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Abstract: Coastal zones, although vital for human livelihoods and environmental services, are increasingly
vulnerable to climate change, especially communities dependent on marine ecosystems. These areas face
significant threats from urbanization, population growth, and climate impacts, leading to biodiversity loss and
ecosystem degradation. Recognizing these challenges, the United Nations declared 2021--2030 the Decade for
Ecosystem Restoration, led by the UNEP and FAO, with the aim of restoring degraded ecosystems to achieve
sustainable development goals (SDGs). The link between healthy ecosystems and disaster risk reduction (DRR)
has gained global prominence, especially through the Sendai Framework for Disaster Risk Reduction (SFDRR),
which emphasizes the importance of ecosystems in mitigating risks. Despite this, many tools for assessing risks
in different ecosystem scenarios remain inaccessible to key stakeholders in disaster management. Advances in
spatial modelling have supported ecosystem management, policy-making, and ecosystem health assessment,
particularly following the Millennium Ecosystem Assessment. These models have been applied in regions such
as the Great Bahamas, Haiti, and the Republic of Congo, helping shape ecosystem-based approaches to
development. Moving forward, improving access to spatial tools and models is crucial to enabling effective
ecosystem-based DRR and climate adaptation strategies.

Keywords: nature-based solutions; climate change; coastal ecosystems; ecosystem-based adaptation

Introduction

Coastal zones are the most populated areas on earth, although they are increasingly vulnerable
to climate change (Turner et al, 2016). These impacts are experienced more by those who are
dependent on marine and coastal ecosystems for their livelihood (Savo et al., 2016). Communities
that rely on these ecosystems for food, economic development, shoreline security, and recreation are
negatively impacted (Thomas et al., 2018). The threats to ecosystems are projected to accelerate in the
future with a growing population and urbanization, in addition to climate change (Seto et al., 2011).
The resulting effects include the loss of biodiversity and ecosystem services (Artmann & Breuste,
2015).

The UN (United Nations) has pronounced the decade (2021-2030) as the ocean decade for
Ecosystem Restoration. This movement is led by the United Nations Environment Programme
(UNEP) and the Food and Agriculture Organization (FAO) of the United Nations to build a broad
and globally based movement to champ the restoration of ecosystems, thereby putting the planet on
track for a sustainable future. Additionally, there is a call for the preservation and restoration of
ecosystems throughout the world for the good of society and the environment, with the goal of
halting ecosystem degradation and restoring it to achieve the United Nation’s Sustainable
Development Goals (UN SDGs). However, these goals can be accomplished only with a healthy
ecosystem (Mills et al., 2020).

Coastal ecosystems are crucial for disaster risk reduction (DRR). This relationship has gained
increased global attention. The global guideline for disaster risk reduction (DRR) strategies from
2015-- 2030, the Sendai Framework for Disaster Risk Reduction (SFDRR), recognizes Ecosystem-
based Disaster Risk Reduction (Eco-DRR) as a crucial strategy for risk reduction and increasing
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resilience (UNISDR, 2015). This has made significant progress since the Hyogo Framework for Action
(HFA) was proposed (UNISDR, 2005). This recognition of the importance of ecosystems in risk
assessments is another significant progress under the Sendai Framework for Disaster Risk Reduction
(SFDRR) priority 1. This allows stakeholders to visualize the connection between ecosystem
conditions and disaster risk (Estrella et al., 2016). The increasing global perception notwithstanding,
the tools required to visualize risks under different ecosystem scenarios remain inaccessible to
stakeholders in disaster risk reduction and climate change adaptation (Ferrario et al. 2014). This has
led to an increase in the number of integrated spatial models (McCallum et al., 2016).

Additionally, spatial models have been widely used to assess ecosystem management (Yang et
al., 2011) and ecosystem health (DeFries & Pagiola, 2005). The development of spatial tools and
models for evaluating ecosystem benefits and their use in development plans was facilitated by the
2005 Millennium Ecosystem Assessment (MEA) (Assessment, 2005; Guerry et al., 2012; Mooney,
2011). This has been used to facilitate policies and decisions in Great Bahamas, Haiti, and the Republic
of Congo (EME, 2011; Watson et al., 2011).

