EEET ECOLOGICAL ENGINEERING
——— & ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology, 2025, 26(4), 212-228
https://doi.org/10.12912/27197050/200922
ISSN 2719-7050, License CC-BY 4.0

Received: 2025.01.21
Accepted: 2025.02.21
Published: 2025.03.01

Sustainable growth through transit-oriented development:
Land suitability and planning along the Makassar-Parepare
railway

Ahmad Aulia Bahrun Amieq"®, Urif Syarifuddin Budimawan?®, Arifuddin Akil*®

! Department Regional Planning and Development Planning, Graduate School, Hasanuddin University,
Makassar, Indonesia

2 Department of Marine Science, Faculty of Marine Science and Fisheries, Hasanuddin University, Makassar
Indonesia

3 Department of Urban and Regional Planning, Faculty of Engineering, Hasanuddin University, Makassar,
Indonesia

* Corresponding author’s email: amieqaab23p@student.unhas.ac.id

ABSTRACT

Transit-oriented development (TOD) integrates land use and transportation infrastructure to create sus-
tainable, efficient, and accessible urban environments. This study evaluates the potential of greenfield
areas surrounding the Maros, Pangkajene, Tanete Rilau, and Barru railway stations along the Makassar-
Parepare railway corridor for TOD-based residential development. A land suitability assessment was
conducted using the spatial multi-criteria analysis (SMCA) approach combined with a weighted overlay
technique, with fuzzy analytic hierarchy process (AHP) results indicating proximity to stations (15.36%)
and road access (12.76%) as the most influential factors for sustainable TOD implementation. The find-
ings show that Tanete Rilau and Barru emerge as the most favorable locations, with the majority of their
land classified as suitable or highly suitable. Tanete Rilau has 63.11% of its land categorized as suitable,
making it highly viable for transit-integrated development, while Barru, with 10.72% of its land highly
suitable, presents strong potential for greenfield-preserving TOD. Pangkajene also demonstrates TOD
potential, with 50.86% of its land classified as suitable, while Maros faces greater constraints, with
46.44% moderately suitable and 31.62% unsuitable land. These findings highlight the importance of ac-
cessibility, infrastructure readiness, and land suitability in guiding TOD-based urban expansion, ensur-
ing optimized land use and sustainable development along the railway corridor.

Keywords: transit oriented development, land suitability, greenfield areas, railway stations, SMCA, fuzzy AHP.

INTRODUCTION

Transit-oriented development (TOD) serves
as an innovative urban planning strategy that in-
tegrates land use and transportation infrastructure
to promote sustainable, efficient, and accessible
urban growth. In Indonesia, where rapid urban-
ization poses challenges to sustainability, TOD
principles offer a structured approach to optimiz-
ing land use around transportation nodes (Cervero
& Arrington, 2008). This approach is particularly
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relevant for the Makassar—Parepare Railway Cor-
ridor, a key infrastructure project aimed at im-
proving connectivity and economic integration in
South Sulawesi (Adolphson & Fréidh, 2019).
Stretching 142 kilometers and linking major
areas such as Maros, Pangkajene, Tanete Rilau,
and Barru, the corridor traverses greenfield re-
gions dominated by agricultural land, wetlands,
and sparsely populated settlements (Zanaga et
al., 2021). These characteristics provide unique
opportunities for TOD-based urban expansion,
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emphasizing compact, pedestrian-friendly,
and transit-accessible developments. By con-
centrating residential and mixed-use projects
around transit hubs, TOD can decrease private
vehicle dependence, enhance accessibility, and
encourage sustainable regional development
(Lyu et al., 2020).

Each station along this corridor — Maros, Pan-
gkajene, Tanete Rilau, and Barru — exhibits dis-
tinct attributes that shape its TOD potential. Ma-
ros, due to its proximity to urban centers, holds
promise for urban infill and enhanced (Huang et
al., 2019). Pangkajene, with its diverse land use
and strong connectivity, presents opportunities for
balanced residential and commercial expansion
(Olaru et al., 2011). Tanete Rilau, benefiting from
high accessibility and well-developed infrastruc-
ture, emerges as a strong candidate for integrated
urban development. Meanwhile, Barru’s advanta-
geous geographical and infrastructural conditions
position it as an ideal site for compact, TOD-based
communities (Renne et al., 2016b).

Nevertheless, unlocking the full potential
of TOD in these areas necessitates addressing
various challenges, such as regulating land-use
changes, minimizing environmental impacts, and
ensuring equitable access to resources (Bespalyy
& Petrenko, 2022). A thorough land suitability
analysis that integrates physical, environmental,
and socio-economic factors is essential for guid-
ing policymakers, planners, and developers in im-
plementing TOD principles that align with local
conditions (Weldu & Deribew, 2014).

This study assesses the potential of greenfield
areas surrounding the four major railway stations
for TOD-based residential development. Utilizing
fuzzy analytic hierarchy process (AHP) and spa-
tial multi-criteria analysis (SMCA), the research
identifies both opportunities and constraints for
sustainable urban growth (Alkharabsheh et al.,
2022). The findings aim to facilitate TOD imple-
mentation, ensuring that future development en-
hances accessibility, maximizes land efficiency,
and maintains ecological sustainability.

MATERIAL AND METHODS

This study employs a methodological frame-
work designed to analyze the TOD potential of
greenfield areas surrounding the Maros, Pang-
kajene, Tanete Rilau, and Barru railway stations
along the Makassar—Parepare Railway Corridor.

