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Management of industrial-port areas and spatial connectivity as a trigger for sustainable
regional development. An integrated growth model for industrial-port areas for sustainable
regional development. This research aims to analyze the relationship between industrial zones,
spatial connectivity, and integrated ports on regional development in realizing sustainable
development, as well as the growth model of industrial areas based on integrated ports for
sustainable regional development in Sorong Regency. This research uses a quantitative
approach with the structural equation modeling (SEM-PLS) method. Data were collected
through observation, documentation, and survey. This research highlights the crucial role of
integrated industrial zones and ports in driving regional development and sustainable growth,
emphasizing the importance of effective management, government policies, and infrastructure
development, while also considering social and environmental factors for inclusive and
sustainable development. Research as a reference in designing policies for planning and
managing integrated port areas in sustainable regional development.

1. INTRODUCTION

The concept of regional sustainable development has gained
significant attention in recent years, linking the practical
framework of sustainable development principles to regional
and global scales and contributing to the sustainability of
broader spatial systems [1]. Strategies and alternatives for
intervening policies to achieve regional development must be
designed to balance in favor of sustainable development [2].
Rural-urban groupings into regional planning units can create
an enabling environment for expanding trade networks and
spatial linkages [3]. Therefore, regional development and
sustainable development, especially in the balance of the most
remote areas as a balance of regional economic growth, need
to be examined to see whether this main concept will have
relevance to local regional organizations.

The role of ports in regional development has been a topic
of great interest among academics and policymakers. Ports are
important nodes in the global supply chain, serving as
gateways for international trade and contributing to the
economic growth of the surrounding regions [4, 5]. As the
global economy becomes more interconnected, the importance
of efficient and well-developed ports is increasing [6].
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Ports are catalysts for economic development [7]. The close
relationship between ports, local economies, and global
logistics networks highlights the importance of port
connectivity in driving economic growth [8]. Logistics
integration and network orientation at the port drive spatial
development and enhance central and regional networks [7].
In addition to the role of regional development and sustainable
development, it is necessary to balance the main drivers in the
form of industrial estates, integrated ports, and spatial
connectivity to regional development in Sorong Regency,
Southwest Papua Province, Indonesia.

As a maritime nation, Indonesia relies on ports and maritime
transport, which play an important role in economic movement
and growth, especially in eastern regions such as Sorong. With
88% of transport by sea, improving port policy, management,
and connectivity is a priority to support growth and
connectivity [9]. According to BKPM (2020), Sorong Port has
potential as a sea toll node and plays an important role as a
transport gateway in West Papua and Papua. The port supports
the flow of passengers, goods, export activities, and local
economic growth. As a land-sea transition area, the port is a
strategic node that encourages the progress of the surrounding
area.
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2. BASIC THEORY: CONFIRMING THE
INTEGRATION OF PORT-BASED INDUSTRIAL
AREAS IN SUSTAINABLE DEVELOPMENT

Port-industry-city is a prime driver of economic
development and promotes the integration of port, industry,
and city [10]. Different variations in port integration promote
city economic growth, especially in small and medium-sized
cities. The impact is less in large urban centers, due to the
spatial variations in the study [11]. In the case of Indonesia,
the concept of integrated areas (industrial areas and ports)
effectively increases the economic potential and welfare of the
community, both locally and regionally [12]. In the case of
inland ports, significant economic impacts on the city often
result in larger spillover effects in the surrounding region [13].
The case in Indonesia shows that the current management of
industrial areas is inadequate and unsustainable, as evidenced
by community involvement, the low quality of life of residents
around industrial areas, and the lack of utilization of local
resources [14].

The impact of port-industry integration is to promote
production factor agglomeration, local economic growth, and
resources, but limit the development of neighboring regions.
In addition, it expands the industrial chain, increases
infrastructure investment, and supports mobility and regional
cooperation [10, 11]. The concept of the relationship between
industrial estates, port integration, and regional development
in Indonesia can be focused on the impact of regional
economic growth on less developed areas such as Sorong
Regency, where the impact on surrounding areas is also less
beneficial and the importance of balance between regional
economic growth and sustainable development.

