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Abstract: Coastal ecosystems are crucial in mitigating the impact of coastal hazards on society. However,
the paucity of information about the purpose of these ecosystems in reducing floods in Rivers State, Nigeria.
This study aims to assess the contribution of mangrove ecosystems in protecting coastal communities from
flooding using the InVEST coastal vulnerability model (version 3.10.2). The model analyzes various data inputs
and assigns relative numbers, ranging from 1 to 5, indicating different levels of exposure. Data on population,
bathymetry, shoreline type, land use land cover, and continental shelf were obtained from relevant websites
and the InVEST model package. The findings indicate that the mangrove ecosystems in River State offer
minimal protection against coastal flooding due to their degraded state caused by oil spills and over-
exploitation. Additionally, sandy beaches provide little to no protection, and the socio-economic conditions in
the communities contribute to increased vulnerability to flooding. The study recommends awareness programs
to educate the public about the importance of mangroves for coastal protection in addition to their conservation
and restoration.
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1. Introduction

Coastal ecosystems are significant in reducing vulnerability to disasters. The link between
ecological health and mitigating the risk of disasters has gained more global attention. Therefore,
leading to the acknowledgement of Ecosystem-based disaster risk reduction as a crucial strategy for
increasing resilience and reducing risk in the global outline for reducing disasters from 2015 to 2030
[59]. This is one of the significant developments since the preceding international framework for DRR
plans. Other significant development includes the inclusion of new hazards, i.e., technological and
biological; a multi-stakeholder approach to DRR; and a change of focus to preparedness and
prevention [59]. Among these significant developments is the acknowledgement of the importance of
ecosystems in risk assessments, which aids stakeholders in visualizing the relationship between
ecosystem health and disaster reduction [17]. The increased consciousness notwithstanding, models
that create scenarios of different ecosystem conditions are limited and not readily accessible to
stakeholders [9] therefore resulting in the increase of integrated models [23]. Consequently, spatial
models are been utilized extensively in the management of ecosystems and ecological health
assessments [13,61]. This has given rise to the advancement of spatial methods used in assessing the
benefits of ecosystems and its application to development planning which was facilitated by the 2005
Millennium Environmental Assessment [5,27,37]. This has aided in marine-protected policies and
decision-making in Haiti, the Great Bahamas, and the Republic of Congo [16,60].

Despite being the most populated regions on Earth, coastal regions are growing increasingly
vulnerable as a consequence to the changing climatic weather [29]. The populations whose sources
of livelihood depend solely on marine and coastal ecosystems are most affected by these impacts
[45]. As a result, communities that rely on these ecosystems for recreational opportunities, food
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production, economic development, and shoreline security negatively impacted [56]. With
increasing urbanization, climate and population growth, the threat to ecosystems would also
increase [48]. As a result, biodiversity and ecosystem services are lost [4].

A study by [47] reported on the initiatives to support communities in acclimatizing to the
changing climate through nature-based solutions. NbS leverages biodiversity and the benefits of
ecosystems in alleviating the impacts of the changing climate [10], leading to economic growth and
conservation of coastal habitats [24]. The European Union and International Union on Conservation
of Nature influenced the concept of solutions inspired by nature among the scientific community.
This idea of NbS originated from dialogues on ecosystem services, green infrastructure, and climate
adaptation [30]- The ability to reduce climate vulnerability sets NbS aside from anthropogenic solutions
[11]. Several societal concerns, including food security, climate crisis and flooding, are been mitigated
using NbS [6,7]. As an emerging concept, NbS encompasses all the approaches that leverage a
healthy ecosystem in shielding individuals and properties from the impacts of a changing climate.
They include ecosystem-based adaptation, ecotourism, blue and green infrastructure and economy.
Thus, increasing their capacity to reduce disaster and increase resilience in rural and urban regions
[31].

One of the existential threats of a changing climate has been observed in increased
temperature [14]). This affects people, ecosystem functions and biodiversity, in addition to impacts
fromincreased urbanization, land use degradation and deforestation [19]. However, NbS can be
used to combat these social challenges [32]. Climate change is defined as any change that contributes
to anthropogenic activities that alter the arrangement of the global atmosphere while also influencing
climatic fluctuations in nature which is observed for a period of time [58]. These changes can be seen
in irregularities in temperature and rainfall patterns [1] which negatively impact coastal and marine
ecosystems.

