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Abstract

Urbanized river basins are increasingly vulnerable to flood risks exacerbated by climate change, rapid land-
use conversion, and aging conventional engineering infrastructure. In response, Nature-Based Solutions 
have emerged as a critical policy instrument for enhancing urban hydrological resilience while providing 
multifarious ecological and social co-benefits. This paper provides a comprehensive evaluation of current 
policy  frameworks  governing  the  implementation  of  Nature-Based  Solutions  in  river  basin  cities.  By 
systematically reviewing governance structures, institutional capacities, and regulatory mechanisms, the 
research  identifies  the  fundamental  barriers  and  enablers  associated  with  scaling  green  infrastructure. 
Utilizing  a  multi-criteria  policy  evaluation framework,  the  study analyzes  qualitative  and  quantitative 
metrics of effectiveness, efficiency, equity, and adaptability. The findings indicate that while localized 
implementations of Nature-Based Solutions demonstrate significant efficacy in mitigating peak runoff and 
enhancing urban biodiversity, systemic policy fragmentation and inadequate funding models frequently 
constrain broader  basin-wide deployment.  The research concludes that  integrating these solutions into 
comprehensive municipal planning requires a paradigm shift towards adaptive co-management, long-term 
blended  financing,  and  robust  transboundary  institutional  cooperation.  Strategic  recommendations  are 
provided to guide policymakers in optimizing flood risk management frameworks for sustainable urban 
futures.
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1. Introduction

1.1 The Context of Urban River Basin Vulnerability

The accelerating pace of global climate change, coupled with unprecedented rates of urban expansion, has 
fundamentally altered the hydrological dynamics of river basin cities. Historically, urban development along 
river  corridors  provided immense economic and logistical  advantages,  facilitating trade,  agriculture,  and 
industrialization. However, the systematic sealing of permeable soil surfaces with impermeable concrete and 
asphalt has drastically reduced the natural infiltration capacity of these landscapes. Concurrently, shifting 
climatic patterns are producing more frequent and intense precipitation events. This confluence of factors has 
significantly amplified both fluvial and pluvial flood risks, rendering traditional flood management paradigms 
increasingly  obsolete.  Conventional  approaches,  often  characterized  by  rigid  gray  infrastructure  such  as 
concrete levees, dams, and culverts, were designed under the assumption of hydrological stationarity. As 
established in early environmental engineering critiques [1], the assumption that future hydrological extremes 
will mirror historical data is no longer valid. Consequently, river basin cities are experiencing catastrophic 
flooding  events  that  exceed  the  design  thresholds  of  their  legacy  infrastructure,  resulting  in  substantial 
economic damages, loss of life, and severe disruption of critical urban services. The vulnerability of these urban 
centers necessitates a profound reevaluation of flood risk management strategies and the policies that mandate 
their implementation. 
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1.2 The Emergence of Nature-Based Solutions

In response to the limitations of purely engineered flood defense systems, there has been a paradigm shift 
towards ecological engineering and the integration of natural systems into urban planning. Nature-Based 
Solutions encompass a broad array of interventions inspired and supported by nature, designed to address 
societal  challenges  while  simultaneously  providing  environmental,  social,  and  economic  benefits.  In  the 
context of flood risk management, these solutions include riparian buffer restorations, constructed wetlands, 
permeable pavements, green roofs, and the reconnection of historic floodplains. As highlighted by recent urban 
resilience frameworks [2], these interventions do not merely seek to resist floodwaters but aim to accommodate 
and manage water through natural processes such as infiltration, retention, and evapotranspiration. Beyond 
hydrological  attenuation,  Nature-Based  Solutions  offer  critical  co-benefits,  including  urban  heat  island 
mitigation, carbon sequestration, and the enhancement of urban biodiversity. The transition towards green 
infrastructure  represents  a  fundamental  recognition  that  urban  areas  must  function  as  integrated  socio-
ecological systems rather than strictly controlled technical domains. The academic discourse [3] increasingly 
positions Nature-Based Solutions as an indispensable component of sustainable urban transition strategies, 
emphasizing their capacity to build inherent systemic resilience against compound climate hazards. 

