furthermore, this study focuses on assessing the
environmental carrying capacity and support as determining factors for the sustainability of

post-earthquake settlement development in Palu City (Luo et al, 2022). Thus, the
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environmental carrying capacity and support contribute significantly to sound spatial planning
and sustainable settlement development in Palu City (Rustiadi et al., 2021).

The long-term benefits to be obtained are as follows: (1) the availability of settlement
land zoning that is not prone to natural disasters; (2) the fulfillment of housing needs to support
the social and economic activities of the community; (3) the establishment of sustainable spatial
planning for settlements in Palu City. These three benefits will encourage the creation of a
balanced settlement environment towards the effective utilization of natural resources and the
restoration of the environmental quality of Palu City (Wardhani ez al., 2021; Wang et al., 2022).
Consequently, settlement development will ensure the safety and security of residents to
engage in economic activities and promote the sustainability of urban development (Ayu
Purnamawati et al., 2023; Wei et al., 2023).

The development dynamics of Palu City as the capital of Central Sulawesi Province
have led to an increase in settlement development, contributing to changes in land use and a
decline in environmental quality (Surya et al., 2020). Furthermore, the urgency of this research
is contextualized in several aspects, namely: (1) the recovery and reconstruction of residential
areas after the earthquake; (2) spatial planning and settlement zoning based on an assessment
of environmental carrying capacity and support; (3) the realization of settlement development
that ensures human quality of life and environmental sustainability (Mumford, 2021). Thus,
the research questions to be addressed in this study are: (1) What is the land carrying capacity
and support for settlements in the Mantikulore Subdistrict Palu City? (2) What guidelines are

for developing new settlements post-natural disasters in the Mantikulore Subdistrict Palu City?
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Figure 1: Conceptual Framework of Spatial Planning and Sustainable Cities: Perspective of
Sustainable Development of Settlements Post-Natural Disasters in Palu City, Central

Sulawesi, Indonesia.

https://mc04.manuscriptcentral.com/jsusm



oNOYTULT D WN =

Journal of Sustainability Science and Management

Journal of Sustainability Science and Management Code Registration

Materials and Methods
Type of Research

This study is a mixed-methods research that combines quantitative and qualitative
approaches (Cresswell, 2010). Quantitative data were obtained through surveys and
documentation, while qualitative data were collected through observations and in-depth

Interviews.

Study Area

The study was conducted in Mantikulore Subdistrict, Palu City, Central Sulawesi, with
an area of 206.80 km?. The selection of the research location was based on the following
considerations: (1) It is the largest subdistrict area and relatively still undeveloped in Palu City;
(2) Geographically, it is relatively flat and located in hilly areas, thus avoiding the threat of
Tsunami; (3) It has relatively good access and is considered a peri-urban area of Palu City,
retaining urban characteristics. (4) It is a designated area for Palu City's development, and (5)
It significantly contributes to the concept and direction of sustainable city planning. The

location of the research is presented in Figure 2 below.
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Data Collection

The data in this study are categorized into two groups: (1) Primary data obtained
through direct observation and fieldwork; and (2) Secondary data obtained from previous
studies related to the settlement areas of Palu City. The data collected through observation
include (1) land use; (2) activity systems; (3) spatial utilization patterns; and (4) environmental
characteristics. The instruments used for observation are (1) field notes, (2) periodic notes, and
(3) checklists. Furthermore, the documentation data used in this study include administrative

data, spatial planning policies, land types, rainfall, topography, slope, hydrology, and land use.

Research variables

The research variable is a characteristic, attribute, or value that exists in individuals, objects,
or activities, which has certain variations determined by the researcher to be studied and
subsequently used to conclude the research findings (Sugiyono, 2016). The variables in this
study are based on the theory proposed by Muta'Ali ef al. (2012), as shown in the following
table:

Tabel 1. Research Variables

Problem Statement Variable

How is the Land Carrying Capacity and Land Land Area Available for Settlement

Absorption Capacity of Settlements in Conservation Zone

Mantikulore Subdistrict, Palu City? Disaster-Prone Zone

Land Cover Ratio

Total Population

Total Potential Area

Coefficient of Space Area Requirement

What are the Guidelines for the Development of  Settlement Capacity

New Settlements After Natural Disasters in Disaster Prone Zone of Palu City Spatial Plan
Mantikulore Sub-District, Palu City?

https://mc04.manuscriptcentral.com/jsusm
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Analysis

Settlement Carrying Capacity

Carrying capacity is the ability of an area to support the life and activities of living beings,
especially humans. Environmental carrying capacity analysis uses quantitative methods. The
analysis assesses how capable an area is of providing adequate settlement land to accommodate
a specific population for habitation. To perform the carrying capacity analysis, several data are
required, including the size of land available for settlement, the population size, and data on
the standard or criteria for land requirements per individual.

The analysis assesses how capable an area is of providing settlement land to adequately
accommodate a specific population for habitation. To perform the carrying capacity analysis,
several data are required, including the size of land available for settlement, the population
size, and data on the standard or criteria for land requirements per individual.