Background to the Study

Recently, the repercussions of ignoring the protective role that natural ecosystems provide
against flooding, particularly as changes in land use and climate result in increased flood risk, have
been alarming. Floods are the most prevalent and devastating of all disasters globally, especially in
coastal areas. Flooding accounted for approximately 43% of the number of recorded natural disasters
between 1994 and 2013, which affected nearly 2.5 billion people (UNISDR, 2015); however, there were
few exceptions in 1998 and 2010, where the total losses exceeded $40 billion. As the population grows,
climate changes, and urbanization increases, coastal flooding is expected to worsen (Allan, 2021).
Sustainable and effective flood risk management is critical to safeguard the public and their
livelihoods from future losses from flooding.

Nature-Based Solutions: A Sustainable Approach

The concept of NbS originated from the IUCN during the 2009 COP (Conference of the Parties)
by the United Nations Framework Convention on Climate Change (UNFCCC). In 2013, the
International Union for Conservation of Nature (IUCN) included nature-based solutions (NbS) as
one of the three pillars of its global program. A systematic understanding of how nature and society
are interconnected forms the foundation of the NbS concept.

Therefore, any practice that opposes biodiversity and natural processes does not qualify as an
NDbS practice.

Presently, the importance of NbS as a long-term, resilient approach to reducing disaster risk has
become widely recognized (World Bank, 2017). Initiatives have been set up around the world to aid
communities in adjusting to and reducing the impacts of climate change (Chausson et al., 2020;
Kabisch et al., 2017; Kalantari et al., 2018). The use of NbS is one strategy. Ecosystem-based strategies
such as ecological restoration, ecosystem-based adaptation, green infrastructure, ecosystem-based
management, ecosystem-based disaster risk reduction and ecological engineering are all included
under the term NbS (Cohen-Shacham et al., 2016). These approaches are referred to as NbS because
they leverage biodiversity and ecosystem services to address climate-related societal challenges. The
capacity of NbS to address flood risk has received increased attention (World Bank, 2017). Until
recently, flood risk management involved only conventional engineering measures, also known as
hard engineering or gray measures. The NbS concept has evolved as a sustainable alternative to
traditional gray approaches. These interventions can be green measures or hybrid measures. These
approaches alleviate drought, flood, and erosion, thereby reducing vulnerability while also
providing several benefits to people and the environment. EbA approaches have been marked as an
area of priority for investment in global funds (the Green Climate Fund). However, there are still
gray areas in its comprehensive assessment, implementation, and standardized methodology. As a
result, it is important to establish guidance and standards for NbS. These resources can assist in the
design of projects, support implementers and attract funders involved in the development of
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successful NbS projects. Moreover, the guidance helps in establishing a shared understanding of the
anticipated effectiveness and outcomes in reducing risks.

A study by Seddon et al. (2021) highlighted the consent and full engagement of indigenous
people and local communities as one of the guiding principles of NbS. This notwithstanding, they
are frequently disregarded when making decisions regarding the use of land related to the
management and protection of ecosystems, leading to the neglect of human rights (Bayrak & Marafa,
2016). This results in a weak framework and misappropriation of natural resources (Vidal, 2008),
thereby displacing and marginalizing vulnerable communities (Scheidel & Work, 2018; Veldman et
al.,, 2019). Only by complying with these principles can NbS become resilient and sustainable, thereby
addressing issues of climate change and biodiversity loss, both now and in the future (Seddon et al.,
2021). The effectiveness of engagement with stakeholders has been highlighted (Kabish et al., 2016;
Seddon et al., 2020). Stakeholder engagement in NbS is not a new concept and has significantly
progressed in recent years (Mabelis & Maksymiuk, 2009). Stakeholder involvement in NbS has
become increasingly important in recent years. This allows for a holistic and more effective approach
to improve the resilience of socioecological systems. Recent studies have recommended the
incorporation of indigenous and local knowledge in the design and application of solutions (Kabisch
et al., 2016; Raymond et al., 2017). However, indigenous stakeholders are still not included in these
decisions. This is mainly because some believe that involving many stakeholders slows down policy
and planning due to differing viewpoints (Raymond et al., 2017).