1.3 Policy Evaluation Gaps and Research Objectives

Despite  the  theoretical  consensus  regarding  the  efficacy  of  Nature-Based  Solutions,  their  widespread 
implementation  in  river  basin  cities  remains  hindered  by  significant  policy  and  governance  challenges. 
Municipalities often operate within fragmented regulatory environments where water management,  urban 
planning,  and  environmental  protection  are  governed  by  disparate  institutional  bodies  with  conflicting 
mandates. Furthermore, traditional cost-benefit analyses, which underpin most public infrastructure investment 
decisions, frequently fail to accurately capture the long-term, non-market value of the co-benefits provided by 
green infrastructure. Policy evaluation in this domain has historically focused on the technical performance of 
isolated pilot projects rather than the structural efficacy of the overarching policy frameworks that dictate basin-
wide planning. This research aims to bridge this critical gap by conducting a comprehensive policy evaluation 
of Nature-Based Solutions as a flood risk mitigation strategy in river basin cities. The primary objectives of 
this study are to systematically assess the regulatory mechanisms enabling or constraining green infrastructure, 
to evaluate the multi-criteria outcomes of existing policies, and to identify pathways for institutional innovation. 
By synthesizing these elements, the paper intends to provide actionable insights for urban policymakers seeking 
to operationalize ecological resilience at a systemic scale.

2. Theoretical Background and Concepts

2.1 Defining Nature-Based Solutions in Urban Hydrology

The conceptualization of Nature-Based Solutions has evolved significantly over the past decade, originating 
from earlier concepts such as ecosystem-based adaptation, green infrastructure, and ecological engineering. In 
the specific context of urban hydrology, these solutions are defined as deliberate interventions that utilize 
natural processes to manage stormwater and mitigate flood risks. According to foundational hydrological 
studies [4],  the core mechanism of these solutions relies on restoring or mimicking the pre-development 
hydrological cycle. When precipitation falls on an undeveloped landscape, a substantial portion is intercepted 
by  vegetation,  infiltrated  into  the  soil,  and  subsequently  released  into  the  atmosphere  through 
evapotranspiration, with only a small fraction becoming surface runoff. Urbanization inverts this dynamic, 
drastically increasing surface runoff and accelerating its delivery to receiving water bodies. Nature-Based 
Solutions, such as bioswales and bio-retention basins, seek to artificially recreate infiltration and retention 
capacities within the densely built environment. By intercepting stormwater at the source and slowing its flow 
through the catchment area, these interventions effectively reduce the peak flow volume and extend the time 
of concentration, thereby alleviating the burden on downstream conventional drainage systems. The theoretical 
underpinning of this approach [5] emphasizes spatial decentralization, shifting the focus from singular, large-
scale downstream defenses to distributed, small-scale upstream interventions.

2.2 Frameworks of Flood Risk Management
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The theoretical evolution of flood risk management policies reflects a transition from flood defense to flood 
resilience. The traditional flood defense paradigm operated on a fail-safe mentality, striving to completely 
eliminate  the  probability  of  flooding  through  massive  structural  interventions.  However,  scholars  have 
increasingly documented the  phenomenon of  the levee effect,  wherein the  perceived safety provided by 
structural defenses encourages further urban development in hazard-prone areas, ultimately resulting in greater 
catastrophe when the defenses are inevitably overtopped or fail. In contrast, the modern resilience paradigm 
acknowledges the inevitability of extreme events and focuses on a safe-to-fail approach. This paradigm is built 
upon the interconnected dimensions of susceptibility, exposure, and adaptive capacity. As detailed in disaster  
risk reduction literature [6], policy interventions must address all three dimensions simultaneously. Nature-
Based Solutions align perfectly with this resilience framework. They reduce susceptibility by decreasing runoff 
volumes, limit exposure by creating dual-purpose recreational spaces that are designed to safely flood during 
extreme events, and enhance adaptive capacity by fostering community engagement and providing flexible 
infrastructure that can be incrementally adjusted over time. The integration of these ecological principles into 
municipal policy requires a deep understanding of complex adaptive systems theory, recognizing that river 
basin cities are dynamic entities that continuously co-evolve with their surrounding environment.