Nigeria is home to the largest and third-largest mangrove forests in Africa and globally,
respectively [52]. According to studies, mangrove forests are the most intensively used globally [22],
with a greater portion situated in the Niger Delta region. An earlier study by [36] highlighted oil
spills, overexploitation and deforestation as contributory factors to mangrove deforestation and
degradation. With the increasing global awareness of NbS to flooding, more studies are required
to deepen the knowledge of the protective role mangroves offer in flood reduction and to justify the
awareness creation, especially in Rivers State of Nigeria. An analysis by [42], reported a decline in
the mangrove forests of the area, which decreases their protective role and reduces coastal
resilience. Although previous studies have focused on; assessing ecological vulnerability [33],
drivers of vulnerability [21], flood vulnerability [40], vulnerability index [42], coastal
vulnerability assessment [41] and impact of oil spillage on the ecosystems, in the Niger Delta area,
however, no study has assessed the role of mangroves in flood reduction in the region. It is against
this background that this study aimed to use the IN'VEST CV model to assess the role of mangroves
in flood reduction. The Natural Capital Project (NatCap Project) developed the model, which is
software that enables stakeholders to visualise disaster risk under various ecosystem conditions
[54]. This model is scenario-driven and offers scientifically based data on how ecosystem condition
influences exposure to flood risk [27; 37], thereby making it an appropriate tool for Eco-DRR and CCA.
It has a user-friendly interface that allows for a variety of modelling and data proficiency [12].

2. Materials and Methods

One of the largest deltas in Africa is situated in the South-Eastern part of Nigeria [15].
Geographically, it is low-lying and covers about 2.8% of the landmass, with its northern part
extending south of Onitsha, a western portion bordering the estuary of the Benin River, and an
eastern part abutting the estuary of the Imo River. The climate is affected by both the dry and warm
northeast airmass that blows across the country from November to February and the warm and wet
southwest air mass that brings rain from March to October. The region also experiences seasons of
storm surges between the months of November and February.
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Figure 2. Map of Nigeria showing Rivers State and the study area.

Coastal Exposure

The InVEST CV model, version 3.10.2 was used in the study to evaluate the coastal exposure
along Rivers State coast (Natural Capital Project 2014). The objective was to evaluate the contribution
of mangrove ecosystems to flood reduction in coastal areas. The model was used to pinpoint
communities that are more exposed to flood and regions where mangroves have the best chance to
shield coastal residents from flood. The main output is a vulnerability map showing areas of low,
intermediate, and high exposure (Figure 4). The InVEST CV model was used as it (1) considers
the biological and geophysical aspects of the region and (2) has a minimal data requirement suitable
for data-poor countries. The model is based on the assumption that coastal ecosystems provide a
strong defence against flood risk [43], and this ranking is based on the understanding that healthy
ecosystems provide more protection than degraded ecosystems [20]. It also assumes that ecosystems
that penetrate the water column like the mangroves offer greater protection than the weak and
seasonal ecosystems like the salt marshes [26]. The model inputs include raster and shapefiles of
bathymetry, natural habitat, continental shelf, shoreline geomorphology, and digital elevation model
(DEM) (see Table 1) whereas the outputs are the vulnerability maps (see Figures 4-6).
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Figure 2. Flowchart on the inputs and outputs of the INVEST CV model.
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Figure 3. Exposure of the shoreline segments to various scenarios of habitat condition.
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Figure 5. A vulnerability map of the "without mangrove" scenario.
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Figure 4. A vulnerability map of the “current condition” scenario.
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Figure 6. A vulnerability map of the "with mangrove" scenario.

Table 1. The data requirements used in the CV model.

Model inputs Year Extent Resolution (m) Sources

Natural habitats 2020 Rivers State 30 http://sedac.ciesin.columbia.

(LULC Mangroves edu/data/set/lulc-global-

accessed in 2020) mangrove-forests-

distribution-2000

Digital = Elevation 2022 Global 30 (https://earthexplorer.usgs.g

Model (DEM) ov/)

Wind/ Wave data 2005- Global - National =~ Oceanic  and
2010 Atmospheric Administration

Coastal 2022 Rivers State 30 NGSA (Nigeria

Geomorphology Geological Survey Agency)

(Shoreline type)

Global land mass 2016 Global 30 Made with Natural Earth.

polygon shapefile

Free vector and raster map
data @ naturalearthdata.com

(Wessel and Smith, 1996)
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Coastal Exposure Index

A qualitative index that grades coastal areas based on relative exposure is produced by
the model. It incorporates various observed data on wind, wave, digital elevation model, and
geomorphology to evaluate the impact of floods on exposure; SLR and ecosystem types are optional
variables. The geometric average of each variable rankings—which ranges from lowest, with rank
as 1 and highest, with rank as 5—was used to determine the coastal exposure.
1/6
)
where R signifies the numerical assessment of the biogeographical variables. All variables are weighed
equally, which is one of the limitations of the model [39].

