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1 ABSTRACT

Coastal zones of the Mediterranean region are sigvaffected by the effects of extreme climatic rege
along with human-induced pressures, which caus#sdlowing vulnerability. That leads to the urggifior
sustainable and resilient longrm strategies for coastal development projeci=dypt, the North Coast
zone is considered a hotspot for climate-relatehghs. It is undergoing a series of new urban dewatnt
projects expanding the urban areas along the ocb#st Mediterranean Sea. As anthropogenic consegse
along its coasts increase, the need for sustaiiNdilereBased Solutions (NBS) will increase accordingly.

Recently, adaptive management strategies have dmesidered an important tactic to atone the unknown
environmental conditions that coastal areas steuggth. Adaptive management was exploited to lessen
such uncertainty by incorporating adaptive managenieto climate change adaptation strategies. In
response to this need, this paper proposes a frarkdar nature-based solutions. It consists of fstages,

it is founded on a novel approach that combinetesysinalysis and building scenarios. Moreover fitise
stage mainly depends on using the structure oD®8IR (Driving force—Pressure—State—Impact—Response
model to improve ecosystem services and generateettdence-base for the environmental, social, and
economic benefits of nature-based solutions forlémentation. The last two steps mainly reflect the
adaptive management process and it is well-sudezhpitalise on the transformational characterattire-
based solutions’ as it encourages “breakthroughpiderather than incremental improvements.

In essence, this framework aims to employ natased solutions in urban planning strategies toehmsx
the climate resilience of coastal cities and. irtipalar, to identify suitable and less suitableatgies to be
deployed in each zone. The framework has yet teebed in a real-world case study; instead, thepa
intentionally focuses on describing its structyeals, and methodology, discussing its features framing
its role from a climate resilience standpoint. Agsult, the paper lacks a results section. Finatinclusions
are drawn regarding its potential adoption anchierrtlevelopment.

Keywords: climate change adaptation, ecosystemicgsrvnature-based solutions, adaptive management,
Climate resilient

2 INTRODUCTION

Climate change is a real challenge that the warlh¢ing nowadays (IPCC, 2014). Rapid urbanisadioh
increasing anthropogenic activities cause incrgaslimate change impacts and consequences thatdead
improper and imbalanced functioning in the sociolegical system, increasing vulnerability and radgc
resilience (Mahmood, Zhang, Li, & Rahman, 2021).r&twer, most coastal cities are already dealinf wit
noticeable changes from sea level rise, increasisglere and more frequent coastal storms, andaéaga
loss of coastal resources such as fisheries arad @m@fs, since pollution leads to warming and igdith
waters and other stressors to severely degradeat@@®systems. Therefore, researchers are focusing
promoting social-ecological resilience to face tbhkmate change impact on coastal communities
(Garmestani et al., 2019). Accordingly in the semiological system, climate change resilience fgdd as

an element which refers to the capacity to abstwdss and maintain functions by adapting and emglinto

a sustainable configuration for future climate ademnmpacts (Hayes, Desha, Burke, Gibbs, & Chester,
2019).

In 2015 the UN proposed 17 Sustainable Develop@eats (SDGs) which are considered the benchmark of
progress of all signatory countries worldwide t@rpote sustainability by 2030 (UN, 2017). Most oé th
SDGs urge taking action to mitigate and adaptitoate change impacts such as Goals 1-3,6,7,9,11&nd
Furthermore, SDG-11 (Sustainable cities and comteshiseeks greater efficiencies in urban planaind
management practices that address ageing infrasteuand ongoing air, water, and soil pollution,ilesh
SDG-13 promotes directly enhancing the adaptiveaciy and resilience to climate change (UN, 2017).
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Meanwhile in Egypt, the Sustainable DevelopmenatBgy (SDS) presents Egypt Vision 2030 which has
followed the Sustainable Development Goals (SDGsd @eneral framework for improving the quality of
life and welfare, taking into consideration thehtigyof new generations in a prosperous life; tilesling
with three main dimensions which are environmenggipnomic, and social dimensions (UNDP, 2018).
Hence, climate change resilience became a vitabifaf sustainable development and is notably irgur

to governments, policymakers, researchers, andaswohsc Lately, researchers globally advocate thaire-
based solutions address societal challenges suatlimate change and provide biodiversity benefits.
However, the potential of nature-based solutionsuilding climate resilience and addressing climate
change adaptation through urban planning in coagies has remained research rhetoric.