For the development and expansion of settlements, a land cover ratio of 60% of the
potential area is considered (Muta'Ali et al., 2012). To obtain the land area that can be
developed for settlements from the potential area, it can be calculated using the following

formula:

LPm =(LWP x 60%) (1)
Description:
LPm = Area of land available for settlement development
LWP = Potential Area
60% = Land Cover Ratio
Source: Muta'Ali et. al., 2012

To find LWP, the author used the formula:
LWp=LW — (LKL+LKRB) (2)

Description:

https://mc04.manuscriptcentral.com/jsusm



oNOYTULT D WN =

Journal of Sustainability Science and Management

Journal of Sustainability Science and Management Code Registration

LWP = Potential Area Size (ha)
LW = Total Area Size (ha)
LKL = Protected Area Size (ha)

LKRB = Disaster-Prone Area Size (ha)

Once the land area that can be developed for settlements is known using the formula
above, the next step in analyzing the carrying capacity of the area for settlements is to calculate
the index value based on the available potential area, taking into account the standard per capita
space requirements based on geographic location and the latest population data. The purpose
of calculating this index value is to determine the potential area's capacity to accommodate an
optimal population (Muta’Ali et al., 2012).

Below is the standard per capita space requirements that can be used, along with the
formula for calculating the index value of the carrying capacity for settlements.

ppPm =" 3)

Description:

DDPm = Residential Carrying Capacity

LPm = Land Area Available for Settlement (ha)
JP = Population (Individuals)

a = Coefficient of Space Requirement (ha/capita)

Source: Muta'Ali et al., 2012

After calculating the carrying capacity of settlements using the formula, the range of
carrying capacity index values for settlements is obtained as follows:
e Value of DDPm > 1, meaning that the carrying capacity of settlements is high, and it

can still accommodate the population to settle (build houses) within the potential area.
10

https://mc04.manuscriptcentral.com/jsusm

Page 10 of 26



Page 11 of 26 Journal of Sustainability Science and Management

Journal of Sustainability Science and Management Code Registration

e Value of DDPm = 1, meaning that the carrying capacity of settlements is optimal, and

there is a balance between the population that settles (builds houses) and the available

oNOYTULT D WN =

potential area.
10 e Value of DDPm < 1, meaning that the carrying capacity of settlements is low, and it
can no longer accommodate the population to settle (build houses) within the potential

15 area.

Residential Absorption Capacity

22 Carrying capacity is the ability of a region to accept and accommodate an optimal population.
24 Environmental carrying capacity analysis uses quantitative methods. Carrying capacity
analysis is needed in response to the unavoidable dynamics of population growth. The
29 consequences of population growth and development occupying land lead to increased housing
31 density. Several data are required to conduct carrying capacity analysis, namely the results of
33 settlement carrying capacity analysis (DDPm) and data on the population size from the latest
year. Therefore, the optimal population capacity can be determined using the following

38 calculation formula:

H DT=DDPmxJP  (4)
44 DT = Residential Absorption Capacity
46 DDPm = Residential Carrying Capacity

48 JP = Population Size

Zoning guidance

11
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Zoning guidance is part of control through the regulation of zones based on the city's carrying
capacity and capacity suitability. Zoning guidance analysis uses qualitative methods. The
sources of information in this analysis consist of the results of settlement carrying capacity and
capacity analysis and the characteristics of natural disasters in the Mantikulore District of Palu
City. Determining the guidance for settlement development in the Mantikulore District refers
to the Technical Guidelines for preparing Regional Disaster Management Plans at the
District/City Level prepared by the National Disaster Management Agency. In determining the
guidance for settlement development, zoning classification is carried out to facilitate
appropriate actions in disaster conditions. The zoning classification flowchart can be seen in

the following diagram.

Zoning based on Disaster Location

Settlement Carrying Earthquake Tsunami Liquefaction

Low High
l Zone 1 Zone II Zone III
v High Residential Low Residential Low Residential
Zoning »| Carrying Capacity Carrying Capacity Carrying Capacity
o Earthquake o Liquefaction e Earthquake

i il
; ' : ; }

e Liquefaction

Figure 3. Zoning Based on Disaster Locations
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Results and Discussion

Overview of the Research Location

oNOYTULT D WN =

Mantikulore Subdistrict is one of the districts in Palu City. It was formed from the expansion
10 of East Palu District and South Palu District. It has the most significant area compared to other
districts in Palu City, with its district capital in Talise Village. Based on its geographical
15 position, the study area boundaries selected for this research are as follows:

17 e North: North Palu District

e South: South Palu District

22 e FEast: Parigi Moutong Regency

e West: Palu Bay and West Palu District.

27 Table 2. Research Area Size.

No. sub-district Area Size (Ha)

32 : Kawatuna 2824.75

Lasoani 4717.99

36 3. Layana Indah 1617.49

Poboya 5526.01

41 : Talise 1085.16

43 ) Tanamodindi 241.73

Tondo 3786.03

47 Total 19799.16
49 Source: Spatial Planning Plan of Palu City 2021-2041

52 Table 2 shows that the largest village in Mantikulore Subdistrict is Poboya Village, with
an area of 5526.01 ha. In contrast, the most miniature village is Tanamodindi Village, with an

57 area of 241.73 ha.

13
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Analysis of Settlement Carrying Capacity

Carrying capacity is the capacity of an area to support the life and activities of living beings,
especially humans. This analysis of carrying capacity is beneficial to understand how capable
an area is of providing sufficient residential land to accommodate a certain number of
inhabitants adequately. In analyzing carrying capacity, several data are required, including the
land area available for settlements, the population size, and the standards or criteria for land
requirements per person.

