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Abstract

Ecosystem-based adaptation (EbA) is an ecologically sensitive, cost-effective, and locally

adaptive climate adaptation strategy to strengthen the climate resilience of vulnerable com-

munities. While many studies on EbA have been conducted in rural and mountainous

regions or within the natural sciences realm, there is a lack of comprehensive research that

assesses how urban EbA measures have been incorporated into existing policies and plans

in Global South, including in Nepal. Ecosystem-based adaptation is in the early stages of its

establishment as a fundamental component to address climate adaptation and sustainable

development in urban environments. Accordingly, effective integration strategies, chal-

lenges, potential focal areas, and entry points have yet to be extensively studied. To address

the literature gap, this paper analyses the types of EbA interventions and the extent of urban

EbA integration within Nepal’s climate, urban, and sectoral policies and plans. Direct content

analysis and a qualitative scoring system were used to evaluate the plan components and

assess the level of EbA integration. The findings indicate that the policies and plans recog-

nise the importance of conserving, enhancing, and managing ecosystems for climate

change adaptation, and EbA measures are mainly included in action-oriented sections.

However, the results also reveal inadequate EbA integration, particularly in the information

base, vision and objectives, and implementation aspects. The implementation component

notably lacks comprehensive provisions for budget allocation, responsible authorities, defi-

nite timelines, and clear roadmaps. The breakdown of EbA integration in the policies and

plans suggests that climate and urban plans substantially integrate urban EbA measures,

but discrepancies exist with climate and urban policies and sectoral policies and plans.

These findings collectively emphasise a pressing need to enhance the recognition and inte-

gration of urban EbA measures within policy frameworks with a view towards strengthening

climate resilience and mitigating climate-related hazards in urban environments.

1. Introduction

1.1. Concept of ecosystem-based adaptation

Ecosystem-based adaptation (EbA) is a climate change adaptation approach and sub-category

of nature-based solutions which has gained traction in recent years for supporting sustainable

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0297786 January 31, 2024 1 / 26

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Sherpa TO (2024) Integration of urban

ecosystem-based adaptation in Nepal: A policy

landscape analysis. PLoS ONE 19(1): e0297786.

https://doi.org/10.1371/journal.pone.0297786

Editor: Grigorios L. Kyriakopoulos, National

Technical University of Athens: Ethniko Metsobio

Polytechneio, GREECE

Received: October 27, 2023

Accepted: January 13, 2024

Published: January 31, 2024

Copyright: © 2024 Tshering Ongmu Sherpa. This is

an open access article distributed under the terms

of the Creative Commons Attribution License,

which permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

information files.

Funding: The author (TOS) expresses appreciation

to the Graduate School of Global Environmental

Studies (GSGES) at Kyoto University, Japan, for

covering the open-access publication fee of this

article. URL: https://www.ges.kyoto-u.ac.jp/en/ The

funders had no role in study design, data collection

and analysis, decision to publish, or preparation of

the manuscript.

https://orcid.org/0000-0002-5737-4252
https://doi.org/10.1371/journal.pone.0297786
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297786&domain=pdf&date_stamp=2024-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297786&domain=pdf&date_stamp=2024-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297786&domain=pdf&date_stamp=2024-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297786&domain=pdf&date_stamp=2024-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297786&domain=pdf&date_stamp=2024-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297786&domain=pdf&date_stamp=2024-01-31
https://doi.org/10.1371/journal.pone.0297786
http://creativecommons.org/licenses/by/4.0/
https://www.ges.kyoto-u.ac.jp/en/


urban development in the context of changing climatic conditions. The United Nations Con-

vention on Biological Diversity defines EbA as ‘the use of biodiversity and ecosystem services

as part of an overall adaptation strategy to help people to adapt to the adverse effects of climate

change’ [1]. Ecosystem-based adaptation principally dovetails both ecosystem and human

components and advocates for the acceleration of integrated climate actions rather than siloed

approaches [2]. Practices of EbA range from preservation, restoration, and sustainable man-

agement of existing ecosystems to the creation of new ecological structures [3, 4]. Ecosystem-

based adaptation has applications across a wide array of ecosystems, geographical regions, and

sectors and amongst different stakeholders [5]. EbA often involves incorporating ecological

principles into engineering practices and the resilience of the built infrastructures and canal

systems depends on how well ecological considerations are integrated into its design and man-

agement as demonstrated in Kantartzis [6] and Mitoulis et al. [7]. The Sixth Assessment

Report of the Intergovernmental Panel on Climate Change [8] recognises the importance of

EbA in the urban environment and how its incorporation into conventional structural adap-

tion responses may reduce adaptation costs and contribute to disaster risk reduction and man-

agement. Attention is gradually being directed to the remediation of urban areas to improve

ecological and social health in conjunction with increasing climate resilience [9].

Urban EbA measures include strategies such as expanding green/blue infrastructures (e.g.

green roofs and walls), urban green and open spaces, and urban agriculture and gardening.

Green Infrastructure (GI), such as green roofs and facades, offers a two-fold advantage, pro-

viding both adaptation and mitigation benefits through carbon sequestration and reduced

energy consumption. Structures like green roofs, are known for their advanced insulation that

enhances building efficiency and results in emission reduction of greenhouse gases [10]. Addi-

tionally EbA measures like permeable pavements leverage on ecosystem services like soil per-

meability to combat climate-related hazards [11, 12]. These infrastructures transcend climate

adaptation benefits [13] and offer numerous co-benefits, including biodiversity conservation,

flood control, stormwater runoff reduction, urban heat island (UHI) reduction, carbon seques-

tration, food security, and recreation [14]. The bottleneck of extensive uptake of the EbA

approach is the limited empirical evidence of its long-term adaptation benefits; still, a growing

body of research has been validating it as a cost-effective alternative to traditional engineering-

based approaches [15, 16].

