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    ABSTRACT

    Urban flooding is a growing problem in Indonesian cities due to climate change, rapid urbanization, and declining performance of conventional drainage systems. Green infrastructure offers a more sustainable approach by integrating natural solutions with traditional engineering, providing additional environmental and social benefits. However, its implementation is hindered by governance and financing challenges. This paper explores governance models and funding strategies for green infrastructure in urban flood management. By analyzing global best practices alongside Indonesian policies, it proposes an integrated blue-green-gray model that combines nature-based and engineered solutions. The study highlights the importance of Public-Private Partnerships and innovative financing tools—such as green bonds, land value capture, and climate funds—to bridge funding gaps and support long-term sustainability. The findings emphasize the need for coordinated governance, where decentralized implementation is supported by strong central oversight, clear regulations, and active community involvement. The paper contributes a strategic framework that aligns fiscal policy, spatial planning, and multi-stakeholder collaboration. Overall, it provides practical guidance for policymakers and planners to enhance flood resilience and support Indonesia’s long-term climate adaptation and development goals
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INTRODUCTION


Indonesia
faces mounting challenges from urban flooding, with economic losses from
hydrometeorological disasters reaching billions of dollars annually. The 2024
data from the National Disaster Management Agency indicates increasing
frequency and intensity of flood events across major Indonesian cities (BNPB,
2024). Traditional gray infrastructure approaches, while necessary, have proven
insufficient in addressing the complex dynamics of urban flood risk exacerbated
by climate change and rapid urbanization.


Green
infrastructure has emerged as a transformative paradigm in urban stormwater
management, offering multifunctional benefits that extend beyond flood
mitigation to include urban heat island reduction, biodiversity enhancement,
and improved quality of life (Liu & Zhang, 2025; Alves et al., 2020).
Research demonstrates that green infrastructure can reduce urban runoff by
20-40% through enhanced infiltration, storage, and evapotranspiration processes
(Wang et al., 2024). However, the implementation gap between scientific
knowledge and on-ground application remains substantial, particularly in
emerging economies like Indonesia.


The
Indonesian government has recognized the critical importance of climate-resilient
infrastructure through various policy instruments, including the National
Medium-Term Development Plan (RPJMN) 2025-2029 and the Long-term Strategy on
Low Carbon and Climate Resilience 2050 (Bappenas, 2024). Presidential
Regulation 38/2015 on Public-Private Partnerships provides the foundational
framework for alternative infrastructure financing mechanisms. Despite these
enabling policies, significant challenges persist in governance coordination,
institutional capacity, and sustainable financing models for green
infrastructure deployment.


This
conceptual paper addresses three fundamental questions: First, what governance
models can effectively integrate green infrastructure into Indonesia’s existing
urban planning and disaster management frameworks? Second, how can innovative
financing mechanisms mobilize sufficient capital for large-scale green
infrastructure implementation while ensuring fiscal sustainability? Third, what
strategic framework can align multi-stakeholder interests to advance climate-resilient
urban development?


The
research objectives are threefold: to synthesize international best practices
in green infrastructure governance and financing adapted to Indonesian
contexts; to develop an integrated framework connecting fiscal policy, spatial
planning, and institutional arrangements; and to provide actionable
recommendations for policymakers and urban planners advancing sustainable flood
management strategies.


 


LITERATURE
REVIEW


Green
Infrastructure for Urban Flood Management


Green
infrastructure encompasses a sophisticated network of nature-based solutions
including bioretention systems, green roofs, permeable pavements, urban
forests, constructed wetlands, and vegetative swales that mimic natural
hydrological processes (Fletcher et al., 2013). Recent meta-analyses
demonstrate varied effectiveness across different green infrastructure types,
with infiltration trenches showing 70-90% runoff reduction, bioretention
systems achieving 50-80% reduction, and green roofs providing 30-60% reduction
depending on design parameters and local conditions (Kumar et al., 2025).