This study examines the effectiveness of naturedaslutions for tackling climate change adaptatiod
enhancing climate resilience. As a result, the ystoegins by reviewing the body of knowledge already
available on climate resilience and nature-baséatisns. The complexity and multifunctional featsiref
nature-based solutions are then highlighted. THect&feness of nature-based approaches in fostering
climate resilience and adaptation is then examifAsda result, a framework is created that conctegran
the application of nature-based solutions and howesponds to climate resilience. To build climate
resilience, this research stresses the use ofeabfiged solutions in local urban design as anteféearban
policy instrument. According to this researchsiessential to include nature-based solutionslaaal urban
planning. Furthermore, the framework has yet tddsted in a real-world case study in the Northwaste
Mediterranean coastal zone, more specifically tteavMNAlamein City. Instead, this paper intentionally
focuses on describing its structure, goals, andhadetiogy, discussing its features, and framingate in
terms of climate resilience. As a result, the pdpeks a results section where the findings opdgential
application to a study area should be discussedielisas the strengths and weaknesses of the frarkew
Finally, conclusions are drawn regarding its pagtdoption and further development.

3 MATERIALS AND METHODS

A systematic literature review was conducted toettgy the framework's scope and content. It was
conducted using the databases Google scholar, Watemce and Scopus with the keywords "natureebase
solutions" AND "framework" being used. The contests written in English and published until July 202
The articles chosen was that proposed a novel fxankeand/or applied it to a case study/studies.

The following information was extracted from theles¢ed publications: approach type (conceptual,
practical, or both), sustainability dimension addexl (environmental, social and economic,), sedfertype
(urban, peri-urban, rural, or general). Beisdesthéd framework proposed a qualitative or quantieati
assessment, and the purpose of the framework iegalhture-based solutions (planning, evaluatian, o
both), a literature review was conducted to idgritile main concepts related to Nature-based sokitithe
main themes included, and the main gaps. Besideewimg all strategies and policies of the Egyptian
government regarding the climate change adaptatiwh mitigation actions in general and specially the
Northwest Coast of the Mediterranean during thedasades. Identifying the main actions relateditoate
change impacts and main gaps. All of these wermarfracated into the framewaork created here.

4 THE EGYPTIAN MEDITERRANEAN COASTAL ZONE AS A CLIMAT E CHANGE
HOTSPOT

The Mediterranean region and in particular its talagones are severely affected by impacts of mdre
climatic events for example storm surges, coupléith Wwuman-induced pressures such as uncontrolled
building on coasts, resulting in growing vulnerapil (Satta, Puddu, Venturini, & Giupponi, 2017)ioi
(2006) referenced that based on the results ofaglobmate change projection models, the Mediterean
region was identified as one of the most vulnerableclimate change and as a key "Hot-spot". The
Mediterranean is highlighted in the Internationan® on Climate Change (IPCC) report as one of the
regions that are most susceptible to the effectglabal warming. The necessity of evaluating po&nt
climate change effects on this sensitive regionicivtwill become substantially warmer and drier, is
highlighted by the background of global warmingQIC, 2013).

Depending on the sub-region, an increase in aipésature of 1.5 to 4°C was seen in the Mediternanea
basin. A warming trend can be observed in Northcafas well, albeit it is more challenging to quiyndue
to the observing system's more sporadic naturddBgssea-level rise (SLR) will lead to increasesadastal
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flood and erosion risks along the entire Meditegamn coast. (UNEP/MAP, 2017). Policies for the
Mediterranean country's sustainable developmentd neemitigate these risks and consider adaptation
options, although currently, it lacks adequate rimf@tion, specifically for the most vulnerable saith
Mediterranean societies, where fewer systematierehion schemes and impact models are based (€Erame
et al., 2018; Milano et al., 2013). Utmost climatedels point to a significant shift toward driemddions
during winter and spring when southern Mediterraneauntries receive the bulk of their annual
precipitation. Coupled Model Intercomparison Prbjaeitase 5 (CMIP 5) (Taylor, Stouffer, & Meehl, 2012
Global Climate Models (GCMs) project predicts thahual precipitation decreases could locally re#ith
under an (RCP8.5) higher emission scenario i.sinkss-as-usual scenario (Zappa, Hoskins, & Shdpher
2015). Accordingly, this would severely affect thabitability and stability of the basin in the neximing
decades (Dubrovsky et al., 2014).