3. Literature Review on Policy Frameworks

3.1 International and National Regulatory Contexts

The governance of  Nature-Based Solutions is  heavily influenced by transnational  and national  policy 
directives that set the overarching priorities for water management and climate adaptation. At the international 
level, frameworks such as the United Nations Sustainable Development Goals and the Sendai Framework for 
Disaster Risk Reduction explicitly advocate for the utilization of ecosystems to reduce vulnerability. In specific 
regions,  supranational  regulations  have  catalyzed  significant  shifts  in  domestic  policy.  For  example, 
comprehensive water directives have forced member states to evaluate the ecological status of their river basins 
and implement measures to achieve good qualitative and quantitative standing [7]. These overarching directives 
have spurred national  governments to  develop tailored strategies  for  flood risk management  that  legally 
mandate  the  consideration  of  non-structural,  nature-based  alternatives  before  authorizing  new  gray 
infrastructure projects. However, the translation of these high-level national mandates into enforceable local 
municipal codes remains a significant bottleneck. Researchers analyzing multi-level governance structures [8] 
argue that while national policies provide the necessary rhetorical support and occasional capital funding, they 
often lack the explicit technical guidelines and regulatory teeth required to compel localized implementation. 
Consequently, the adoption of Nature-Based Solutions frequently relies on the proactive initiative of individual 
municipalities rather than a systematic, legally binding nationwide rollout.

3.2 Local Governance and Institutional Fragmentation

At the municipal level, the policy landscape governing river basin flood risk is notoriously complex and 
highly fragmented. The implementation of a single comprehensive green infrastructure network often requires 
the coordination of multiple city departments, including water and sewage authorities, transportation bureaus,  
parks and recreation departments, and urban planning commissions. This institutional siloing creates profound 
challenges  for  policy  evaluation  and  execution.  As  highlighted  in  public  administration  reviews  [9], 
departmental mandates are typically narrowly defined by specific performance metrics that do not account for 
the cross-sectoral benefits of Nature-Based Solutions. For instance, a transportation department may oppose 
the installation of roadside bioswales due to concerns over maintenance costs, disregarding the substantial 
stormwater  management  benefits  that  accrue  to  the  water  utility  department.  Furthermore,  the  localized 
governance of river basins is complicated by transboundary issues, as watersheds rarely align with political 
administrative boundaries. Upstream land-use decisions drastically impact downstream flood risks, yet there is 
often no unified governance structure with the authority to mandate equitable burden-sharing across the entire 
basin.  Emerging literature  on collaborative  governance  [10]  suggests  that  overcoming these  institutional 
barriers requires the establishment of polycentric governance networks and the creation of boundary-spanning 
organizations  capable  of  mediating  between  disparate  stakeholders  and  aligning  conflicting  regulatory 
mandates.
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Figure 1: Comprehensive Schematic of Polycentric Governance in River Basin Flood Risk Management

4. Methodological Approach to Policy Evaluation

4.1 Multi-Criteria Evaluation Design

To thoroughly assess the impact and viability of policies promoting Nature-Based Solutions, this research 
employs  a  robust  multi-criteria  policy  evaluation  framework.  Evaluating  green  infrastructure  requires 
transcending  traditional  financial  cost-benefit  models,  which  consistently  undervalue  non-monetized 
ecological and social outcomes. The developed framework is anchored in four primary evaluative dimensions: 
effectiveness, efficiency, equity, and adaptability. Effectiveness measures the actual hydrological performance 
of the policy in reducing flood risk, assessed through indicators such as peak discharge reduction and total  
volume attenuation. Efficiency evaluates the economic rationality of the policy, encompassing not only direct 
capital and maintenance expenditures but also the quantified economic value of ecosystem service co-benefits, 
such  as  improved  air  quality  and  increased  adjacent  property  values.  Equity,  a  dimension  frequently 
marginalized in engineering evaluations [11], examines the spatial and socioeconomic distribution of policy 
outcomes, ensuring that vulnerable communities are not disproportionately burdened by flood risks or excluded 
from the benefits of green amenities. Finally, adaptability assesses the institutional flexibility of the policy, 
measuring its capacity to incorporate new climate projections, integrate novel technologies, and adjust to 
shifting socioeconomic conditions over extended temporal scales. 

