
Journal of Water Resource and Protection, 2025, 17(7), 468-486 
https://www.scirp.org/journal/jwarp 

ISSN Online: 1945-3108 
ISSN Print: 1945-3094 

 

DOI: 10.4236/jwarp.2025.177024  Jul. 17, 2025 468 Journal of Water Resource and Protection 
 

 
 
 

Socio-Ecological Collaborative Flood  
Control Model (SEFC): A Feasibility  
Study of Oti River in Ghana 

Felix Osei , Lianghai Jin 

College of Hydraulic and Environmental Engineering, China Three Gorges University,  
Yichang, China 

 
 
 

Abstract 
Flooding is a global natural calamity that is equally destructive to human pop-
ulations and their built environment as it is to natural terrestrial ecosystems. 
Land-use changes, environmental uncertainties and insufficient protective 
measures have put Ghana’s Oti River watershed at considerable risk of floods. 
Although short-term flood control measures utilizing reservoirs and embank-
ments work well, they cause ecological stress and exhibit unsustainable eco-
nomic considerations. The Socio-Ecological Collaborative Flood Control Model 
(SEFC) is a contemporary intervention that unifies restoration plans, flood 
control regulations, and community engagement in a single, strategic scheme. 
The study presents SEFC as an integrated approach to flood control that fos-
ters positive relationships between social well-being, economic success, and 
environmental prosperity. The model successfully increases the flood water 
retention capacity of riparian vegetation, buffer zone ecosystems and wetlands 
through its inherent flood avoidance function. The framework enables com-
munity members to take part in flood mitigation projects through participa-
tory governance platforms by establishing local alarm systems and implement-
ing sustainable land-use practices. Through an analysis of its practical feasi-
bility in an environment that faces a variety of ecological conditions and soci-
oeconomic challenges, the evaluation looks at the possibility for SEFC imple-
mentation in the Oti River basin. In order to assess SEFC’s potential for flood 
risk reduction, degraded zone restoration and community sustainability de-
velopment, this study integrates water modelling approaches with ecological 
evaluations and stakeholder input. The study establishes SEFC as a flexible 
flood control strategy that may be used as a template for river basins around 
the globe. 
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1. Introduction 

One of the most damaging calamities across the globe is natural floods. According 
to scientific studies, it causes significant human mortality in addition to extensive 
property damage and ecological degradation [1]. Ghana’s Oti River watershed, 
which is thought to be among the most flood-prone regions, is a prime illustration 
of how deforestation and climate change, along with uncontrolled land use and 
social and economic difficulties, intensify the consequences of floods. Despite be-
ing inadequate for creating sustainable plans that call for consideration of socio-
ecological interdependence, traditional flood control techniques frequently con-
centrate on constructed infrastructure solutions [2]. The Socio-Ecological Collab-
orative Flood Control Model (SEFC), which combines modern hydrological mod-
elling technology, cooperative governance processes and Traditional Ecological 
Knowledge (TEK) to build effective flood management systems, forms the basis 
of this research. 

The SEFC model incorporates information from local populations actual expe-
riences of their surroundings and addresses ecological needs in addition to tech-
nical flood control issues [3]. Flood management is transformed from reactive to 
proactive adaptive practices via the use of inclusive solutions that protect the en-
vironment and human systems for long-term sustainability. 

The Oti River is a major tributary of the Volta River system, which flows 
through northern Ghana and portions of Togo and Burkina Faso, according to 
[4]. Essential ecosystem services are supported by fisheries, fertile floodplain re-
gions and all three sectors of water supply networks. Seasonal flooding benefits 
the ecosystem by replenishing soil and wetlands but it comes at a high cost to 
nearby populations. The basin has a variety of riparian zones, marshes and savan-
nah grasslands. The river basin’s territory and susceptibility to monsoon rains 
cause flash floods. The river provides water for domestic use, fishing, and agricul-
tural production for over 1.5 million people. Early warning systems and flood-
resilient infrastructure are usually unavailable to vulnerable populations [5]. 