The
evolution of green infrastructure conceptualization has progressed from
technically-oriented engineering solutions toward integrated socio-ecological
frameworks that recognize complex interactions between urban systems, natural
processes, and human communities (Li et al., 2025). Contemporary scholarship
emphasizes the multifunctionality of green infrastructure, demonstrating
co-benefits in climate adaptation, biodiversity conservation, public health
improvement, and social equity enhancement (Cristiano et al., 2022). Research
in Seoul’s Gangnam district found that strategic placement of infiltration
trenches, rain gardens, and rain barrels reduced surface runoff by 18.56% with
a cost-benefit ratio of 1.01 over 10 years (Park et al., 2025).


The
blue-green-gray integration concept has gained prominence as a holistic
approach combining natural ecosystems with engineered facilities to optimize
stormwater management efficiency (Alves et al., 2020). Studies indicate that
combined gray-green infrastructure schemes demonstrate superior adaptability in
structural failure scenarios, reducing surface overflow by 18-23% compared to
green infrastructure-only approaches (Chen et al., 2024). Decentralized layouts
consistently outperform centralized configurations in both extreme rainfall
events and system failure scenarios, highlighting the importance of spatial
distribution strategies.


Governance
Frameworks for Green Infrastructure


Effective
green infrastructure governance requires multi-level coordination addressing
policy integration, institutional arrangements, stakeholder engagement, and
adaptive management mechanisms (Frantzeskaki et al., 2019). Research identifies
governance as a critical dimension determining implementation success, with
robust regulatory frameworks, clear responsibility allocation, and
inter-institutional coordination serving as prerequisites for scaled deployment
(Rashetnia et al., 2022).


International
case studies reveal diverse governance approaches. Singapore’s Active,
Beautiful, Clean Waters Programme demonstrates centralized coordination with
strong regulatory enforcement and substantial public investment. The
Netherlands’ Room for the River initiative exemplifies collaborative governance
integrating national policies with local implementation through
multi-stakeholder platforms. Portland’s green infrastructure program showcases
market-based instruments including stormwater credits and development incentives
to mobilize private sector participation (Li et al., 2019).


In
Indonesian contexts, governance challenges include fragmented institutional
mandates between ministries and local governments, limited technical capacity
at municipal levels, weak enforcement of spatial planning regulations, and
insufficient community engagement mechanisms (Pahnael et al., 2020). The
decentralization framework creates opportunities for context-specific solutions
but necessitates strengthened vertical and horizontal coordination mechanisms.


 


Financing
Mechanisms and Economic Instruments


Infrastructure
financing represents a critical barrier to green infrastructure scaling, with
Indonesia’s infrastructure investment target of $429 billion for 2020-2024
requiring mobilization of 59% from private sources (ADB, 2024). Public-Private
Partnership schemes have become central to Indonesia’s infrastructure
development strategy, governed by Presidential Regulation 38/2015 and supported
by government guarantees through the Indonesian Infrastructure Guarantee Fund.


Innovative
financing instruments gaining traction include green bonds,
sustainability-linked bonds, land value capture mechanisms, and climate funds.
Indonesia has issued over $9.5 billion in green, social, and sustainable bonds
from 2018-2024, demonstrating growing sustainable finance markets (UNDP, 2024).
Green Sukuk issuances aligned with Sustainable Development Goals frameworks
provide Sharia-compliant financing options particularly relevant in Indonesian
contexts.


Land value
capture mechanisms leverage property value increases generated by green
infrastructure improvements to fund implementation and maintenance. Tax
increment financing, betterment levies, and development exactions represent
potential tools adapted from international practices. Research indicates that
strategic green infrastructure placement in flood-prone areas can generate
substantial property value appreciation while addressing historical
environmental injustices (Limb et al., 2024).


Multilateral
development bank financing through low-interest loans from ADB, JICA, and World
Bank continues supporting Indonesia’s infrastructure expansion. Climate finance
mechanisms including the Green Climate Fund and bilateral climate partnerships
offer additional capital sources specifically targeting adaptation
infrastructure. The Energy Transition Mechanism Country Platform aims to
mobilize over $122 billion for renewable energy and climate-resilient
infrastructure.


 


METHODOLOGY


This study
adopts a qualitative conceptual research design to develop a governance and
financing framework for green infrastructure in urban flood mitigation in
Indonesia. The research is exploratory in nature and aims to integrate
theoretical perspectives, empirical evidence, and policy frameworks into a
coherent analytical model.