Table 1: Evaluation Criteria for Nature-Based Solutions Policy Assessment

Evaluation Dimension Core Indicators Primary Data Sources Assessment Methodology

Hydrological Effectiveness
Peak flow reduction, runoff 
volume

Catchment models, telemetry Quantitative simulation

Economic Efficiency
Implementation cost, co-
benefit value

Municipal budgets, real estate 
data

Lifecycle cost analysis

Socio-spatial Equity
Demographic access, hazard 
exposure

Census tracts, GIS mapping Spatial distribution mapping

Institutional Adaptability
Regulatory flexibility, 
stakeholder inclusion

Policy documents, meeting 
minutes

Qualitative comparative 
analysis

4.2 Mixed-Methods Data Integration

The operationalization of the multi-criteria evaluation framework necessitates a mixed-methods approach 
to  data  collection  and  analysis,  triangulating  quantitative  hydrological  data  with  qualitative  governance 
assessments. As policy evaluation inherently involves judging both the outcome of the policy and the process 
of its implementation, relying on a single epistemological approach is insufficient. The quantitative component 
involves utilizing advanced geospatial analysis and hydrologic-hydraulic modeling software to simulate the 
performance of the implemented Nature-Based Solutions under various design storm scenarios. By establishing 
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a baseline scenario representing the pre-policy urban landscape, the models isolate the specific hydrological 
impact attributable to the policy interventions. Concurrently, the economic assessment utilizes benefit transfer 
methods to monetize ecosystem services based on established environmental economics literature [12]. The 
qualitative component is designed to unpack the black box of policy implementation. This involves conducting 
systematic document analysis of municipal master plans, zoning ordinances, and stormwater management 
regulations to identify explicit policy instruments and hidden regulatory barriers. The integration of these 
disparate data streams allows for a holistic evaluation, wherein the empirical success or failure of a specific  
hydrological intervention can be directly correlated with the specific institutional mechanisms that governed 
its design, funding, and maintenance.

5. Case Selection and Data Collection

5.1 Characterization of Study Areas

In order to test the multi-criteria evaluation framework and derive broadly applicable policy insights, this 
research selects an array of representative urban river basins that have actively attempted to integrate Nature-
Based Solutions into their formal flood risk management policies. The selection process prioritized cities that 
demonstrate significant variability in their climatic conditions, socioeconomic development levels, and baseline 
hydrological  vulnerability.  This  purposeful  sampling  ensures  that  the  evaluation  is  not  skewed  by  the 
idiosyncratic characteristics of a single municipality. The selected cases include older, heavily industrialized 
river basin cities attempting to retrofit dense urban cores with green infrastructure, as well as rapidly expanding 
cities  in  emerging  economies  attempting  to  preserve  natural  floodplains  on  the  peri-urban  fringe.  The 
comparative analysis of these distinct typologies [13] is crucial for understanding how different contextual 
variables influence policy success.  For instance,  retrofitting bioswales into established historical  districts 
presents  severe  spatial  and  subterranean  utility  constraints  that  are  largely  absent  when  designing 
comprehensive constructed wetlands in newly zoned development areas. By examining policies across this 
spectrum, the research can identify both universal best practices and context-specific constraints that dictate 
the scalability of natural flood management strategies.

Table 2: Typology of Selected River Basin Case Studies

Typology Category Spatial Constraint Level Primary Policy Intervention Dominant Flood Hazard

Historic Dense Core High Permeable paving, green roofs Pluvial (surface water)

Suburban Transition Medium Bioswales, retention ponds Combined Pluvial and Fluvial

Peri-urban Fringe Low
Floodplain restoration, 
afforestation

Fluvial (river overflow)

5.2 Data Acquisition and Validation Procedures

The data collection phase involved a systematic gathering of both primary and secondary data sets over a 
protracted evaluation period. Quantitative hydrological data was primarily sourced from established municipal 
telemetry networks, which provide continuous monitoring of streamflow gauges, precipitation levels, and 
localized sewer system surcharge events. To evaluate land-use changes mandated by the specific policies,  
remote sensing imagery was utilized. Techniques involving the analysis of normalized difference vegetation 
indices allowed for the precise quantification of newly established green canopy and permeable surface areas 
across the respective basins [14]. The socioeconomic data utilized for the equity analysis was drawn from 
national census databases and localized municipal demographic surveys, mapped onto geographic information 
systems to overlay vulnerability indices with flood inundation maps. For the qualitative governance data, 
extensive  semi-structured interviews were conducted with key stakeholders.  These  stakeholders  included 
municipal water engineers, urban planners, elected officials, and representatives from localized community 
action groups. The qualitative data underwent rigorous thematic coding to extract recurring narratives regarding 
policy friction, inter-departmental communication barriers, and public perception of green infrastructure. To 
ensure validity, all modeled hydrological outcomes and coded interview data were subjected to peer debriefing 
and cross-referenced with independent academic assessments published in prior regional studies [15].