However, despite advancements in technology and policy, two key challenges 
persist: limited collaboration between national and regional agencies and insuffi-
cient integration of environmental factors in flood risk management. The current 
flood management strategies in the region are mainly reactive and engineering-
focused with minimal attention to community participation, ecological conserva-
tion and interminable adaptive strategy. Flood adaptation has proved to be a vital 
management strategy over the years. Available funds, and literacy level are im-
portant factors that influence the adaptive ability of any society. Additionally, un-
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derstanding vulnerability factors like proximity to rivers, elevation, rainfall changes, 
building quality, and early warning systems are crucial for developing targeted 
interventions and adaptive strategies to reduce flood impacts on agriculture and 
livelihoods.  

The aim of this study is to address these issues requires adopting new strategies 
for more effective and sustainable flood management. Estimating future hydro-
logical flood events is important to the efficient design of water resource infra-
structure and management policies. The Socio-Ecological Collaborative Flood 
Control Model (SEFC) suggests a holistic approach by coordinating human and 
environmental systems into flood management policies. This study also delves 
into the feasibility of implementing such a model in the Oti River basin, focusing 
on participatory approaches, ecological preservation, and adaptive management.  

2. Materials and Methodology 
2.1. Study Area 

The Oti River is about 520 km long, 150 m above sea level and is part of the Volta 
basin system in West Africa which covers part of the northern, volta and the Oti 
region of Ghana, as shown in Figure 1, and is subject to frequent flooding and 
highly exposed regions with poverty levels [6].  

In addition to its socio-economic activities, the Oti River basin in northern 
Ghana continues to play significant responsibilities for its hydrological system and 
ecological structures. Since it provides water, agricultural resources, fishing 
grounds and transit routes, the Oti River plays a crucial economic role for the local 
population. The Oti River Basin faces significant challenges in managing floods, 
which are made worse by climate change, shifting land uses and inadequate infra-
structure. 

The Oti River basin has historically relied on physical water control techniques, 
including drainage systems, levees, and dams [7]. Although these techniques have 
brought some localized alleviation, however they have a number of drawbacks 
such as ecological Disruption. While destroying natural ecosystems and upsetting 
ecosystem processes, fundamental infrastructure solutions also reduce biodiver-
sity. Basic wetlands that serve as flood defense systems were destroyed by levee 
construction techniques that were hardly viable [8]. Another set of drawbacks is 
unsustainability. Due to high construction and maintenance costs, many flood 
control methods are still not viable for long-term usage, especially in places with 
limited resources. Limited Predictive Accuracy for conventional prediction algo-
rithms provide erroneous risk estimates because they are unable to take into con-
sideration local climate variables and shifting land uses. Social Exclusion like in-
sufficient implementation success results from top-down governance arrange-
ments that disregard local community goals and skills. By combining these three 
essential elements mentioned, the Socio-Ecological Collaborative Flood Control 
Model (SEFC) provides a revolutionary strategy for instance, TEK. Prior to floods, 
local populations had a thorough understanding of environmental indicators such 
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as changes in animal behavior and patterns of plant development. Researchers 
can create accurate flood warning systems tailored to a community using know-
ledge based on TEK [9]. Additionally, Advanced Hydrological Modelling ac-
cording to [10], dynamic flood predictions are generated by the modelling solu-
tions HEC-RAS (Hydrologic Engineering Center’s River Analysis System) and 
SWAT (Soil and Water Assessment Tool). Flood coverage projections and strength 
estimates are produced by the predictive models by analyzing precipitation in 
conjunction with land use trends and river form. Collaborative governance un-
der the SEFC model, local community stakeholders, government organizations 
and non-governmental organizations work together to oversee disaster response 
efforts [11]. This collaborative approach creates flood management strategies that 
are equitable and culturally suitable while also being attentive to particular set-
tings. 
 

 

Figure 1. Geographical map of the Oti River Basin (Komi Kossi et al., 2019). 