4.1 The Northwestern coast of Meditternean Climate chage impact

The Northern Egyptian coastline extends 1000 knmalihe southeast of Mediterranean Sea as shown in
Figure 1 (Iskander, 2021). Egypt’'s coastal zoneseapected to be affected by a 50 cm sea levelthete

will affect 2 million people and cause land and esdate losses worth about 35 billion US$ (Agranetl al.,
2004). The overriding roots are the rapid infrasiiee and urban development, increasing tourism and
recreational activities, pollution from residentiabricultural, commercial, and industrial actiefiand the
anticipated impact of climate change and sea lesel significantly on the low-lying areas (Kafrawy
Soliman, 2012). These are mainly anthropogenicéedustressors. These will aggravate vulnerability a
add to the impacts of climate change and sea késelthat will manifest themselves in sectors sash
agriculture, irrigation, population and healthyasdl as infrastructure shown in Table 1 (EI-Madg{rSayed,
Awad, ElI-Sammak, & Sabarouti, 2022; Kafrawy & Sadimy 2012)

Figure 1: The north coast of Egypt extended orMediterranean Sea as well as The northwestern zoastis highlighted.
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Table 1: Impacts of climate change on the Egyptimastal cities (Ismail, 2018).
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Furthermore, west of Alexandria city, cities aneetthing along 525 km of the Northwestern Coa€t@fpt

on the Mediterranean Sea as shown in Figure 1. drbjgitious region will be the focus of the studlyce it

has attracted in the past many touristic projedts massive investments (Elsharnouby, Soliman, dgtiag

& Ouda, 2012). However lately, Egypt is focusingtbe Northwestern Coast zone, a part of Egypt Visio
2052 to build new urban settelments along the cddahy proposals identified this region as a pasént
development zone, it reaches a depth of about 40r&m the shoreline and is supposed to include new
urban settlements to attract more population teeseh the North Coast such as the New Al-Alameity C
(Attia, Shafik, & lbrahim, 2019). Thus, the diffetesocial and economic development areas along the
Mediterranean coast of Egypt are under immense camiinuous pressure. Due to climate change and
expanding urban and tourist development in newtioea vulnerable to natural disasters and otheofac

the disaster risks are predicted to grow by 203t@ré& will be increased hazards of coastal erosi@rine
submersion, and water scarcity, as well as incteasmgers of land subsidence, seismic activity, and
flooding (Kafrawy & Soliman, 2012). Therefore, angoelling need emerges to understand coastal zanes i
the Mediterranean region and how they could evaoinder the effects of climate change and to develop
methodologies that can assess the resultant vbifites and risks. Proactive adaptation to theseahnds is
essential for maintaining the functions of coagtales. Nature-based solutions for shore protestiah as
beaches and shore nourishment as well as dune ttanderestoration are becoming a more common
alternative to hard structures (Cramer, Guiot, kiafecretariat, & Bleu, 2020).

4.2 Egypt’s National Strategy for Adaptation and Mitigation to Climate Change Risks

The Egyptian government's concern for climate cbdrap resulted in the development of a nationalesiy
addressing the phenomenon of climate change bas#tecsectors affected and those influencing theeis

of climate change. The first level is concernedhwaidaptation to climate change, while the second is
concerned with mitigating its severity. Furthermaseme efforts have been made to protect coastakar
and improve the resilience of these zones. Egygerakes these efforts primarily for current depatent
and environmental priorities, which are synergistith climate change adaptation. Nonetheless, giteare
mostly limited to "hard" adaptations, which, givéme significance of the obstacle, are still somdwha
inadequate in terms of covering vulnerable reg{#@ler & Haron, 2020).

Also, Egypt submitted its Nationally Determined @dyution (NDC) and Third National Communication
(NC3) to the UN Framework Convention on Climate @& (UNFCCC) in 2016, in support of its efforts to
achieve its development and economic goals aneaser its adaptive capacity to climate change. Egypt
NDC aligns with the country's overarching goalseafucing vulnerability and poverty while achieviogg-
term sustainable economic development. Key area®afs include environmental sustainability, water
resources, energy, sustainable land managemeritulagre, and health (WBG, 2020). The Egyptian
government recently launched the National Climatar@e Strategy to support the transition to a geen
climate-resilient economy. The private sector iy@asing its adaptation efforts and will play dical role

in this transition. Egypt has also issued the nggidirst sovereign green bond to finance projéttslean
transportation and sustainable water managemartier to develop the green finance market. Egyptss
coordinating global action on climate adaptatioftigation, and finance as the host of COP27.

Nevertheless there is still some research andutistial gaps to improve the government strateidsuild
resilience to climate change, these gaps are:

4.2.1 Research gaps

« Improve understanding of key vulnerabilities andedepment impacts associated with projected
climate change trends in Egypt, as well as potestifh adaptation responses.