1.2. Concept of ecosystem-based adaptation

There has been a relatively wide uptake and upscale of nature-based solutions and EbA

applications in urban settings for climate change adaptation and mitigation in the Global

North, where substantial evidence has been generated for EbA across the spectrum of

green-grey approaches [11, 17, 18]. In contrast, scholarship linking urban EbA and climate

adaptation [19, 20] has been scarce in the Global South [21]. Thematic areas encompassing

biodiversity, agriculture, forestry, and disaster risk reduction have been prominently priori-

tised in past and ongoing EbA projects and literature [22–24]. Since EbA in urban settings

is relatively new, there is only fragmented research on conceptualising and implementing

urban EbA and its mainstreaming into policies [25–28]. To fully harness the latent potential

of EbA, its integration into policymaking and planning is crucial to achieve sustainable and

scalable interventions and ensure long-term effectiveness and resilience [29, 30]. Significant

gaps in the literature include comprehensive research on the degree to which urban EbA

approaches are integrated into current policies and plans and the most effective strategies

of integration for identifying existing challenges, potential scopes, and strategic entry

points [31].
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1.3. Need for urban EbA integration in Nepal

Nepal is ranked fourth in the Global Climate Risk Index [32]. It is also amongst the least

urbanised countries in the world. Yet, according to United Nations Department of Economic

and Social Affairs [33], Nepal is projected to be one of the top ten fastest-urbanising nations

from 2014 to 2050. The country’s urban population growth is sitting at 2.31% [34], and the fed-

eral restructuring of the governance system has caused an exponential increase in the propor-

tion of urban residents to 66.17% of the total population [35]. Climate-related hazards are

prevalent in both rural and urban areas, but the focus has been primarily on remote and rural

places due to their underprivileged socio-economic conditions and geographically challenging

topography. The lack of attention to urban areas may have detrimental effects in the near

future, as the rate of urbanisation is rising rapidly in urban agglomerations, such as the Kath-

mandu Valley (comprised of the Kathmandu, Bhaktapur, and Lalitpur districts). The built-up

area in the valley increased by 412% from 1986 to 2016 and is inhabited by 24% of Nepal’s total

urban population [36].

The compound impacts of climate change and urbanisation, which include erratic rainfall,

land use changes, and weak stormwater drainage systems, are causing a higher frequency of

pluvial and fluvial flooding in Kathmandu Metropolitan City [37], which is inflicting harm on

the public and resulting in property loss and disruptions to transportation. The city is also

experiencing an increase in land surface temperature in core areas where concrete infrastruc-

tures are dense due to the high population concentration [38]. According to Ministry of Health

and Population [39], the UHI effect is already inflicting adverse consequences on human

health in the country’s urban areas. Failure to act poses a prompt and severe threat to urban

dwellers, as the combination of climate change and rapid urbanisation will expose them to cli-

mate-related hazards, poverty, social inequalities, and other harmful effects.

In Nepal, EbA is a relatively novel concept. It can harmoniously complement engineering

infrastructures and address the financial and specialised expertise demands often associated

with conventional approaches. Thus, EbA represents a significant alternative method for

Nepal, a country grappling with constant resource limitations, to galvanise its climate adapta-

tion efforts [40]. Most EbA-related studies and projects have been conducted in rural and

mountainous regions [40, 41]or in the natural sciences domain [42]. Currently, EbA is in a

nascent stage of being established as a cornerstone of climate adaptation and sustainable devel-

opment in urban spaces. In a study on climate change adaptation projects in Nepal from 2010

to 2020, Karki et al. [43] have reported that only 6 out of 76 climate change adaptation projects

were dedicated to implementing EbA. An additional six projects were categorised as ‘EbA-

related’ because they addressed capacity building, rural livelihood improvement, and knowl-

edge management through integrating ecosystem and community-based approaches. The

EbA-related interventions in Nepal have heavily relied on external support, which raises sus-

tainability concerns regarding project outcomes after funding ends [43]. Previous successful

pilot initiatives have not been adequately leveraged.

Few studies have conducted policy reviews to identify provisions for EbA mainstreaming in

Nepal’s climate policies, plans, and programmes. Bhattarai et al. [44] have assessed the chal-

lenges of mainstreaming and upscaling EbA in developing countries based mostly on an

empirical case study of Nepal’s Panchase Mountain Ecological Region. Their findings reveal

that EbA interventions could effectively enhance socio-ecosystem resilience and reduce vul-

nerability; however, limited innovation, a lack of clear-cut policy arrangements, inadequate

institutional mechanisms, and insufficient budget provisions can pose sustainability issues.

Poudel et al. [45] have analysed climate change policies and the implementation of EbA-

related activities in Nepal. Their results highlight the need to integrate EbA into regular
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planning processes, secure adequate funding, and establish robust institutional mechanisms

for effective implementation and monitoring to overcome sustainability challenges.

These studies provide valuable insight into the state of the art of Nepal’s EbA initiatives, but

they do not consider urban and sectoral policies and plans. Urban policies and strategies are

believed to play a seminal role in maintaining and increasing ecosystem services to enhance

liveability, improve sustainability, and build up the resilience of cities [46]. Sandholz’s [47]

evaluation of the applicability of ecosystem-based approaches for disaster risk reduction in the

Kathmandu Valley of Nepal has emphasised the importance of understanding human-nature

interactions and the local value of natural assets in a setting characterised by rapid urbanisa-

tion, political instability, complex governance, and climate change impacts. It has further

established a link between urban EbA strategies and climate adaptation but lacked a compre-

hensive review of relevant policies. To initiate and expedite EbA initiatives in urban settle-

ments, national policies and policymaking processes should provide essential overarching

guidance.

1.4. Research and purpose

In light of the identified gaps, this research first aimed to examine the types of EbA interven-

tions and the level of EbA integration in Nepal’s climate, urban, and sectoral policies and

plans. It sought to reduce the paucity of information by employing a qualitative scoring system

adapted from previous studies [48] and performing an in-depth analysis of the plan compo-

nents (information base, vision and objectives, actions, and implementation) to appraise the

degree of integration. Second, the study aimed to identify strategic entry points for EbA in cli-

mate, urban, and sectoral policies, thus contributing to a more holistic and informed under-

standing of the level of EbA mainstreaming that is needed. The findings reveal practical

implications for policymakers in regard to catalysing and enhancing the mainstreaming and

implementation of EbA initiatives in urban environments, which can in turn enrich the effi-

cacy of climate adaptation strategies and building climate resilience.

2. Methodology

2.1. Policy and planning instruments

To identify the types and degree of integration of EbA in addressing climate-related hazards

and developing climate resilience, a comprehensive review was conducted of 4 policies and 10

plans, which included climate, urban, and sectoral policies and plans relevant to urban EbA.

The majority of these policies and plans were formulated and/or revised after 2008, when the

‘ecosystem-based adaptation’ term was conceived, to ensure that there had been sufficient time

to integrate EbA principles into the policies.