Once the extent of land available for settlement development is known, the next step in
analyzing the carrying capacity of the region for settlements is to calculate the index value of
the existing potential area, taking into account the per capita space requirements based on the
geographical location (rural and urban) and the latest population size. The purpose of
calculating this index value is to determine the potential area's ability to accommodate an
optimal population. The calculation for analyzing the settlement absorption capacity in
Mantikulore Subdistrict is as follows.

Table 3. Results of Settlement Carrying Capacity Analysis in Mantikulore Subdistrict

Sub- Total Lwp

No districts Population (ha) DDPm DDPm

. Kawatuna 5529 36558 -061  LowResidential Carrying
Capacity

2. Lasoani 11435 845.16 142  [igh Residential Carrying
Capacity

Layana Low Residential Carrying
3. Indah 4400 37674 -0.63 Comastty

4, Poboya 3528 1041.52 174 High Reszdenthl Carrying
Capacity

5. Talise 71883 261.69  -0.44 Low Reszdentza] Carrying
Capacity

6. Tanamodindi 13242 -18.34 -0.03 Low Reszdentza] Carrying
Capacity

7. Tondo 14461 -485.08 081 Low Reszdentza] Carrying
Capacity

Source: Analysis Results (2023)

14
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The analysis results in Table 2 indicate that the level of settlement carrying capacity in

Mantikulore Subdistrict is divided into high settlement carrying capacity, which is distributed

oNOYTULT D WN =

in Lasoani and Poboya Sub-districts, and low settlement carrying capacity, which is distributed
10 in Kawatuna, Layana Indah, Talise, Tanamodindi, and Tondo Sub-districts. This is due to the

limited potential areas in the Mantikulore Subdistrict.

15
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Figure 4: Settlement Carrying Capacity Map of Mantikulore Subdistrict
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Capacity is the ability of a particular area to accommodate and support an optimal population.

A capacity analysis is essential to address the dynamics of population growth that is currently

inevitable—the consequences of population growth and development occupying land lead to

increased housing density. In conducting capacity analysis, several data are required, including

the results of settlement carrying capacity analysis (DDPm) and data on the latest population

count.
Table 4. Results of Settlement Capacity Analysis in Mantikulore Sub-District
Sub- Total DT .
No districts DDPm Population (Capacity) Information
The areas cannot
1. Kawatuna -0.61 5529 -2,268 accommodate and support
settlements
. The areas can accommodate
2. Lasoani 1.42 11435 9,981
and support settlements
Layana The areas cannot
3. -0.63 4400 -1,852 accommodate and support
Indah
settlements
4. Poboya 174 3578 2,976 The areas can accommodate
and support settlements
The areas cannot
5. Talise -0.44 21883 -5,516 accommodate and support
settlements
The areas cannot
6. Tanamodindi -0.03 13242 -435 accommodate and support
settlements
The areas cannot
7. Tondo -0.81 14461 -10,426 accommodate and support

settlements

Source: Analysis Results (2023)

Table 4 indicates that Mantikulore Sub-District needs to be increased to accommodate

the population for settlement. The table above shows Lasoani Village has the most significant

settlement capacity, with 9,981 people.

17
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Analysis of Settlement Development Directions in Mantikulore Subdistrict

To determine the direction of settlement development in the Mantikulore Sub-District, a

qualitative descriptive analysis tool is utilized, considering the results of the analysis of

settlement carrying capacity, population capacity, and natural disasters in the area. The

determination of settlement development guidelines in the Mantikulore Sub-District refers to

the Technical Guidelines for preparing Regional Disaster Management Plans at the

District/City Level, prepared by the National Disaster Management Agency (NDMA) and the

Japan International Cooperation Agency (JICA). For a more precise understanding, please refer

to the table below.

Table 5. Formulation of Settlement Development Guidelines in Mantikulore Sub-District

Zone Ddpm Natural Area Development Direction of
Disasters (Ha) Settlements
Zona l High Earthquake  1883.43 Conducting zoning of earthquake-
Resideptial prone areas and land use

Carrylpg regulations.

Capacity Implementing earthquake-safe
building standards down to the
neighborhood level, adopted from
the provincial Building Code.
Applying land use regulations and
building permits based on
earthquake disaster risk
assessment.

Conducting socialization of
disaster threats and their potential
impacts on the community,
schools, and media.
Zone 11 Low Liquefaction 4.26 We are relocating settlements
Resideptial affected by liquefaction disasters
Carrylpg in high-capacity residential areas
Capacity

within Zone L.
We are developing city-level
evacuation plans for priority
disaster zones.

18
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Zone Ddpm Natural Area Development Direction of
Disasters (Ha) Settlements
Zone Low Earthquake 16895.14 e Developing settlement placement
I Resideptial plans to reduce housing density in

Carrylpg earthquake-prone areas.

Capacity L

e Establishing emergency response
facilities and infrastructure for
disaster preparedness.

e Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and the
media.

Zone Low Tsunami 3.16 e Establishment of regulations
v Residential related to land use and Building

Carrying Permits.

Capacity e Development of buffer zones and
disaster impact mitigating areas
for Tsunamis.

e Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and the
media.

Zone V Low Earthquake ~ 781.05 e Developing settlement placement
Residential  Liquefaction plans to reduce housing density in
Carrylpg earthquake-prone areas.
Capacity

Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and the
media.

Relocating settlements affected by
liquefaction disasters to areas with
high settlement carrying capacity
in Zone I (Lasoani and Poboya).