* Increase public, scientific institutions, and locadmmunities participation in planning and
management.

e Strengthen environmental monitoring capabilitiesnfmre effective environmental management.

e Improve understanding of the impacts on Egypt'ss@bazones, including investment in risk
assessments and soft adaptation options.

* More research is needed to understand the vultigyabid adaptation of Egypt's biodiversity to the
effects of climate change.
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4.2.2 Institutional gaps

« Ensure that the National Environmental Strategylgeae integrated into sectoral and regional
plans, as well as financial opportunities with d@no

« Systematic observations of sea surface temperatoastal land use, and sea level variations must
be institutionalised to ensure that results ardabla to the scientific community and policymakers

« Promote energy efficiency options by improving fineng options and providing legal support for
public-private partnerships.

* Implement cross-sectoral climate-smart nature mwlgtfor Egypt's urban planning and water
management sectors at the national and sub-naterss.

5 DEFINITIONAL AND CONCEPTUAL ASPECTS OF NATURE-BASED SOLUTIONS (NBS)

While there is still an ongoing debate on definidgture-based solutions (Nesshover et al., 2018), th
definitions elaborated by the International Uniam Conservation of Nature (IUCN) and the European
Commission (EC), as most conceptualizations, bufldn or refer to (Calliari, Staccione, & Mysiak,12).
Nature-based solutions are defined by the Europ€ammission as “living solutions inspired by,
continuously supported by and using nature, whicbdsigned to address various societal challemges i
resource-efficient and adaptable manner and toigasimultaneously economic, social, and envirortalen
benefits” (European Commission, 2015). IUCN defimegure-based solutions as “actions to protect,
sustainably manage, and restore natural or moddoadystems that address societal challenges ieéfigct
and adaptively, simultaneously providing human seling and biodiversity benefits” (Cohen-Shacham,
Walters, Janzen, & Maginnis, 2016).

The IUCN definition provides and encompasses dminidational principles which are the consideratbn
local natural and cultural contexts, applicationtte landscape scale, and a forward-looking atitird
considering the evolution of ecosystems and assatibenefits, besides the endorsement of nature
conservation norms, fairness, and equity in ddligesocietal benefits (Cohen-Shacham et al., 20Q6)the
other hand, the European Commission’s definitiomrres locally adapted, cost-effective, and ressurc
efficient solutions that are “inspired by, suppdrtey or copied from nature” and “simultaneously ide
environmental, economic and social benefits andhpte building resilience” by bringing “more, and o
diverse, nature and natural features and procesgescities, landscapes and seascapes” (European
Commission, 2015).

Conclusively the common factor is a recognitiorthed role that nature can play in tackling majoristat
challenges, such as disaster risk management, landte change adaptation and mitigation. The term
“solutions” implies a problem-centred approachstthe identification of problems or challenges twild

be effectively addressed by NBS is a key aspechisfapproach (Potschin et al., 2016). Another esthar
distinctive trait that concerns the capacity of NBS‘multifunctionality” (Kabisch et al., 2016), iother
words, to deliver simultaneous benefits to soci#tg, economy and the environment (Albert, Spangenbe
& Schroter, 2017). Moreover, it builds upon an aogiocentric view of the benefits that natural reseu
management can bring to humans (Nesshover et @L7)2 In particular, the European Commission
emphasises the way NBS can contribute to the agpic of participatory processes for co-design, co-
creation and co-management (Pauleit, Z6lch, HarRandrup, & Konijnendijk van den Bosch, 2017), and
reliance on multidisciplinary, evidence-based styads (Nature, 2017).

5.1 Building Climate Resilience for coastal cities by ature-based solutions

Climate resilience is based on two interacting epts: “adaptation”, and “mitigation (Christopher M
Raymond et al., 2017). In the case of nature-baskdions, which involve elements of ecosystems tefo
concepts are closely linked as any adaptation afcasystem can further influence the mitigatiorepoal,