• Climate policies and plans: This category of policies is targeted to address and mitigate the

effects of climate change at the national, provincial and local levels. It includes National Cli-

mate Change Policy (NCCP) 2019 [49], National Adaptation Programme of Action (NAPA)

2010 [50], Local Adaptation Plans for Action (LAPA) 2019 [51] and National Adaptation

Plan (NAP) 2021–2050 [52].

• Urban policies and plans: This includes policy documents relevant to urban development

and planning that serve as guiding frameworks to shape the urban landscape and improve

the quality of life of the urban residents at the national level and also specific to Kathmandu

Valley. It comprises of National Urban Policy (NUP) 2007 [53], National Urban Develop-

ment Strategy (NUDS) 2016 [54], Vision 2035 and Beyond: 20 years Strategic Development
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Master Plan (SDMP) 2015–2035 for Kathmandu Valley [55] and Risk Sensitive Land Use

Plan of Kathmandu Valley (RSLUP) 2016 [56].

• Sectoral policies with urban EbA component: This category encompasses sector-focused pol-

icies that have a component related to urban EbA or ecosystem services. It includes National

Environment Policy (NEP) 2019 [57], Disaster Risk Reduction National Strategic Action

Plan (DRRNSAP) 2018–2030 [58], National Biodiversity Strategy and Action Plan (NBSAP)

2014–2020 [59], National Land Use Policy (NLUP) 2015 [60], Forest Sector Strategy (FSS)

2016–2025 [61], Water Supply, Sanitation and Hygiene Sector Development Plan

(WSSHSDP) 2016–2030 [62].

2.2. Types of EbA measures

As a result of climate change, urban areas are becoming increasingly vulnerable to climate-

related hazards, such as flooding and the UHI effect [3]. Informed by the works of Gómez-

Baggethun and Barton [63] and Geneletti and Zardo [64], this study investigated the EbA mea-

sures present in the analysed policies and plans, which can be broadly classified into two cate-

gories: (i) storm management, flood risk management, or water security; and (ii) temperature

regulation. The study also considered EbA measures addressing the two categories of ecosys-

tem services in general terms, without an urban focus, since the integration of urban EbA was

not prevalent in all of the climate, urban, and sectoral policies and plans of Nepal that were

selected for appraisal.

The existing scholarship does not provide a standard list of urban EbA measures. However,

past studies have adopted and revised the classification proposed in the European Environ-

ment Agency (EEA) [65]. The EEA list was formulated for European cities, where the founda-

tion of EbA and its umbrella concept, nature-based solutions, is far more advanced, and the

level of EbA integration in policymaking is considerably greater than in Nepal. The list of EbA

measures used for the analysis in this paper was collated from the plans and policies. Table 1

presents an overview of the EbA measures derived from the analysis of the plans and policies,

which aligns with the identified categories. The EbA measures were further characterised as

general EbA measures or urban EbA measures. The general classification may include urban

components, but the urban category consists exclusively of EbA measures from an urban con-

text. With reference to Zölch et al. [18], the urban EbA measures include components of the

Table 1. EbA measures identified from the plans and policies.

EbA measures Type

Develop green belts and open spaces alongside rivers, roads and canals General

Protect, develop, promote and manage forest General

Protect water bodies-ponds, wells, rivers and canals General

Integrated watershed management to protect and regenerate/rehabilitatedegraded water bodies,

watersheds, lakes, wetlands and ponds

General

Redevelopment of river bank into open spaces for flood-prone area General

Managing flood plains and stabilizing river banks using forest General

Promote rainwater harvesting and increase groundwater recharge throughconservation ponds (reservoirs)

and contour ditches and rehabilitation of traditional pondsfor protection of natural infiltration zones

General

Conservation of the ecosystem and biodiversity services General

Conserve, develop and promote greenery (e.g. green parks and green open spaces) Urban

Protect urban biodiversity through landscape conservation and climate resilience approaches Urban

Promote urban forest and sustainable management of urban forest Urban

https://doi.org/10.1371/journal.pone.0297786.t001
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urban ecosystem, such as urban biodiversity and green/blue infrastructures (parks, urban for-

ests, and rivers, streams, and lakes, as originally classified by Bolund and Hunhammar [66])

together with the greening of buildings and vegetation along the streets and in gardens (ele-

ments added to green infrastructures in the work of Benedict et al. [67]).

2.3. Evaluation of EbA measures in the policies and plans

In line with the existing literature on appraising policies for the uptake of EbA and the ecosys-

tem services concept, this study systematically analysed the policies and plans to identify

explicit or implicit use of EbA measures across four plan components: information base, vision
and objectives, actions, and implementation. The classification was adapted from Heidrich et al.

[68], Geneletti and Zardo [64], and Cortinovis and Geneletti [48] as a modified version of the

classification proposed by Baker et al. [69]. This modified version excludes the fifth plan com-

ponent, options and priorities, since there was inadequate information on this component in

the selected plans and policies. For this paper, information base included any statements indi-

cating cognisance of general or urban EbA measures concerning storm management, flood

risk management, or water security and temperature regulation. vision and objectives referred

to statements specifying goals associated with the application of such EbA measures (qualita-

tive or quantitative). Actions encompassed any specific actions undertaken to employ general

or urban EbA measures, including strategies and projects. Finally, implementation included

any provisions related to general or urban EbA measures intended to guide the enforcement of

actions (e.g. budget details, responsible authorities, project duration).

Direct content analysis was conducted to review the documents and assess the inclusion of

the EbA measures listed in Table 1 in two domains: (i) across each of the four plan components

and (ii) across different climate, urban, and sectoral plans and policies. The diagrammatic

illustration of the framework adopted to assess the EbA integration is provided in Fig 1. Previ-

ous studies have used this type of content analysis to examine the integration of EbA into

urban planning documents and landscape plans [28, 48] as well as urban climate adaptation

plans [64]. It has also been used to assess the integration of ecosystem services into strategic

environmental assessments across, for instance, spatial plans and the transfer of development

rights [70, 71].

Direct content analysis employs existing theories or prior research in a deductive manner.

The first step is to identify key concepts and variables [72], which serve as the basis to define

coding categories and operational definitions drawn from the existing literature. Direct con-

tent analysis is preferred over summative (keyword-based) content analysis here since EbA is

not yet a standardised term that has been extensively incorporated into policy documents [73].

The analysed policies and plans use a wide array of terminology to denote EbA measures. All

four plan components were considered when evaluating the plans, which provide detailed

roadmaps for achieving specific goals by outlining a comprehensive programme of actions.