The approach integrates spatial analysis and
multi-criteria decision-making to align develop-
ment priorities with TOD principles.

Study area

The study focuses on four major railway
stations along the Makassar—Parepare Railway
Corridor: Maros, Pangkajene, Tanete Rilau, and
Barru. Each station and its surrounding area with-
in a radius of 1200 meters were selected as the
primary study zones (Figure 1), which captures
primary and transitional zones critical for TOD
implementation. This range ensures the inclusion
of compact, walkable, and transit-accessible areas
that prioritize sustainable development. Each sta-
tion’s unique characteristics — from urban prox-
imity to land use diversity — provide a rich basis
for evaluating TOD potential.

Criteria for TOD potential

The selection of criteria in this study is based
on a literature review of key factors driving the
development of transit-oriented development
(TOD)-based residential areas. TOD integrates
land use and transportation to create sustainable,
efficient, and accessible environments (Cervero
& Arrington, 2008; Renne et al., 2016a). The se-
lected criteria refer to previous studies highlight-
ing essential elements in TOD-based residential
development, particularly in greenfield areas.

Fuzzy AHP

The criteria used include accessibility, avail-
ability of public facilities, environmental condi-
tions, and infrastructure (Table 1). Proximity to
railway stations and road network accessibility
are crucial in determining the affordability and
connectivity of an area (Lund, 2006; Olaru et al.,
2011). Public facilities, such as educational cen-
ters and healthcare services, support urban life
oriented toward public transportation (Feizizadeh
& Blaschke, 2013; Mees, 2014). Environmental
factors, such as land slope, disaster risk, and eco-
system sustainability are primary considerations
for ensuring residential sustainability and safety
(Kapoor et al., 2020; Weldu & Deribew, 2014).
Additionally, the availability of clean water and
electricity is a crucial aspect in supporting the
development of residential areas (Huang et al.,
2019; Xu et al., 2011).
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Figure 1. Research location

Table 1. Criterias of TOD-based development on the new developed area

No. Criteria Code References

1. | Distance to the railway stasion DS (Sc;]ir:zrtoaﬁ,ggl: 89?(?6%2?823%)‘( ins, 2018; Lund, 2006;

9 Distance to the road DR %;E)S?/I\I/jc!;ugoﬁg;‘l Olaru et al., 2011; Park & Choi,

. . Feizizadeh & Blaschke, 2013; Huang et al., 2019; Lyu et

3. |Distance to the city center DC ;I., 2020; Seo & Nam, 2019; ferayarga & Odani, é01y7)
(Feizizadeh & Blaschke, 2013; Mees, 2014; Melchor &

4. Public facilities availability FA Lembcke, 2020; Renne, Hamidi, et al., 2016; Xu et al.,
2011)

5. |Slope SL (Abbaspour et al., 2011; Akinci et al., 2013; Pgrk & Choi,
2020; Seo & Nam, 2019; Weldu, W. G., & Deribew, 2014)

. . Feizizadeh & Blaschke, 2013; Kapoor et al., 2020;

6. |Disaster risk RD sNeldu, W. G., & Deribew, 2014: xS etal., 2011)

7 |Land use LU (Fei_zizadeh & Blaschke, 2013; Liu et al., 2014; Park &
Choi, 2020; Ustaoglu et al., 2021; Xu et al., 2011)
(Akinci et al., 2013; Feizizadeh & Blaschke, 2013; Huang

8. | Water supply WS etal., 2019; Weldu, W. G., & Deribew, 2014; Xu et al.,
2011)
(Akinci et al., 2013; Feizizadeh & Blaschke, 2013; Huang

9. | Electricity supply EN et al., 2019; Weldu, W. G., & Deribew, 2014; Xu et al.,
2011)
(Akinci et al., 2013; Feizizadeh & Blaschke, 2013; Huang

10. | Ecosystem sustainability (restricted areas) EC etal., 2019; Weldu, W. G., & Deribew, 2014; Xu et al.,
2011)

Fuzzy analytic hierarchy process (AHP) was
used to assign relative importance to each crite-
rion. This method reduces uncertainty in expert
judgments by employing triangular fuzzy num-
bers, providing reliable weights for decision-
making. The criteria with the highest weights
— proximity to stations and road access — align
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with TOD’s emphasis on accessibility and con-
nectivity (Alkharabsheh et al., 2022; Hamzeh &
Alavipanah, 2014).

In the fuzzy AHP method, pairwise compari-
sons between elements are conducted using the
AHP scale, which is converted into triangular
fuzzy numbers (TFN). The distribution pattern
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Table 2. Fuzzy AHP scale and corresponding triangular fuzzy numbers

Variable AHP crisp value TFEN (L, M, U)
Both elements are equally important 1 (1,1, 1)
Both elements are almost equally important 2 1,2,3)
One element is slightly more important than the other 3 (2, 3,4)
One element is moderately more important than the other 4 3,4,5)
One element is more important than the other 5 (4,5, 6)
One element is significantly more important than the other 6 (5,6,7)
One element is nearly absolutely more important than the other 7 (6,7,8)
One element is absolutely more important than the other 8 (7,8,9)
One element is entirely more important than the other 9 8,9,9)

Note: L — represents the lower bound, M — represents the middle bound, U — represents the upper bound.

of TEN in Table 2 follows the standard approach
in the fuzzy AHP to capture uncertainty in expert
subjective assessments. The middle value (M)
retains the crisp AHP scale, while the lower (L)
and upper (U) bounds are defined as L = M — 1
and U = M + 1, except for the extreme values
(1,1,1) and (8,9,9), which ensure scale stability
(Alkharabsheh et al., 2022). This TFN distribu-
tion has been validated in various FAHP stud-
ies to ensure accuracy and avoid bias (Che Lah,
2019; Wang, 2021).