6. Comprehensive Analysis of River Basin Interventions

6.1 Evaluation of Hydrological and Ecological Outcomes
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The systematic application of the evaluation framework across the selected case studies reveals highly 
nuanced outcomes regarding the effectiveness of Nature-Based Solutions. In terms of hydrological mitigation, 
policies that mandate the installation of decentralized green infrastructure at the parcel level, such as stringent 
stormwater retention requirements for new commercial developments, demonstrated a pronounced ability to 
delay the initial time of concentration during high-intensity, short-duration precipitation events. Empirical data 
[16] shows that catchments with a high adoption rate of bio-retention cells experienced a noticeable flattening 
of the hydrograph peak, which directly correlated with a reduction in localized combined sewer overflow 
events. However, the analysis also indicates significant limitations regarding volumetric capacity. During 
prolonged, multi-day rainfall events that saturate the underlying soil profiles, the infiltration capacity of these 
natural systems is rapidly exhausted. Once saturated, their performance mimics that of impermeable surfaces, 
offering negligible additional attenuation for severe fluvial flooding. This underscores a critical policy finding: 
Nature-Based Solutions are highly effective for managing high-frequency, low-magnitude events, but they 
cannot  entirely  supplant  the  need  for  macro-scale  structural  interventions  to  manage  low-frequency, 
catastrophic events. Furthermore, the ecological outcomes were generally overwhelmingly positive. Policies 
that prioritized riparian corridor restoration resulted in measurable improvements in aquatic biodiversity and 
localized water quality, effectively demonstrating the multifaceted utility of green infrastructure investments.

Figure 2: Spatial Distribution and Hydrological Attenuation Modeling of Urban Green Infrastructure

6.2 Economic Efficiency and Social Equity Impacts

The economic evaluation of the implemented policies revealed that traditional financial models are entirely 
inadequate  for  assessing  Nature-Based  Solutions.  When  evaluated  strictly  on  capital  expenditure  and 
immediate hydrological capacity, concrete retention basins often appeared more cost-effective. However, when 
the policy evaluation incorporated a comprehensive lifecycle cost analysis that monetized ecosystem services 
[17],  the  long-term efficiency  of  natural  solutions  significantly  outpaced  conventional  engineering.  The 
avoided  costs  related  to  water  treatment,  coupled  with  public  health  benefits  associated  with  expanded 
recreational green space and urban heat reduction, generated a highly favorable benefit-to-cost ratio. Despite 
this economic efficiency, the equity analysis exposed severe deficiencies in current policy frameworks. In 
several evaluated cases, the implementation of large-scale green infrastructure projects inadvertently triggered 
ecological gentrification. Policies that successfully revitalized degraded riverfronts through natural restoration 
significantly increased adjacent property values, which subsequently displaced the vulnerable, low-income 
populations that historically occupied those high-risk flood zones. Furthermore, decentralized interventions 
requiring private property owner maintenance, such as residential rain gardens, were predominantly clustered 
in affluent neighborhoods capable of absorbing the associated landscaping costs [18]. This uneven spatial 
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distribution dictates that future policies must explicitly incorporate anti-displacement mechanisms and provide 
targeted financial subsidies to ensure equitable access to flood resilience.

7. Discussion of Governance and Policy Outcomes

7.1 Institutional Barriers to Mainstreaming Nature-Based Solutions

The synthesis of the policy evaluation highlights that the most formidable obstacles to scaling Nature-Based 
Solutions are not technical or hydrological, but fundamentally institutional and regulatory. The pervasive silo 
effect within municipal governance remains the primary barrier. Traditional public financing mechanisms are 
strictly compartmentalized; funds allocated for flood defense cannot easily be diverted to parks departments, 
even if a dual-purpose constructed wetland offers the most efficient mitigation strategy. This fiscal rigidity 
stifles cross-sectoral collaboration and prevents the pooling of resources necessary for ambitious basin-wide 
projects. Additionally, the regulatory frameworks governing engineering standards exhibit a profound path 
dependency. Current design codes and liability regulations are calibrated for the deterministic performance of 
gray infrastructure. Municipal engineers are frequently hesitant to approve nature-based alternatives because 
natural systems are inherently dynamic and their exact performance parameters fluctuate based on seasonal 
vegetation growth and soil saturation levels [19]. The lack of standardized, legally defensible technical manuals 
for  green  infrastructure  exposes  early-adopting  engineers  to  professional  liability,  creating  a  risk-averse 
bureaucratic culture that defaults to conventional concrete solutions. Without sweeping legislative reform at 
the state or national level to modernize engineering design codes and liability frameworks, natural interventions 
will remain relegated to pilot projects rather than becoming the default municipal standard.