19
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Natural Area
Disasters (Ha)

Zone Ddpm

Development Direction of
Settlements

Tsunami 0.14
Liquefaction

Zone Low
V1 Residential
Carrying
Capacity

Establishing regulations related to
land use and building permits.
Developing buffer zones and
disaster impact mitigating areas
for Tsunami.

Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and media.
Relocating settlements affected by
liquefaction disasters to areas with
high settlement carrying capacity
in Zone I (Lasoani and Poboya).

Tsunami 118.39

Earthquake

Zone Low
A\ 11 Residential
Carrying
Capacity

Prohibited for further
development. Housing units are
recommended for relocation.
Creating settlement placement
plans to reduce housing density in
earthquake-prone areas.
Prioritizing land use for protected
areas and green open spaces.
Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and media.

Tsunami 25.03
Earthquake
Liquefaction

Zone Low

VIII Residential
Carrying
Capacity

Prohibited for any further
development. Housing units are
recommended for relocation.
Prioritizing the utilization of space
for protected areas and green open
spaces.

Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and media.
Relocating settlements affected by
liquefaction disasters to areas with
high housing carrying capacity in
Zone I (Lasoani and Poboya).

Source: Analysis Results (2023)
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Figure 5. Map of Natural Disaster Vulnerability Zones in Mantikulore Sub-District
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Conclusion

Based on the analysis results of the carrying capacity and capacity of residential zones in
Mantikulore Sub-District, Palu City, it is generally observed that the environmental carrying
capacity and capacity for residential zones still need to be increased. the Lasoani and Poboya
sub-district. show high environmental carrying capacity and capacity for residential zones. At
the same time, other sub-district still need to meet the environmental carrying capacity and
capacity for their residential development needs. Furthermore, the post-disaster residential
development guidelines in Mantikulore Sub-District, Palu City, must be kept in its carrying
capacity and capacity conditions. The zoning guidelines for residential areas in Mantikulore
Sub-District, Palu City, are divided into permitted zones, conditionally permitted zones,
restricted permitted zones, and prohibited zones. Therefore, the development guidelines for
residential zones in Mantikulore Sub-District, Palu City, prioritize the Lasoani and Poboya sub-

district.
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To address these challenges, several recommendations are proposed:
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Community engagement and education play a vital role in promoting sustainable development. Local communities should be actively involved in the planning and implementation of post-disaster residential development projects, fostering a sense of ownership and responsibility. Additionally, educational programs on sustainable living practices and environmental conservation should be provided to promote resilience and environmental stewardship.
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By implementing these recommendations, authorities can ensure the sustainable development of post-disaster settlements in Mantikulore Sub-District, Palu City, thereby enhancing the resilience and well-being of local communities while preserving the natural environment at local level for the global SDG 2030 agenda.
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SPATIAL PLANNING AND SUSTAINABLE CITIES: THE PERSPECTIVE OF
SUSTAINABLE DEVELOPMENT OF SETTLEMENTS POST-NATURAL

DISASTERS IN PALU CITY, CENTRAL SULAWESI, INDONESIA

[Abstracﬂ: Post-natural disaster spatial planning requires a study of spatial carrying capacity

and support to promote the sustainability of settlement development. This study aims to analyze
settlements' carrying capacity and spatial support and formulate development guidelines for
post-natural disaster settlements in the Mantikulore Subdistrict, Palu City. The study adopts a
sequential explanatory approach combining quantitative and qualitative methods. Data were
obtained through observation, surveys, and documentation. The analysis of the carrying
capacity and spatial support for settlement zones in the Mantikulore Subdistrict, Palu City,
shows that the environmental carrying capacity and support for settlement zones could be more
robust. Only the neighborhoods of Lasoani and Poboya demonstrate high environmental
carrying capacity and support for settlement zones. In contrast, other neighborhoods must meet
the environmental carrying capacity and support needed for settlement development. The
zoning guidelines for settlements in the Mantikulore Subdistrict, Palu City, are divided into
allowed zones, conditionally allowed zones, limitedly allowed zones, and prohibited zones.
Consequently, the developmental direction for settlement zones in the Mantikulore Subdistrict,

Palu City, prioritizes Lasoani and Poboya neighborhoods.

Keywords: Settlement development, natural disasters, city zoning.

[Introduction ]

Indonesia's cities face complex social, economic, and environmental issues that impact urban
life (Wandl et al., 2017; Panteleeva & Borozdina, 2022; Ouedraogo et al., 2023). The lack of

city planning and management contributes to a decline in urban environmental quality, leading

1
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to the proliferation of slums and natural disasters (Bathrellos & Skilodimou, 2019). To achieve
better city management, spatial planning is necessary, which involves designing and organizing
land use, infrastructure, and the environment to attain sustainable urban development
(Turkelboom et al., 2018; Ouedraogo ef al., 2023). [Effective spatial planning can help reduce
disaster risks, including avoiding construction in disaster-prone areas (Hofmann, 2022). In this
regard, spatial planning refers to zoning urban areas based on land-carrying capacity and
environmental support, creating safe, comfortable, and sustainable spaces ( Liu ef al., 2018;
Kalfas et al., 2023). In other words, good spatial planning can aid in minimizing disaster risks,
including avoiding construction in vulnerable areas like earthquake-prone and flood-prone

regions (Hofmann, 2022; Huang et al., 2023).]