Each respondent produces a pairwise com-
parison matrix, and to obtain a more representa-
tive result across all respondents, the values are
aggregated using the geometric mean (geomean)
method. The geomean is calculated separately for
each component of the triangular fuzzy number
(TFN) as follows:

L= (H?:1Li): M= (H?:l Mi)' U= (H?:l Ui) (1)
where: L, M, U are the aggregated lower, middle,
and upper bounds of TFN, respectively;
L, M, dan U, are the fuzzy comparison
values provided by the i-th respondent; n

is the total number of respondents.

The geomean ensures that all fuzzy compari-
son values from respondents are proportionally
considered, resulting in a combined fuzzy matrix
that is more representative and stable. This meth-
od reflects a fair and accurate consensus among
the respondents (Alkharabsheh et al., 2022).

Defuzzification and normalization are criti-
cal steps in converting fuzzy values into action-
able crisp values for decision-making. Defuzzi-
fication transforms the fuzzy values obtained
from pairwise comparisons into crisp values that
are easier to interpret and compute. Normaliza-
tion then adjusts the weights of each criterion

to a uniform range, typically between 0 and 1,
ensuring that all criteria have comparable influ-
ence in the analysis (Alkharabsheh et al., 2022;
Hamzeh & Alavipanah, 2014). After defuzzi-
fication, the resulting crisp values are used to
determine the weights for each criterion. These
weights must be normalized to ensure compara-
bility across criteria, allowing data from various
sources to be combined effectively. Normaliza-
tion adjusts the weights to a uniform range, typi-
cally between 0 and 1, ensuring that no criterion
is overly dominant or underrepresented in the
spatial analysis.

The normalized weight (w)) for each criterion
is calculated using the formula:

Xi

Wi = 5w )

j=1%j

where: w, — normalized weight for criterion i;
x, — crisp value of criterion iii obtained

from defuzzification; Xj=1%j — total sum
of crisp values for all n criteria.

This normalization ensures that the sum of all
weights equals 1:

Law; =1 3)

The normalized weights are then applied as
weighted criteria in the spatial analysis using the
weighted overlay method. This ensures propor-
tional contributions from all criteria, facilitating
a balanced and accurate evaluation of land suit-
ability (Alkharabsheh et al., 2022).

Spatial multi-criteria analysis (SMCA)

Using geographic information systems (GIS),
the study integrates weighted criteria into spatial
layers to create a land suitability map. Key spatial
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tools include Euclidean distance for proximity
analysis, Kernel density for public facility distri-
bution, and slope analysis for terrain assessment.
Each criterion was standardized into a 5-point
scale, with higher scores indicating greater suit-
ability (Feizizadeh & Blaschke, 2013).

Weighted overlay

The weighted overlay technique combines
spatial layers to generate a composite suitability
map. Land is categorized into four classes: highly
suitable, suitable, moderately suitable, and un-
suitable for TOD-based residential development.
This classification highlights zones with optimal
TOD potential, enabling targeted planning and in-
vestment (Weldu & Deribew, 2014).

The integration process involves assigning
weights to these factors, reflecting their relative
importance in influencing land suitability. These
weights, derived from the fuzzy AHP method, are
determined based on expert input and contextual
priorities. For example, proximity to railway sta-
tions might receive a higher weight compared to
ecosystem sustainability, depending on the focus
of the analysis. The weighted overlay technique
calibrates the raster layers of each factor using
these weights, combining them into a single suit-
ability score for each raster cell.

The suitability score (Si) for each raster cell is
calculated using the formula:

Si = Xi=awy - Xij 4)

where: S, — total suitability score for raster cell i;
W, — weight of factor j, as determined by
fuzzy AHP; X, — ordinal value (5-1) for
raster cell iii on factor j; n — total number
of factors included in the analysis.

RESULTS

Land suitability factors

The successful development of any area is
influenced by a variety of factors that shape its
suitability for various purposes. Understanding
the existing conditions of these factors is essen-
tial for effective planning and decision-making.
This analysis explores key contributing factors
such as proximity to transportation infrastruc-
ture, accessibility to essential services, land use
patterns, and environmental considerations. By
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examining these elements, we can gain insights
into the potential challenges and opportunities
for development, ensuring that future growth
aligns with sustainability, safety, and overall
community well-being.

Distance to station

Proximity to railway stations plays a critical
role in determining the potential for transit-ori-
ented development (TOD). This study examines
a 1,200-meter radius around four major stations
— Maros, Pangkajene, Tanete Rilau, and Barru —
divided into zones of 0—400 m, 400—-800 m, 800—
1,000 m, and 1,000-1,200 m. At Maros Station,
the dominance of fishponds and agricultural land,
with limited built-up areas along a collector road,
highlights opportunities for transforming under-
utilized spaces into compact, transit-accessible
developments. Pangkajene Station shows similar
characteristics, though the presence of residen-
tial clusters in the 400-800 meter zone near Desa
Kabba indicates potential for infill development.
Tanete Rilau Station, with its mixed land use of
rice fields, vegetation, and scattered residential
areas, offers opportunities for balanced TOD-
based growth. Barru Station, featuring higher
densities of residential and commercial activity
in its western section, particularly in the 400-800
meter zone, demonstrates strong TOD align-
ment. Overall, zones within 0-400 meters show
the highest accessibility, while areas beyond 800
meters retain greenfield characteristics, offering
gradual development potential in alignment with
TOD principles.