EXPOSUfe Index = (REcosyslcmRShorcIincTypcRRclichWindRWuvcsRSurcholcnliul)

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Exposure with Current Habitat Conditions

About 77 % of the research region is extremely susceptible to flooding under the existing
ecological conditions, compared to 18 % who are just slightly exposed and 5 % who are barely affected
(Figure 4).

3.2. Exposure with Habitat Scenario

The "exposure with mangrove" scenario will offer more protection. When this scenario
was compared to the 'current ecosystem condition' scenario, it was discovered that there would be
less exposure along the whole coastline. The percentage of low exposure increased to 100%. (Figure
6). Lower exposure is particularly important at the state's sandy beaches.

3.3. Exposure without Habitat Scenario

To determine how mangroves reduce a community's vulnerability to floods, exposure under
current and without mangrove scenarios were compared. In contrast to the existing situation, the
whole coastline would be highly exposed without mangroves; 92% of it would be vulnerable to
coastal flooding, and only 1% would be at minimal risk (Figure 5). Most of the communities are
classified as being at high risk of floods.

The area's mangrove habitats are deteriorating, which is why exposure has increased. The
primary causes of mangrove deterioration in the study area are incidents of oil spills and over-
exploitation of mangroves.

The 3 scenarios showed varying degrees of protection offered by the mangroves. The findings
indicate that the mangroves provide minimal protection in the event of flood. Exposure to coastal
flooding was high under the without mangrove scenario (92%), followed by “current condition” of
the ecosystem (77%) and with ecosystem scenario (0%). This could be as a result of the deplorable
state of the mangrove ecosystem as reported by [42], who cited a reduction in the volume of
mangroves thereby leading to low resilience in their protective role. Previous studies had cited high
exposure to disaster risk in the absence of ecosystems [3,8,53], which agree to the results obtained
from this study.

The “with ecosystem” scenario showed the lowest exposure as this scenario assumes that the
mangroves are in its pristine state and therefore provide maximum protection in the event of flood.
The lowest exposure was recorded under the “with mangrove” scenario (0) while exposure under
the “current condition” of the ecosystem was highest followed by the without mangrove scenario
(1%) and “current condition” of the ecosystem (5%). This scenario assumes that the mangrove
ecosystems provide maximum protection in the event of flood risk hence the low exposure. This
result aligns with earlier findings by [2,3,8,44,50]. This shows the protective role offered by the
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mangrove ecosystem in the event of flood risk. The study's findings can be used as a disaster risk
management as a tool for decision-making. The research area would experience more severe flood
impacts if ecosystems were lost, but their restoration would increase protection, according to a
comparison of ecosystem management scenarios.

According to this study, the mangrove ecosystems are threatened by unsustainable activities.
The InVEST model's results will help build resilient, sustainable land use plans and coastal zoning
policies. They can also increase public awareness of the protective role that mangroves play in
shielding people and property from the hazards of disaster. The advantages that coastal ecosystems
offer for tourism and real estate development were noted in the findings of a study by [35] which is
in line with the manual by NatCap [57]; nevertheless, this relationship has not yet reached its full
potential in this study area. If the current ecosystems in Rivers State continue to deteriorate, the
study's findings can be utilized to pinpoint regions where potential investments may be lost. The
outcomes may also promote tourism and mangrove conservation. It can be utilized to determine the
optimal regions to focus on for Eco-DRR projects because it also illustrates areas where ecosystems
can reduce hazards efficiently and where populations benefit more from the defence provided by
ecosystems [34].

5. Conclusions

The results show that these coastal ecosystems provide limited protection in the case of flood
risk. However, the diverse scenarios indicated the places where ecosystems can give maximum
protection, areas of exposure and prospects for conservation, afforestation, and restoration. Therefore,
the authors propose the use of InNVEST CV model in disaster reduction (DRR) decisions by stakeholders.
It also suggests programmes on restoration, afforestation, and conservation of mangroves in the state
while also sensitizing the indigenes on the benefits of mangroves. Although these findings highlight
the protective role of mangroves, it does not however propose that coastal habitats unaided are
adequate to safeguard people in addition to properties from coastal flooding. Therefore, a more
complete review is vital to discover a suitable solution.
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