for example by sequestering carbon in vegetatidth an overall dramatic effect on climate resilienc
Furthermore, there is a growing scientific and eagring interest in investigating how natural psses can
provide management solutions to coastal environmdegtadation and vulnerability. Climate change and
associated sea level rise, along with drivers saghsubsidence, reduced sediment supply, and coastal
squeeze, are major risk factors for the sustaiyalof coastal systems. Using natural processetesd with
these risk factors is considered a challenging t&lnger, Stive, & Luijendijk, 2021). Nature-based
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solutions include using existing natural systenwgs fxample, protecting a marsh), managing or regjor
those systems (for example, restoring a marshjjeseloping new systems (e.g., combining mud flats,
marshes, and concrete levees to create a horizewtsd) (Cohen-Shacham et al., 2016). All of thesteiral-
based solutions types can help to improve coassdllance and risk reduction by utilising naturedgesses
and landforms to protect both ecosystems and thednvironment (Whelchel, Reguero, van Wesenbeeck,
& Renaud, 2018). They can provide not only protatfrom sea-level rise and storms (Arkema et @l1,32
Shepard, Crain, & Beck, 2011), but also mitigatioh climate change through carbon sequestration,
recreational opportunities, habitat for key speciesl other benefits (Bilkovic, Mitchell, Mason,Buhring,
2016; Gedan, Kirwan, Wolanski, Barbier, & Sillim&Q11). As illustrated in Figure 2 the differenttiie-
based Solutions strategies that could be implerdeinteoastal cities to prevent coastal erosion @acn
flooding. These advantages—ecosystem servicesnirilmations of nature to people—help connect hgalth
functioning ecosystems to human well-being (Guetrgl., 2015; Guerry et al., 2022).

Urban areas
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Beaches and dunes Living shorelines and horizontal levees

& L

Mangroves Coastal Marshes

Planting urban

trees Green Parking

Green Roofs
& Flood water retention

S

I
QQQ‘??/ ~

-~

Seagrasses

S P

) Bioswale
Rain Garden Green streets

Figure 2: lllustration depicting the diversity alodation of nature-based solutions approaches scaastal and urban landscapes.
Adapted from www.nrcsolutions.org.

5.2 Right scale for implementation

One of the major issues in implementing Nature-thaselutions for urban climate resilience and in
understanding their potential impact and effectesmis related to the scale of intervention. Action
climate mitigation can span the micro level of g building, the meso level of the whole citycountry

and the macro level of the entire planet, thoughag essentially a macro (global) scale effectfigcting
global concentrations of greenhouse gases. Cliaddptation is more often planned and implementdieat
meso (national) to micro (local) level, and the &z are also at these levels. There are some commo
actions and indicators, but also some that arefgpecthe different scales of climate action ® &ddressed,

as identified below. To reduce global greenhouse gacentrations, nature-based solutions for cémat
resilience can either be macro-scale mitigatiomeso- and micro-scale adaptation. Meso-scale ditapta

involves planting vegetation to improve the localregional microclimate through cooling, shadingda
shelter (Christopher M Raymond et al., 2017).
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5.3 Transdisciplinary collaboration for Nature-based Sdutions Implementation

For building resilience understanding the interctedness of citizens, physical spaces, and pelasea
social-ecological system (SES) is crucial. It pded a framework for developing urban resilience and
sustainability approaches (Vandergert, Collier, Kaimann, & Newport, 2016). Emerging research
suggests that multi-stakeholder experiments thiaightogether expertise from individuals, organisad,
agencies, and institutions at multiple organisatidevels can promote a social-ecological approddte
outcomes of these collaborations must eventuallytréeslated into the planning/policy framework via
adaptive governance processes to ensure thatdraradfon opportunities are not missed. Thus, tlisep
demonstrates how nature-based solutions can sumpdtifunctional ecosystem service benefits (Conabp
al., 2016; Folke, Hahn, Olsson, & Norberg, 2005lkKiison, 2011).

Furthermore, while significant progress has beedema the design and testing of ecosystems andritiei

in risk mitigation, these solutions have yet toflly evaluated and standardised. As a result, snatere-
based climate adaptation projects have been patmdjgned, resulting in ineffective and unsustaimabl
outcomes. As with engineering solutions, thereoisane size fits all" approach because climatiol@gcal,
and hazard characteristics vary and are frequeotlyly understood. However, the traditional infrasture
sector has a long history of fully developed protecand standards, whereas nature-based solutiens a
emerging approaches that require the same levigivestigation of lessons learned (Connop et al1,620
Folke et al., 2005; Wilkinson, 2011) and standa@egtelopment. As a result, guidelines and standfnds
nature-based solutions must be developed to gesigict designers, implementers, funders, evalsatord
others involved in project development. The guidaalso aids in developing a shared understanditigeof
likely effectiveness and risk reduction outcomesceasdingly, this framework aims to be a first stepard
standardisation.