Road network

The existing road network is a critical deter-
minant of TOD potential as it facilitates connec-
tivity and accessibility around railway stations.
Roads serve as vital links between residential
neighborhoods, public facilities, and transit hubs,
thus shaping opportunities for compact, transit-
oriented growth. By analyzing the distribution of
road types — arterial, collector, and local roads —
within a 1,200-meter radius of each station, this
study uncovers key insights into development po-
tential. Figure 2 summarizes the total road length
and classification for the four major stations: Ma-
ros, Pangkajene, Tanete Rilau, and Barru.

The variation in road networks reflects differ-
ing levels of TOD readiness across stations. Ma-
ros, with its shortest road network and reliance on
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Figure 2. Distribution of road network types around major stations

collector roads, faces limited connectivity but of-
fers potential for improved accessibility through
targeted road development. Pangkajene exhibits
a balanced road network, where the dominance of
local roads near residential clusters supports grad-
ual TOD-based infill development. Tanete Rilau
stands out with the longest road network, char-
acterized by a high density of local roads, which
align well with TOD principles of walkability and
mixed-use development. Barru, with a significant
share of collector roads, demonstrates strong con-
nectivity, particularly in areas near the station, en-
abling seamless integration with transit-oriented
planning. These road network characteristics play
a pivotal role in shaping the potential for compact,
transit-accessible communities and guiding strate-
gic TOD investments in south Sulawesi.

Distance to city center

Distance to city centers is a critical factor in
assessing TOD potential, as it reflects the connec-
tivity between railway stations and key hubs of
government, economic, and social activity. In this
study, city centers are defined as the regency of-
fices within each district, and the distance to these
centers is analyzed for four railway stations.

Maros Station is approximately 3,288 me-
ters from the Maros Regency city center, offer-
ing strong connectivity to urban and governmen-
tal activities. Pangkajene Station, situated about
3,603 meters from the city center of Pangkajene
and Kepulauan regency, benefits from an estab-
lished road network that supports integration with
transit-based developments. Tanete Rilau Station,
though farther at 8,043 meters from the Barru Re-
gency city center, is near a local activity hub in
Tanete Rilau, presenting opportunities for decen-
tralized TOD-based growth. Barru Station is the
closest to its city center, located just 1,038 meters

away, allowing for seamless integration with the
urban core and a strong alignment with TOD
principles. These variations in distance highlight
diverse levels of accessibility and connectivity,
with Barru and Maros demonstrating the stron-
gest potential for central TOD integration. In con-
trast, Tanete Rilau and Pangkajene offer unique
opportunities for localized, community-centered
developments that align with TOD frameworks,
supporting the creation of mixed-use, walkable
neighborhoods.

Public facilites availability

The availability of public facilities signifi-
cantly influences the potential for TOD by sup-
porting the basic needs of residents and enabling
compact, accessible urban growth. These facili-
ties include economic, healthcare, educational,
recreational, social, and transportation services,
all of which contribute to integrated development
(Figure 3). This study evaluates the distribution
of public facilities within a 2,200-meter radius of
four railway stations to understand their impact
on TOD potential.

Maros Station has the lowest number of fa-
cilities, with 15 total, emphasizing education and
social services but lacking sufficient economic
and healthcare infrastructure, which limits its
TOD potential. Pangkajene Station, with 20 fa-
cilities, shows moderate TOD potential due to its
focus on recreation and social services, although
it requires additional economic and healthcare fa-
cilities to fully align with TOD principles. Tanete
Rilau and Barru Stations, both with 43 facilities,
offer the greatest TOD potential. Tanete Rilau ex-
cels in economic and health services, supporting
vibrant, mixed-use urban centers, while Barru’s
robust healthcare infrastructure and recreational
services further strengthen its TOD alignment.

217



Ecological Engineering & Environmental Technology 2025, 26(4), 212-228

Barru

Tanete Rilau

Pangkajene

Maros

(=}

5 10 15

mEconomic ®mHealth = Education

20 25 30 35 40 45

m Social & Recreation  ® Transportation

Figure 3. Availability of public facilities around major stations

The disparity in public facility availability
underscores the varying levels of TOD readi-
ness. Enhancing economic and healthcare ser-
vices around Maros and Pangkajene would im-
prove their TOD potential, while Tanete Rilau
and Barru exemplify well-rounded, transit-sup-
portive environments suitable for sustainable ur-
ban development.

Slope gradient

Slope is a critical factor in evaluating TOD
potential, as it influences land stability, construc-
tion feasibility, and the overall suitability for ur-
ban development. Gently sloping areas (0-8%)
are ideal for TOD due to their stability and mini-
mal modification requirements, while steeper
slopes pose challenges such as increased con-
struction costs and risks of landslides. This study
employed digital elevation model (DEM) data to
classify slopes around four stations — Maros, Pan-
gkajene, Tanete Rilau, and Barru — into five cat-
egories: flat (0-8%), moderate (8—15%), moder-
ately steep (15-25%), steep (25-40%), and very
steep (>40%) (Figure 4).