However, the evaluation of the policies only took three plan components into account, with

implementation being excluded. This choice was made because the policies primarily offer

guiding principles or guidelines for the actions of the concerned authorities.

2.4 Assessing the breadth and quality of inclusion across plan components

and policies and plans

The breadth score indicator was measured to capture the distribution and extent of EbA mea-

sures within the analysed plans and policies. This indicator was initially introduced by Tang

et al. [74] and subsequently applied by Kumar and Geneletti [75] and Cortinovis and Geneletti

[48] in their studies on the integration of ecosystem services into urban plans. The indicator
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evaluates the proportion of plans and policies that incorporate content pertaining to EbA. The

present study is solely concerned with the breadth score. The depth score was omitted because

its calculation necessitates the presence of non-zero components in the plans. This criterion

was not fulfilled by the data in this study, as some policies and plans made no mention of EbA

in their components and therefore had a score of 0. This study adopted a qualitative scoring

protocol to measure the quality of Nepal’s climate, urban, and sectoral plans and policies con-

cerning the inclusion of EbA measures. This scoring system provided a framework to evaluate

the degree of EbA integration as well as a standardised approach to assess and compare the

level of inclusion across multiple plans and policies. The scoring system was developed with

reference to Geneletti and Zardo [64] and Schneider et al. [28], whose work mainly assesses

the inclusion of urban EbA measures in the climate adaptation plans and landscape plans of

European cities. These two studies based their scoring criteria on the extent of information

related to urban EbA. The current study differs in that the highest score was assigned to poli-

cies and plans with urban EbA inclusion. The assessment involved determining the presence

or absence of EbA measures and assigning a score ranging from 0 to 3 to indicate the degree of

integration across various plan components. The scoring protocol for this study used a four-

point scale, whereas previous studies utilised a five-point scale [69, 71]. This decision was justi-

fied by the relatively nascent nature of EbA as a concept in Nepal and its consequently limited

incorporation into policies and plans. A four-point scale was deemed more appropriate to

Fig 1. Framework to assess the integration of EbA.

https://doi.org/10.1371/journal.pone.0297786.g001
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evaluate the degree of integration since policies and plans may not address the topic compre-

hensively enough to warrant a more intricate scoring system. Tables 2 and 3 display the scor-

ing criteria for measuring the level of EbA integration to comprehensively evaluate the

treatment of EbA measures in each policy or plan. The research scores underwent a cross-

check process carried out by two additional researchers, who were briefed on the research

objectives and scoring guidelines. These two researchers and the author each individually

rated the plans and policies using the scoring protocol to assess the inter-rater reliability,

ensure consistency, and identify any potential scoring bias introduced by the author. The

obtained intraclass correlation coefficient exceeded 0.7, which met the criteria for acceptable

reliability according to Koo and Li [76]. This result indicates that the scoring process was

robust, and any potential bias was effectively minimised.

3. Results

3.1. Breadth of EbA inclusion in plans and policies

The conservation of ecosystems, including forests, water resources, and ecosystem services,

had high coverage, with more than 70% of the plans and policies addressing it (11 out of 14;

see Fig 2). Interventions related to rainwater harvesting and integrated watershed management

had the second-highest coverage, with a presence in over 55% of the plans and policies (9 out

of 14). Meanwhile, urban components, such as urban forests, urban biodiversity, green open

spaces, and green parks, had limited coverage of less than 30% in the plans and policies. Urban

heat island measures were largely missing from all plans and policies.

Table 2. Scoring protocol for integration of EbA measures in information base and vision and objectives plan com-

ponents (Adapted from Geneletti & Zardo [64] and Schneider et al., [28]).

Score Information base Vision and Objectives

0 Absence of information regarding EbA measures Absence of clear objectives or goals related to EbA

measures

1 Introduces EbA measures but not in the context of

mitigating climate-related hazards

Mentions utilizing ecosystem services in the objectives

without specifying any EbA measures

2 Includes applying EbA measures to address

climate-related hazards

Mentions utilizing specific EbA measures in the

objectives but not in urban context

3 Includes applying urban EbA measures to address

climate-related hazards

Mentions utilizing urban EbA measures in the

objectives

https://doi.org/10.1371/journal.pone.0297786.t002

Table 3. Scoring protocol for integration of EbA measures in actions and implementation plan components

(Adapted from Geneletti & Zardo [64] and Schneider et al., [28]).

Score Actions Implementation

0 Absence of action-oriented activities or

information on application of EbA measures

Absence of implementation provisions related to EbA

measures

1 Consists of information implicitly referring to

EbA in the actions

Comprises of EbA-related implementation provisions

without providing further details

2 Consists of specific EbA measures in the

actions but not in urban context

Comprises of EbA-related implementation provisions and

provides details, including budget, responsible bodies, and

project duration

3 Consists of urban EbA measures in the actions

and provides information on their application

Comprises of EbA-related implementation provisions and

provides details, including budget, responsible bodies,

project duration, along with defining the approach for

inter-sectoral and inter-ministerial collaboration

https://doi.org/10.1371/journal.pone.0297786.t003
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3.2. Frequency distribution of EbA measures

Only 36% of the examined plans and policies incorporate EbA-related information within at

least one plan component (Fig 3). Amongst this subset, 43% of the plans and policies contain

EbA-related information within the information base, vision and objectives, and actions com-

ponents but lack corresponding linkages in the implementation component. Approximately

7% of the plans and policies address EbA in the actions component only. The same percentage

address it in both the vision and objectives and actions components or explicitly integrate it in

the vision and objectives, actions, and implementation components.

The analysis of the climate change plan documents, including NAPA (2010), LAPA (2019),

and NAP (2021), revealed a gradual increase in the number of mentions of EbA measures over

time (Fig 4). As for the urban policies and plans, the SDMP for the Kathmandu Valley (2015)

has the highest number of mentions related to EbA measures, while NUP (2007) has no

explicit references to EbA measures. Concerning the sectoral policies and plans, FSS (2016)

has the highest number of mentions amongst sectoral policies and plans, while WSSHSDP

(2016) has the fewest mentions.