Climate change is attributed to human activities that disrupt the Earth’s atmosphere and cause
long-term variations (Albrecht & Arts, 2005). Studies have shown changes in temperature and
patterns of rainfall and wind as a result of climate variability, and these changes are predicted to
continue (Sharma & Ravindranath, 2019). These changes impact ecosystems and the benefits derived
from them. These increased adverse impacts exert pressure on human populations and natural
systems, which has in turn aggravated existing environmental threats, posing new threats and
hindering our ability to fully achieve sustainable development goals (SDGs). Nature-inspired
solutions are put in place worldwide to reduce the impacts of climate change. Research has indicated
that Africa will directly experience the effects of climate change on weather patterns and agricultural
productivity, with variations across different regions of the continent (Collier et al., 2008). Varying
weather observations have recently been made in Nigeria (Elisha et al., 2017). As rainfall durations
increase, flooding and run-offs have resulted in many states in Nigeria (Enete., 2014), more so in
coastal areas. Some parts of the country are expected to experience increased rainfall, i.e., the southern
part, which will cause flooding and submersion of coastal lands (Akande et al., 2017). There have also
been reports of persistent drought in northern Nigeria caused by reduced rainfall and higher
temperatures, resulting in a significant decrease in the volume of Lake Chad and other lakes in the
country (Amanchukwu et al., 2015; Dioha & Emodi, 2018).

Changes in land use/land cover and climate change impact ecosystem health (Mantyka-

Pringle et al., 2015). As the impacts of climate change are projected to increase, ecosystems and
ecosystem services will be negatively impacted (Bellard et al., 2012; Hulme et al., 2001; Knutson et al.
2010; Midgley & Bond, 2015; Sala et al., 2000; Sintayehu, 2018; Webster, 2005). However, progress has
been made as a result of the increased awareness of the role of nature. Stiff and fixed coastal
ecosystems such as mangroves provide coastal resilience against floods. With approximately 40% of
the human population living along coastlines (CIESIN, 2007), coastal dwellers are at risk of flood and
storm surges. As engineered infrastructures become outdated, there is a need for more sustainable
measures (Turner et al., 1996).

As the recognition of the sustainability of nature-based solutions (NbS) for mitigating and
adapting to societal challenges such as flooding, drought, and storm surges continues to increase
(Anderson and Renaud, 2021), the importance of public acceptance in reducing disaster risk is being
acknowledged in hazard reduction policies (Sarzynski & Cavaliere, 2018). The United Nation’s global
framework for disaster reduction (2015--2030) promotes inclusivity through engagement and
participation (UNISDR, 2015), whereas the European Union Water Framework Directive emphasizes
public participation as a requirement in addressing flooding issues (European Commission, 2000).
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The 2004 Indian Ocean incident brought about a change in perspective regarding the role of natural
ecosystems, emphasizing the importance of coexisting with nature rather than manipulating it (de
Groot, 2012; Anderson and Renaud, 2021). This shift led to the recognition of harnessing the services
provided by these ecosystems (Renaud et al., 2016). According to the IUCN, nature-based solutions
are actions that safeguard, responsibly oversee, and revive natural or altered ecosystems to effectively
address societal issues while benefiting both human well-being and biodiversity. The Convention on
Biological Diversity (CBD, 2009) defines NbS as the utilization of biodiversity and ecosystem services
as a component of a comprehensive strategy to help people adapt to the adverse effects of climate
change.