Spatial planning in Palu City is a process of recovering and reconstructing urban areas
that suffered damages from earthquake disasters. The National Disaster Management Agency
(NDMA) reported a 7.7 magnitude earthquake in Palu City in 2018, resulting in thousands of
casualties, extensive infrastructure damage, and significant social and economic impacts on the
community. Meanwhile, according to the Central Bureau of Statistics of Palu City, in 2023, the
population growth in Palu City will continue to experience an average growth rate of 1.27% in
2022, leading to increasing demand for residential land. Therefore, Palu City requires well-
structured spatial planning and integration of social, economic, environmental, and
infrastructure ( Teklemariam, 2022; Alipour & Dia, 2023). Directed spatial planning is crucial
for sustainable urban growth (Neess, 2001; Lara et al., 2021; Kalfas et al., 2023). Proper zoning
for residential areas and disaster-responsive zones must be the primary consideration in Palu
City's planning (Akola ef al., 2023; Dandoulaki et al., 2023). Thus, good spatial planning can
help reduce disaster risks, including avoiding building settlements in disaster-prone areas

(Mileu & Queiros, 2018; Rezvani et al., 2023).
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Settlement development in Palu City is a part of the post-earthquake recovery and
reconstruction process for residential areas. Selecting the locations for post-earthquake
settlement development should be based on a comprehensive risk assessment to ensure the new
settlements are safer, sustainable, and earthquake-resistant (Alipour & Dia, 2023). In other
words, the development of settlements in Palu City is of utmost importance, considering the
environmental carrying capacity and support to strike a balance between urban growth and the
environment's capacity to maintain sustainability and environmental quality (Luo et al., 2022;
Pourebrahim et al., 2023). Factors considered for settlement development in terms of
environmental carrying capacity and support in Palu City include protected zones, disaster-
prone zones, land cover ratio, population size, potential area size, and the coefficient of built-
up area requirement (Wang, 2018; Alipour & Dia, 2023). Therefore, sustainable settlement
development provides residents safety and comfort (Ibrahim et al., 2020 & Harbiankova &

Shcherbina, 2021 )‘

Previous studies that support this research include: [(1) Lara et al. (2021) found that non-
integrated city planning between the city center and other sub-centers leads to urban issues in
terms of economic, social, and environmental aspects; (2) Atmaca et al. (2023) stated that the
lack of resources for post-disaster temporary evacuation plans resulted in significant physical,
economic, and social losses for the community; (3) Hofmann (2022), mentioned that effective
governance supports faster and better post-disaster recovery and resettlement; (4) Nickuyin et

al. (2020), Medeiros et al. (2020), and Kalfas e al. (2023), found that weak institutions in

managing urban activities lead to social, economic, and environmental problems.

These four studies collectively emphasize the need for more resources in post-disaster
urban planning and management institutions. [Furthermore, this study focuses on assessing the
environmental carrying capacity and support as determining factors for the sustainability of

post-earthquake settlement development in Palu City ](Luo et al, 2022). Thus, the
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environmental carrying capacity and support contribute significantly to sound spatial planning
and sustainable settlement development in Palu City (Rustiadi et al., 2021).

The long-term benefits to be obtained are as follows: (1) the availability of settlement
land zoning that is not prone to natural disasters; (2) the fulfillment of housing needs to support
the social and economic activities of the community; (3) the establishment of sustainable spatial
planning for settlements in Palu City. These three benefits will encourage the creation of a
balanced settlement environment towards the effective utilization of natural resources and the
restoration of the environmental quality of Palu City (Wardhani et al., 2021; Wang et al., 2022).
Consequently, settlement development will ensure the safety and security of residents to
engage in economic activities and promote the sustainability of urban development (Ayu
Purnamawati et al., 2023; Wei et al., 2023).

The development dynamics of Palu City as the capital of Central Sulawesi Province
have led to an increase in settlement development, contributing to changes in land use and a
decline in environmental quality (Surya et al., 2020). Furthermore, the urgency of this research
is contextualized in several aspects, namely: (1) the recovery and reconstruction of residential
areas after the earthquake; (2) spatial planning and settlement zoning based on an assessment
of environmental carrying capacity and support; (3) the realization of settlement development
that ensures human quality of life and environmental sustainability (Mumford, 2021). Thus,
the research questions to be addressed in this study are: (1) What is the land carrying capacity
and support for settlements in the Mantikulore Subdistrict Palu City? (2) What guidelines are

for developing new settlements post-natural disasters in the Mantikulore Subdistrict Palu City?
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Materials and Methods
Type of Research

This study is a mixed-methods research that combines quantitative and qualitative
approaches (Cresswell, 2010). Quantitative data were obtained through surveys and
documentation, while qualitative data were collected through observations and in-depth

interviews.

Study Area

The study was conducted in Mantikulore Subdistrict, Palu City, Central Sulawesi, with
an area of 206.80 km?. The selection of the research location was based on the following
considerations}: (1) It is the largest subdistrict area and relatively still undeveloped in Palu City;
(2) Geographically, it is relatively flat and located in hilly areas, thus avoiding the threat of
Tsunami; (3) It has relatively good access and is considered a peri-urban area of Palu City,
retaining urban characteristics. (4) It is a designated area for Palu City's development, and (5)
It significantly contributes to the concept and direction of sustainable city planning. The

location of the research is presented in Figure 2 below.
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Data Collection

The data in this study are categorized into two groups: (1) Primary data obtained
through direct observation and fieldwork; and (2) Secondary data obtained from previous
studies related to the settlement areas of Palu City. The data collected through observation
include (1) land use; (2) activity systems; (3) spatial utilization patterns; and (4) environmental
characteristics. The instruments used for observation are (1) field notes, (2) periodic notes, and
(3) checklists. Furthermore, the documentation data used in this study include administrative

data, spatial planning policies, land types, rainfall, topography, slope, hydrology, and land use.