Fig 2. The variation in breadth score indicator value across EbA measures in any one of the plan components.

https://doi.org/10.1371/journal.pone.0297786.g002
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3.3. Breakdown of plan components across types of EbA measures

Out of the 11 listed EbA measures, 10 measures address the actions component, 8 measures

address the information base component as it specifically relates to EbA measures, and 9 mea-

sures address the vision and objectives component (Fig 5). Urban-specific measures, such as

Fig 3. Distribution of information regarding the identified EbA measures among the four plan components.

https://doi.org/10.1371/journal.pone.0297786.g003

Fig 4. Frequency of information related to EbA measures across plans and policies.

https://doi.org/10.1371/journal.pone.0297786.g004
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those regarding urban forests and green open spaces, have fewer mentions overall. Still, they

are represented across all three components, with the exception of urban biodiversity, which is

solely addressed with the information base component.

3.4. Quality scores across plan components and plans and policies

The most common quality scores are 2 and 3 for the information base component (36% cover-

age each), 2 for the vision and objectives component (36% coverage), 3 for the actions compo-

nent (71% coverage), and 0 for the implementation component (57% coverage; (Fig 6). The

urban EbA concept is recognised across all plan components at rates ranging from 29% (vision
and objectives) to 71% (actions). As for the distribution of quality scores across plans and poli-

cies, the most common quality scores are 2 and 3, which have coverage ranging from 25% to

100% and 25% to 75%, respectively (Fig 7). Additionally, 12 of the 14 analysed plans received a

score of 3, which signifies an explicit reference to urban EbA in the plan or policy. Amongst

these, NUDS, SDMP, RSLUP, and NLUP have 50% or higher inclusion. However, in the cli-

mate change policy and plans as well as the sectoral plans, particularly DRRNSAP, NEP, FSS,

NBSAP, and WSSHSDP, there is either very little or no mention of urban EbA.

The distribution of the plan components is relatively uniform in four of the climate and sec-

toral planning documents (NAPA, NAP, NBSAP, FSS; (Fig 8). NUP includes EbA-related

Fig 5. Distribution of mentions of the identified EbA measures across plan components.

https://doi.org/10.1371/journal.pone.0297786.g005
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content in the actions component, while urban plans emphasise the information base compo-

nent, accounting for a weightage range of 33% to 43%, but lack any integration of EbA-related

information in the implementation component. In contrast, the climate and sectoral plans

exhibit some degree of integration of EbA in the implementation component.

Fig 6. Distribution of quality scores in plan components for identified EbA measures.

https://doi.org/10.1371/journal.pone.0297786.g006

Fig 7. Distribution of quality scores in plans and policies for identified EbA measures.

https://doi.org/10.1371/journal.pone.0297786.g007
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4. Discussion

4.1 Assessing the breadth of inclusion of EbA measures

Conserving ecosystems and biodiversity and ensuring a steady flow of ecosystem services are

well addressed in most plans and policies. This finding indicates that the policymakers under-

stood the intrinsic and utilitarian value of ecosystems and biodiversity. In addition, the con-

cept of ecosystem services is incorporated to a substantial extent at the policy and planning

level in dealing with climate change impacts, which is in line with the findings of Bouwma

et al. [77]. However, the same cannot be said for the EbA concept in urban scenarios, as only

three EbA measures are specific to urban areas. These findings underline the lack of attention

and references to urban EbA measures in most of the plans and policies. This finding reaffirms

that urban EbA is still in an early phase of development in Nepal, as observed by Huq et al.

[31], who has reported that the role of ecosystem services in sectors such as urban planning,

biodiversity management, and disaster risk reduction was not adequately addressed in Bangla-

desh, with a strong emphasis on prioritising and investing in grey infrastructures for climate

adaptation. A clearer path and legislative framework are required to systematically embed the

EbA concept into urban planning [78, 79], which underscores the need for a call to action to

facilitate the uptake of EbA in urban policies and planning tools spanning various sectors.

While conservation-based measures are more commonly addressed, there are also men-

tions of other types of measures associated with the formation of new ecosystems (e.g. develop-

ing forested areas and green open spaces), rehabilitation (e.g. regenerating water bodies and

watersheds), and the enhancement of existing ecosystems or ecosystem components (e.g. sus-

tainable management and maintenance of forests). Zölch et al. [18] have also identified the

four categories of EbA measures in the adaptation strategies of German municipalities. How-

ever, the presence of different types of EbA measures does not necessarily imply their in-depth

and extensive integration, as evidenced by the quality score discussed in Sections 4.2 and 4.3.

Fig 8. Distribution of information relevant to the plan components in the sample of plans and policies.

https://doi.org/10.1371/journal.pone.0297786.g008
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The EbA measures linked to temperature regulation or reducing the UHI effect are limited.

Although the measures listed in Table 1 have synergies and overlap in their benefits for com-

batting climate-related hazards, including flooding and urban heat stress, the absence of their

explicit acknowledgement suggests that little significance is ascribed to this issue. A surge in

land surface temperature has been reported in the capital city of Nepal, Kathmandu, mainly in

densely populated urban areas where concrete infrastructures cover the majority of open and

green spaces [38]. Adverse consequences for human health have already resulted from the

UHI effect in the country’s urban areas [39]. The insufficient recognition of the thermal com-

fort afforded by green infrastructures in the information base, vision and objectives, and actions
components is disconcerting. This gap should be filled by introducing and incorporating the

aforementioned measures, including green walls and vegetated facades, especially in urban

policies and plans. Such green and blue infrastructures cool the local microclimate by improv-

ing the thermal performance of buildings and enhancing cold air ventilation and cold air for-

mation zones [80, 81]. The findings from Ribeiro [82] emphasized the need to tailor strategies

according to the distinct urbanization patterns of cities and incorporate local knowledge, a

crucial step in ensuring their long-term sustainability. Hence, to ensure the adaptive measures

are sensitive and responsive to the impacts on the ground, the integration of climate science

and the inclusion of multi-stakeholder engagement during the design and implementation of

EbA measures are prerequisites [83].

4.2 Evaluating the integration of EbA measures across plan components

The disaggregated data on the inclusion of the EbA measures across the four plan components

illustrate that the measures were not consistently incorporated into the plans and policies. This

gap was principally due to a lack of exhaustive information about strategic plan components,

including the information base, vision and objectives, and implementation components. Of

these three, the implementation component was particularly neglected, with limited imple-

mentation provisions and details on operationalising EbA measures, including

budget allocation, responsible bodies, and project duration. This finding aligns with those of

Cortinovis and Geneletti [48] and Bhattarai et al. [44]. A robust implementation plan can

serve as a roadmap and pragmatic basis for enforcing the set objectives and actions. Successful

implementation requires a clear designation of roles, responsibilities, resource allocation and

mobilisation, and monitoring and evaluation [84], which is largely missing in Nepal’s

scenario.