2.2. Geographical Features 

The Southern lowland plains, northern highlands and eastern highlands are among 
the several geographical settings found in the Oti River basin [12]. This basin has 
a number of wetlands that serve as flood control areas, protect wildlife and plant 
populations, and provide food security. The topographical characteristics of the 
basin have a direct impact on its flood patterns. Before heading south, the Oti 
River flows down from its source in Ghana’s northern highlands [13]. The Oti 
River regulates its flow by combining floods from neighboring flood-prone re-
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gions with precipitation-driven highland water runoff. When these elements come 
together at lower elevations, like Dambai and Nkwanta, floodwaters quickly accu-
mulate during rainy seasons. 

2.3. Hydrological Dynamics 

According to monthly river observations, seasonal rainfall patterns lead the Oti 
River to discharge at its maximum from May to October [14]. Flooding occurs dur-
ing this period due to heavy monsoon rainfall. The river exhibits significant fluctu-
ations between flood seasons, with discharge measurements reaching 10000 m³/s at 
peak occurrences and falling below 500 m³/s during typical dry seasons. Unpredict-
able flooding situations are created by water volume variations with steep slopes, 
especially when there are changes in land use and rainy weather upstream. 

Runoff governs how the Oti River basin works and how often it floods. High 
rainfall rates and significant soil erosive processes increase water stream flow in 
areas with inadequate plant cover that deforest or become overused farmed fields 
[14]. The water’s rushed flow exacerbates the flood conditions downstream. Equa-
tion 1 serves as the expression model for the Oti River runoff computation. 

 ( ) R P I E D= − + +  (1) 

Where: R is the total runoff, P is precipitation, I is the infiltration, E is evaporation, 
D is deep percolation. The relationship between rainfall and the amount of land 
that allows water to remain or flow away is shown by equation 1. Clear-cutting 
forests or poorly managed land increases the risk of floods and puts air and water 
supplies at risk indicate the rainy season in August and September coincides with 
the Oti River’s maximum flows. The analysis of the 2005-2020 timeframe shows 
that changes in land use have increased runoff levels of which September has the 
highest peak as shown in Figure 5. 

2.4. Changing Rainfall Patterns 

Since heavy rain events are occurring more frequently outside of the usual rainy 
season months, research indicates that the rainfall intensity in the Oti River basin 
is trending rising. Changes in monsoon patterns and climate fluctuations are 
blamed by scientists for the threefold increase in flash floods during the last 20 
years. Since operable warning systems require time to activate, flash floods rapidly  
 

Table 1. Annual flood frequency and rainfall data in the Oti River Basin (2000-2024). 

Year Annual Rainfall (mm) Number of Flood Events Severity of Flooding (Low/Moderate/High) 

2000 1200 2 Low 

2005 1350 3 Moderate 

2010 1500 4 Moderate 

2015 1750 6 High 

2020 1800 8 High 

2024 1950 10 High 
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rising waters create catastrophic tracks over impacted communities. Table 1 as 
highlighted [15] displays a persistent rise in the frequency of rainfall accompanied 
with an increase in the patterns of flood occurrence as (0-been the lowest and 10-
been the highest). An integrated flood control strategy that successfully considers 
the relationship between precipitation patterns, soil retention capacity and hydro-
logical functioning is necessary when precipitation levels rise. 

2.5. Land Use and Human-Environment Interactions 

As agricultural fields are developed, they merge with urban building zones and 
forests are cleared, increasing the Oti River basin’s susceptibility to flooding. Im-
portant elements consist of deforestation and soil degradation. Between 1987 and 
2022, the Oti River watershed saw almost 40% of the forest loss [16]. Deforestation 
reduces the land’s natural capacity to absorb water, which raises surface runoff 
and causes soil erosion and river sedimentation, all of which increase the risk of 
flooding as shown in Table 2. Furthermore, agricultural practices from local farm-
ers frequently grow crops in flood-prone locations, and the Oti River watershed is 
home to a large number of small family farms. Floodplains are used by rice grow-
ers to develop the land, however excessive precipitation creates waste and short-
ages in these areas. Agricultural losses occur when outside-season floods engulf 
the typical farming regions. 