5.4 Nature-based solutions frameworks

There aren't many frameworks for recognising, eatahg, and guiding the design and implementation of
cross-sectoral initiatives and policies, as welltlas role and co-benefits of nature-based solutiéms
illustration of a conceptual framework for evalogtithe co-benefits of nature-based solutions across
components of socio-cultural and socio-economicesys, biodiversity, ecosystems, and climate was
established by Christopher M. Raymond et al. (20ARer reviewing numerous documents from science
and practice served as the framework's primarycgoaf inspiration. Following the database searceash
article was screened for eligibility and retrievé full-text version of each potentially relevaaference.
The systematic literature review criteria were rbgta number of articles. Most of the articles were
published in 2019, followed by 2020, and a fewha in 2017 and 2018. There was no time limit Far t
initial search, and the first Nature-based Solgiframework was published in 2017, demonstratirgy th
novelty of this research field (Christopher M Raymoet al., 2017). The articles were divided int@ tw
categories: "conceptual" papers in which the frapréss were not applied in practice such as Cohen-
Shacham et al. (2019) and "practical" papers inckvia case study/experience related to the framesvork
application was presented such as Lafortezza ands5§2019). Some articles addressed both condeptua
and practical aspects of the NBS framework. In seohthe location or type of settlement to whick th
analysed frameworks can be applied, the majoritsevgeneral (applicable to any context), some agyttie

an urban context, and the least of them applied toral context. There were no studies that spedii
looked at "peri-urban" areas. The environmental soaal dimensions were the concern of the majardfty
the research (Dumitru, Frantzeskaki, & Collier, @)2hose two pillars of the three pillars of sussility
were used in more frameworks than the economic rasina.

Accordingly, creating robust monitoring and evaiotframeworks to assess the impacts of natureebase
solutions will enable cities to evaluate the stthagand weaknesses of specific interventions inesiiy
strategic city goals. As part of a broader moventeward evidence-based policy and management,usrio
stakeholders are increasingly demanding more eg@leari policy effectiveness. It will also provide an
essential tool for the adaptation of design andémgntation features, thereby increasing theirgperénce.

It may also strengthen the case for investmenidaiiure-based solutions, as most Egyptian citieggte to
persuade investors that climate adaptation stegeggpecially soft solutions such as nature-baslet s
can meet the diverse objectives and interestseif fakeholders. Finally, for mainstream changedcur,
rigorous evaluation is required. Robust evaluatorequired for a shift in mainstream approachesrb@an
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resilience and regeneration planning, which ark dtiminated by redundancies resulting from viewing
ecological, social, and economic objectives asrtisand sometimes contradictory, as reflectechendilo-
thinking of urban policy practice.

6 PROPOSED FRAMEWORK FOR IMPLEMENTING CLIMATE PROOF N ATURE-BASED
SOLUTIONS IN COASTAL CITIES

1 Challenge
Indentification &
Visioning Stage

4 Adapt and
Adjust Stage

Nature-based Solutions
Climate proof Framework

2 Scenario

Building and

Intervention
stage

3 Monitor and
Evaluate stage

Figure 3: Schematic diagram of the framework shgwdififerent stages. (By Author)

As mentioned earlier scholarly work has highlighted need to assess the social implications of ridatu
based Solutions and how they link to just and edpst cities (Haase et al., 2017). This paper facusea
framework that is specifically designed to addrébe Nature-based solutions implementation and
mainstreaming process. Despite these and otheib@esorks, it is appropriate to move forward wih
more practical framework that complies with Eurap€&gommission standards to support the process of
developing and delivering nature-based solutionstistainable urbanisation and building climatdiezse.
Given the complex mechanisms that typically undedrbanisation and its effects on the delivery of
ecosystem services, the framework should situaterrexdased solutions in the appropriate context
downstream from the overall cause-and-effect poésirbanisation.

Besides, since ecosystems are self-organising dayot & response to numerous interactions acrosy ma
levels of scale the results of management intermesit thus nature-based solutions cannot be pestigith
certainty. As a result, a framework that includesiepth reflection, which is a component of expsrad
learning, can express the challenges and stratbgtesy for managing uncertainty. Long-term momitgns
also necessary for NBS to be successful. The wlgifitmanagers to evaluate the efficacy and outcoofies
management interventions and adjust managementdaegly is essential for the long-term stability of
nature-based solutions. To obtain a wide range cmiak and environmental advantages, monitoring
programmes should be institutionalised inside asgdions and stakeholder groups that manage adapes
Overall, an adaptive management framework is requior nature-based solutions to function well ¢se
2020; Cohen-Shacham et al., 2019; Kabisch, KomaI&t, & Bonn, 2017).