Floods account for approximately 86% of the disasters of the last decade; however, historical and
accurate data prior to 1985 are lacking. A study by Nkwunonwo (2016) highlighted a lack of historical
and accurate data on flood events prior to 1985. Several influences, such as increasing urbanization,
SLR and climate change, have recently increased concerns about flooding (Peduzzi et al., 2011;
Raaijmakers et al., 2008). Over the last twenty years, flood reports have been substantial, causing
billions of dollars in damage (Guha-Sapir et al., 2013). The EM-DAT database has recorded over 3700
flood disasters spanning a period of 1985--2014 (Shen & Hwang, 2019). These events were responsible
for several death records in Asia while rendering many homeless (Tapsell & Tunstall, 2008). In
Nigeria, flooding is a critical issue (Obeta, 2014) and therefore should receive the utmost attention.
The prevalent flood cases and potential solutions to related challenges have received considerable
attention. However, deliberations are focused on geopolitical regions, communities and states
(Adedeji et al., 2012; Aderogba et al., 2012; Aderogba, 2012a; Agbonkhese et al., 2014; Obeta, 2014;
Terungwa & Torkwase, 2013). In addition to the causes of this menace, poor environmental
management, a lack of proper urban planning and changes in climate are other possible factors
(Aderogba et al., 2012). Despite the overwhelming paucity of concrete measures and ability to address
hazards fully in the country, there have been extensive considerations for coordinated efforts. They
include enhanced public enlightenment programmes, social responses, policy directives,
environmental and infrastructural planning, and physical intervention (Agbola et al., 2012).
Additional approaches explored include community-level early warning signals, humanitarian aid
from private and government sectors, and increased preparedness through capacity building
(Adedeji et al., 2012; Agbonkhese et al., 2014). A study by Terungwa and Torkwase (2013) highlighted
the need for technology and science to be included in environmental education in school curricula.
Additionally, flood hazard mapping and assessments of the vulnerability of people and property
play crucial roles in fostering community resilience to floods (Ajibade et al., 2013). It is crucial to
increase the current strength and capabilities of local communities in Nigeria to address flood risk
scenarios (Obeta, 2014). The increased frequency has been credited to climate change and poor urban
planning. Between 1985 and 2014, approximately 11 million lives were affected by flooding in
Nigeria, resulting in approximately 1100 deaths and property losses amounting to US$17 billion
(Nkwunonwo, 2016). However, Rivers State, like the other Niger Delta States, have more records of
flooding.

The Role of Natural Ecosystems in Climate Change Adaptation and Disaster Risk Reduction

The role of ecosystem services in adapting to climate change and reducing disaster risk has
received increased attention (CBD, 2009; Munang et al., 2013; Renaud et al., 2013). The discussions on
climate change adaptation and disaster risk reduction hinged on ecosystems and their services, which
are also included in policy documents (CBD, 2009). These services are the benefits derived from
natural ecosystems (MA, 2005). Studies have shown the role of natural ecosystems in reducing
disaster risk (Badola & Hussain, 2005; Renaud et al., 2013); however, these ecosystems have not been
exempted from degradation and losses (MA, 2005), thereby reducing their capacity to protect.
Therefore, there is a need to strategically manage ecosystems to ensure that they provide the
maximum number of services that are needed in society in the face of disasters and a changing
climate. However, it is vital to realize that these limits solely depend on ecosystem-based solutions
(Doswald & Osti, 2013; Renaud et al., 2013.
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Figure 1. The role of natural ecosystems in climate change adaptation and disaster risk reduction
(adapted from Munang et al., 2013).

As the global awareness of climate change impacts increases, i.e., floods, there is, therefore, a
need to apply an integrated approach in combating this threat. The novelty of this study lies in its
novelty. The integrated approach to flood risk management involves the use of quantitative and
qualitative methods by involving relevant stakeholders, identifying gaps in the framework of
stakeholders in disaster risk reduction and climate change adaptation, mapping the land use/land
cover of the study area and modelling the protective role of mangroves in the study area.

Literature Review

This chapter contains a review of the literature on assessing flood risk in coastal communities
via quantitative and qualitative methods. Concepts such as nature-based solutions, the linkages
between ecosystem conditions and disaster risk reduction and United Nations SGDs are explored.

Flooding is the second most common disaster and accounts for approximately 40% of all natural
disasters worldwide (Noji, 1991; Ohl & Tapsell, 2000). It also accounts for most of the challenges faced
by communities worldwide, as frequent and intense flooding events continue to threaten human
settlements and infrastructure. In recent decades, there has been a growing recognition that
traditional engineering approaches alone are insufficient to mitigate flood risk sustainably. This
literature review aims to explore the use of nature-based solutions for managing flood risk and assess
their effectiveness in preserving ecosystem services while enhancing resilience. To establish a
common ground, it is paramount to define the key terms prevailing throughout this review. “Flood
risk” refers to the potential adverse consequences resulting from flooding, including damage to
structures, loss of life, environmental degradation, and economic impacts. “Nature-based solutions”
encompass strategies that utilize or mimic natural processes to address societal challenges, such as
flood management, while simultaneously offering additional benefits such as biodiversity
conservation, carbon sequestration, and recreational opportunities.