Accessibility is a factor in shaping patterns of land use
change, socio-economic interactions, and spatial relationships.
However, the complexity of these interactions requires careful
consideration of various factors, including the specific
characteristics of different land-use types, the scale of analysis,
and local geographical variations [15-19]. Port integration
generally positively impacts the economy, and varies across
regions and city sizes. Integration of port resources has helped
foster optimal sharing of port functions, which promotes
regional economic development [20]. However, challenges
remain, such as the need to align development priorities
between central and local governments and to clarify the use
of subsidies to avoid potential competition for overlapping
hinterland areas [21].

Regional development policies cover various aspects,
including infrastructure development, investment in human
resources, regional integration, and technological innovation
[22]. Successful execution of this policy considers factors such
as political stability, financial resources, and regional
cooperation. Industrial policy factors contribute to regional
economic growth [23]. However, it is imperative to balance
top-down decision-making with inclusive governance to
ensure regional economic, socio-political, labor, policy
support, spatial development & infrastructure value to
industrial parks in sustainable development and effectively
address regional imbalances.

Economic development in transport infrastructure spending
contributes  significantly to economic growth [24].
Infrastructure can enhance sustainable economic growth and
population welfare. Regional disparities in economic
development still exist in the unequal distribution of social and
economic infrastructure [25]. This gap underscores the need
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for targeted policy initiatives to improve economic and social
infrastructure in underdeveloped regions, accelerate economic
growth, and reduce regional inequality [26]. Regional
development under this approach can factor in social and
demographic factors, as well as regional infrastructure support,
which can promote sustainability by addressing regional
disparities and promoting balanced growth.

There is a lack of in-depth empirical evidence to examine
the relationship and influence between accessibility, distance,
population movement patterns, and land change patterns on
spatial  relationships. Economy, labor, and spatial
developments to an integrated port. Regional economic value,
social politics, labor, policy support, spatial & infrastructure
development towards industrial areas. Economic development.
Social and demography, regional infrastructure support for
regional development. Furthermore, environmental quality
level, socials, production process, waste and emissions
management, strategic area infrastructure, port throughput
value, and government policy support to sustainable
development.

This concept is crucial for statistical testing of theory,
especially through the use of analytical methods that can
quantitatively measure the interactions between these factors.
Appropriate statistical testing, such as multivariate analysis
with structural equation modeling, can provide further insight
into how these factors influence each other and the extent to
which these indicators contribute to the variables of industrial
parks, integrated ports, and spatial linkages to sustainable
regional development. By conducting statistical tests, this
research will help validate existing theories and clarify the
relationships between variables. Based on the research
problem above, confirming the relationship requires
constructing theoretical concepts and development models.
This research intends to answer the following research
questions:

Analyzing the relationship between industrial zones,
spatial connectivity, and integrated ports on regional
development in realizing sustainable development in
Sorong Regency

How the growth model of an integrated port-based
industrial area for sustainable regional development
in Sorong Regency

This research is very important to fill the theoretical void in
developing an integrated port-based industrial area growth
model for regional development sustainability in Sorong
Regency with a multivariate analysis method based on
structural equation modeling (SEM-PLS). This study focuses
on regional growth and development based on the integration
of industrial areas and the distribution of ports along the coast
in Sorong Regency. The urgency of this research lies in
strengthening the integration of industrial areas and ports as a
manifestation of sustainable regional development.

3. METHODOLOGY
3.1 Research approach

This research uses a survey-based quantitative approach
with multivariate statistics by explaining measurement and

structural confirmation. This research design defines
exploring the relationship of the theoretical reality of aspects



of industrial estates, spatial linkages, and integrated ports to development area was selected based on its status

regional development in realizing sustainable development in as a strategic area.