Research variables
[The research variable is a characteristic, attribute, or value that exists in individuals, objects,
or activities, which has certain variations determined by the researcher to be studied and

subsequently used to conclude the research findings (Sugiyono, 2016). \The variables in this

study are based on the theory proposed by Muta'Ali et al. (2012), as shown in the following
table:

Tabel 1. Research Variables

Commented [AZ11]: Do not have to explain general concepts
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[Problem Statemenﬂ Variable

How is the Land Carrying Capacity and Land Land Area Available for Settlement
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New Settlements After Natural Disasters in Disaster Prone Zone of Palu City Spatial Plan
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Analysis

Settlement Carrying Capacity

[Carrying capacity is the ability of an area to support the life and activities of living beings,
especially humans. Environmental carrying capacity analysis uses quantitative methods. The
analysis assesses how capable an area is of providing adequate settlement land to accommodate
a specific population for habitation. To perform the carrying capacity analysis, several data are
required, including the size of land available for settlement, the population size, and data on
the standard or criteria for land requirements per individual.

The analysis assesses how capable an area is of providing settlement land to adequately
accommodate a specific population for habitation. To perform the carrying capacity analysis,
several data are required, including the size of land available for settlement, the population
size, and data on the standard or criteria for land requirements per individual.

For the development and expansion of settlements, a land cover ratio of 60% of the
potential area is considered (Muta'Ali et al., 2012). To obtain the land area that can be
developed for settlements from the potential area, it can be calculated using the following

formula:]

T
LPm =(LWP x 60%) (1)

Description:
LPm = Area of land available for settlement development
LWP = Potential Area
60% = Land Cover Ratio
Source: Muta'Ali et. al., 2012
To find LWP, the author used the formula:
LWp=LW — (LKL+LKRB) 2

Description:

{
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LWP = Potential Area Size (ha)
LW = Total Area Size (ha)
LKL = Protected Area Size (ha)

LKRB = Disaster-Prone Area Size (ha)

Once the land area that can be developed for settlements is known using the formula
above, the next step in analyzing the carrying capacity of the area for settlements is to calculate
the index value based on the available potential area, taking into account the standard per capita
space requirements based on geographic location and the latest population data. The purpose
of calculating this index value is to determine the potential area's capacity to accommodate an
optimal population (Muta’Ali ef al., 2012).

Below is the standard per capita space requirements that can be used, along with the

formula for calculating the index value of the carrying capacity for settlements, Commented [AZ14]: Many discussions in this paper are too
descriptive. Some parts can be shortened.

DDPm =

©)

LPm/]P
a

Description:

DDPm = Residential Carrying Capacity

LPm = Land Area Available for Settlement (ha)
JP = Population (Individuals)

a = Coefficient of Space Requirement (ha/capita)

Source: Muta'Ali et al., 2012

After calculating the carrying capacity of settlements using the formula, the range of
carrying capacity index values for settlements is obtained as follows:
e Value of DDPm > 1, meaning that the carrying capacity of settlements is high, and it

can still accommodate the population to settle (build houses) within the potential area.
10
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e Value of DDPm = 1, meaning that the carrying capacity of settlements is optimal, and
there is a balance between the population that settles (builds houses) and the available
potential area.

e Value of DDPm < 1, meaning that the carrying capacity of settlements is low, and it
can no longer accommodate the population to settle (build houses) within the potential

area.

Residential Absorption Capacity

Carrying capacity is the ability of a region to accept and accommodate an optimal population.
Environmental carrying capacity analysis uses quantitative methods. Carrying capacity
analysis is needed in response to the unavoidable dynamics of population growth. The
consequences of population growth and development occupying land lead to increased housing
density. Several data are required to conduct carrying capacity analysis, namely the results of
settlement carrying capacity analysis (DDPm) and data on the population size from the latest
year. Therefore, the optimal population capacity can be determined using the following

calculation formula:

DT=DDPmxJP  (4)
DT = Residential Absorption Capacity
DDPm = Residential Carrying Capacity

JP = Population Size

Zoning guidance

11
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Zoning guidance is part of control through the regulation of zones based on the city's carrying
capacity and capacity suitability. Zoning guidance analysis uses qualitative methods. The
sources of information in this analysis consist of the results of settlement carrying capacity and
capacity analysis and the characteristics of natural disasters in the Mantikulore District of Palu
City. Determining the guidance for settlement development in the Mantikulore District refers
to the Technical Guidelines for preparing Regional Disaster Management Plans at the
District/City Level prepared by the National Disaster Management Agency. In determining the
guidance for settlement development, zoning classification is carried out to facilitate
appropriate actions in disaster conditions. The zoning classification flowchart can be seen in

the following diagram.