Flat to moderate slopes dominate the land-
scapes around Maros, Pangkajene, and Barru
stations, making these areas highly suitable
for TOD-oriented developments due to ease

Tanete Rilau

9941%

of construction and cost efficiency. Maros and
Barru, with over 90% of their terrain classified
as flat, are particularly well-positioned to ac-
commodate compact, transit-centered urban-
ization. Conversely, Tanete Rilau presents a
higher proportion of moderately steep to steep
slopes, accounting for over 20% of its terrain.
While this poses challenges for construction, it
also offers opportunities for innovative archi-
tectural and engineering solutions tailored to
hilly terrains, aligning with TOD principles.
These findings emphasize the importance of
terrain analysis in guiding sustainable, transit-
accessible developments.

Disaster risk

Flood risk plays a crucial role in assessing
TOD potential, as high flood-prone areas can
disrupt transit infrastructure and reduce land
suitability for compact, walkable developments.
Areas with lower flood risks provide greater
opportunities for sustainable TOD implemen-
tation. This study utilizes flood risk data from
the GIS Service Inarisk by the National Disaster
Management Agency (BNPB), classifying flood
zones into low, medium, and high-risk catego-
ries. The flood risk distribution across the four
major railway stations is presented in Figure 5.

Pangkajene

mFlat (0-8%) mModerate (8-15%) = Moderately Steep (15-25%) m Steep (25-40%) mVery Steep (>40%)

Figure 4. Slope distribution in areas surrounding each station
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The flood risk assessment highlights varying
levels of TOD feasibility across the stations. Ma-
ros presents the highest flood risk, with over 91%
of its land classified as high risk, requiring sig-
nificant flood mitigation strategies before TOD-
based developments can be pursued. Pangkajene
and Tanete Rilau exhibit a mix of medium and
high-risk zones, suggesting that targeted plan-
ning is necessary to maximize TOD suitability in
lower-risk areas.

In contrast, Barru stands out as the most favor-
able location for TOD, with only 17.44% of its land
categorized as high risk and a majority of its area
falling within low to medium-risk zones. This makes
Barru particularly well-suited for sustainable transit-
oriented development, with fewer challenges related
to flooding. Strategic adaptation measures such as
elevated infrastructure and flood-resistant building
designs will be essential for optimizing TOD poten-
tial in higher-risk zones while ensuring resilience in
transit-oriented communities.

Landuse

The existing land use surrounding the four
major stations — Maros, Pangkajene, Tanete
Rilau, and Barru — plays a crucial role in shap-
ing TOD potential. The distribution of land use
reflects varying degrees of agricultural activity,

infrastructure availability, and residential devel-
opment, impacting the feasibility of compact,
mixed-use growth aligned with TOD principles.
The spatial distribution of land use is illustrated
in Figure 6, while detailed area measurements for
each land use category are provided in Table 3.

The land surrounding the four stations reveals
distinct land use patterns that directly impact TOD
feasibility. Maros and Pangkajene are dominated
by fishponds (48.43% and 52.10%, respectively)
and paddy fields, limiting immediate residential
growth but presenting long-term opportunities for
sustainable, mixed-use development. The limited
proportion of residential areas in Maros (2.03%)
suggests a need for strategic land use conversion
to align with TOD.

Tanete Rilau and Barru, on the other hand,
exhibit stronger TOD potential due to their high-
er proportions of residential areas (16.08% and
21.60%, respectively) and well-distributed infra-
structure. The presence of significant vegetation
and vacant land in these areas suggests opportu-
nities for TOD-compliant urban expansion while
maintaining environmental sustainability.

Overall, Barru emerges as the most TOD-
ready station, with the highest proportion of
residential land and balanced land use distribu-
tion. Pangkajene and Tanete Rilau offer strong

Figure 6. Land use classification maps around stations
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Table 3. Land use areas per station

Land use Maros Pangkajene Tanete Rilau Barru
(km?) (%) (km?) (%) (km?) (%) (km?) (%)

Agricultural land 74.28 1.14 69.36 1.53 4.07 0.09 67.86 1.50
Residential area 132.58 2.03 453.41 10.02 727.53 16.08 977.2 21.60
Rice field 2,871.21 44.02 676.82 14.96 2,029.38 44.85 1,838.61 40.63
Productive rice field - - 627.19 13.86 404.94 8.95 1,060.76 23.44
River 121.76 1.87 132.35 2.93 - - 20.6 0.46
Fishpond 3,158.82 48.43 2,357.32 52.10 - - - -

Vacant land 22.5 0.35 102.99 2.28 31.59 0.70 97.59 2.16
Vegetation - - 0.29 0.01 1,231.09 27.21 363.67 8.04
Railway facilities 140.96 2.16 104.73 2.31 96.07 2.12 98.48 2.18

opportunities for TOD but require strategic plan-
ning to integrate agricultural land into mixed-
use developments. Maros, despite its current
dominance in fishponds and paddy fields, holds
potential for gradual TOD-based transformation,
provided that infrastructure and residential zon-
ing adjustments are implemented. These find-
ings underscore the need for targeted land use
planning to maximize TOD potential and create
vibrant, transit-supportive communities around
railway hubs.