Sorong Regency, Southwest Papua Province. This quantitative b) This area has the potential for great natural
survey can be used to collect data on the characteristics, status, resources supported by industrial and port
and quality of life of the community and is conducted through development and activities.

various methods, including direct and indirect surveys [27]. To c) Centres of activity are growing and developing
ensure the quality and usability of survey data, researchers predominantly along the coastal areas, with the
should focus on consistent documentation, utilizing flexible region's strategic value in the Pacific Ocean. This
and robust data structures, and making research results easily potential is a trigger in supporting the welfare and
accessible [28]. With a quantitative survey approach, it is easy sustainability of the region.

to determine the sample and the sampling procedure when

conducting a quantitative survey. Table 1. Study area

3.2 Study area Wide Percentage of Number of

District (Km?) Main District Villages/
The research location is in the Integrated Industrial and Port Area (%) Subdistricts

Development Area in Sorong Regency, which includes 5 Aimas 690,06 521 14
districts, namely: Aimas District, Mariat District, Mayamuk MMa”atk Sig’ig :’ii ﬁ
District, Salawati District, Mosigin District, and Seget District ayamu 542,19 '
. . . Salawati 345,03 2,63 7
(Figure 1 and Table 1). The selection of the research location L
based on the followi - derations: Mosigin 443,61 3,39 9
was based on the following considerations: Seget 44361 3.39 9

a) The Sorong Regency integrated port and industrial

Arar Roro-Roro Port Kasim port (Cargo port)
(Passenger port)

Loading Pier Mayamuk port Katapop Beach Fishing
(Cargo port) Port

Seget port (Passenger port)

LAUT SERAM 3\ o -erat

raayamuk
I racisqin
K . ARG, g Saluwat ‘ B
% A I seost § Arar Sorong Industrial Areas Petrocina port (Cargo port)
sos0 = eouea Port (Cargo port)
Figure 1. A. Study location map, B. Port conditions
3.3 Sample and data collection regional development, ports, and sustainability in
Sorong Regency. The focus of the survey included
The sample used was 200 respondents, justified based on economic, socio-political, ~ labor,  policy,
maximum likelihood estimation from the recommended infrastructure, spatial connectivity, accessibility,
sample size between 100 and 200 [29]. Data sources in this and the impact of the port on the economy and
study were obtained through field observations, documents, labor. Environmental quality, waste management,
surveys, and interviews. The data sources are as follows: and policy support were also analyzed.

e  Observation and documentation in this study are Indicators are measured using a Likert scale through
used to meet data needs related to the physical questions in a questionnaire and scored as follows: (1) strongly
condition of the port in several locations, disagree; (2) disagree; (3) neither agree nor disagree; (4) agree;
conditions around the port, port management (5) strongly agree.
conditions, and social and economic conditions of
the community around the area. 3.4 Data analysis method

e The survey was conducted through questionnaires
and interviews to collect perception data related to The analysis method used quantitative descriptive analysis
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of the data collected from the survey, which was then
examined and integrated into Smart-PLS 3. Structural
Equation Modeling (SEM) is a statistical technique for testing
relationships between variables, both directly measured and
latent, and analyzing causal relationships within theoretical
models [30]. The Structural Equation Modeling (SEM-PLS)
process is conducted simultaneously with the measurement
and structural processes to build a model [31]. This conceptual
model builds a confirmation of the adaptation relationship in
the form of disaster resilience. Variables in this study include
industrial area (IA) as independent or exogenous variables,
spatial linkages (SI), integrated port (IP), regional
development (Y1) as intervening variables, and development
sustainability (Y2) as dependent or endogenous variables. The
indicators are shown in Figure 2 and Table 2.

Based on the path relationships in the proposed research
model above, the hypotheses are as follows:

H1: Industrial areas affect regional development.
H2: Spatial linkages affect regional development.
H3: Integrated Port affects regional development.
H4: Regional development affects sustainable development.