Zoning based on Disaster Location

Settlement Carrying Earthquake Tsunami Liquefaction
i Zone 1 Zone I1 Zone I11
High Residential Low Residential Low Residential
Zoning Carrying Capacity Carrying Capacity Carrying Capacity
o Earthquake e Liquefaction ¢ Earthquake

f

f

|

!

|

v

;

Zone IV Zone V Zone VI Zone VII Zone VIII
Low Residential Low Residential Low Re}sidential Low Residential Low Residential
Carrying Capacity Carrying Capacity Carrying Capacity Carrying Capacity Carrying Capacity
e Tsunami o Earthquake e Tsunami e Tsunami e Tsunami

e Liquefaction

Figure 3. Zoning Based on Disaster Locations

o Liquefaction

e Earthquake

o Earthquake
e Liquefaction
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Results and Discussion
[Overview of the Research Location

Mantikulore Subdistrict is one of the districts in Palu City. It was formed from the expansion

of East Palu District and South Palu District. It has the most \signiﬁcant alrea compared to other Commented [AZ16]: The word significant is not appropriate in
this context. Significant in what way? May need some clarifications.

districts in Palu City, with its district capital in Talise Village. Based on its geographical
position, the study area boundaries selected for this research are as follows:

e North: North Palu District

e South: South Palu District

e East: Parigi Moutong Regency

e West: Palu Bay and West Palu District.

Table 2. Research Area Size.

No. sub-district Area Size (Ha)
L Kawatuna 2824.75
2. Lasoani 4717.99
. Layana Indah 1617.49
.- Poboya 5526.01
& Talise 1085.16
& Tanamodindi 241.73
= Tondo 3786.03
Total 19799.16
Source: Spatial Planning Plan of Palu City 2021-2041] L‘;‘ethodologly.Jl\I E)I:sztzt]s:";gi}:grfhseh:;ﬁ tl:e in the research

Table 2 shows that the largest village in Mantikulore Subdistrict is Poboya Village, with

an area of 5526.01 ha. In contrast, the most miniature village is Tanamodindi Village, with an Commented [AZ18]: The word miniature may not be
appropriate. Use 'smallest' instead.

area of 241.73 ha.
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Analysis of Settlement Carrying Capacity

[Carrying capacity is the capacity of an area to support the life and activities of living beings,
especially humans. This analysis of carrying capacity is beneficial to understand how capable
an area is of providing sufficient residential land to accommodate a certain number of
inhabitants adequately. In analyzing carrying capacity, several data are required, including the
land area available for settlements, the population size, and the standards or criteria for land
requirements per person.

Once the extent of land available for settlement development is known, the next step in
analyzing the carrying capacity of the region for settlements is to calculate the index value of
the existing potential area, taking into account the per capita space requirements based on the
geographical location (rural and urban) and the latest population size. The purpose of
calculating this index value is to determine the potential area's ability to accommodate an
optimal population. The calculation for analyzing the settlement absorption capacity in

Mantikulore Subdistrict is as follows.]

Table 3. Results of Settlement Carrying Capacity Analysis in Mantikulore Subdistrict

Commented [AZ19]: This does not need explanation anymore
as it is already explained earlier.

Please omit some explanations on the method. Instead of offering
descriptions of the purpose of conducting the analysis, the author
may want to offer why and how it is important.

Sub- Total Lwp
No gistricts Population  (ha) DDPm DDPm
1. Kawatuna 5529 365.58 2061 Low Reszdentla] Carrying
Capacity
2. Lasoani 11435 g45.16 142  HighResidential Carrying
Capacity
Layana Low Residential Carrying
3. Indah 4400 -376.74  -0.63 Copacity
4. Poboya 3528 104152 174  [HighResidential Carrying
Capacity
5. Talise 21883 26169 -044  LowResidential Carrying
Capacity
6. Tanamodindi 13242 -18.34 2003 Low Resza’entza/ Carrying
Capacity
7. Tondo 14461 -485.08 2081 Low Reszdentza'l Carrying
Capacity

Source: Analysis Results (2023)

14
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The analysis results in Table 2 indicate that the level of settlement carrying capacity in
Mantikulore Subdistrict is divided into high settlement carrying capacity, which is distributed
in Lasoani and Poboya Sub-districts, and low settlement carrying capacity, which is distributed
in Kawatuna, Layana Indah, Talise, Tanamodindi, and Tondo Sub-districts. This is due to the

limited potential areas in the Mantikulore Subdistrict.

15



Journal of Sustainability Science and Management Code Registration

119°63'40"E 119°57'30"E 120°1°20"E
T = T T

-

s g

] s
I I
) B
s [4
5 1z
° P
B B
B B

119°53'40"E 19°57'30"E 120°120"E
u SCALE : 1:80.000 Administration Hidrology Potential Area
A —uemee= Regency Boundary N Rien - High Potential Area
0 0rs 15 3 5 6
5 memameas District Boundary et s [ covpotenialares

=sreemee Sub-district Boundary

s Arterial Roads
Collector Roads

Secondary Collector Roads

——— Local Roads

Research Area
Coordinate system : WG S 1984 UTM Zone 508

Projection : Transverse Mectator
Datum £ 1983
Unit : Meter

Figure 4: Settlement Carrying Capacity Map of Mantikulore Subdistrict
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Analysis of Settlement Absorption Capacity