Nepal underwent a historic transition when restructuring its governance system from a uni-

tary state to a federal system in 2015 [85]. However, because of the complexity surrounding

shared jurisdictions, there is an unclear division of roles and responsibilities both within and

between governmental bodies at the federal, provincial, and local levels. This situation has led

to low institutional ownership, duplication of efforts, and squandering of resources. For exam-

ple, the Ministry of Forest and Environment is designated as the authority responsible for

overseeing the functional coordination of NCCP and NAPA, but the local government is

accountable to the Ministry of Federal Affairs and Local Development (MoFALD). There has

been contention over the local government often presenting itself as an extension of MoFALD

rather than an independent local governing body. MoFALD administers local governance and

may not consider climate change within its purview, which potentially dissuades other minis-

tries from delegating local government to carry out initiatives related to climate change [86].

Additionally, there is a discrepancy between the authorities granted and the institutional

capabilities and capacities of provincial and local governments to implement the policies and

plans [87]. The 2015 Constitution of Nepal establishes a framework for intergovernmental
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relations that allows the federal government to guide or assist local governments directly or

through provincial governments. Despite these mechanisms, local governments often rely

heavily on the federal government due to disparities in resource distribution, imbalances in

functional and budgetary authority at the provincial and local levels, and high fiscal depen-

dency. Various institutional mechanisms, such as inter-provincial councils and fiscal manage-

ment acts, aim to mitigate these challenges; still, discrepancies persist and hinder effective

collaboration between local and provincial governments. Therefore, the plans should elucidate

implementation procedures to provide operational clarity for relevant ministries and different

tiers of government. While this study reveals a biased inclination towards the actions compo-

nent, directing more attention to the implementation component is equally crucial to translate

ambitious action targets into tangible outputs and outcomes.

As mentioned, the actions component has more mentions of EbA and a larger share of

plans and policies encompassing information about urban EbA applications compared to the

other three plan components. This finding implies a strong focus on operationalising the tar-

gets of the policies and plans and a heavy emphasis on actionable strategies. This trend corre-

sponds with the finding of Geneletti et al. [88] that the actions component reflected EbA

measures to a greater degree than the other components. However, the breakdown for each of

the EbA measures reveals a disparity in the inclusion within the actions component, as some

measures are mentioned considerably more often than others. In line with the observations for

the value of the breadth score indicator, the actions are more concentrated on protecting water

bodies and forests, promoting sustainable forest management and integrated watershed man-

agement, and using rainwater harvesting technology to enable onsite filtration and retention

of rainwater. The urban EbA measures receive little attention, which is echoed in a study by

Sandholz et al. [19] where EbA-centric approaches to adapting to climate change risk were

more prevalent in rural areas than in urban ones. The lack of attention to the urban ecosystem

and its biodiversity is alarming since it could hinder the conducive flow of ecosystem services,

and the urban dwellers who are the beneficiaries will suffer from an interruption to services

due to climatic and environmental changes [89, 90].

Increasing urban green spaces and green corridors along riverbanks and streets [91–94] is

recognised more often in the actions list compared to other urban EbA measures. This find-

ing could reflect a drive to expand greenery in the Kathmandu Valley since green spaces,

including forests, parks, and green belts, are limited and comprise less than 4% of the total

area of Kathmandu Metropolitan City [95]. Likewise, in a literature review of key studies on

urban EbA, Brink et al. [3] have found that ecological structures (green space, wetlands,

trees, and parks) were commonly leveraged to curb the risk of climate-related hazards in the

urban sphere. Past scholarship has reported measures such as implementing green walls and

roofs or facades to improve the thermal comfort of buildings [96–98] and unsealing and

avoiding impervious surfaces to reduce stormwater runoff and prevent flooding and erosion

[74]. Unfortunately, UHI was not explicitly mentioned in the policies and plans scrutinised

in this study.

4.3 Appraisal of the integration of EbA measures across policies and plans

The breakdown of EbA mentions in the climate, urban, and sectoral policies and plans reveals

varying levels of integration of EbA measures. The observed trends demonstrate the evolving

recognition of EbA strategies within the examined policy and plan documents. The key finding

for climate policies and plans is a discernible temporal pattern characterised by a gradual

increase in the number of mentions of EbA. This result signifies a growing interest in EbA at

the national level, which is very likely due to increasing awareness of its significance for climate
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change adaptation following its international endorsement and the influence of global agendas

and commitments on climate action and nature-based interventions [45].

However, the integration of EbA is not satisfactory, especially for urban EbA measures. The

NCCP [49] has the primary goal of ‘enhancing adaptive capacity and building ecosystem’s

resilience at risk of adverse effects due to climate change’, but it fails to explicitly spell out mea-

sures to improve the resilience of urban ecosystems. This is a missed opportunity since the pol-

icy is the guiding document for the country’s climate action and could be anchored onto

spearhead urban EbA initiatives. NAPA [50] is somewhat better in terms of referring to urban

EbA measures and suggesting ecosystem-based interventions that are cross-sectoral and

require multi-stakeholder engagement and transdisciplinary approaches, which are pre-requi-

sites for implementing EbA measures [99].

Likewise, LAPA [51] aims to incorporate climate change adaptation and disaster risk reduc-

tion and management into local development priorities and natural resource management to

improve ecosystem resilience, including in the urban domain. Efforts have also been invested

in fostering a holistic approach to adaptation planning with the local institutions that are

working to integrate LAPA with the Local Disaster Risk Management Planning, a local plan

formulated with the support of the Ministry of Home Affairs [100]. This development is a step-

ping stone towards inter-ministerial coordination since Ministry of Forest and Environment

primarily coordinates climate policy objectives at the federal, provincial, and local levels. How-

ever, there is a need to explore further ways to leverage ecosystem-based disaster risk reduction

to accomplish integration and achieve the set targets. Ecosystem-based disaster risk reduction

is a disaster risk reduction approach that harnesses the ecosystem and its services to prevent or

mitigate the risk of natural hazards [101].

NAP [52] is the most progressive climate plan in urban EbA integration. This distinction

can be attributed to the intersectoral working groups of nine thematic and cross-cutting

groups guiding the NAP process, with the respective ministry responsible for a theme [102].