Water supply network

The availability of a clean water supply net-
work is a critical factor in supporting transit-ori-
ented development (TOD), ensuring access to es-
sential resources for sustainable urban growth. A
well-developed water infrastructure enhances the
feasibility of compact, high-density residential de-
velopments by providing reliable services to tran-
sit-adjacent communities. In this study, the clean
water network is analyzed based on its coverage
around the four railway stations, with distribution
primarily following road networks to facilitate
access. Maros Station has the most limited clean
water network, spanning only 1,293.39 meters,
which may constrain TOD implementation unless
infrastructure improvements are made. Pangka-
jene Station demonstrates better readiness, with
a network extending 6,642.19 meters, supporting
a larger residential base. Tanete Rilau (11,067.10
meters) and Barru (13,337.79 meters) have the
most extensive water supply networks, offering
strong potential for TOD due to their capacity to
sustain higher-density, mixed-use developments.

Barru stands out as the most infrastructure-ready
location for TOD, given its extensive water network,
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which supports compact and sustainable residential
growth. However, further evaluations on service ef-
ficiency and expansion potential are necessary to
ensure equitable water distribution and to optimize
TOD development in all station areas.

Electricity supply network

Reliable electricity infrastructure is funda-
mental to TOD, enabling efficient transit opera-
tions, economic activities, and high-density resi-
dential developments. This study focuses on the
medium voltage overhead distribution network
(SUTM), which supplies electricity directly to
residential and commercial areas, typically fol-
lowing major road networks. The electricity sup-
ply network varies significantly across the four
stations, influencing TOD feasibility. Maros Sta-
tion has the shortest network coverage at 1,964
meters, potentially limiting large-scale TOD ap-
plications without significant infrastructure up-
grades. Pangkajene Station is better equipped,
with 9,957.95 meters of network coverage, sup-
porting broader residential and commercial in-
tegration. Tanete Rilau (18,622.97 meters) and
Barru (15,763.71 meters) feature the longest elec-
tricity networks, aligning well with TOD prin-
ciples by facilitating transit-adjacent, mixed-use
development. Tanete Rilau, with the most extensive
electricity coverage, exhibits strong TOD potential
by supporting transit-connected, mixed-use growth.
Barru’s well-established network further strengthens
its suitability for transit-oriented urban expansion,
ensuring reliable power distribution for higher-den-
sity developments. Infrastructure improvements in
Maros and targeted expansions in Pangkajene would
enhance their TOD readiness, supporting a more ef-
ficient and sustainable urban framework.
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Restricted areas

Limited areas are designated to protect eco-
systems and prevent unsuitable developments,
such as residential zones. In this context, limited
areas refer to regions identified in the regional
spatial plan (RTRW), including forests, rivers,
and river buffers, which are critical for environ-
mental conservation and mitigating disasters like
floods. Railway tracks are also classified as lim-
ited areas, although specific regulations for their
management are lacking. These zones are gener-
ally non-residential due to safety considerations,
accessibility, and the need for infrastructure
maintenance. The Figure 7 provides an overview
of restricted zones around each station.

This data illustrates the extensive limited ar-
eas surrounding each station, which restrict their
use for residential development. For instance, the
Maros Station area includes 75.17 km? of railway
tracks and 611.71 km? of river and river buffer
zones, while the cultivation area of 3837.31 km?
remains available for development. Similarly, oth-
er stations like Pangkajene, Tanete Rilau, and Bar-
ru exhibit significant restricted zones near railways
and water bodies, underscoring the importance of

preserving these areas. The availability of cultiva-
tion area areas near these stations highlights their
potential for TOD. TOD can optimize land use by
integrating residential, commercial, and public
facilities near transportation hubs, while ensuring
sustainable growth and protecting ecological func-
tions. By focusing development in cultivation area
zones, TOD initiatives could enhance accessibility,
reduce environmental impacts, and create vibrant,
connected communities around the stations.

Fuzzy AHP
Pairwaise comparison
The pairwise comparison questionnaire

results, shown in Table 10, reflect the prior-
ity weights for each element based on responses
from experts, including academics (AC), gov-
ernment officials (GO), and urban planning and
transportation practitioners (PR). The process
involved systematically comparing all element
pairs to create a comparison matrix, which was
then analyzed to determine the priority weights.
The consistency ratio (CR), also presented in
Table 4 was used to assess the reliability of the

Barru | 95,18%
Tanete Rilau | 97,41% 0.
Pangkajene 85,06% 2,03% 9,98% 2,93%
Maros 1,66% 10,83% 2,69%
80% 85% 90% 95% 100%
m Cultivation Areas  m State Forest Areas  mRailway Tracks mRiver Buffers mRivers

