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Abstract

Introduction/Main Objectives:This study examines the integration of green infrastructure in road
development along the Kepanjen—Pagak corridor in Malang Regency to support community
mobility, economic growth, and environmental sustainability. Conventional road development
often causes environmental problems such as declining air quality, excessive surface runoff, urban
heat island effects, and degradation of roadside vegetation. Therefore, integrating green
infrastructure has become increasingly important for sustainable and ecologically responsible road
development. The study aims to analyze the existing implementation of green infrastructure,
identify internal and external influencing factors, and formulate effective integration strategies
using SWOT analysis. The novelty of this research lies in its comprehensive SWOT-based
evaluation that integrates environmental, technical, institutional, and socio-economic perspectives
within a regional road corridor context. Methods: This research employs a descriptive-analytical
approach using both primary and secondary data. Primary data were collected through in-depth
interviews, stakeholder discussions, and Likert scale (1-4) questionnaires, while secondary data
were obtained from policy documents, project reports, and scientific literature. The study area
covers approximately 18 km of the Kepanjen—Pagak corridor. Data were analyzed using the SWOT
method. Finding / Results: The findings indicate that roadside vegetation effectively absorbs
pollutants, reduces microclimate temperatures, and improves rainwater infiltration. Sustainable
drainage systems and green open spaces also help reduce flood risks and improve the social and
visual quality of the corridor. SWOT analysis shows strong institutional and environmental
potential despite challenges related to budget limitations, technical capacity, and inter-agency
coordination. Conclusion: The study concludes that integrating green infrastructure can enhance
environmental quality and support sustainable road development, with implications for
environmentally sustainable transportation planning in regional corridors.
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Road infrastructure development plays an important role in supporting economic growth,
regional connectivity, and community mobility. Roads function as the primary link
between residential areas, trade centers, industrial zones, and production regions, thereby
influencing the distribution of goods and services. Adequate transportation infrastructure
improves logistics efficiency and strengthens regional competitiveness in supporting
economic development (Berland et al., 2017). In addition, integrated road development can
expand community accessibility to public facilities and economic activities (Rosalia et al.,
2025). The Ministry of Public Works and Housing (2022) also emphasizes that road
development is an essential component of equitable national development (Zwierzchowska
et al., 2026). Therefore, road infrastructure development is not only intended to facilitate
mobility but also to support sustainable regional development.

Despite its importance, road development is still largely dominated by conventional
or gray infrastructure approaches that prioritize technical and transportation aspects over
environmental sustainability. Conventional road construction generally focuses on road
capacity, traffic flow, and vehicle efficiency without adequately considering ecological
impacts. Previous studies have shown that conventional road development contributes to
the reduction of green open spaces, environmental degradation, increased urban energy
consumption, and changes in land use patterns that reduce ecological functions (Hendra et
al., 2022; Ismail, 2025; Lamba et al., 2025). Furthermore, the widespread use of
impermeable materials such as asphalt and concrete increases surface runoff, thereby
elevating the risk of urban flooding and drainage problems (Pallathadka et al., 2022).
Conventional drainage systems are often unable to effectively manage stormwater in
highly developed areas (Nurhidayati et al., 2024). In addition, extensive hard surfaces
contribute to urban heat island effects and declining air quality due to increased
transportation emissions (Norton et al., 2015; Jones et al., 2024). These conditions indicate
that road infrastructure development has significant environmental implications beyond
transportation functions.

In response to growing concerns regarding sustainable development, the concept of
green infrastructure has emerged as an alternative approach to infrastructure planning and
development. Green infrastructure integrates natural and semi-natural elements into
infrastructure systems to provide ecological, social, and environmental benefits
(McPhearson et al., 2023). Previous studies have highlighted that green infrastructure can
improve environmental quality, increase climate resilience, reduce surface runoff, and
enhance urban microclimates (Urrutia, 2025). In road development, green infrastructure
can be implemented through roadside vegetation, permeable pavement, green open spaces,
and sustainable drainage systems. Such approaches help balance transportation needs with
environmental sustainability while improving the quality of urban and regional
environments (Sawitri, 2023;Roudo et al., 2024).

