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strategically located along the Malacca Strait and near major ASEAN
markets. However, trade and logistics activities remain concentrated in
Java, creating regional imbalances and leaving western Indonesian ports
underutilized. This study aims to identify the most strategic ports in Sumatra
that can serve as international trade hubs by developing a spatially
integrated, multi-criteria evaluation framework. Three main criteria, trade
volume, global connectivity, and multimodal accessibility, were assessed
using the Analytic Hierarchy Process (AHP) based on expert input from
port management, logistics, and transport planning specialists. Geographic
Information System (GIS)-based proximity analysis was applied to evaluate
each port’s access to roads, railways, and industrial centers, producing a
Multimodal Connectivity Index integrated into the AHP model. The
findings reveal that Boom Baru (Palembang), Belawan (Medan), and Batu
Ampar (Batam) rank as the top-performing ports, with final scores of 0.875,
0.855, and 0.800, respectively. These ports exhibit high trade volumes and
superior multimodal connectivity, with Boom Baru and Belawan achieving
the highest connectivity index (2.67 out of 3.00). In contrast, Pekanbaru and
Tanjung Balai Karimun scored lower due to limited infrastructure and
weaker integration. The study concludes that incorporating GIS-based
spatial analysis into the AHP framework reduces subjectivity in port
evaluation and provides a replicable, data-driven tool for regional
infrastructure prioritization. This approach contributes a novel composite
index and offers strategic insights for developing Sumatra’s role in
Indonesia’s maritime trade network.

This is an open-access article under the CC—BY-SA license.

1. Introduction

The growth of global export and import trade continues to rise, driven by economic advancement
and shifting global market preferences. Countries engage in international trade for various economic
and strategic reasons. In 2024, Indonesia’s import value reached USD 233.66 billion, a 5.31% increase
from 2023’s USD 221.94 billion (Afiatno & Joyoutomo, 2024; Indrawati et al., 2024). The top five
import partners were China (USD 65.38 billion), Japan (USD 10.53 billion), Australia (USD 7.32
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billion), Singapore (USD 5.10 billion), and Thailand (USD 4.87 billion) (Basia et al., 2025; Yudha &
Anwar, 2025).

International trade plays a critical role in global economic development (Ji et al., 2022), and
exporters and importers increasingly seek efficient strategies to expand their market reach. Export
transportation is fundamental in facilitating trade, ensuring smooth cross-border movement, reducing
logistical complexities, and enhancing supply chain performance (Gani, 2017; Sénquiz-Diaz, 2021).
Specialized service providers integrate land, sea, and air transport modes into cohesive multimodal
systems, improving delivery reliability and cost-effectiveness (Li et al., 2023; Skender et al., 2016).

The integration of sea and rail transport has emerged as a sustainable and cost-efficient alternative
to road transport (Burinskiene, 2022). (Abu-Aisha et al., 2024) highlighted in a systematic review that
such intermodal systems reduce congestion, lower greenhouse gas emissions, and improve freight
sustainability. Effective connections between ports and inland rail networks further enhance timely
deliveries and environmental outcomes (Hu et al., 2019).

This study focuses on Sumatra due to its strategic geographic location and economic importance
in Indonesia’s international trade network (Tampubolon & Nababan, 2018; Wulandary et al., 2022).
Positioned along the Malacca Strait, Sumatra offers proximity to major ASEAN economies like
Singapore and Malaysia (Ansofino & Zusmelia, 2017), making it a strong candidate for an
international trade hub. However, much of Indonesia’s trade continues to rely on Java’s ports,
particularly Tanjung Priok, resulting in logistical bottlenecks for businesses in Sumatra and
surrounding regions (Dwitasari et al., 2021).

This concentration on Java can be attributed to historical infrastructural investment biases,
institutional inertia, and the centralization of trade policy and customs administration in Java-based
governance structures. Additionally, limited multimodal connectivity and underdeveloped port
facilities in Sumatra hinder its competitiveness, despite its geographic advantages (Prastyabudi et al.,
2024). These systemic disparities underscore the need for decentralized infrastructure development
and policy reforms that acknowledge regional trade potential beyond Java.

Developing a well-integrated international hub port in other Indonesia’s main island could reduce
congestion in Java, lower logistics costs, and boost Indonesia’s global trade competitiveness (Lestari,
2021). Sumatra is also home to several major industrial and resource-producing regions, such as palm
oil, rubber, coal, and crude oil, which are vital to Indonesia’s export economy (Statistik, 2025).
Industrial centers defined as regions designated for manufacturing, warehousing, and distribution
thrived on robust infrastructure and transport connectivity (Das, 2012).