This idea of an adaptive management framework mileesircular and flexible scheme, making eaclgeta
dependent on the others but not necessarily irsdéinge sequence. The four stages are shown in Rgure
They are 1) challenge identification at the visimnistage; 2) scenario building and interventiomeste8)
monitor and evaluation stage; 4) adapt and adjagies Multiple types of engagement and communioatio
are required to reach stakeholders of different grpvexpertise and interest at each stage. Below the
proposed framework is described and each stafjasgated in some detail as shown in Figure 4.
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Figure 4: The proposed framework for implementatiéiature-based solutions in Coastal Cities.

6.1 Challenge identification and visioning stage

In many cases, the problems that nature-basedi@wutmust address are multidimensional and complex.
After identifying the problem areas, criteria fasassing the relationships between problem dimessind
potential blind spots, or missed opportunities, ingsestablished. Therefore, in this stage, theteqreto be
asked is “What are the project's identified needd ehallenge areas, and what criteria will be used
understand problem dynamics?” The process of thgesis done in two steps. The first step is idgng

the societal challenge of the coastal area thatstebe addressed setting the objectives of thigegt. The
second step is understanding and assessing trentaituation to define the problem dynamics. Adoay

to Lafortezza and Sanesi (2019) the European-b#8IR (Driving Force — Pressure — State — Impact -
Response) standardised framework is used to meamstithis step of investigating their effects on the
dynamics of urban areas (Gabrielsen & Bosch, 2008).DPSIR model is an environmental assessmeht too
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and one of the most important decision-making tdlaéd have emerged in the last fifteen years tdyana
the cause-effect relationships that exist betwesmety and the environment and to support decisions
response to environmental issues (Gregory, Atkdhwdon, & Elliott, 2013; Spano, Gentile, Davies, &
Lafortezza, 2017). Gaps in ecosystem service dglisepply, as well as trade-offs between ecosystem
services, can be used to complement problem asalyfter identifying the issues and assessing thieent
situation, the next critical step is to determihe adequate response with which nature-based @wusind
alternative grey/hybrid solutions can address th&he multiple benefits that nature-based solutiares
providing must be identified and compared to theeies of alternative green or grey/hybrid soluon

6.2 Scenario Building and Implementation Stage

During this stage, the urban planner's design alehtify a set of concrete actions that will leadthe
desired situation according to the urban plannirigrizention scale. The proposed scenarios inclagiews
actions that can be taken to achieve the main tispeand sub-objectives identified during the wisiay
stage. Thus, moving from the 'archetype solutiercancrete ones is implied by this step. Natunahydrid
solutions can be used as alternatives. They alwaglsde a 'doing nothing scenario as a baseline for
appreciating the difference brought about by varioaurses of action. Because nature-based solutions
hybrid solutions are based on ecosystem servidesitifying this type of alternative requires maighi
stakeholders' desires and needs (ecosystem sedeossnd) as developed during the visioning stagle wi
what local ecosystems can deliver (ecosystem sesipply). Ecosystems are typically multifunctignal
containing a wide range of (potentially interacjimgosystem services. When a group of servicesaappe
together repeatedly in time and/or space, it ierretl to as a 'bundle,’ (Raudsepp-Hearne, Petegson,
Bennett, 2010) and the positive and negative aaoos between its services are referred to asrgigse
and trade-offs (Mouchet et al., 2014).

Given that nature-based solutions imply ecosystemagement for societal and environmental benéfiés,
impact on ecosystem services associations shouttsdered. If there is a mismatch between ecesyst
Service supply and ecosystem services demandfeaatif option can be chosen, or the objectivesbean
refined. Climate resilience must be tested after dtlternatives have been identified and designéiés T
enables considering nature-based or traditionastment options over the medium to long term, aotd n
just in terms of the hazard they are designed tlvesd. A mapping of the expected 'performancdimioe-
proof alternatives should be carried out as amprelry step to the quantitative assessment. In fettre-
based solutions may be competitive with traditiogady interventions only if their multifunctionafitis
considered. This entails breaking down the expeetffects of each alternative in terms of (in)direct
environmental, social, and economic benefits anstsgcdn order to provide a comprehensive basis for
assessing and selecting alternatives. Accordimglis step multi criteria analysis (MCA) is usedselect
and rank NBS measures because of its ability egnate and overcome differences between techmchl a
social approaches (Loc, Duyen, Ballatore, Lan, & Baupta, 2017). MCA also allows for the evaluatdn
potential measures using a variety of criteria rdsdi by different units, both quantitative and datile
(Ruangpan et al., 2021). Based on the resultsi®fgtialitative screening, decision-makers can netarthe
definition of alternatives to refine them. Indeed; the effects of climate change enter the picttime,
effectiveness of an alternative in achieving thedpfined objectives and sub-objectives may be jelged.
As a result of the feedback loop, more climateliegdi options can be designed through an iteradive
participatory process.