Out of the investigated urban policies and plans, SDMP [55] and NUDS [54] have the highest

number of EbA-related measures in urban planning endeavours. These two documents were

formulated around the same time—in 2015 and 2016, respectively—when climate change or

global warming was already established as a pressing issue. NUDS adopts an intersectoral

approach, with provisions to incorporate disaster risk management components into urban

development plans and promote integrated safer settlement by prohibiting the development of

urban infrastructures and settlements in risk-prone and environmentally sensitive areas [103].

Similarly, it can broaden its approach and incorporate Ecosystem-based disaster risk reduction

components to seamlessly integrate ecosystem-based approaches into the existing policy

framework and institutional mechanism. This path would be more pragmatic and efficient

than crafting a completely different mechanism for EbA integration, which would only create

policy confusion.

The urban plans demonstrate substantial incorporation of EbA measures. However, there is

incoherency between urban policies and plans, as NUP [53] has limited content on ecosystem

conservation and EbA and no evidence of measures for dealing with climate change issues. A

possible reason for this is that NUP was established in 2007, when climate change and EbA

had not yet been introduced into Nepal’s policy and planning processes. While NUP was a

robust, forward-looking policy at the time of its formulation, it no longer reflects recent trends

in sustainable urban development and climate change adaptation using nature-based solu-

tions, particularly EbA in urban ecosystems. Thus, NUP requires a timely revision to tailor it

to the current social, economic, and environmental challenges in urban areas. In addition,

there is sectoral bias in the allocation of adaptation finances in Nepal, where urban settlements

received only 0.01% of the funding between 2009 and 2014 [104]. Urban EbA should have a
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concrete positioning in NUP to change the status quo and provide an environment that

enables it to flourish. Moreover, NUDS [54], SDMP [55], and RSLUP [56], which have rela-

tively higher integration of urban EbA measures, still do not mention EbA in the implementa-
tion component. This aspect could be an entry point for the strategic integration of urban EbA

to evade repercussions due to the absence of provisions and facilitate the generation of tangible

outcomes for the urban environment and its residents.

Contrary to the urban plans, the sectoral policies and plans of NBSAP [59], FSS [61],

WSSHSDP [62], DRRNSAP [58], and NEP [57] address EbA in a general context, and urban

EbA-related content is either limited or non-existent. NBSAP recognises biodiversity services

as cost-efficient and locally appropriate climate change adaptation measures, and it includes

strategies for conserving landscapes, employing sustainable land practices, developing EbA

programmes, and managing watershed degradation. Furthermore, it suggests a dedicated

budget allocation to EbA within climate change funding, though it contains no specific men-

tion of urban biodiversity. With the highest number of EbA mentions, FSS reflects an inherent

connection to ecosystems, one of the two key components of EbA.

The forestry sector is heavily prioritised in Nepal, as evidenced by the allocation of about

45% of climate finances to the forestry and biodiversity sector for adaptation activities

between 2009 and 2014 [104]. A report by the United Nations Development Programme [5]

states that the forest sector covers 31% of EbA-related initiatives, the highest of all sectors, in

Nepal. It can be extrapolated that Nepal employs integrated ecosystem-based approaches for

forest adaptation plans to guide national development, thus underscoring the importance of

ecosystem-focused strategies in mainstream development efforts [45]. However, it does not

prioritise the issue of climate change and urban forests, which is consistent with the findings

of Bhandari et al. [105]. While DRRNSAP does refer to guideline preparations for disaster

risk reduction based on green infrastructure and EbA in the urban space, there is no clear

indication of how ecosystem-based disaster risk reduction will be leveraged to support cli-

mate adaptation efforts in urban areas. Moreover, there is no explanation of which measures

will be utilised or how resources will be procured and mobilised. NEP shows a similarly sig-

nificant recognition of ecosystem protection and restoration and sustainable management of

natural resources, with urban EbA limited to the development of parks and green belts

alongside roads and rivers and the promotion of rainwater harvesting. WSSHSDP contains

the fewest mentions of EbA, owing to its primary focus on basic service provision rather

than direct integration of ecosystem-based approaches. Nevertheless, it does aim to main-

tain, protect, and regenerate ecosystems to increase water production in general. For a sum-

mary of the EbA-related content in each policy or plan along with the gaps in addressing

urban EbA, see S1 Table.

The lack of urban EbA components in the sectoral plans and policies signals that they are

not sensitive to the vital role of green and blue infrastructures and urban ecosystem services in

sustaining and maintaining the ecological balance of the built environment and improving the

quality of life of urban dwellers amidst the growing concerns of climate change [106]. The defi-

ciency and disparity in integration of EbA measures also proves that sectoral policies often tar-

get a single sector without ensuring alignment with other sectors and climate issues.

Evaluating policy coherence is crucial across levels—both vertically (from national to local lev-

els) and horizontally (across line ministries and sectors). This approach enhances synergies

and minimises conflict by identifying shared priorities, cross-cutting themes, and effective

methods while enhancing monitoring and evaluation of progress, identifying potential part-

ners and actors, and optimising local resources [107]. It is imperative to understand how EbA

addresses climate issues in a particular ecosystem across multiple sectors. For effective integra-

tion and implementation of EbA, sectoral policies must introduce cross-sectoral actions and
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approaches that produce co-benefits for climate change adaptation and socio-economic devel-

opment [108].

Despite the existing gaps in urban EbA, the inclusion of EbA measures across the majority

of the analysed policies and plans evidences that Nepal has embraced EbA in policy and plan-

ning. Such inclusion reflects the unwavering commitment of Nepal to international agree-

ments and initiatives, such as the Convention on Biological Diversity, the Paris Agreement,

the 2030 Agenda for Sustainable Development Goals, the Sendai Framework for Disaster Risk

Reduction, and the United Nations Decade on Ecosystem Restoration. These commitments

underscore Nepal’s recognition of the pivotal role of the ecosystem in climate change adapta-

tion and mitigation, disaster risk reduction, and sustainable development as well as the

nation’s dedication to conserving ecosystems and biodiversity and enhancing resilience to cli-

mate change impacts for the benefit of nature and humans. The main challenge is to integrate

these diverse efforts coherently to achieve sustainable impacts.