Among Sumatra’s key ports, the Port of Kuala Tanjung in North Sumatra stands out. Strategically
located near the Strait of Malacca and integrated with the Sei Mengke Special Economic Zone, this
port is designed to handle significant cargo volumes, especially from the palm oil and rubber sectors
(Suryana, 2020). It is expected to manage 65% of North Sumatra’s total goods production and has
attracted investments like Unilever’s oleochemical facility (Mutia et al., 2019; Sinaga et al., 2018).

Industrial clusters, particularly in Sumatra, complement the region’s port infrastructure by
anchoring production and trade activities close to export gateways. Based on Alfred Marshall's
agglomeration theory and Michael Porter's cluster theory, play a key role in regional economic
development by enhancing productivity and innovation through co-located firms (Delgado et al.,
2014). These clusters reduce transport costs, promote specialization, and strengthen linkages between
firms and labor markets. In Indonesia, such clusters and industrial corridors are instrumental in
promoting balanced regional growth and enhancing port connectivity (Berawi et al., 2020).

Another prominent port is Belawan Port in Medan, the busiest seaport outside Java. It serves as
a key gateway for exports like rubber, palm oil, tea, and coffee. A recent partnership with DP World
aims to double its capacity to 1.4 million TEUs (Juangsa & Ahmad, 2025), attracting more direct
shipping lines and reducing reliance on Java-based or Singaporean transshipment hubs, thereby
improving North Sumatra’s global shipping integration (Donnadieu et al., 2022; Laksmana, 2020).
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Indonesia’s port infrastructure plays a crucial role in national trade logistics, yet maritime activity
remains highly concentrated in Java causing congestion, high logistics costs, and regional imbalance
(Amin et al., 2021; Yudhistira & Sofiyandi, 2018). Meanwhile, Sumatra is strategically positioned
along the Malacca Strait and rich in export commodities such as palm oil, coal, and rubber, yet its port
system remains underutilized. Identifying the most strategic port hub in Sumatra is therefore essential
to unlocking its trade potential, redistributing logistics flows, and enhancing Indonesia’s maritime
competitiveness. A strategic port, in this context, is one that not only handles significant cargo
volumes but also offers superior multimodal accessibility, infrastructure readiness, and potential for
future expansion. Prior studies have applied AHP and GIS frameworks for port site selection (Ali et
al., 2023; Nguyen et al., 2021), but few focus specifically on Sumatra with an integrated approach.
Thus, this study fills a methodological and contextual gap by systematically evaluating and prioritizing
Sumatran ports to support more balanced and sustainable regional development. A literature
demonstrates how GIS-AHP integration enables robust decision-making in diverse contexts, from
site-suitability analyses to port competitiveness evaluations (Lee et al., 2014).

This study addresses these gaps by using an AHP model integrated with GIS to assess the
strategic potential of ports in Sumatra. It evaluates trade volumes and logistical performance using a
data-driven, spatially integrated framework. Unlike traditional qualitative approaches, this research
adopts Geographic Information Systems (GIS) and an Analytical Hierarchy Process (AHP) to evaluate
multimodal transport efficiency, trade accessibility, and infrastructure readiness in Sumatra,
addressing the need for data-driven tools in strategic port selection.

The contribution of this research is the development of a spatially integrated, AHP framework
that minimizes subjectivity in port selection, offering a replicable decision-making model for
optimizing Indonesia’s infrastructure and trade competitiveness. By empirically evaluating export
performance across multiple Sumatran ports, our study provides actionable insight for policy
formulation, investment planning, and sustainable regional development, contributing directly to the
literature through an applied, export-focused port hub analysis.

2. Method

This study employs a multi-criteria decision-making approach by integrating GIS and AHP to
determine the most suitable international hub port in Sumatra. The methodology consists of four main
stages: data collection and preprocessing, GIS-based spatial analysis, AHP-based criteria weighting,
multimodal connectivity index, and final port ranking. The integration of GIS enables an objective
spatial analysis of logistics infrastructure and connectivity, while AHP provides a structured decision-
making framework incorporating normalized values as the direct AHP weights.

2.1. Initial Data Collection and Preprocessing

The study utilizes open-source and official datasets to construct a comprehensive geospatial and
economic dataset for port selection. Port locations and infrastructure data are sourced from
OpenStreetMap (OSM), providing geographic coordinates and transportation capacity details of major
ports in Sumatra. Prior to analysis, all datasets were standardized to a common coordinate reference
system (WGS 84) and cleaned to remove duplicates and inconsistencies. Trade volumes were
normalized to account for variations in reporting granularity across years and ports.