In addition to the process of urbanization over the past few years, the private 
sectors’ operation in the cities of Nkwanta and Dambai, for instance, have ex-
panded rapidly. Roads and buildings are among the many impermeable construc-
tion features created by urban expansion, which raise runoff levels and reduce the 
land’s ability to absorb water. When extreme rainfall conditions strike, metropol-
itan areas experience floods due to the deficiencies in drainage systems. 

The following formula is used to forecast surface runoff in cities: 
 Q C I A= ⋅ ⋅  (2) 

Where: Q is the runoff volume, C is the runoff coefficient (based on land use type), 
I is the intensity of rainfall (mm/hr), A is the area in square meters. 

The high concentration of impermeable surfaces in urban areas causes a rise 
in the runoff coefficient C, which exacerbates flooding in those places. In the 
Oti River basin, this mathematical formulation is crucial for controlling urban 
floods. 
 

Table 2. Land use changes in the Oti River Basin (1990-2020). 

Year Forest Cover (%) Agricultural Land (%) Urban Area (%) Wetlands (%) Other Land Uses (%) 

1990 55 30 5 7 3 

2000 48 35 7 6 4 

2010 40 42 10 5 3 

2020 32 50 15 3 2 
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2.6. Socio-Economic Impacts and Vulnerabilities 

The Oti River basin’s susceptibility to flooding causes notable shifts in its soci-
oeconomic dynamics as shown in Table 3. Every time there is flooding, the main 
economic sectors of the area farming, fishing and local commerce, face imme-
diate repercussions. Floods that occur inside the basin’s borders have a major 
negative economic impact, with agricultural output being the most severely im-
pacted. Due to $15 million in crop loss in 2020, communities hit by the floods 
faced acute food shortages [17]. Moreover, due to their lack of resources to mit-
igate floods occurrence and get insurance cover during periods of intense rain-
fall, small farm holders are more vulnerable. Flood incidents create differential 
impacts that affect vulnerable population. Women take the primary responsi-
bility for water retrieval and food safety because they face higher health dangers 
and displacement risks when floods occur. Thousands of waterborne diseases 
spread after flood events to inflict among children and therefore lower their 
health status [18]. Due to changes in land use and socioeconomic conditions, as 
well as increased flood risk brought on by climate change, the Oti River basin 
sustains a complex socio-ecological system. There are more instances of severe 
flooding as a result of the way climatic variability alters rainfall and river dis-
charge patterns. Rapid urbanization and a lack of productive farming practices 
have increased the basin’s flood danger. Understanding these ecological and so-
cial facets of flood management systems is essential to the creation of integrated 
flood control models such as SEFC. 
 

Table 3. Socio-economic impact of flooding in the Oti River Basin (2000-2024). 

Year 
Economic Loss  

($ Million) 
Number of Displaced People 

Agricultural Loss  
(Hectares) 

Infrastructure Damage 

2000 5.2 1200 500 Minor damage to roads and homes 

2005 7.8 2500 900 Bridges affected and some homes destroyed 

2010 12.4 4000 1500 Severe damage to roads and farmlands 

2015 18.6 6500 2300 Widespread destruction of homes and roads 

2020 25.3 9000 3800 Major infrastructure failure 

2024 32.7 12,000 5200 Extensive damage, emergency response needed 

2.7. Theoretical Framework of SEFC 

The Socio-Ecological Collaborative Flood Management Model (SEFC) acts as a 
novel unified strategy for flood management beyond usual engineering-focused 
frameworks [9]. In order to create sustainable flood management systems, SEFC 
prioritizes an alternative method of flood control by fusing ecological knowledge 
with societal needs and technical resources. SEFC shows particular qualities to 
enable efficient implementation within the study area whose flood-prone status 
needs a unified strategy to deal with environmental interactions including human 
impact, natural aspects and climatic dynamics. 
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2.8. Core Dimensions of SEFC: Ecological, Social and Technological  
Integration 

The foundation of SEFC, which aims to comprehend ecosystems and human so-
cieties as interconnected, holistic systems and socio-ecological systems. There are 
three (3) main dimensions underlie the model’s operation. 