Although green infrastructure provides various benefits, its implementation in
developing countries still faces several challenges. Limited financial resources, insufficient
technical capacity, weak institutional coordination, and low stakeholder awareness remain
major barriers to implementation (Rochana et al., 2015; Ismail, 2025). Existing studies on
green infrastructure in transportation systems have also mainly focused on technical and
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physical design aspects, while research addressing governance, implementation strategies,
and institutional integration remains limited (Rhianazala, 2026). In Indonesia, studies
specifically examining strategic approaches for integrating green infrastructure into road
development projects are still relatively scarce (Lamba et al., 2025). This indicates a
research gap related to the strategic and institutional dimensions of green infrastructure
implementation in transportation infrastructure development.

The Kepanjen—Pagak road corridor in Malang Regency represents an important
case for examining the integration of green infrastructure in road development. This
corridor plays a strategic role in supporting regional connectivity and economic activities.
However, without proper environmental considerations, road development in this area may
increase flood vulnerability, environmental degradation, and the loss of ecological
functions. The Directorate General of Highways (2023) emphasizes that sustainable road
development should integrate technical, social, and environmental aspects in a balanced
manner. Therefore, a comprehensive and environmentally sustainable development
approach is necessary for the Kepanjen—Pagak corridor.

Based on these issues, this study aims to analyze the implementation of green
infrastructure along the Kepanjen—Pagak road corridor, identify internal and external
factors influencing its integration, and formulate strategic recommendations using SWOT
analysis. The study contributes to the literature by providing a strategic and institutional
perspective on green infrastructure integration in regional road development, particularly
in the context of developing countries. The findings are expected to support policymakers
and infrastructure planners in promoting environmentally sustainable transportation
development.

RESEARCH METHOD
This study used a descriptive-analytical approach supported by SWOT analysis to examine
the integration of green infrastructure along the 18 km Kepanjen Pagak road corridor,
Malang Regency, which spans dense residential areas, mixed economic zones, agrarian
transition areas, and areas with high vegetation cover enabling analysis under varied
environmental conditions.

Primary data were collected through in-depth interviews, stakeholder discussions, and
1-4 Likert-scale questionnaire administered to 46 purposively selected respondents
(government officials, planning consultants, academics, and infrastructure practitioners)
based on their expertise and involvement in infrastructure planning (Creswell, 2023).
Secondary data were drawn from policy documents, project reports, government
regulations, scientific literature, and satellite imagery. Internal and external strategic
factors were weighted and rated, then analyzed using SWOT supported by IFAS (Internal
Factor Analysis Summary) and EFAS (External Factor Analysis Summary) matrices to
determine their strategic significance.

RESULTS AND DISCUSSION

A total of 46 respondents participated, drawn from government institutions, consultants,
contractors, academics, communities, entrepreneurs, and construction services. Their
characteristics matter because the quality of SWOT assessments depends on respondents'
knowledge, experience, and involvement in infrastructure and environmental management.

Table 1. Respondent Characteristics
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Characteristics Category Frequency (n) Percentage (%)
Age 17-25 years 2 43
26-35 years 15 32.6

36-45 years 11 23.9

46-55 years 16 34.8

56—65 years 2 4.3

Gender Male 37 80.4
Female 9 19.6

Education Level Elementary School 2 4.3
Senior High School/Vocational School 9 19.6

Diploma (D1-D4) 5 10.9

Bachelor’s Degree (S1) 22 47.8

Master’s Degree (S2) 6 13.0

Doctoral Degree (S3) 2 4.3

Occupation Government Officer 32 69.6
Consultant 7 15.2

Community Member 3 6.5

Entrepreneur 2 43

Academic 2 43

Contractor 1 2.2

Construction Service 1 2.2

Work Experience < 1 year 7 15.2
1-5 years 13 28.3

5-10 years 10 21.7

> 10 years 16 34.8

Source: Research analysis results, 2026

The respondent profile indicates that most participants were government officials and
infrastructure practitioners with considerable professional experience. The majority were
aged 4655 years (34.8%) and had more than 10 years of experience (34.8%), suggesting
that the assessment was supported by respondents with substantial expertise in
infrastructure planning and environmental management. In terms of educational
background, most respondents held a bachelor’s degree (47.8%), reflecting an adequate
level of understanding regarding sustainable road development and green infrastructure
implementation.
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Figure 1. SWOT Integration of Green Infrastructure on Kepanjen Pagak Corridor
Source: Results of researcher identification and analysis (2026)