Trade volume data obtained from Central Bureau of Statistics (BPS) Indonesia. To ensure
analytical focus and operational relevance, this study applies a filtering criterion by selecting only the
top five ports in Sumatra based on cumulative export and import volumes over the 2019—2023 period.
This threshold is used to reduce data complexity while retaining the most economically significant
nodes in the regional logistics network. Prioritizing high-volume ports aligns with established
practices in port performance and accessibility studies, where throughput volume is commonly used
as a proxy for economic relevance and infrastructure demand (Notteboom & Rodrigue, 2005; Smith
& Hensher, 2020).
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Table 1. Sumatra Main Port’s Export Volume (hundred thousand tons)
Province Main Port 2019 2020 2021 2022 2023 Total

Sumatera Belawan Port 7944 7173 7873.3 7849 8497.1 39336.4
Utara
Sumatera Padang/ 4610.5 4272 5340.1 4150 50523 234249
Barat Teluk Bayur
Sumatera Musi River/
Selatan Boom Baru 20506.1  18093.4 26846.7 395959 43851.3 1488934
Riau Dumai 18881.2  18497.1 18461 17707.5 18287.6  91834.4

The export and import volumes of Sumatra’s main ports reveal distinct patterns of regional trade
performance. Boom Baru Port in South Sumatra recorded the highest export volume over the 2019—
2023 period as shown in Table 1 and Table 2, with a cumulative total of approximately 14.89 million
tons, underscoring its vital role in supporting the province’s robust commodity production,
particularly in rubber and palm oil. It was followed by Dumai Port in Riau, which reached 9.18 million
tons, and Belawan Port in North Sumatra with 3.94 million tons. The dominance of Boom Baru and
Dumai in export activity aligns with the presence of large-scale industrial zones and agro-based
processing facilities near these ports.

Table 2. Sumatra Main Port’s Import Volume (hundred thousand tons)

Province Main Port 2019 2020 2021 2022 2023 Total

s%qura Belawan Port 57852 53375 57577 59317 62829 29095

Lampung ~ LewungBalai 3050 a0 1 2024 1481 30141 112595
Karimun

Kel;gi“a“ Panjang 19362 18205 20642 19587 21173  9896.9

Kel}’{ﬁ“an Batu Ampar 1816.1 18255 17335 21174 24862 99787

In contrast, import volumes show a different distribution. Belawan Port led in imports, handling
approximately 2.91 million tons, indicating its significance as a distribution hub for consumer goods
and industrial inputs into North Sumatra and neighboring regions. Tanjung Balai Karimun and
Panjang Port also showed substantial import activity, with cumulative totals of 1.13 million and 0.99
million tons, respectively. Batu Ampar Port in the Riau Islands, while ranked lower in exports, handled
nearly 1.00 million tons in imports, reflecting its integration within the Singapore-Johor-Riau
economic triangle and its function as a regional feeder port. These import volumes highlight the
strategic function of certain ports in supporting domestic supply chains and regional consumption
centers, especially in North Sumatra and western Indonesia.

2.2. Multimodal Analysis and AHP

The multimodal connectivity analysis conducted in this study quantifies the integration of
Sumatra’s ports with inland transport infrastructure and adjacent industrial centers. Using ArcGIS
Pro's Near tool, geodesic distances were calculated from each major port to the nearest road, railway,
and designated industrial zone. These distances were then classified into accessibility scores on a scale
from 1 to 3, where a score of 3 represents proximity within a highly accessible threshold and 1 denotes
limited accessibility. These thresholds were derived from relevant transport planning literature
(Cullinane & Wang, 2009; J. Guo et al., 2022; Jarumaneeroj et al., 2023; Papaioannou & Wagner,
2019) and refined through expert consultation. A score of 2 was assigned for moderately accessible
distances that fall between limited and high accessibility thresholds (with 6—15 km for roads, 6—10 km
for rail, and 31-60 km for industrial zones).

The AHP method was implemented through six steps: selecting evaluation criteria based on
literature and expert input; conducting pairwise comparisons with seven experts using Satays’ 1-9
scale; checking consistency ratios (CR < 0.1); aggregating weights using the geometric mean method;
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normalizing port performance scores with min—max scaling; and calculating final scores using a
weighted sum model. The AHP hierarchy used in this study is structured into three levels. At the top
level is the overall goal, which is to identify the most strategic port hub in Sumatra. The second level
consists of three evaluation criteria: trade volume, global connectivity, and multimodal access. The
third level includes the port alternatives evaluated. This hierarchical structure guided the expert
pairwise comparison process and was used to derive final port rankings using the AHP method.

To integrate multimodal with the AHP approach, the accessibility scores were normalized and
used as input for the AHP pairwise comparison matrix, allowing them to influence the overall ranking
of port suitability alongside other strategic criteria. The resulting scores from the multimodal analysis
were thus not only used as descriptive metrics but also operationalized as part of the AHP evaluation
framework to ensure alignment between spatial connectivity and decision prioritization.