Figure 2. The research proposed model

Table 2. Variables and research indicators

Category Code Indicators
Industrial Areas (1A) X1.1  Regional Economic Value
X1.2 Social Politics
X1.3 Labors
X1.4 Policy Support
X15 Spatial & Infrastructure
Development
Spatial Linkages (SL)  X2.1 Accessibility
X2.2 Distance
X2.3 Population Movement
Patterns
X2.4 Land Use Patterns
Integrated Port (IP) X3.1 Economy
X3.2 Labors
X3.3 Spatial Developments
Regional (E‘E)‘ge'OPme”t Y1.1  Economic Development
Y1.2 Social and Demography
Y13 Regional Infrastructure

Support

Development Y2.1 Environmental Quality Level

Sustainability (DS)

Y2.2 Socials
Y2.3 Production Process
v2.4 Waste and Emissions

Management
Y2.5 Strategic Area Infrastructure
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Code Indicators
Y2.6 Port Throughput Value
Y2.7 Government Policy Support

Category

Source: Author elaborator

4. RESULTS

4.1 Influence of industrial zones, spatial linkages, and
integrated ports on sustainable regional development in
Sorong Regency

4.1.1 Measurement model analysis (Outer model)

The results of the concurrent validity test show that all
indicators have met the criteria with an outer loading value
>(0.7, which means these indicators are valid constructs. Five
indicators are used to describe the industrial arcas (IA)
variable: labor (0.691), policy support (0.686), social politics
(0.538), regional economic value (0.724), and spatial &
infrastructure development (0.624). The largest contributor
among these is policy support (0.921). Accessibility (0.765),
distance (0.822), population mobility patterns (0.757), and
land use patterns (0.779) are the four indicators that make up
the spatial linkages (SL) variable. The largest contribution is
made by distance (0.919). Labor (0.960) makes the largest
contribution to the integrated port (IP) variable, which also
comprises economy (0.684), labor (0.676), and spatial
developments (0.652). Economic development (0.927) is the
leading indicator of the regional development (RD) variable,
which is made up of economic development (0.766), social
and demographic support (0.692), and regional infrastructure
support (0.729). Finally, the development sustainability (DS)
variable comprises socials (0.792), environmental quality
level (0.743), socials (0.792), production process (0.852),
waste and emissions management (0.775), key area
infrastructure (0.799), port throughput value (0.723), and
government policy support (0.741). The AVE values and outer
loadings of each indicator show strong validity (Table 3).

The analysis results show that each indicator used in this
study has a strong relationship with the measured variables and
is reliable in representing each variable. In industrial areas,
focusing on policies and infrastructure is key, with
government policy support being crucial for industrial
economic growth. Spatial linkages are influenced by
accessibility and distance, which emphasizes the importance
of transportation and distribution planning in strengthening
connectivity between regions. For integrated ports, the quality
and availability of skilled labor play a significant role,
followed by the economic role and spatial development in
ensuring the efficiency and sustainability of the ports. In
regional development, economic development and
infrastructure support are the main factors for sustainable
regional growth. Lastly, sustainable development demands
attention to environmental quality, production processes, and
waste management, with government policies supporting
environmentally and socially friendly practices as an integral
part of sustainability.

The simultaneous validity test results show that the outer
variable values meet the criteria of > 0.7, confirming that these
variables are valid constructs. Additionally, the assessment of
discriminant validity, based on the latent construct, revealed
high values for the square root of AVE. Specifically, the
industrial area is 0.759, spatial connectivity is 0.819, the
integrated port is 0.907, regional development is 0.793, and
sustainable development is 0.733 (see Table 4). Among these,



the spatial connectivity variable shows the highest correlation. regional development, and sustainable development-show
According to the Fornell-Larcker criteria, all latent constructs- strong discriminant validity (Figure 3).
industrial zones, spatial connectivity, integrated ports,