Integration of green infrastructure in the Kepanjen Pagak road corridor has
considerable potential to support sustainable transportation development, as the road
development system already possesses conceptual, technological, and environmental
strengths including sustainable transportation planning concepts, the application of nature-
based solutions, and the potential use of digital technologies such as GIS and IoT (Garcia
Sanchez & Govindarajulu, 2023) that provide a strong foundation for environmentally
oriented road development and enable green infrastructure to contribute not only to
transportation functions but also to ecosystem services such as urban cooling, stormwater
management, and environmental quality improvement, although significant challenges
remain in the form of limited technical capacity, weak institutional coordination,
insufficient funding mechanisms, and the absence of standardized evaluation frameworks,
indicating that implementation is not yet fully integrated into infrastructure governance and
that its success depends not only on physical design but also on institutional readiness,
policy integration, and long-term financing support.

From the external perspective, the study reveals substantial opportunities driven by
increasing global attention to sustainability, technological advancement, smart city
development, and international support for nature-based solutions (Timur et al., 2025). The
study concludes that this integration effectively enhances environmental quality and
supports sustainable road development, with strategic priorities including preserving
existing vegetation, implementing adaptive road design, strengthening sustainable
management of green elements, and improving inter-agency coordination demonstrating
that green infrastructure integration can serve as a practical framework for environmentally
sustainable transportation development in regional corridors (Nurhidayati et al., 2024).

The IFAS analysis shows a relatively strong internal condition, with a total score of
3.165 (strengths subtotal 1.644; weaknesses subtotal 1.521). The leading strength is
support for sustainable infrastructure and green infrastructure concepts within the
transportation system, while the main weakness is limited funding for green infrastructure
development.
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Table 2. Matriks IFAS (selected top factors; full 16-item matrix available in the original
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dataset)
No Top Strengths (S) / Weaknesses (W) Weight Rating Score
S1  Support for the concept of sustainable infrastructure development 0.078 3.696 0.288
S2  Capability of green infrastructure to improve ecosystem services 0.075 3.565 0.267
S4  Integration of nature-based solutions 0.068  3.306 0.225
Subtotal Strengths (8 indicators) 0.515 1.644
W5 Limited funding sources for green infrastructure development 0.069 3.321  0.229
W6 Lack of integration of social and environmental justice aspects 0.068  3.286 0.223
W3 Limited cross-sector coordination among sectors 0.064 3.116 0.199
Subtotal Weaknesses (8 indicators) 0.485 1.521
Total IFAS 1.000 3.165

Source: Process data (2026)

The EFAS analysis produced a total score of 3.093, with opportunities totaling 1.612 and
threats totaling 1.481. External conditions are sufficiently supportive of implementation:
the greatest opportunity is rising public awareness of environmental quality, while the
primary threat is conflict between economic development and environmental protection.

Table 3. Matriks EFAS (selected top factors; full 16-item matrix available in the original

dataset)
Code Top Opportunities (O) / Threats (T) Weight Rating Score
06  Increasing public awareness of environmental quality 0.071 3.408 0.242
02  Development of smart infrastructure 0.071  3.392 0.241
O7  Integration of GI within the smart city concept 0.070  3.382 0.237
Subtotal Opportunities (8 indicators) 0.511 1.612
T I()Jrcz)r;glci;:itosnof interest between economic development and environmental 0072 3437 0247
T3  Limited public funding for green infrastructure projects 0.069 3.330 0.230
T1 Instability of infrastructure development policies and regulations 0.067 3.254 0.218
Subtotal Threats (8 indicators) 0.489 1.481
Total EFAS 1.000 3.093

Source: Process data (2026)
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The SWOT coordinates were calculated as X = Strengths — Weaknesses = 0.123
and Y = Opportunities — Threats = 0.131. Both positive values place the strategy in
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Quadrant I (Strength—Opportunity), indicating dominant internal strengths and favorable
external opportunities that support an aggressive strategy—using strengths to maximize
opportunities.
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Figure 2. SWOT Quadrant Diagram for Green Infrastructure Integration.
Source: Process data (2026)