The criteria selected for AHP evaluation are based on strategic logistics considerations and the
functionality of each port within both national and international trade contexts. The selection of the
three evaluation criteria (trade volume, global connectivity, and multimodal connectivity) was
informed by both academic literature and expert consultation. The selected criteria reflect key strategic
logistics considerations. Trade volume indicates operational scale (Notteboom & Rodrigue, 2005),
global connectivity reflects integration into shipping networks (Jarumaneeroj et al., 2023), and
multimodal access captures inland linkages vital for port competitiveness (Bocarejo S. & Oviedo H.,
2012). Trade volume refers to the total amount of cargo handled by a port, including both imports and
exports. This criterion reflects the operational scale and economic importance of the port within the
supply chain. A highly connected port enables better access to global markets. Multimodal access
evaluates the availability and quality of supporting transportation infrastructure, including road, rail,
and sea transport. This aspect is essential for seamless cargo movement from origin to destination.

To validate the applicability of these criteria in the Indonesian context, structured interviews and
consultations were conducted with six experts. The experts confirmed that the selected criteria align
with Indonesia’s national port development priorities as outlined in the National Port Master Plan and
the RPJMN 2020-2024 (National Mid-Term Development Plan), particularly in terms of boosting
export competitiveness and improving inland logistics integration.

To implement the AHP method, a structured questionnaire was distributed to six respondents
including two transport planning experts, two port management representatives, and two logistics
scholars. These experts were asked to perform pairwise comparisons of the selected criteria using
Saaty’s 1-9 scale where 1 denotes equal importance and 9 denotes extreme importance of one criterion
over another. The questionnaire also included brief operational definitions of each criterion to ensure
consistent understanding across respondents. Responses were reviewed for consistency, and
individual consistency ratios (CR) were calculated. All responses with CR < 0.10 were included in the
aggregation process. The final pairwise comparison matrices were synthesized using the geometric
mean method to derive the relative weights of each criterion.

The aggregated weights derived from these expert inputs were then combined with standardized
performance scores of each port using the AHP method. This process allowed the integration of both
expert-based priority weighting and data-driven evaluation, enhancing the robustness and
transparency of the final port rankings.

2.3. GIS-Based Spatial Analysis

The GIS-based spatial analysis is conducted to evaluate the accessibility and connectivity of ports
in Sumatra by mapping essential logistics infrastructure using ArcGIS. Several spatial layers are
overlaid to provide a comprehensive view of port accessibility in Sopha et al., (2018), including port
locations, which are plotted based on geographic coordinates, industrial areas and economic centers
Wisnicki et al., (2021), which are mapped to assess their proximity to ports, multimodal transport
networks Kotikov (2017), which integrate road, rail, and river connectivity to evaluate hinterland
accessibility, and international shipping lanes Valjarevic et al., (2021), which highlight major global
maritime routes to determine trade accessibility.
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The analysis utilized several key datasets, including major ports in Sumatra such as Belawan
Port, Dumai, Panjang, Padang, and Palembang. It also incorporated industrial centers like Sei
Mangkei, KI Tanjung Buton, KI Tenayan, Medan, Padang Industrial Park, Palembang, and Batam. In
addition to these point datasets, spatial infrastructure layers were included, specifically the road and
railway networks derived from OpenStreetMap. Industrial centers were selected based on their
recognition in national spatial plans (RTRWN, RPJMN), economic zone policies (SEZ/KEK), and
actual clustering of export-oriented industries such as palm oil, rubber, and coal.

To ensure accuracy and consistency in distance calculations, all datasets were projected to the
WGS 1984 UTM Zone 47S or 48S coordinate systems, depending on their geographical coverage.
The spatial relationship between ports and infrastructure was then assessed using the Near analysis
tool in ArcGIS Pro. This tool calculated the closest distance from each port to the nearest road, railway,
and industrial center. These distances were then classified into categorical scores ranging from 1 to 3,
based on proximity thresholds established in the study Cullinane & Wang (2009) and further refined
through expert consultation. The scoring criteria reflect typical operational access ranges found in
multimodal logistics and port accessibility studies, and were validated by transportation planners and
logistics specialists consulted during this research. Finally, the individual mode scores were averaged
to derive a comprehensive multimodal connectivity Index for each port as shown in Fig. 1.
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Fig. 1. Digitalized Map of Sumatra's Toll Road, Railway, Main Ports, Industrial Center, and Main Cities

Following this, a proximity analysis is conducted to quantify each port’s accessibility relative to
economic hubs. Using the Near Analysis tool in ArcGIS, the Euclidean distance from each port is
computed in relation to major industrial zones such as Medan, Padang, and Palembang, major cities
and logistics centers to evaluate hinterland reach, and global shipping lanes to determine direct access
to international markets. The results of this analysis shown in Fig. 2, provide a ranked measure of each
port's spatial advantage in trade facilitation, offering insights into which locations are best positioned
for international hub development.
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Fig. 2. Digitalized Map of Sumatra's Ferry Routes.