Understanding the factors leading to floods is essential for effective disaster preparedness and
planning. The primary causes can be categorized into climatic, hydrologic, and anthropogenic factors.
Climatically, sea level rise and extreme precipitation events such as heavy rainfall play critical roles
in triggering floods. Hydrologically, the floodplain topography, river discharge, and water retention
capacity significantly impact flood intensity. Anthropogenic influences include land-use changes,
deforestation, urbanization, and inadequate drainage systems. Analysing these causes provides
insights into addressing root issues to prevent or minimize flood occurrence.

The impacts of floods extend beyond immediate damage and trigger long-term social, economic,
and environmental consequences. Loss of life, property, infrastructure, displacement and
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psychological trauma are some of the primary societal effects. Economically, direct losses include
damage to property, agriculture, business interruption, and increased demands on emergency
services. Moreover, indirect costs arise through postdisaster recovery efforts. Ecologically, floods
alter ecosystems, causing habitat degradation, biodiversity loss, and pollution due to sedimentation,
increasing vulnerability for flora and fauna. Climate change exacerbates the frequency and intensity
of floods due to increased sea level rise, altered precipitation patterns, and increased temperature.

An integrated approach encompassing both structural and nonstructural strategies ensures a
comprehensive framework for effective flood risk management. It is vital to employ a multifaceted
approach that combines structural and nonstructural measures. Structural measures involve
constructing reservoirs, diversion channels, flood embankments, and wetland restoration, whereas
nonstructural measures include flood forecasting, early warning systems, land-use zoning,
establishment of rescue teams, evacuation planning, and community-based initiatives.

The role of healthy and functional natural ecosystems in reducing flood risk has gained global
recognition. Extensive studies have demonstrated that wetlands and forested watersheds act as
natural buffers or sponges, absorbing excess water during rainfall events and efficiently attenuating
peak flow intensity, thus minimizing downstream flood hazards (Vallecillo et al., 2020; Fu et al., 2013;
Mitsch et al., 2001; Kundzewicz & Menzel, 2005; Renaud et al., 2013; Iacob et al., 2014; Rojas et al.,
2022; Brouwer & Van, 2004; Narayan et al., 2017; Millennium Ecosystem Assessment, M. E. A. 2005;
Sutton-Grier et al., 2015; Busayo et al., 2022; Leal Filho et al., 2021; Ntajal et al., 2017; Belle et al., 2018).
Some examples include the ability of green spaces to reduce temperatures (Maimaitiyiming et al.,
2014) and the role of mangroves in reducing the impacts of sea level rise and storm surge. NbS has
gained popularity as an umbrella concept that integrates nature-based approaches such as
ecosystem-based disaster risk reduction (Eco-DRR) and ecosystem-based management (EbM) to
address the impacts of climate change (Dorst et al., 2019) and the loss of biodiversity and human well-
being. The benefits of NbS have been acknowledged by the scientific community, with the Sixth
Assessment Report of the IPCC acknowledging the effectiveness of NbS in reducing a range of
climate change risks to ecosystems, biodiversity, and people with several cobenefits (IPCC, 2022).

Understanding How Effective Nature-Based Solutions Address the Impacts of Climate Change