The findings indicate that road infrastructure development is gradually shifting
toward a sustainability-oriented and climate-resilient approach, integrating environmental
considerations, climate adaptation, GIS-based digital technologies, and regulatory
preparedness into planning processes (Pallathadka et al., 2022), as green infrastructure
concepts green roads, roadside vegetation, eco-friendly drainage, and nature-based
solutions are increasingly incorporated to mitigate rainfall runoff, emissions, and other
environmental impacts, even though development still contributes to green space loss,
runoff increases, habitat fragmentation, land-use conversion, air pollution, and noise
(Rannu et al., 2025), while adoption of more sustainable drainage measures (infiltration
wells, integrated drainage, roadside greening, biopores) and GIS-supported spatial and
climate-risk analysis (Ashley et al., 2005) remains limited and inconsistent due to weak
institutional readiness, uneven regulatory implementation, constrained financing, technical
and topographic limitations, and insufficient cross-sector coordination and environmental
monitoring underscoring that stronger governance, consistent regulation, wider adoption of
nature-based solutions, better drainage management, adequate financing, improved
technological capacity, and more effective collaboration are still needed to achieve
integrated, effective green road infrastructure.
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LEVERAGE OF ATTRIBUTES ACROSS GREEN INFRASTRUCTURE DIMENSIONS
Kepanjen-Pagak Road Corridor

NbS & Green Construction 86

GIS-Based Green Infrastructure

GIS Monitoring 80

Spatial Planning & Policy 78

Stakeholder Collaboration 74

Benefits of Digital Planning 80

Technology Development Readiness 78

Green Infrastructure Integration 76

Technical Standards/Guidelines 74

Climate Adaptive Planning

Use of GIS & Digital Technology 66

Availability & Accuracy of Data 64

Main Constraints in Implementation 60

Digital Technology Constraints 56

Impact of Road Development on Local Communities 74

Public Acceptance of Green Infrastructure 68

Community Involvement in Planning 62

Social Conflict Due to Road Development 56

Private Funding Opportunities 52

Financing Sustainability 48

Financing Scheme 44

Green Budget Allocation 36

Main Financing Constraints

Nature-Based Solutions (NBS) 52

Climate Change Mitigation 46

Runoff Water Management 42 Dimension

Strategic
Planning
Social
Financing
Environmental

Environmental Monitoring 38

Environmental Impacts

(I) 2‘0 4ID 50 80 160
Sustainability Scale (0-100)
Figure 3. (a) Leverage Attibute of Planning Dimension, (b) Leverage Attibute of
Environmental Dimension, (¢) Leverage Attibute of Social Dimension, (d) Leverage

Attibute of Economic Dimension,(e) Leverage Attibute of Strategic Dimension
Source: Process data (2026)

The interview findings indicate that the green infrastructure strategy for the
Kepanjen—Pagak road development requires an integrated approach combining
environmental, technological, governance, and institutional aspects. Respondents
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emphasized the importance of developing green corridors, sustainable drainage systems,
and GIS-based planning to support adaptive and data-driven infrastructure management. In
addition, successful implementation depends on multi-stakeholder collaboration and
institutional readiness in supporting sustainable infrastructure development.

Table 4. Interview Findings and Proposed Strategy

Respondent Interview Statement Key Findings Proposed Strategy
Group
“Road development should not onl .
prer Y Road infrastructure Development of
Local focus on connectivity, but also . .
. . needs to be integrated green corridors and

Government  consider environmental aspects . . .

. . with environmental green drainage
Officials such as green drainage systems and

green open spaces.”’ management systems

“Road planning requires accurate

spatial data so that flood-prone Technology-based and

Planning i i data-driven planning  Utilization of GIS
areas and environmental impacts . . i
Consultants - still needs and digital modeling
can be anticipated from the )
L, 1mprovement
beginning.
7 rastructur o .
Green infrastructu 'eshould . Sustainability Strengthening
become part of sustainable regional ; .
. . ) governance must be  sustainable policies
Academics planning to prevent environmental ¢ . )
. integrated into and environmental
degradation caused by road . . :
" infrastructure planning evaluation
development.
“T ) J . .
he' main challenge is not only Collaboration and Collaborative
physical construction, but also ) .
Infrastructure L technical capacity are governance and
. stakeholder coordination and the " . UV .
Practitioners maintenance of green critical for project institutional capacity
5 sustainability building

infrastructure.