Table 3: Summary of Evaluated Policy Outcomes and Identified Constraints

Policy Instrument Type Primary Evaluated Benefit
Major Implementation 

Barrier
Institutional 

Recommendation

Zoning Overlays
Prevents floodplain 
development

Intense pushback from real 
estate

Implement transfer of 
development rights

Mandated Retention Decentralized runoff control
Lack of private compliance 
monitoring

Establish automated 
municipal auditing

Public Land Retrofits
High visibility, immediate 
impact

Inter-departmental funding 
silos

Create cross-agency resilience 
budgets

7.2 Enablers for Strategic Policy Implementation

Conversely, the evaluation identified several key policy enablers that facilitate successful implementation. 
The most effective municipalities utilized adaptive co-management frameworks that actively incorporated 
community stakeholders into the design and maintenance phases of green infrastructure projects. Engaging 
local populations not only lowered long-term maintenance costs through volunteer stewardship programs but 
also built vital public support that sustained political momentum across multiple election cycles. Furthermore, 
innovative financing mechanisms proved essential for overcoming municipal budget constraints. Cities that 
successfully  scaled  Nature-Based  Solutions  often  leveraged  blended  finance  models,  combining  public 
infrastructure  grants  with  private  capital  through  mechanisms  such  as  environmental  impact  bonds  or 
stormwater fee credit programs. These economic instruments incentivize private commercial entities to retrofit 
their properties with green roofs and permeable surfaces by offering direct reductions in their municipal utility 
taxes. Finally, the establishment of dedicated, boundary-spanning resilience offices at the executive level of 
city  government  proved  highly  effective  in  coordinating  the  necessary  inter-departmental  collaboration, 
breaking down historical silos, and ensuring that flood risk management is integrated holistically into the 
broader urban planning agenda.

8. Conclusion and Strategic Recommendations

8.1 Summary of Evaluated Findings

This comprehensive policy evaluation demonstrates that Nature-Based Solutions offer a highly effective, 
multifaceted approach to mitigating urban flood risk in river basin cities. By restoring natural hydrological  
functions, these interventions effectively attenuate peak runoff while delivering critical ecological, economic, 
and social co-benefits that far exceed the singular utility of conventional gray infrastructure. However, the 
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multi-criteria analysis reveals that current municipal policy frameworks are systematically ill-equipped to 
facilitate  the  large-scale  integration  of  natural  systems.  Structural  institutional  fragmentation,  outdated 
engineering design standards, inflexible public financing mechanisms, and a failure to address spatial equity 
profoundly limit the scalability of green infrastructure. While pilot projects and localized implementations 
exhibit significant hydrological and aesthetic success, they do not constitute a systemic transformation of urban 
vulnerability. The findings assert that achieving genuine, basin-wide flood resilience requires a fundamental 
shift in how cities conceptualize, finance, and govern urban water management, moving away from isolated 
defensive engineering towards holistic, adaptive socio-ecological planning.

8.2 Strategic Policy Recommendations

To actualize the potential of Nature-Based Solutions, municipal and regional policymakers must enact 
comprehensive institutional  reforms. First,  it  is  imperative to establish polycentric watershed governance 
bodies possessing the legislative authority to enforce integrated flood management plans across municipal 
boundaries, thereby addressing the transboundary nature of river basin hydrology. Second, public financing 
structures must be modernized to allow for cross-sectoral budget pooling and the widespread adoption of 
environmental impact bonds that monetize the long-term co-benefits of natural infrastructure. Third, national 
engineering associations and regulatory bodies must rapidly develop and promulgate standardized design codes 
and maintenance manuals for green infrastructure, providing municipal engineers with the necessary liability 
protection to approve non-structural alternatives. Fourth, equity must be placed at the center of resilience 
planning; policies must mandate that infrastructure investments prioritize highly vulnerable, marginalized 
communities and include robust mechanisms to mitigate the risks of ecological gentrification. By embracing 
these strategic recommendations [20], river basin cities can transition from precarious, engineered landscapes 
into resilient, adaptive urban ecosystems capable of withstanding the complex hydrological challenges of the 
future.
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