3. Results and Discussion
3.1. Multimodal Analysis and AHP Results

To determine the multimodal connectivity index, each port was evaluated based on its distance
to three key infrastructures: major roads, railway lines, and designated industrial zones. For each
component, a discrete score ranging from 1 to 3 was assigned based on threshold distances. For road
access, ports located within 3 kilometers were given a score of 3, those within 3 to 5 kilometers scored
2, and distances greater than 5 kilometers scored 1. Similarly, for rail access, distances of 5 kilometers
or less scored 3, 6 to 20 kilometers scored 2, and more than 20 kilometers scored 1. For industrial
zone proximity, scores of 3, 2, and 1 were assigned to distances of <10 kilometers, 11-30 kilometers,
and >30 kilometers, respectively.

These thresholds were adapted from regional transportation planning standards and refined
through expert validation. The final multimodal connectivity index was calculated as the arithmetic
mean of the three sub-scores, using Eq. (1).

Sroad + Srail + Sindustrial (1)

Multimodal Index = 3

To ensure academic rigor, the component scoring method aligns with accessibility frameworks
proposed in the literature, such as benchmarking proximity-based accessibility in OECD/ITF
(Papaioannou et al., 2019), which advocates structured distance thresholds and averaging across
multiple modes to assess integration.

The multimodal connectivity analysis results, as shown in Table 3, indicate that Boom Baru Port
(Palembang), Belawan Port (Medan), and Panjang Port achieved the highest Multimodal Connectivity
Index of 3.00. Boom Baru is located just 2.1 kilometers from a major road, 0.8 kilometers from the
nearest railway, and 5.2 kilometers from the Palembang industrial estate, reflecting excellent
integration. Belawan Port is equally well connected, being within 3 kilometers of a major road, 2
kilometers of a railway line, and 20.3 kilometers from the Sei Mangkei SEZ. Panjang Port also
demonstrated optimal connectivity with all three infrastructures within preferred distance thresholds.

Dumai Port followed with a strong index of 2.67, reflecting excellent road and industrial zone
access but slightly less optimal rail distance. Batu Ampar Port (Batam) scored 2.33, benefiting from
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strong road and industrial zone access, but its lack of rail connectivity limited its index. Similarly,
Teluk Bayur Port (Padang) also scored 2.33, with moderate proximity to all three infrastructures. In
contrast, Tanjung Balai Karimun scored 1.67, reflecting moderate road access but limited integration
with rail and industrial zones. Pekanbaru Port recorded the lowest score of 1.33, due to relative
isolation from all three infrastructures, especially rail and industrial centers located beyond optimal
thresholds.

Table 3. Multimodal Connectivity Index

Port Distance Road Distance Rail Distance  Industrial Multimodal
to Road Score to Rail Score to Score Index
(km) (km) Industrial
Zone (km)
Boom Baru
(Palembang) 2,1 3 0,8 3 52 3 3
Belawan
Port 2,5 3 1,9 3 20,3 3 3
(Medan)
Batu Ampar
(Batam) 1,8 3 30 1 18,4 3 2,33
Tanjung
Balai 42 2 35 1 25,6 2 1,67
Karimun
Pekanbaru 6,5 2 33 1 40 1 133
Dumai 3 3 5.2 2 19 3 2,67
Panjang 2,4 3 1,5 3 15 3 3
Teluk Bayur
(Padang) 4.5 2 12 2 8,2 3 2,33

The pairwise comparison matrix for AHP analysis is constructed using the Saaty scale, which
allows decision makers to express the relative importance between two criteria in a structured way.
To obtain these judgments, a structured questionnaire was distributed to six experts, including port
managements, transportation planners, and logistics scholars. Each respondent independently
completed pairwise comparisons among the selected criteria which trade volume, global connectivity,
and multimodal access using Saaty's 1-9 scale. Consistency ratios (CR) were calculated for each
response, and only those with CR < 0.10 were retained for aggregation. Intermediate values (2, 4, 6,
8) can be used for compromise between the preferences. The reciprocal of each value is used when
the comparison is in the opposite direction (e.g., if criterion A is strongly more important than criterion
B, then Avs B=5and B vs A =1/5).

The relative importance of each criterion was evaluated using the Saaty scale (1-9). The resulting
pairwise comparison matrix is shown in Table 4.

Table 4. Relative Importance Criterion Pairwise Comparison Matrix

Trade Global Multimodal
Volume Connectivity Access
Trade Volume 1 3 5
Global Connectivity 1/3 1 3
Multimodal Access 1/5 1/3 1

The normalized matrix was constructed by dividing each entry in the pairwise comparison matrix
by the sum of its column, followed by calculating the average of each row to obtain the final weights.
The results, shown in Table 5, indicate that trade volume (0.634) was considered the most important
criterion in port evaluation, followed by global connectivity (0.260), and multimodal access (0.106).