Globally, climate change and biodiversity loss are the two enormous challenges of the 21st
century (Johnson et al., 2022; Key et al., 2022). Climate change has led to increased sea-level rise,
increased climate variability and intense floods (IPCC, 2018). This has led to severe social and
economic consequences in middle-income countries, thereby increasing their vulnerability to the
impacts of climate change (WEF, 2020). These challenges cannot be solved autonomously as a result
of their interdependent relationships. For example, a loss in biodiversity can result in deforestation
and the release of greenhouse gases, which cause global warming, whereas increased urbanization
can result in exposure to the harsh impacts of climate change (IPCC, 2022; Hamilton & Friess, 2018;
Johnson et al., 2021). Recently, the dominant approaches for addressing the impacts of climate change
on people and infrastructure have relied on hard-engineered solutions (Jones et al., 2012), such as the
use of sea walls to reduce the impacts of sea level rise and storm surges (Enriquez-de-Salamanca et
al.,, 2017), which have been unsustainable. However, there is a growing recognition of the sustainable
role of NbS in rescuing the impacts of climate change (Hobbie & Grimm, 2020). Nature-based
solutions (NbS) harness the benefits provided by different types of ecosystems to increase human
well-being while preserving biodiversity (Munang et al.,, 2013). Therefore, NbS is suitable for
addressing both climate change and biodiversity loss.

Nature-based solutions are approaches that are used to address societal challenges (Seddon et
al,, 2019). They involve a range of actions that protect ecosystems, thereby providing benefits to
people (Cohen-Shacham et al., 2016). NbS includes established approaches such as ecosystem-based
adaptation, ecosystem-based disaster risk reduction, natural climate solutions, green and blue
infrastructure, and landscape restoration (Cohen-Shacham et al., 2016; 2019; Griscom et al., 2017).
These services utilize a range of ecosystem services from healthy and resilient natural ecosystems.
One of the benefits of NbS is the ability to address multiple SDGs simultaneously. The role of NbS in
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climate change adaptation has increased, leading to recognition by the IPCC (2019) and the IPBES
(2019), which have been endorsed by the World Economic Forum (WEF, 2020). The United Nations
Framework Convention on Climate Change (UNFCCC) also emphasizes NbS, and the Paris
Agreement of UNFCCC (2015), where parties are requested to acknowledge the importance of
conservation and enhancement, as suitable sinks and reservoirs for greenhouse gases,” plus it is
crucial to emphasize the importance of safeguarding the integrity of all ecosystems. The outcome was
the inclusion of NbS in the nationally determined contributions by approximately 66% of the Paris
Agreement signatories (Seddon et al., 2020). However, the execution of these actions varies as a result
of the level of economic development.

Currently, evidence of NbS is spread across various fields, hindering the synthesis of its
effectiveness in climate change adaptation. However, some studies have focused on compiling this
evidence (Bonnesoeur et al., 2019; Dadson et al., 2017; Filoso et al., 2017; Morris et al., 2018; Rowinski
et al., 2018). Stakeholders are encouraged to consider the synergies and trade-offs associated with
NbS to maximize its benefits. A study by Seddon et al. (2020) outlined 4 guiding principles of NbS:
(1) it is not an alternative to fossil fuels; (2) it involves ecosystems in the ocean and on land; (3)
indigenous people and local communities must be consulted; and (4) it must offer tangible benefits
for biodiversity. Only then can we create NbS that is strong and resilient, addressing the persistent
issues of climate change and loss of biodiversity while also sustaining man and nature (Seddon et al.,
2021). This review considered coastal ecosystems in Nigeria, Africa, and globally.

Conceptual Framework of the Research

This research work was guided by an integrated approach to address flood risk in coastal
communities. Figure 2 demonstrates how nature can be valuable in combating climate change. As
the evidence base for the degradation of ecosystems has developed (IPCC, 2018), a more sustainable
alternative is needed. NbS are actions used to address societal challenges that involve working with
nature (Seddon et al., 2020) while also supporting a wide range of SDGs (Maes et al., 2019). NbS
actions are categorized under the protection, restoration, and management of ecosystems. Studies
have shown that NbS is key to the achievement of the majority of the SDGs (Chausson et al., 2020;
Hanson et al., 2020; Seddon et al., 2020). The SDGs addressed include Goal 13-Climate Action,
specifically Target 2 (strengthening the resilience and adaptive capacity to climate-related disasters),
and Goal 15-Protecting biodiversity.

“p\BLE DEVELop

“P,\ﬂ\NELLBEING & Biop,

‘9\3(’@""" R N

b



https://doi.org/10.20944/preprints202409.1583.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2024 d0i:10.20944/preprints202409.1583.v1

Figure 2. Nature as an ally in fight against climate change (Seddon et al., 2021).