Source: data processed

The strategic mapping shows that green infrastructure-based road development requires a
multidimensional approach integrating environmental, technological, collaborative, and
institutional aspects where green corridors and water infiltration systems strengthen
environmental resilience, GIS and digital monitoring support evidence-based planning, and
collaborative governance with institutional capacity building ensures long-term
sustainability transforming conventional road development into adaptive, sustainable
infrastructure management expected to improve environmental resilience, reduce flood risk
and urban heat island effects, enhance environmental quality, and support a sustainable
transportation system, ultimately demonstrating that sustainable road development requires
an integrated approach balancing infrastructure performance, environmental protection,
and long-term regional sustainability.
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A. GIS Supportmg Vegetation (Types of Vegetatlon) Along the Road B. Drainage System Along the Kepan]en Pagak Corridor
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corridor. Trees provide shade, reduce air pollution, absorb carbon dioxide, intercept stormwater, and improve the secondary, and tertiary drainage channels as well as supporting facilities such as retention ponds, bioswales, box

landscape. The selection of vegetation supports ecological functions and enhances the comfort and safety of road users. verts, and infiltration wells. The system is designed to reduce surface runoff, minimize flooding, and improve
infiltration to support a sustainable road environment.
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This map is GIS evidence that integrates road networks, drainage systems, and supporting facilities along the Kepanjen-Pagak corridor. Spatial data from satelite imagery, DEM, and field surveys are used to analyze topography,
drainage flow, and land cover. The Integrated GIS supports data~driven planning, monitoring, and decision making to ensure that road development is environmentally sound, resilient, and sustainable.

Figure 5. Integrated GIS Approach for Vegetation and Drainage Planning in Green Road

Infrastructure Development
Source: Process data (2026)

Figure 5 shows the GIS-based green infrastructure approach along the Kepanjen
Pagak corridor, integrating vegetation planning, drainage systems, and supporting
infrastructure networks within a spatial planning framework for sustainable, climate-
resilient road development. GIS is used to recommend suitable species (Samanea saman,
mahogany, tabebuya, palm) for carbon absorption, pollution reduction, shading, erosion
control, and landscape quality (McPhearson et al., 2023), while drainage mapping shows
an integrated system open concrete drains, bioswales, retention ponds, permeable
pavement, box culverts, and infiltration wells to reduce runoff and flood risk; network
mapping of roads, drainage, rivers, bridges, and facilities further uses spatial data (DEM,
field surveys) to analyze topography, drainage flow, and land cover for more accurate
planning and monitoring (Bato & Lestari, 2000.), highlighting that combining GIS, green
vegetation planning, and sustainable drainage is key to environmentally friendly, data-
driven, climate-adaptive road infrastructure.

Implementing green infrastructure integration on the Kepanjen Pagak road section
requires a comprehensive, multidimensional approach that strengthens not only
environmental sustainability but also institutional coordination, technological application,
and financial planning through green budgeting mechanisms (Palliwoda et al., 2022;
Angghita & Tahalele, 2026), translating strategic priorities green corridors, sustainable
drainage systems, and GIS-based spatial planning into actionable programs supported by
cross-sector collaboration among government agencies, planners, and local stakeholders.

OhJem
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Green budgeting serves as a key financial instrument ensuring infrastructure investments
align with environmental objectives, directing budget allocations toward nature-based
solutions, climate-resilient infrastructure, and low-impact development, including
financing for roadside greening, infiltration systems, environmental monitoring, and digital
GIS-based planning tools (Demir et al., 2025), thereby embedding environmental
considerations within fiscal decision-making rather than treating them as merely technical
requirements. Overall, this integrated approach strengthens green infrastructure
implementation by aligning policy, planning, and budgeting systems to support
sustainable, climate-resilient road development (Rhianazala, 2026).

The proposed framework for green infrastructure development along the Kepanjen
Pagak corridor emphasizes the integration of management systems, financing mechanisms,
and spatial technologies to support sustainable transportation infrastructure, demonstrating
that successful green corridor implementation depends not only on physical infrastructure
provision but also on institutional coordination, environmental governance, and evidence-
based spatial planning supported by GIS and Nature-Based Solutions (NbS) (Norton et al.,
2015) . From the management perspective, the framework highlights the importance of
inter-agency collaboration among public works departments, environmental agencies,
transportation authorities, and regional spatial planning institutions, as components such as
roadside green belts, sustainable drainage systems (SuDS), and pedestrian green networks
require integrated governance structures to ensure effective maintenance, environmental
monitoring, and policy synchronization. Kavisri et al., (2023) reflecting principles of
adaptive management, institutional integration, and long-term environmental stewardship
that are increasingly important given the corridor's strategic role in regional mobility,
economic activity, and urban expansion.