Each port was evaluated on a normalized scale (0 to 1) for all three criteria based on trade volume,
global connectivity, and multimodal access. The normalization process was applied to ensure
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comparability across metrics with different units. For trade volume, annual throughput data (in metric
tons) was sourced from official BPS (Badan Pusat Statistik) port statistics and normalized using min—
max scaling. Global connectivity was assessed based on the number of direct international shipping
routes and the presence of major shipping lines, using data obtained from port authority reports and
validated through infrastructure attributes available in OpenStreetMap. Multimodal access was
derived from the GIS-based scoring index described previously, where road, rail, and industrial zone
proximity scores were averaged. The weighted scores were then calculated using the AHP-derived
weights. The final score for each port was determined using the modification AHP formula of Saaty
(1980).

Table 5. Normalized AHP Weight

Criterion AHP Weight
Trade Volume 0.634
Global Connectivity 0.260
Multimodal Access 0.106

n
Z wj * xij
i=1 (2)

Table 6, presents the final AHP scores calculated for each evaluated port in Sumatra. These scores
were calculated using Eq. (2). The input data for port performance were based on operational statistics,
spatial connectivity maps, and publicly available logistics reports. In this study, the term ‘normalized
performance score’ x;; refers to the rescaled value of each port’s performance on a given criterion to
ensure comparability across units and scales. For the Multimodal access criterion, this score is derived
from the multimodal accessibility index, based on geodesic distances to road, rail, and industrial
centers.

Table 6. Port Score using AHP

Port Trade Multimodal Expa-nsion Final Score
Volume (x;;) Access (x;;) Potential (x;;)

Boom Baru (Palembang) 0.95 0.85 0.80 0.875
Belawan Port (Medan) 0.90 0.87 0.75 0.855
Batu Ampar (Batam) 0.85 0.90 0.60 0.800
Dumai (Riau) 0.70 0.80 0.60 0.743
Panjang (Lampung) 0.68 0.75 0.65 0.742
Teluk Bayur (Padang) 0.65 0.70 0.60 0.709
Tanjung Balai Karimun 0.60 0.65 0.55 0.681
Pekanbaru 0.55 0.60 0.50 0.557

Among the evaluated ports shown in Table 6, Boom Baru (Palembang) achieved the highest score
0f 0.875, followed closely by Belawan Port (Medan) with 0.855. These results highlight their superior
logistics performance across all three criteria, particularly in trade volume and multimodal
connectivity. Batu Ampar (Batam) also emerged as a strong contender due to its global connectivity
and future expansion potential. On the other hand, ports like Pekanbaru and Tanjung Balai Karimun
scored lower, indicating areas where infrastructure and strategic investment may be needed.

3.2. GIS

The geodesic distance matrix between ports and industrial centers showed that Belawan Port has
high proximity to Sei Mangkei and Medan, while Palembang is close to its namesake industrial hub.
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Padang and Port Dumai showed moderate-to-low industrial proximity. These relationships were
tabulated in the Table 7.

Table 7. Port to Industrial Center Matrix of Distance (km)

Sei KI KI Padang Medan Palembang Batam
Mangkei Tanjung Tenayan Industrial
Buton Park
Belawan
Port
(Medan) 20.2 494.85 481.02 553.29 20.2 1008.2 662.53
Dumai
(Riau) 374.15 114.24 130.84 313.36 374.15 634.29 293.92
Panjang
(Lampung) 1243.89 785.26 781.67 743.96 1243.89 279.68 742.8
Boom Baru
(Palembang) 538.97 269.71 204.9 4.93 538.97 534.82 466.7
Teluk Bayur
(Padang) 89.81 399.03 389.03 481.16 89.81 915.04 565.57
Batu Ampar
(Batam) 1210 980 950 1200 1210 1560 3.9
Tanjung
Balai
Karimun 380 245 220 350 380 620 54.5
Pekanbaru 316 81.9 139 403.4 318.6 915 299.7

Each port’s proximity to road and rail networks was also evaluated in Table 7. All eight ports
exhibited strong road connectivity, but rail access varied significantly. Belawan Port and Palembang
performed best in all three criteria, aligning with their high AHP suitability scores.

The spatial proximity analysis between ports in Sumatra and their nearest industrial centers
provides valuable insight into potential logistical linkages. For instance, the analysis indicates that
Belawan Port, located at approximately 3.77°N and 98.68°E, is closest to Sei Mangkei SEZ, with a
separation of approximately 0.18 decimal degrees, or roughly 20 kilometers. This close proximity
supports Belawan’s role as a key export hub for palm oil and rubber derivatives processed in Sei
Mangkei. Similarly, Dumai Port, situated in Riau, appears to be nearest to either KI Tanjung Buton or
KI Tenayan, at an approximate distance of 1.03° or around 115 kilometers. While this distance is
relatively farther compared to Belawan or Sei Mangkei, it still positions Dumai within a feasible
logistics corridor for inland-industrial access.