Capacity is the ability of a particular area to accommodate and support an optimal population.
A capacity analysis is essential to address the dynamics of population growth that is currently
inevitable—the consequences of population growth and development occupying land lead to
increased housing density. In conducting capacity analysis, several data are required, including

the results of settlement carrying capacity analysis (DDPm) and data on the latest population

count.
Table 4. Results of Settlement Capacity Analysis in Mantikulore Sub-District
Sub- Total DT .
No districts DDPm Population (Capacity) Information
The areas cannot
1. Kawatuna -0.61 5529 -2,268 accommodate and support
settlements
. The areas can accommodate
2. Lasoani 1.42 11435 9,981
and support settlements
Layana The areas cannot
3. -0.63 4400 -1,852 accommodate and support
Indah
settlements
The areas can accommodate
4. Poboya 1.74 3528 2,976
and support settlements
The areas cannot
5. Talise -0.44 21883 -5,516 accommodate and support
settlements
The areas cannot
6. Tanamodindi -0.03 13242 -435 accommodate and support
settlements
The areas cannot
7. Tondo -0.81 14461 -10,426 accommodate and support
settlements

Source: Analysis Results (2023)

Table 4 indicates that Mantikulore Sub-District needs to be increased to accommodate
the population for settlement. The table above shows Lasoani Village has the most significant

settlement capacity, with 9,981 people.

17
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Analysis of Settlement Development Directions in Mantikulore Subdistrict

To determine the direction of settlement development in the Mantikulore Sub-District, a

qualitative descriptive analysis tool is utilized, considering the results of the analysis of

settlement carrying capacity, population capacity, and natural disasters in the area. The

determination of settlement development guidelines in the Mantikulore Sub-District refers to

the Technical Guidelines for preparing Regional Disaster Management Plans at the

District/City Level, prepared by the National Disaster Management Agency (NDMA) and the

Japan International Cooperation Agency (JICA). For a more precise understanding, please refer

to the table below.]

[Table 5. Formulation of Settlement Development Guidelines in Mantikulore Sub-District

Zone Ddpm Natural Area Development Direction of
Disasters (Ha) Settlements
Zonal High Earthquake  1883.43 Conducting zoning of earthquake-
Resideptial prone areas and land use

Canylpg regulations.

Capacity Implementing earthquake-safe
building standards down to the
neighborhood level, adopted from
the provincial Building Code.
Applying land use regulations and
building permits based on
earthquake disaster risk
assessment.

Conducting socialization of
disaster threats and their potential
impacts on the community,
schools, and media.
Zone 11 Low Liquefaction 4.26 We are relocating settlements
Resideptial affected by liquefaction disasters
Carryglg in high-capacity residential areas
Capacity

within Zone I.
We are developing city-level
evacuation plans for priority
disaster zones.

18
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Zone Ddpm Natural Area Development Direction of
Disasters (Ha) Settlements
Zone Low Earthquake 16895.14 e Developing settlement placement
I Resideptial plans to reduce housing density in

Carrylpg earthquake-prone areas.

Capacity L.

o Establishing emergency response
facilities and infrastructure for
disaster preparedness.

e Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and the
media.

Zone Low Tsunami 3.16 o Establishment of regulations
v Residential related to land use and Building

Carrylpg Permits.

Capacity e Development of buffer zones and
disaster impact mitigating areas
for Tsunamis.

e Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and the
media.

Zone V Low Earthquake ~ 781.05 e Developing settlement placement
Resideptial Liquefaction plans to reduce housing density in
Carry‘Pg earthquake-prone areas.
Capacity

Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and the
media.

Relocating settlements affected by
liquefaction disasters to areas with
high settlement carrying capacity
in Zone I (Lasoani and Poboya).
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Zone Ddpm

Natural Area
Disasters (Ha)

Development Direction of
Settlements

Zone Low
VI Residential
Carrying
Capacity

Tsunami 0.14
Liquefaction

Establishing regulations related to
land use and building permits.
Developing buffer zones and
disaster impact mitigating areas
for Tsunami.

Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and media.
Relocating settlements affected by
liquefaction disasters to areas with
high settlement carrying capacity
in Zone I (Lasoani and Poboya).

Zone Low
vl Residential
Carrying
Capacity

Tsunami 118.39

Earthquake

Prohibited for further
development. Housing units are
recommended for relocation.
Creating settlement placement
plans to reduce housing density in
earthquake-prone areas.
Prioritizing land use for protected
areas and green open spaces.
Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and media.

Zone Low

VIII Residential
Carrying
Capacity

Tsunami 25.03
Earthquake
Liquefaction

Prohibited for any further
development. Housing units are
recommended for relocation.
Prioritizing the utilization of space
for protected areas and green open
spaces.

Conducting public awareness
campaigns on disaster threats and
their potential impacts among
communities, schools, and media.
Relocating settlements affected by
liquefaction disasters to areas with
high housing carrying capacity in
Zone I (Lasoani and Poboya).

Source: Analysis Results (2023)
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21



Journal of Sustainability Science and Management Code Registration

Conclusion

[Based on the analysis results of the carrying capacity and capacity of residential zones in
Mantikulore Sub-District, Palu City, it is generally observed that the environmental carrying
capacity and capacity for residential zones still need to be increased. the Lasoani and Poboya
sub-district. show high environmental carrying capacity and capacity for residential zones. At
the same time, other sub-district still need to meet the environmental carrying capacity and
capacity for their residential development needs. Furthermore, the post-disaster residential
development guidelines in Mantikulore Sub-District, Palu City, must be kept in its carrying
capacity and capacity conditions. The zoning guidelines for residential areas in Mantikulore
Sub-District, Palu City, are divided into permitted zones, conditionally permitted zones,
restricted permitted zones, and prohibited zones. Therefore, the development guidelines for
residential zones in Mantikulore Sub-District, Palu City, prioritize the Lasoani and Poboya sub-

district.\
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