The management aspect plays a crucial role in ensuring that green infrastructure
strategies are effectively implemented through clear institutional coordination, defined
responsibilities, and cross-sector collaboration (Syahid Ardillah et al., 2024), while proper
cost allocation ensures financial resources are distributed efficiently across components
such as vegetation development, drainage systems, GIS technology, and climate resilience
measures, optimizing investment and avoiding budget inefficiencies (Berland et al., 2017 ;
Garcia Sanchez & Govindarajulu, 2023). Integrating transparent financial planning with
GIS and NbS further enhances accountability by making planning decisions more
evidence-based and traceable (Urrutia, 2025), and in the long term, this integrated
approach is expected to improve governance transparency, strengthen public trust, and
support more sustainable and resilient infrastructure outcomes by ensuring that
environmental objectives and financial resources are managed in a coordinated and
transparent manner (Hendra et al., 2022).

The cost dimension reveals (appendix A: working paper green budget allocation)
that green infrastructure development involves relatively high initial investment
particularly for ecological restoration, permeable pavements, environmental sensors, GIS
platforms, and drainage rehabilitation though long-term benefits potentially outweigh these
costs through reduced flood mitigation expenses, improved environmental quality, lower
maintenance costs, and enhanced urban resilience (Demir et al., 2025), consistent with
sustainable infrastructure financing literature arguing that environmentally integrated
infrastructure generates long-term economic efficiency and social value, with collaborative
financing mechanisms government budgets, public-private partnerships (PPP), corporate
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social responsibility (CSR), and environmental grants further improving financial
sustainability within regional corridors ((Liu et al., 2020; (Herath & Bai, 2024; Ashley et
al., 2005), while supporting the transition toward low-carbon, environmentally resilient
transportation corridors and improving accountability and policy effectiveness through
GIS-based monitoring and periodic environmental performance assessments.

The study reveals that, the Management, Cost, and Spatial Integration Framework
for Green Infrastructure Development in the Kepanjen Pagak corridor demonstrates that
sustainable corridor planning requires a multidimensional approach integrating governance
capacity, financial sustainability, spatial intelligence, and ecological resilience (Ismail,
2025), contributing theoretically to sustainable infrastructure and green governance
literature by emphasizing the strategic role of GIS and NbS in adaptive, data-driven
infrastructure management, while practically providing policy guidance for local
governments and regional planners in designing environmentally sustainable transportation
corridors aligned with long-term regional development objectives (Yang et al., 2020). The
proposed green budgeting model recommends allocating approximately 20% 30% of the
total road infrastructure budget to green infrastructure components supporting investments
in green corridors, sustainable drainage systems, permeable surfaces, GIS-based ecological
planning, climate resilience infrastructure, and environmental monitoring systems (Jones et
al., 2024) while the remaining 70% 80% continues to support conventional infrastructure
needs such as road construction, transportation facilities, and structural improvements,
enabling local governments to simultaneously enhance transportation connectivity and
environmental sustainability, and supporting ESG-oriented regional development through
improved environmental quality, stronger climate adaptation capacity, smart infrastructure
management, and long-term sustainable infrastructure governance.

CONCLUSION
This study shows that the integration of green infrastructure in the development of the
Kepanjen Pagak road corridor has not yet been implemented optimally, as development
remains predominantly focused on transportation functions, traffic capacity, and roadway
performance, leaving ecological components roadside vegetation, infiltration areas, green
corridors, and sustainable drainage not systematically integrated into road planning. So, the
corridor's ecological functions, including stormwater management, microclimate
regulation, pollution reduction, and environmental quality improvement, remain
underutilized. Integration is shaped by internal strengths (support for sustainable
infrastructure concepts, ecological benefits, planning technologies, and green-corridor
potential) and weaknesses (limited technical capacity, weak inter-sectoral coordination,
financial constraints, and the absence of technical standards), alongside external
opportunities (environmental awareness, nature-based-solutions support, sustainable urban
development) and threats (policy uncertainty, limited public funding, economic
environmental conflicts, institutional complexity).

Based on the SWOT analysis, the strategic position of green infrastructure
integration lies in Quadrant I (Strength Opportunity), indicating that existing strengths can
be leveraged to maximize external opportunities. The recommended strategy therefore
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emphasizes sustainable road corridor development through green corridors, sustainable
drainage systems, bioswales, permeable pavements, vegetation enhancement, GIS-based
planning, and institutional strengthening supporting transportation connectivity and
regional accessibility alongside ecological resilience, environmental sustainability, and
improved urban environmental quality within the Kepanjen Pagak corridor.
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