Table 3. Validity and reliability indicators

Indicator (Code) Average Variance Cronbach’s Composite Reliability Composite Reliability
Extracted (AVE) Alpha Average (Rho_A) Convergent (Rho_C)
Regional economic value (X1.1) 0.724 0.872 0.88 0.913
Social politics (X1.2) 0.538 0.784 0.798 0.852
Labors (X1.3) 0.691 0.851 0.852 0.899
Policy support (X1.4) 0.686 0.922 0.925 0.938
Spatial & infrastructure
development (X1.5) 0.624 0.913 0.915 0.930
Accessibility (X2.1) 0.765 0.897 0.902 0.928
Distance (X2.2) 0.822 0.892 0.893 0.933
Population rr(])cz\éeg)went patterns 0.757 0.840 0.852 0.903
Land use patterns (X2.4) 0.779 0.905 0.907 0.934
Economy (X3.1) 0.684 0.907 0.909 0.928
Social (X3.2) 0.676 0.904 0.906 0.926
Spatial developments (X3.3) 0.652 0.932 0.937 0.944
Economic development (Y1.1) 0.766 0.898 0.901 0.929
Social and demography (Y1.2) 0.692 0.780 0.795 0.870
Regional infrastructure
support (Y1.3) 0.729 0.925 0.927 0.942
Enwronmegcgllc;uallty level 0.743 0.824 0.876 0.895
Social (Y2.2) 0.792 0.912 0.915 0.939
Production process (Y2.3) 0.852 0.913 0.915 0.945
Waste and emissions
management (Y2.4) 0.775 0.941 0.942 0.954
Strategic ar(t:?zllr;;rastructure 0.799 0.916 0.916 0.941
Port throughput value (Y2.6) 0.723 0.801 0.880 0.884
Gover”me?\t(g‘;')'cy support 0.741 0.956 0.957 0.963
Notes: Loading Factor >0.70, CR>0.70, AVE>0.50 [32]. Source: Author elaborator
Table 4. Internal consistency reliability
Laten Variable (Code)  Cronbach's Alpha Rho A CR AVE
Industrial area 0.920 0.923 0.940 0.759
Spatial linkages 0.926 0.929 0.948 0.819
Integrated port 0.948 0.950 0.967 0.907
Regional development 0.870 0.895 0.920 0.793
Sustainability development 0.939 0.943 0.950 0.733
Notes: AVE>0.50 [32]. Source: Author elaborator
X141
0,842
X1.2 y -~
0,815
X1.3 « g4 >°“'
X1.4 « 0921 -
0,900 X1 \'0433 Y21
X1.5 * ’ 0,790
- /4 Y22
X21 « 0810 []';jx/f Y23 sz
X2.2 <« 0119 3 0,696 » Y24 o0as4
0,873 \_:\
al 0,918 o ;-,'[,‘ ¥2.5 oow
x24 ¥ Y2 o 4
. o BECE] ) Y2.6
0,420 % Yo7
X314 % g '
x32 « %7
0,940
X3.3 *

Figure 3. Loading factor second order outer model
Source: Author elaborator
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4.1.2 Structural model analysis (Inner model)

Integrated industrial and port areas have a notable and
positive influence on regional development, as both paths
demonstrate substantial statistical significance (T-statistics
well above 1.96 and P-values below 0.05). On the other hand,
spatial connectivity does not substantially affect regional
development, as shown by low T-statistics and high P-values.
Furthermore, regional development exerts a highly significant
positive effect on sustainable development, with very high T-
statistics and a P-value of 0.000 (Table 5).

Table 5. Results of path coefficient values and p values

T P
Path Statistics Values
Industrial area -> regional development 4.162 0.000
Spatial linkages -> regional development 0.053 0.958
Integration port > regional development 3.376 0.001
Regional development -> sustainability 9.918 0.000

development
Notes: **t-value is below 1.96 and *p<0.05. Source: Author elaborator

Industrial areas and integrated ports have a notable and
positive impact on regional development, whereas spatial
connectivity does not demonstrate a meaningful effect on
regional development. Furthermore, regional development

strongly and positively contributes to sustainable development.

In conclusion, the hypothesis that industrial areas, integrated
ports, and regional development drive sustainable
development is confirmed, while the hypothesis concerning
spatial connectivity is not substantiated.

4.2 Integrated industrial-port area growth model for
sustainable development

The relationship of industrial zones affects regional
development, this finding reinforces and expands Kalat's
research in the study of Notteboom et al. [7]. Our findings
reinforce the confirmation path that explains the need for the
management and development of industrial zones focused on
policies and the development of space and infrastructure, with
government policy support being crucial for industrial
economic growth as a driving force for regional development
based on strengthening economic development and regional
infrastructure support.