Research Design


The study
employs a systematic literature review combined with policy analysis. This
approach is appropriate for conceptual papers that seek to synthesize existing
knowledge and generate new frameworks without primary data collection. The
research focuses on three main domains: green infrastructure for flood
management, governance models, and infrastructure financing mechanisms.


Data Sources and
Collection


Data are derived
exclusively from secondary sources, including:


1.      Peer-reviewed
international journal articles on green infrastructure and urban flood
mitigation


2.      Reports
from international organizations (e.g., ADB, World Bank, UNDP)


3.      Indonesian
national policy documents, such as the RPJMN 2025–2029 and Presidential
Regulation No. 38/2015 on Public-Private Partnerships


4.      Relevant
books and institutional publications on urban planning and climate resilience


 


The
literature selection follows criteria of relevance, credibility, and recency,
with emphasis on publications from 2015 to 2025 to ensure up-to-date insights.


Analytical
Framework


The
study applies a thematic and comparative analysis consisting of three stages:


1.      Thematic
identification: Key variables such as governance structure, financing
instruments, institutional roles, and infrastructure typologies are identified.


2.      Comparative
synthesis: International best practices are compared with Indonesian
institutional and policy contexts to identify gaps and adaptation
opportunities.


3.      Conceptual
integration: Findings are synthesized into an integrated blue-green-gray
governance and financing framework.


Framework
Development


The
proposed framework is constructed by integrating:


 


1.      Multi-level
governance systems (national, provincial, and municipal levels)


2.      Hybrid infrastructure
approaches (blue, green, and gray systems)


3.      Blended
financing strategies (public funding, PPP schemes, green bonds, land value
capture, and climate finance)


 


This
integrative approach ensures alignment between spatial planning, fiscal policy,
and institutional coordination.


Validation and
Limitations


The
framework is validated through theoretical consistency and alignment with
existing policy frameworks in Indonesia. While the study does not include
empirical field validation, it is grounded in widely recognized literature and
real-world policy practices. Future research is recommended to test the
framework through case studies and quantitative assessments.


 


RESEARCH
RESULT AND DISCUSSION


The proposed governance model integrates three complementary
infrastructure approaches within a unified institutional framework. Blue
infrastructure encompasses natural and restored water bodies including rivers,
wetlands, and retention ponds. Green infrastructure includes bioretention
systems, green roofs, urban forests, and permeable surfaces. Gray
infrastructure comprises conventional drainage systems, pipes, and pumping
stations. Effective integration requires coordinated planning across these
domains rather than siloed implementation.


The governance architecture operates at three levels: strategic
direction from national ministries establishing policy frameworks and
standards; tactical coordination through provincial governments aligning
regional priorities and facilitating inter-municipal cooperation; and
operational implementation by municipal governments and community organizations
delivering context-specific solutions. This multi-level structure balances
centralized policy coherence with decentralized adaptive capacity.


Institutional arrangements must clarify roles and responsibilities
across key agencies. The Ministry of Public Works and Housing leads
infrastructure planning and technical standards. The Ministry of Environment
and Forestry oversees environmental compliance and ecosystem services. The
National Disaster Management Agency coordinates flood risk reduction
strategies. The Ministry of Finance manages fiscal instruments and government
guarantees. Clear delineation of authority coupled with formal coordination
mechanisms prevents implementation bottlenecks.


Spatial planning integration represents a critical governance
dimension. Green infrastructure must be systematically incorporated into
Regional Spatial Plans (RTRW) and Detailed Spatial Plans (RDTR) through
mandatory provisions for flood-prone areas. Zoning regulations should mandate
minimum green space ratios, restrict development in critical retention zones,
and require green infrastructure components in new developments. Building codes
and construction permits provide regulatory mechanisms for implementation
enforcement.


Strategic
Financing Framework


A comprehensive financing framework combines multiple capital
sources and revenue mechanisms to ensure sustainable funding streams. Public funding
through national and regional budgets provides foundational support for
strategic projects and enabling infrastructure. Climate budget tagging
introduced through the Climate Change Fiscal Framework ensures dedicated
allocations for adaptation infrastructure. Performance-based grants can
incentivize municipal governments to meet green infrastructure deployment
targets.