Figure 7. Distribution of restricted zones around stations

Table 4. Results of pairwise comparison ahp compilation

Respondent DD DR DC FA SL RD LU WS ES EC CR
AC 1 0.15 0.05 0.05 0.09 0.08 0.09 0.13 0.09 0.09 0.20 0.10
AC 2 0.27 0.07 0.08 0.34 0.08 0.23 0.07 0.07 0.07 0.09 0.07
AC 3 0.35 0.1 0.04 0.35 0.02 0.1 0.15 0.15 0.18 0.10 0.08
GO 1 0.16 0.13 0.06 0.06 0.05 0.1 0.06 0.08 0.08 0.22 0.09
GO 2 0.09 0.07 0.06 0.09 0.04 0.10 0.19 0.19 0.12 0.17 0.10
GO3 0.09 0.24 0.04 0.22 0.02 0.13 0.06 0.09 0.09 0.29 0.09
GO 4 0.26 0.24 0.26 0.10 0.03 0.09 0.13 0.17 0.10 0.06 0.06
PR 1 0.19 0.10 0.06 0.07 0.09 0.10 0.03 0.1 0.1 0.19 0.07
PR 2 0.06 0.22 0.20 0.08 0.03 0.20 0.06 0.09 0.09 0.19 0.08
PR3 0.30 0.41 0.19 0.19 0.09 0.09 0.10 0.09 0.07 0.05 0.06
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responses. CR values ranged from 0.06 to 0.10,
indicating acceptable consistency and meeting
the tolerance limit of CR < 0.10. This confirms
that the pairwise comparisons are reliable for fur-
ther analysis using fuzzy values.

Deffuzifikasi

Fuzzy calculations involved separately tabu-
lating the lower (L), middle (M), and upper (U)
values for a systematic approach. After integrat-
ing these values, they were aggregated and de-
fuzzified into crisp values. These values were then
normalized to ensure the total weight summed to
1. The final priority weights, derived from this
process, will be used in the weighted overlay.

The weighted results of various criteria based
on the Fuzzy AHP method shown in Table 5. The
proximity to the train station (DD) emerges as the
most significant factor, with a fuzzy weight of 0.13
and a crisp value of 0.15, accounting for 15.36%
of the total priority. This is followed by the dis-
tance to the road (DS) at 12.76%, and the factor of
restricted areas (EC) at 12.39%. Public facilities
availability (FA) also plays a notable role, con-
tributing 11.79% to the overall weighting. Other
important factors include disaster risk (RD) and
basic infrastructure such as water supply (WS)
and electricity supply (ES), which are ranked ac-
cordingly. Slope gradient (SL) is ranked the low-
est, with the least influence on the land suitability
analysis at 4.61%. The table’s final column ranks
the criteria from most to least influential, with
proximity to the train station being the top priority
for the development of sustainable areas.

The analysis highlights that accessibility,
especially proximity to transportation hubs and

Table 5. Deffuzzifikation and normalization

roads, is crucial for sustainable development. En-
vironmental factors, such as restricted areas and
disaster risk, along with essential infrastructure
like water and electricity, are also key to creat-
ing safe and suitable areas for development while
preserving greenfield areas.

Land suitability

Spatial clasification of land suitability factors

In this study, land suitability classification
was conducted to evaluate the feasibility of ar-
eas for development based on a spatial approach.
Each factor influencing land suitability was ana-
lyzed using specific methods tailored to their
characteristics, utilizing relevant spatial data. The
classification of these factors was based on rel-
evant theories and regulations regarding spatial
planning, land use, and resource management an-
ticipating the growth.

The classification results are presented in an
ordinal scale from 5 to 1, with the highest value
(5) indicating optimal suitability, and the lowest
value (1) representing the least suitability (Table
6). This method offers a systematic approach to
understand how factors such as distance, acces-
sibility, infrastructure, topography, disaster risk,
and ecosystem sustainability are quantitatively
projected to affect overall land suitability.

The land suitability classification maps pro-
vide a spatial analysis, with each factor’s suitabil-
ity visually represented through color gradation.
The color scale ranges from green-blue, indicat-
ing the highest suitability (value of 5), to red,
representing medium suitability (value of 3), and
yellow, signifying the lowest suitability (value

Criterias 3 FuzzyMwelght 0 I(Dcer;‘z;zvi::(ua:)i Normalization | Percentage (%) Rank
DD 0.10 0.13 0.15 0.13 0.15 15.36 1
DS 0.08 0.10 0.13 0.10 0.13 12.76 2
DC 0.05 0.06 0.07 0.06 0.07 7.29 9
FA 0.08 0.10 0.11 0.10 0.12 11.79 4
SL 0.03 0.04 0.05 0.04 0.05 4.61 10
RD 0.07 0.08 0.10 0.08 0.10 10.11 5
LU 0.05 0.06 0.08 0.07 0.08 8.08 8
WS 0.06 0.07 0.09 0.07 0.09 9.08 6
ES 0.06 0.07 0.09 0.07 0.09 8.54 7
EC 0.08 0.10 0.12 0.10 0.12 12.39 3

0.82 1.00
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Table 6. Land suitability factor classification

No.

Factor

Classification

Ordinal value

Distance to train station

0-400 m

a

400-800 m

800-1000 m

1000-1200 m

>1200 m

Distance to road

0-100 m

100-300 m

300-600 m

600-1000 m

>1000 m

Distance to city

<2000 m

2000-4000 m

4000-6000 m

6000-8000 m

>10000 m

Public facilities availability

Very high density

High density

Medium density

Low density

Very low density

Slope gradient

0-8% (flat)

8-15% (gently sloping)

15-25% (moderately steep)

25-40% (steep)

>40% (very steep)

Disaster risk

0-0.20 (very low)

0.20-0.40 (low)

0.40-0.60 (medium)

0.60-0.80 (high)

0.80-1.00 (very high)

Current land use

Residential, vacant land

Scrubland

Dry farming fields

Productive rice fields, ponds

Rivers, rail tracks

Water supply network

0-100 m

100-300 m

300-600 m

600-900 m

>900 m

Electricity supply network

0-100 m

100-300 m

300-600 m

600-900 m

>900 m

10

Ecosystem sustainability/restricted
areas

Cultivation area

River boundary areas

Protected areas (railway tracks, rivers, forests)

=IO IN @O IN|WO([M O[NNI O[2IND|O|M O[NPl O|2INW|RlO|2|INMN|W|(M O[NPl O[2IN|W|H>
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of 1). This color scheme facilitates interpretation
and highlights areas that are most favorable for
anticipating the development.