NS NBS P"nc,p/
(SR

ﬁﬂ,hf
fx"‘

‘°-l

Nature-based
Solutions
(NBS)

Reduce vulnerability of SES

Reduce magnitude and Reduce exposure of SES (e.g protected area,
extent of hazards (e.g. Buffer zone with 2 %
(e.g. floodplain restoration) marshes)  afforestation, adaptive
agriculture, adaptation policies)
——————————————————————————————————— .
! f
1
3 ! S e i e € 1
§ 1f|| Multiple hydro- Exposure ; Vulnerability of SES ' g )
E 1 meteorological of SES - N "
5! hazards ' VB8 ’
= £
13 3 I Ecosystem N Ecosystem Ecosystem H £ 1
H g | exposure | susceptibility robustness ' g g1
£ 1 ' !
® 3 (factors: ! 3 &
g ‘E : magnitude, X X i + ' z!
S S5, duration, extent, ‘ N ] !
2 £ 1 probability of ' Coping and ' S !
|
S § ' occurrence) Social i Social adaptive ' o
- 5. System I susceptibility capacity - S
s exposure : ' 8,
S I '
H | ! 1 i
S
g 0 e e e e i |4
1 Risks within NBS Pro;ect site g | §
[ & £
Provinces/ Municipalities o % I's
! ‘e % 1§
1| National %, %o "!@" | 3
q ®
! Social system $ ¢ )
' s
___________________________________ -8
Interaction with regional and global scales Influence of SOC'OHO"O"'IC ©

Figure 3. Conceptual framework for vulnerability and risk assessment in the context of nature-based
solutions (adapted from Shah et al., 2020).

Different frameworks have been developed to assess the vulnerability and risk of social-
ecological systems (SES) to hazards, taking into account different scenarios. However, no frameworks
have been specifically designed to implement NbS for hydrometeorological concerns. Given the
importance of balancing the ecological and social benefits of NbS, risk and vulnerability assessments
should equally consider ecological and social aspects in the implementation area. This conceptual
framework was created primarily with the main elements of the delta-SES risk assessment framework
in mind, as well as other frameworks of a similar nature that have been suggested in recent studies
and the proposed NbS guidelines endorsed by the IUCN. The framework’s main elements, according
to Shah et al. (2020), are as follows: (i) the vulnerability of social-ecological systems (SES) to different
hydrometeorological hazards (such as floods and droughts); (ii) the vulnerability of SES, which
comprises ecosystem robustness, social susceptibility, ecosystem susceptibility, and the coping and
adaptive capacity of the social system; (iii) the risks at the NbS project site are determined by how
exposure, vulnerability, and hazard interact; and (iv) the impacts of hydrometeorological hazards on
the SES near or on the project site for NbS. While the NbS project site with particular SES
characteristics would constitute the basic space for risk assessment, this framework also shows the
interactions between social and ecosystem systems as well as the impacts of numerous risks and
hazards from the local to the global level. The framework also takes into account system sustainability
with the intervention of NbS and other strategies for risk reduction, as well as changes that reflect the
progress of the ecological components of NbS. To operationalize the concept, a risk assessment
method based on indicators might be applied.

Origin of Nature-Based Solutions

The framing of NbS has evolved over time (Seddon et al., 2021). Studies have documented
evidence that local communities working with nature adapt to the impacts of disaster risk and climate
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change. A previous study by Kairo et al. (2001) documented examples of strategies such as the
reforestation and afforestation of mangroves to provide flood protection. In 2008, the World Bank
released a publication on NbS, describing the various benefits it derives from investing in climate
change adaptation measures that encourage the conservation of biodiversity (Mackinnon et al., 2019).
Furthermore, in the event of the United Nations’ 15th Conference of the Parties, the IUCN defined
NbS as measures to reduce poverty; secure water, food, and energy sources; address climate change
impacts; and foster economic development. The IUCN’s 2013--2016 Program promoted NbS as a
major pillar IUCN, 2012). According to the European Commission (2015), the European Union (EU)
implemented NbS with a special emphasis on green infrastructure (GI). The IUCN defines NbS in
terms of measures that promote human well-being and biodiversity, whereas the EC highlights
innovation and economic cost-effectiveness with a view to using nature’s potential to address social
concerns (European Commission, 2000). NbS consists of green infrastructure (GI), ecosystem-based
disaster risk reduction (Eco-DRR), agroecology, ecological restoration (ER), EbA, REDD+ and
ecological engineering (EE).