6.3 Monitoring and evaluating stage

Monitoring involves observing system characterssédter implementation and gathering evidence om ho
nature-based solutions and measures perform intiggacThe disparity between expected and actual
outcomes reveals information about the system'porese. The interventions should be reviewed and
modified to address the challenge or potential needs (evaluate and adapt). This could lead toraleve
feedback loops over time. To assess the effectsgeard impact of nature-based solutions, informdtiom
various monitoring sources and fieldwork is compateecurrent targets, such as annual targets cadgar
annual achievements, or long-term targets comparedmulative annual achievements.

The monitoring and evaluations of s nature-basddtiens projects have three major goals: (1) previd
information and responses for further advancemandstimely project execution, (2) account for e>gen
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incurred, and (3) fill gaps for effective and susfal implementation of future projects. Precisal an
measurable 'Key Performance Indicators (KPIs)' 'Eieg Impact Indicators (KIIs)' are required to mtoni
the potential effects of implementing nature-basetlitions on the specific societal challenge instala
cities.

6.4 Adapt and adjust stage

The previous phase (evaluation) may also resudt @orrective action (adapt) to ensure the measiore)s
term effectiveness. This could imply combining matbhased solutions with a more traditional appro&mh
example. Alternatively, the process could be reagtr@and new objectives for the system of interefhelg.
Furthermore, the proposed assessment frameworlsfpart of a larger approach to the implementation o
nature-based solutions in coastal cities. As nabased solutions in coastal cities evolve, they tnigs
managed continuously, and their effectiveness rapgtdt Therefore, the adapt and adjust stage intiadap
management can help achieve this goal (van Weseklateal., 2017). This allows for more effective
revision and refinement of actions to achieve thsiréd/expected outcomes (Williams, 2011).

7 DISCUSSION AND CONCLUSION

The growing emphasis on nature-based solutionsiicypand research has encouraged efforts to define
guiding principles and to design effective assessiiiameworks that meet public policy requiremesksle
empirically demonstrating the societal value of rkileg with nature." This framework proposes what
reconciles and complements previous efforts whteoducing new, complementary elements to support a
comprehensive evaluation of nature-based solutieffectiveness in coastal cities of the Meditereame
Zone. In other words, while the theoretical lexwehell defined, the potential multiple benefitstioé nature-
based solutions approach in coastal cities in teomslimate-adaptive and resilient built environrhen
transformation are rarely realised due to a lackiraderstanding of the scientific knowledge thatpswfs
regenerative solutions. A regenerative climatelisggi urban planning that incorporates nature-based
solutions has several measurable consequencagjiimglthe ability to combine for instance recrematiath
flood risk management, heritage with urban coolingalth promotion with economic growth and social
inclusion.

The reference framework presented in this papesstak interdisciplinary approach and demonstrates h
nature-based solutions can effectively functiordewnstream responses in urban areas and city e¢pon
meet sustainability goals. The framework's strefigthin its standardised DPSIR structure and agpiliity,

as it allows for the disentanglement of the compigetors and mechanisms underlying the process of
climate resilient urbanisation and the consolidatiof the close "cause-effect relationship” between
ecosystem services and nature-based solutionsthier evords, the framework serves as a streamlined
support tool for city managers, policymakers, aratision-makers, breaking down complex concepts
through a direct application of nature-based sohgifor co-developing climate-resilient coastaksitfacing
urbanisation pressures. Furthermore, this cascadiaghework efficiently serves the purpose of
demonstrating 1) how nature-based solutions wolkwithin ecological processes and human-environmen
interactions, and 2) that nature-based solutioedabe considered as the proven response to sodiaent
climate change issues at both the local and rebsmwades through its interactive process or locgiesy.

The current study's next steps will consider itplamentation in an existing study area in ordesupport
the inclusion of climate resilience in local urbpllanning strategies and promote their importancergm
stakeholders and decision-makers. The author istemépply the current framework to the study areas
the northwestern Egyptian Mediterranean coastjoodaitly on one of the new development cities sash
Alamein New City, in order to achieve the resuligisaged by the framework.
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