This study has its own set of limitations that could be addressed and improved upon in

future research. The primary limitation lies in the selective inclusion of plans and policies,

wherein all policies and plans could not be accommodated. Additionally, the urban plans and

policies were restricted to the Kathmandu Valley. To delve deeper into urban EbA literature,

future research could expand its scope by incorporating urban plans from different municipal-

ities across Nepal, thereby observing trends and comparing differences in how urban EbA is

addressed in the country. Further, the varying structures of plans and policies pose a challenge

for comparative analysis. Future research may consider conducting individual studies on poli-

cies and plans separately, offering a more cohesive discussion and facilitating the development

of a roadmap for EbA integration. The research applied deductive content analysis, deviating

from strict adherence to explicit references to EbA, and considered any mention of ecosystems

as indicative of EbA measures. Despite efforts to minimize personal bias, a degree of subjectiv-

ity may persist. Future researchers could enhance the qualitative scoring system by adopting

more objective criteria. A balanced approach, integrating qualitative and quantitative mea-

sures, may enhance assessment robustness. Combining qualitative methods with quantitative

measures, where applicable, can alleviate some of these drawbacks and contribute to a more

comprehensive evaluation. Additionally, future research endeavors should include stakeholder

mapping and analysis, crucial for prioritizing relevant and necessary EbA initiatives on the

ground. This approach aids in tailoring engagement strategies, fostering local ownership, and

amplifying the impact of EbA measures [109]. Furthermore, delving into stakeholders’ percep-

tions assumes a pivotal role in informing decision-making processes, revealing capacity gaps

and needs among key actors [110]. This information not only informs policymakers but also

sensitizes the policy development process to the merits of urban EbA, thereby contributing to

its mainstreaming in Nepal.

5. Conclusion and policy recommendations

Nepal is making efforts to align its climate adaptation interventions with the global agendas

and burgeoning interest in EbA. Through the in-depth examination of types of EbA measures

and EbA-related information across plan components, this research reveals that Nepal’s poli-

cies and plans prioritise ecosystem conservation, restoration, and management to cope with

the impacts of climate change to a certain extent. The EbA measures are predominantly incor-

porated into the actions component, which implies an action-oriented approach to main-

streaming EbA. However, the lack of a clearly defined pathway in the policies and plans for

EbA implementation may cause ambiguity in operationalising the ambitious objectives and

actionable strategies. The findings also uncover the urgent need to explicitly incorporate EbA
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measures to regulate the temperature and curb UHI, which are underexplored aims in the poli-

cies and plans sampled in this study. Another key finding is the disparity in integrating EbA

across climate, urban, and sectoral policies and plans and the alarmingly scant focus on urban

EbA measures to address climate change issues. While urban EbA integration appears to be

emerging, it must be exhaustively incorporated to unlock the full potential of EbA and ecosys-

tem-based disaster risk reduction in urban environments.

Despite this grim scenario, there is an opportunity to improve existing policies and plans

and ensure the seamless integration of EbA through the strategic entry points identified in

this study. Prompt actions must be taken to overcome the deficit of policy provisions and

propel EbA measures in the urban sphere. Precursors to effective integration and implemen-

tation at the policy level include a proper understanding of the value of ecosystem-based

approaches, the establishment of a clear vision and objectives, the definition of feasible

actions tailored to the local context, and the integration of an inter-sectoral approach with

clearly designated roles and responsibilities for the concerned government agency. These ele-

ments should be complemented by the capacity-building of different tiers of government

institutions, the mobilisation of resources, the endorsement of multi-level governance and

inter-ministerial coordination, and a robust institutional framework to support EbA main-

streaming. Climate interventions often face budget constraints from the government, which

forces them to depend heavily on international donor agencies. This reliance hinders the

integration of EbA into planning processes at national and sub-national levels. Therefore,

the following policy recommendations are suggested to mainstream EbA into the policy

landscape.

• Establish a comprehensive legislative framework explicitly integrating EbA concepts into

urban planning, emphasizing the importance of nature-based solutions in climate resilience.

• Broaden the scope of EbA measures to include strategies addressing temperature regulation,

mitigating the Urban Heat Island (UHI) effect, and enhancing thermal comfort in urban

areas. Diversification of EbA measures unlock the co-benefits, notably the reduction in

energy consumption, enhanced energy efficiency, and a consequential decrease in green-

house gas emissions.

• Strengthen the operationalization of EbA by providing information on budget allocation,

responsible bodies, project duration, etc. This enhancement requires an intricate under-

standing of ecosystem-based approaches, coupled with establishing a clear vision and defin-

ing locally-tailored feasible actions.

• Address institutional challenges arising from the federal system transition, fostering inter-

ministerial coordination and building the capacity of provincial and local governments for

effective EbA implementation in addition to clearly designating the roles and responsibilities

of the concerned government agency.

• Revise outdated policies to align with current sustainable urban development and climate

change adaptation trends, ensuring incorporation of urban EbA measures.

• Integrate urban EbA components into sectoral policies and encourage cross-sectoral actions

and approaches within the sectoral policies, ensuring co-benefits for climate change adapta-

tion and socio-economic development.

• Emphasize policy coherence across levels (national to local) and sectors, promoting syner-

gies and minimizing conflicts by identifying shared priorities and cross-cutting themes to

harmonize the approach towards EbA integration.
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3. Brink E, Aalders T, Ádám D, Feller R, Henselek Y, Hoffmann A, et al. Cascades of green: A review of

ecosystem-based adaptation in urban areas. Glob Environ Change. 2016 Jan 1; 36:111–23. https://

doi.org/10.1016/j.gloenvcha.2015.11.003

4. IUCN IUCN Global Standard for Nature-Based Solutions: A User-Friendly Framework for the Verifica-

tion, Design and Scaling up of NbS (1st ed); 2020.

5. UNDP Making the case for ecosystem-based adaptation: the global mountain EbA programme in

Nepal, Peru and Uganda: The global mountain EBA Programme in Nepal, Peru and Uganda; 2015.

6. Stergios-Aristoteles M, Dan VB, Sotirios A. Sustainability and climate resilience metrics and trade-offs

in transport infrastructure asset recovery, Transportation Research Part D: Transport and Environ-

ment, Volume 121, 2023, 103800. https://doi.org/10.1016/j.trd.2023.103800

7. Kantartzis A, Malesios C, Stergiadou A, Theofanous N, Tampekis S, Arabatzis G. A Geographical

Information Approach for Forest Maintenance Operations with Emphasis on the Drainage Infrastruc-

ture and Culverts. Water. 2021 May 18; 13(10):1408. https://doi.org/10.3390/w13101408
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