Biodiversity and People at the Foundation of Nature-Based Solutions

NDbS offers a variety of advantages for both biodiversity and human well-being. This is in line
with its Global Standard and IUCN framing (Cohen-Shacham et al., 2019; IUCN, 2020), which also
plainly differentiates NbS from activities that manipulate nature and destroy biodiversity. However,
activities that conserve biodiversity also support societal benefits by increasing the distribution of
several ecosystem services in the short term while also supporting the resilience and health of
ecosystems in the long term. For the sustainable and successful implementation of NbS, the consent
of indigenous people must be consulted in a way that respects their culture. This also guarantees its
effectiveness and resilience as well as the involvement of all relevant stakeholders and local
communities. This helps foster ownership and empowerment in local communities.

Effectiveness of Nature-Based Solutions

There is increased awareness of engaging in nature-based solutions to alleviate flood challenges
globally, as well as in Africa (Kalantari et al., 2018; Seddon et al., 2020). Previous studies have shown
that forests and natural wetlands can be used to change the hydrological cycle (Dadson et al., 2017,
Filoso et al., 2017) and that site-based interventions such as constructed wetlands can be useful for
treating wastewater in developing nations. Additionally, studies have reported increased focus on
curbing water insecurity (Acreman et al., 2021), drought and flood risk mitigation (Kalantari et al.,
2018), and climate change on the continent. Although NbS was featured in the National Climate
Change Adaptation Policies (Seddon et al., 2020), there is still not enough scientific proof of its
effectiveness (FAO, 2015). This has led to unpopular narratives that are inconsistent with science
(European Commission, 2000). A review by Acreman et al. (2021) revealed that approximately 75%
of deforestation case studies revealed an increase in downstream flood peak flow, which was based
on the example of a study by Mumeka (1986), whereas approximately 25% showed no effect
(Mwendera, 1994). A study by Nyika and Dinka (2022) reported that approximately 38.2% of total
searched outputs on NbS are related to institutions in South Africa with interest in ecology and
environmental sciences (see Figure 4).
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Figure 4. Countries leading in nature-based solution research in Africa and globally (Nyika & Dinka,
2022).

Specific Applications of Nature-Based Solutions

Nature-based strategies are employed in solving societal challenges (IUCN, 2020), such as
climate change and disaster risk. This study evaluated how NbS can contribute to addressing
adaptation to climate change and minimizing disaster risk.

Nature-Based Solutions for Climate Change Adaptation

NbS is an umbrella term that includes all ecosystem-based approaches, which include green
infrastructure (GI), ecosystem-based adaptation (EbA), ecological restoration (ER), ecological
engineering (EE) and blue infrastructure (BI). These approaches are increasingly used in adapting to
climate change impacts.

Nature-Based Solutions for Disaster Risk Reduction

Over the last decade, approximately 50% of the population has been affected by flood events
(IUCN, 2017s). As climate change accelerates, these disasters are projected to increase. Nature plays
arole in reducing disaster risk. A study by the IUCN (2017) reported the role that parks and marshes
in the United States played in preventing the prolonged damage caused by Hurricane Katrina (IUCN,
2017). Furthermore, Renaud and Murti (2013) reported that the coastal forests of Sanriku Fukko in
Japan reduced the impact of the tsunami in 2011. Approximately 20 million tons of damage in US
dollars were saved during the periodic hurricanes in Barbados (Mueller & Bresch, 2014).
Furthermore, a study by Duncan et al. (2014) revealed that the proximity of mangrove forests to rice
farms in India accelerated the recovery of crops from salt intrusion by three times compared with
areas without mangroves. In the coastal city of Leyte, some indigenous residents were unharmed by
Typhoon Haiyan, which was attributed to the mangrove forests that acted as a shield against the
hazard (IUCN, 2017).
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