Integrated  port  relationships  influence  regional
development, these findings are in line with, reinforce, and
expand upon the research of Zhao et al. [10]. Our findings
emphasize the direct and indirect pathways that explain the
need for integrated port connectivity for the development of
integrated ports. The quality and availability of skilled labor
play a crucial role, followed by the economic role and spatial
development in ensuring the efficiency and sustainability of
the ports, as well as being a driving force for regional
development based on strengthening economic development
and regional infrastructure support.

The relationship between regional development affects
sustainable development, and these findings are in line with,
reinforce, and expand upon the research by Nijkamp et al. [1]
and Balanzo et al. [2]. Our findings reinforce the confirmation
path that explains that regional development requires
economic growth and infrastructure support as the main
factors for regional growth and as a driving force for realizing
sustainable  development, supported by improving
environmental quality in waste and emission management,
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strategic area infrastructure, and strong regulatory and policy
support from the government.

5. DISCUSSION

Industrial areas, integrated ports, regional development, and
sustainable practices all play a pivotal role in driving the
growth of industrial-port zones. The establishment of the
Special Economic Zone in Sorong has become a key catalyst
for transforming the region’s economic structure, spatial
organization, and planning strategies. The manufacturing
sector has been a primary driver of regional economic growth
during the 2021-2022 period. However, this sector faces
several challenges, such as limited accessibility, inadequate
road infrastructure, and inconsistent land use patterns, all of
which must be urgently addressed. With effective planning
and management, the Sorong Special Economic Zone holds
significant potential to improve regional connectivity, enhance
logistics efficiency, and strengthen the supply chain,
positioning Sorong Regency to shift from an underdeveloped
area to a more prosperous and developing region.

The concept of an integrated industrial port area in
sustainable regional development underscores the need for
synergy between industrial activities, ports, and regional
development. The industrial zone acts as an economic hub,
supported by an integrated port that enhances logistics
connectivity and streamlines supply chain efficiency. This
synergy is further strengthened by the provision of essential
infrastructure, environmental improvements through waste
and emission control, and government policies aimed at
fostering long-term economic growth, environmental
preservation, and social inclusion. Furthermore, the research
highlights that both environmental sustainability and social
factors are critical for successful regional development.
Effective environmental management, including emission
reduction, waste disposal, and ecosystem conservation,
ensures that industrial activities are sustainable without
harming the environment. On the social front, policies that
foster community participation, worker welfare, and equality
contribute to building social cohesion, which is vital for
achieving sustainable development. The robustness of
environmental and social indicators demonstrates that
inclusive and sustainable management of industrial zones is
central to driving regional economic growth in Sorong
Regency.

6. CONCLUSION

This research demonstrates that integrated industrial zones
and ports play a crucial role in fostering regional development
and achieving sustainable growth. Industrial zones serve as
economic hubs that stimulate regional expansion, while
integrated ports improve logistics connectivity and supply
chain efficiency and enhance the region’s economic
competitiveness. Although spatial connectivity has not been
proven to directly influence regional development, regional
development itself emerges as a key driver of sustainable
development, with economic growth, infrastructure
enhancement, and environmental management playing vital
roles in this process.

This research provides new insights into the importance of
managing integrated industrial zones and ports as the main



drivers of regional and sustainable development. These
findings also highlight the crucial role of government policies
in supporting infrastructure and connectivity development, as
well as in considering social and environmental factors to
achieve inclusive and sustainable development. Overall, the
results of this research can serve as a reference in designing
more effective planning and management policies to optimize
the potential of industrial areas and ports in supporting
sustainable regional development.

7. RECOMMENDATIONS

For further development, this research needs to consider
broader factors tailored to the characteristics of the research
location. Exploring alternative methodologies to identify
influential factors will provide additional references. Data
sources can also be expanded by incorporating insights from
secondary data related to economic progress. On the policy
side, the results of this research can serve as a basis for
formulating strategies to improve the status of the
underdeveloped Sorong Regency.

8. LIMITATIONS

This research has limitations, particularly the exploration of
industrial area typologies and port zones based on their
hierarchy or class has not been conducted. Therefore, if the
types or classifications of existing industries and ports are
identified beforehand, significant influencing factors can be
systematically categorized, thereby strengthening these
findings.
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