Weighted overlay of land suitabilty

The assessment of land suitability for residen-
tial development around the Makassar-Parepare
railway stations was conducted using the spatial
multi-criteria analysis (SMCA) approach com-
bined with a weighted overlay technique. This
analysis considered ten critical factors, including
accessibility, ecosystem sustainability, disaster
risk, and infrastructure availability, as identified
during the initial stages of the study (Figure 7
and Figure 8). The factors were weighted using
the fuzzy AHP method, based on input from ten
experts, to produce a land suitability map that
categorized areas into five classifications: Highly
Suitable, Suitable, Moderately Suitable, Unsuit-
able, and Highly Unsuitable (Figure 10).

The land suitability analysis revealed notable
variations across the four major railway stations
— Maros, Pangkajene, Tanete Rilau, and Barru

— highlighting differences in physical, spatial, and
socio-economic conditions (Figure 11) . At Ma-
ros Station, 46.44% of the land is categorized as
moderately suitable, while 31.62% is deemed
unsuitable, reflecting challenges that need to be
addressed through infrastructure and planning im-
provements. In contrast, Pangkajene Station has
the highest proportion of suitable land (50.86%),
with 34.64% classified as moderately suitable,
suggesting significant potential for development
with relatively low barriers. Tanete Rilau Station
is the most favorable site, with 63.11% of its land
categorized as suitable, making it highly attractive
for residential and transit-oriented development.
Similarly, Barru Station shows promise, with
53.81% of land classified as suitable and 10.72%
as highly suitable, indicating strong potential for
sustainable and high-quality development.

These findings highlight significant oppor-
tunities to implement transit-oriented develop-
ment (TOD) along the Makassar-Parepare rail-
way corridor. TOD strategies can capitalize on
high-suitability areas, such as those near Tanete

BAR

TAN

PKJ

MRS

\ 0200400 0 1200 ° Railway Station ~ «==== Railway

Classification Score [l 5

Figure 8. Spatial classification of land suitability factors (1-5)
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Figure 9. Spatial classification of land suitability factors (6—10)
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Barru 53.81% e
Tanete Rilau  [I27%) 63,11%
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Figure 11. Distribution areas of land suitability around stations

Rilau, Barru, and Pangkajene Stations, by pro-
moting compact, mixed-use developments that
enhance accessibility and reduce car dependency.
In areas like Maros, where land is predominantly
moderately suitable, TOD can focus on upgrad-
ing infrastructure and improving connectivity to
unlock development potential. Furthermore, TOD
approaches can ensure the protection of ecologi-
cally sensitive zone.

Overall, adequate clean water and electric-
ity infrastructure are essential enablers of TOD.
Barru and Tanete Rilau demonstrate the high-
est readiness due to their extensive utility net-
works, supporting compact, sustainable urban
growth. In contrast, Maros requires infrastruc-
ture enhancements to optimize its TOD poten-
tial, while Pangkajene presents balanced op-
portunities that could be enhanced through tar-
geted utility expansions. Strategic investments
in infrastructure will be crucial to ensuring that
TOD principles are effectively implemented
across all four station areas.

CONCLUSIONS

Each railway station along the Makassar-
Parepare corridor presents distinct character-
istics based on land suitability factors, which
highlight opportunities for transit-oriented de-
velopment. Maros Station requires significant
infrastructure upgrades and flood risk miti-
gation to unlock its potential for TOD, while
Pangkajene Station shows promising devel-
opment opportunities but would benefit from
enhanced public facilities to support compact,
transit-connected growth. Tanete Rilau, with
its complete infrastructure, is well-positioned
for sustainable TOD, offering opportunities
to integrate residential, commercial, and tran-
sit facilities seamlessly. Barru Station stands
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out with excellent accessibility and low disas-
ter risk, making it ideal for eco-friendly TOD
initiatives.

The fuzzy AHP weighting results empha-
size that proximity to stations (15.36%) and
road access (12.76%) are the most critical
factors for sustainable development, aligning
well with TOD principles of accessibility and
connectivity. Other factors, such as restricted
areas (12.39%) and public facilities (11.79%),
are crucial for ecological and urban sustain-
ability. Basic infrastructure, including clean
water (9.08%) and electricity (8.54%), sup-
ports the feasibility of TOD projects, while
slope gradients (4.61%) remain important for
ensuring physical stability.

Tanete Rilau and Barru Stations emerge
as the most favorable for TOD implementa-
tion, with a majority of land categorized as
“suitable” or “highly suitable.” Tanete Rilau
boasts 63.11% suitable land, making it a prime
location for transit-integrated, sustainable de-
velopment. Barru, leading in highly suitable
land (10.72%), is well-prepared for high-qual-
ity, greenfield-preserving TOD. These findings
highlight the potential for eco-friendly and
connected development, with a focus on en-
hancing accessibility, optimizing land use, and
preserving environmental sustainability along
the railway corridor.
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