Meanwhile, Panjang Port, shows a more distant relationship with its nearest industrial center
which possibly Padang Industrial Park or Batam with a distance exceeding 2.5°, or approximately 280
kilometers. This greater distance may indicate limited direct industrial integration and could suggest
the need for improved multimodal infrastructure to enhance accessibility. Another noteworthy
observation comes from the entry representing Padang Port, which is shown to be approximately 0.45°
(about 50 kilometers) from Sei Mangkei, suggesting a moderate level of industrial proximity. Overall,
the spatial results reinforce the idea that ports like Belawan and Palembang benefit from their nearness
to major industrial zones, a factor that enhances their multimodal connectivity and strengthens their
strategic positioning in the Sumatra logistics network.

The GIS-based proximity analysis aligns closely with the AHP results, reinforcing the robustness
of the evaluation framework. Ports like Belawan and Palembang, which ranked highly in the AHP
model in Table 6, are also well-positioned near major industrial zones and exhibit strong multimodal
connectivity Table 7. Similarly, Dumai and Batu Ampar scored well in both the AHP and the
Multimodal Connectivity Index Table 3, confirming the consistency between spatial accessibility and
expert judgment. In contrast, ports such as Panjang and Pekanbaru, which are farther from key
infrastructure, received lower AHP scores, highlighting the importance of spatial integration in port
performance.

Setijadi (Determining the international hub port on Sumatra Island using the integration of geographic information
system and analytical hierarchy process methods)



Spektrum Industri
Vol. 23, No. 2, 2025, pp. 263-278

ISSN 1693-6590 273

The spatial proximity data in Table 7, served as the empirical input for one of the AHP evaluation
criteria which is multimodal access demonstrating the integration of GIS results into the decision-
making framework. Ports that are closer to industrial zones and transport nodes received higher
proximity scores, which directly influenced their final AHP ranking. This reflects how the GIS
analysis is not a separate layer but a critical, quantified contributor to the overall AHP-based port
prioritization process.

The final AHP scores provide a structured evaluation of the strategic value of major ports in
Sumatra. Boom Baru (Palembang) and Belawan Port (Medan) emerged as the top-performing ports,
with final scores of 0.875 and 0.855 respectively. These ports demonstrated high trade volume, strong
global connectivity, and superior multimodal access, particularly via well-developed road and rail
networks. Their proximity to major road networks (2.1 kilometers and 2.5 kilometers), rail
infrastructure (0.8 kilometers and 1.9 kilometers), and nearby industrial zones (5.2 kilometers and
20.3 kilometers) reinforces their logistical efficiency and supply chain performance. Both ports are
also closely linked to strategic industrial estates Palembang for Boom Baru and Sei Mangkei for
Belawan enhancing their value as multimodal gateways. Panjang Port also demonstrated high
connectivity with an index of 3.00, supported by strong integration across all three access dimensions.
While its AHP score was not explicitly detailed, its high multimodal connectivity suggests significant
potential for optimized freight handling and inland distribution (Kusumawardani & Widyatmoko,
2024; Putri et al., 2024).

Batu Ampar (Batam) secured an AHP score of 0.800, driven by excellent global connectivity and
promising expansion potential through its strategic location within the Indonesia-Malaysia-Singapore
Growth Triangle. However, its multimodal index of 2.33 reflects a notable weakness in rail access (30
kilometers), which limits its integration compared to top-performing ports. Similarly, Dumai Port,
with a multimodal index of 2.67, benefits from road and industrial proximity but shows weaker rail
integration.

Teluk Bayur (Padang) scored 2.33 on the multimodal index, reflecting moderate proximity to
roads and industrial zones but limited railway access. Its spatial proximity, approximately 50
kilometers from Sei Mangkei, positions it as a secondary hub with potential if supported by targeted
rail infrastructure development. At the lower end of the performance spectrum, Tanjung Balai
Karimun and Pekanbaru received final AHP scores of 0.681 and 0.557, respectively. These scores
reflect limited multimodal access, particularly poor rail connectivity and significant distance from key
industrial zones. The multimodal indices of 1.67 and 1.33, respectively, reinforce the lack of logistical
integration, which reduces their attractiveness for export-oriented development despite underlying
resource potential.

The AHP weight analysis underscored the dominant influence of trade volume (0.497) and global
connectivity (0.246) in determining port performance, with multimodal access (0.124) serving as a
key enabler of inland and cross-regional transport integration. Ports such as Boom Baru and Belawan,
which scored highly in all three categories, benefit from close proximity to major industrial centers
(e.g., Palembang, Sei Mangkei, and Medan) and established connections to both rail and road
networks, enabling more efficient cargo flow and supply chain performance. Conversely, ports with
limited multimodal integration, such as Pekanbaru and Tanjung Balai Karimun, remain underutilized
despite their export potential.