Public-Private Partnership structures unlock private capital while
managing fiscal constraints. Infrastructure provision PPP schemes transfer
design, construction, financing, operation, and maintenance responsibilities to
private entities under long-term concession agreements. Government support
instruments including viability gap funding, revenue guarantees, and demand
risk sharing enhance project bankability. The Indonesian Infrastructure
Guarantee Fund provides critical risk mitigation enabling institutional
investor participation.


Green financial instruments mobilize capital markets financing.
Municipal green bonds can fund large-scale projects with investor returns from
user fees or dedicated revenue streams. Sustainability-linked bonds include
performance metrics tied to flood reduction targets or green infrastructure
coverage, aligning financial incentives with environmental outcomes. Land value
capture mechanisms generate local revenue through betterment levies, tax
increment financing, and development exactions creating self-financing systems
reducing long-term fiscal burdens.


Climate finance integration leverages international funding
sources. Green Climate Fund resources support adaptation projects in vulnerable
communities. Bilateral climate partnerships with developed countries provide
concessional financing and technical assistance. Carbon market mechanisms under
Article 6 of the Paris Agreement may generate revenue from ecosystem services
and emissions reductions associated with urban greening.


Implementation
Strategy and Prioritization


Strategic prioritization maximizes impact given resource
constraints. Flood vulnerability mapping using GIS analysis identifies
high-risk areas requiring urgent intervention. Hydraulic modeling quantifies
potential runoff reduction from alternative green infrastructure
configurations. Multi-criteria assessment incorporating social vulnerability, infrastructure
criticality, and co-benefit potential guides investment sequencing.


Pilot projects demonstrate feasibility and build implementation
capacity before scaling. Strategic selection of diverse typologies generates
applicable lessons across contexts. Community engagement ensures social
acceptance and long-term stewardship through participatory planning, awareness
campaigns, and community-based monitoring programs. Technical capacity
development through training programs and centers of excellence for green
infrastructure research accelerates innovation diffusion.


Policy
and Regulatory Enablers


Enabling policy frameworks create conducive environments for
scaled implementation. National green infrastructure strategy establishes
vision, targets, and coordination mechanisms. Regulatory instruments mandate
green infrastructure adoption through spatial planning amendments, building
codes, and stormwater management ordinances. Economic incentives encourage
voluntary adoption beyond regulatory minimums through tax reductions, expedited
permitting, and stormwater fee discounts. Performance monitoring and adaptive
management ensure continuous improvement through national databases, regular
evaluations, and periodic policy reviews.


 


CONCLUSIONS AND
RECOMMENDATIONS


This paper
advances understanding of governance and financing frameworks necessary for
effective green infrastructure implementation in Indonesian urban contexts. The
integrated blue-green-gray governance model provides a strategic framework
combining nature-based solutions with engineered infrastructure under
coordinated institutional arrangements. Multi-level governance structures
balancing central policy direction with decentralized implementation capacity
address Indonesia’s complex administrative landscape.


Financing
mechanisms integrating public budgets, PPP schemes, green bonds, land value
capture, and climate funds can mobilize sufficient capital for scaled
deployment while ensuring fiscal sustainability. The framework demonstrates
that green infrastructure financing need not burden government budgets
indefinitely but can leverage multiple revenue streams and private capital to
create self-sustaining systems.


Key
recommendations include: establishing national green infrastructure strategy
with clear targets and accountability mechanisms; strengthening spatial
planning integration through mandatory provisions in regional plans; developing
standardized design guidelines adapted to Indonesian climates; creating
enabling PPP frameworks specifically for green infrastructure projects;
expanding green bond issuances at national and municipal levels; piloting land
value capture instruments in high-value development areas; building technical
capacity through training programs and centers of excellence; and fostering
community engagement for social acceptance and long-term stewardship.


 


ADVANCED RESEARCH


Limitations
of this conceptual framework include the need for empirical validation through
pilot projects and case studies in diverse Indonesian urban settings. Future
research should quantify cost-benefit ratios under various implementation
scenarios, assess social equity implications of green infrastructure placement,
and evaluate long-term maintenance requirements and financing sustainability.
Comparative analysis across cities of different scales and economic capacities
would strengthen generalizability.
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