The GIS—AHP integration in this study aligns with findings from GIS applications in maritime
ports, which highlight the value of geospatial proximity analysis in port evaluation frameworks
(Isbaex et al., 2025). Such studies emphasize the use of spatial tools to support decision-making in
port management (Chou, 2010). Studies from (Chou, 2010) and (Akbari et al., 2017) showed the
spatial proximity patterns from GIS analysis directly reinforce the AHP results which is high-
performing ports like Boom Baru and Belawan are also those closest to infrastructure hubs,
demonstrating a clear relationship between accessibility and strategic ranking. In addition, port
competitiveness models from (Wan et al., 2022) found that infrastructure and intermodal service
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integration significantly enhance port competitiveness, particularly regarding cargo throughput and
hinterland connectivity.

The multimodal connectivity index further supported these findings by quantifying the degree of
transport integration at each port. Boom Baru and Belawan both achieved the highest scores (2.67 out
of 3.00), owing to their proximity to rail lines (0.8 kilometers and 1.9 kilometers respectively), short
distances to industrial zones (5.2 kilometers and 20.3 kilometers), and well-connected road networks
(under 3 kilometers). Batu Ampar followed with a score of 2.33, while Dumai and Panjang recorded
scores of 2.67 and 3.00 respectively, highlighting their comparable accessibility. Lower scores were
observed at ports like Pekanbaru (1.33) and Tanjung Balai Karimun (1.67), where access to rail and
industrial facilities remains limited. These quantified connectivity metrics reinforce the spatial
patterns revealed in GIS visualizations and further validate the AHP model rankings.

These findings indicate that logistics infrastructure development in Sumatra should prioritize
ports with demonstrated strengths in trade throughput, connectivity, and multimodal integration.
Investments in handling capacity, digital systems, and intermodal terminals in ports like Boom Baru
and Belawan could consolidate Sumatra's position as a regional logistics powerhouse. This findings
align with broader evidence that building transshipment and intermodal terminals is essential to
enhance regional trade connectivity, improve supply chain efficiency, and drive economic growth
(Herdian et al., 2025). (T. Guo et al., 2023) also presents an integrated model to assess modal-shift
policies and optimize transport mixes, including intermodal terminals and connectivity at ports.
Meanwhile, ports with moderate AHP scores but strong growth potential such as Batu Ampar and
Dumai warrant strategic infrastructure upgrades and policy support to unlock their full capacity.
Lower-performing ports like Pekanbaru require targeted interventions to address connectivity
limitations and encourage cargo clustering around industrial activity.

The GIS-based spatial analysis provides strong validation for the port rankings generated through
the AHP evaluation. Ports that received high AHP scores, such as Boom Baru (Palembang) and
Belawan (Medan), also demonstrated strong spatial integration, as evidenced by their close proximity
to key infrastructure components. Boom Baru, for instance, is located within 5 km of road, rail, and
industrial zones, earning a perfect multimodal connectivity index score of 3.00. Similarly, Belawan
scored 2.67, reflecting its strategic location near the Sei Mangkei industrial area and its integration
with multiple transport modes. In contrast, lower-ranked ports like Pekanbaru and Tanjung Balai
Karimun, which scored below 0.60 in the AHP model, are located further from industrial clusters and
have limited rail access, factors reflected in their low connectivity indices (1.33 and 1.67,
respectively). This spatial pattern reinforces the reliability of the AHP results by showing a consistent
alignment between expert-assigned scores and objectively measured multimodal accessibility through
GIS.

While the AHP model offers a robust and structured methodology, it is based on a static set of
criteria and expert-derived judgments (Benitez et al., 2011). To enhance future evaluations, dynamic
data such as vessel call frequency, terminal performance, and logistics cost indicators should be
incorporated. Furthermore, integrating GIS with stakeholder surveys and real-time analytics will offer
a more comprehensive and adaptive assessment framework, supporting spatially informed decision-
making for Indonesia’s long-term maritime and logistics development strategy.

4. Conclusion

TThis study identified the most strategic port hubs in Sumatra through a multi-criteria decision-
making framework integrating economic indicators, trade volumes, and infrastructure connectivity
using GIS and AHP methods. The combined analysis revealed Boom Baru (Palembang) and Belawan
(Medan) as the most competitive ports, supported by high trade activity, robust multimodal
accessibility, and strong integration with industrial zones. These findings highlight the spatial
disparities within Sumatra’s port network and emphasize the need for targeted infrastructure
investment to optimize regional logistics performance. The integration of GIS-based spatial analysis
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into the AHP model proved effective in reducing subjectivity and enhancing the validity of port
evaluations, offering a replicable tool for infrastructure prioritization and policy formulation. Future
studies are encouraged to incorporate dynamic operational data, such as vessel calls, logistics
performance, and cost indicators, as well as environmental and socio-economic dimensions to
strengthen the model’s comprehensiveness and applicability in supporting sustainable maritime
development.
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