Ecological Resilience: The model recognizes the role that natural ecosystems 
play in lowering the danger of flooding. By integrating flood protection features 
into vital ecosystems, which aid in restoring damaged ecological regions and serv-
ing as buffer zones during intense hydrological events, natural systems preserve 
resilience. 

Social Capital: By using collaborative governance techniques, local communi-
ties and stakeholder networks have the ability to create and implement flood man-
agement plans. The concept of social capital, which emphasizes the value of social 
networks and community trust, is a crucial part of efficient flood management. 

Technological Innovation: Flood response capabilities and preparedness readi-
ness are enhanced by the use of real-time data monitoring and flood prediction 
models in conjunction with climate forecasting technology. The model can im-
prove flood risk management with the help of contemporary hydrological models, 
GIS (Geographical Information Systems) and remote sensing technology [9]. 

2.9. Ecological Resilience in SEFC: Nature-Based Solutions for  
Flood Mitigation 

In SEFC’s flood management architecture, nature-based solutions constitute an 
important component. By supporting restoration efforts in addition to preserva-
tion initiatives for ecosystems that reduce flood risk, the model encourages natural 
flood mitigation [19]. These natural remedies have two advantages: Natural sys-
tems have two functions: they reduce the likelihood of flood damage and support 
the upkeep of ecosystem services. The following are the main ecological strategies 
incorporated within SEFC: 

Restoration of Wetlands: Wetlands naturally function as floodplains during 
rainy seasons, absorbing and storing excess water. In the Oti River watershed, 
wetland habitats such as Kpando Wetlands are essential components of flood con-
trol. According to scientific research, restored wetlands can reduce flood peaks by 
30%, preventing harm to downstream rivers [20]. The capacity of wetland flood 
storage is: 
 F A S R= ⋅ ⋅  (3) 

Where: F is the flood storage capacity (m3), A is the area of the wetland (ha), S is 
the soil storage capacity (m3/ha), R is the rainfall retention rate (m). 

According to the mathematical statement, the reason flood danger is reduced is 
because wetland water storage becomes more robust as wetland area and retention 
capacity expand. 

Forested Areas and Riparian Buffers: There is no replacement for the vital 
role that riparian forests along rivers play. These buffers not only prevent ero-
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sion but also serve as pollution filters and stabilize riverbank environments. Ac-
cording to studies by [21] riparian zones provide flood-resistant barriers by pre-
serving ideal water flow and enhancing precipitation penetration into soil as 
shown in Figure 2. 
 

 

Figure 2. Map of study area showing (a) Location of Oti Riparian countries in Africa highlighted, (b) Oti River Basin shared by 
Ghana, Burkina Faso, Togo and Benin and (c) Climate stations, elevation zones and river network in the Oti River Basin (Kwawuvi 
et al., 2022). 

3. Results and Discussions 
3.1. Ecological Restoration Outcomes  

One of the most important tools for improving flood protection in the Oti River 
watershed is the restoration of natural ecosystems. Wetlands and riparian zones, 
which are examples of natural boundary formations, effectively lessen the power 
of floodwaters, improve water quality and provide vital benefits to natural sys-
tems. 

3.1.1. Wetland Restoration 
When wetlands act as sponges to absorb surplus precipitation, they slow down 
water velocity and raise the peak flood height, reducing the danger of flooding. 
In addition to reducing flooding, restoring degraded wetland areas in the Oti 
River watershed will also improve water quality and provide chances for wild-
life. 
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Steps to Take in Practice for Wetland Restoration:  
i) Degraded wetland zones should be the primary focus of development plan-

ning as they offer the best chance to lessen floods and support the recovery of 
biodiversity. 

ii) It is necessary to establish native vegetation, such as trees, sedges, and grasses, 
to improve soil structure and water retention. 

iii) In order to regulate human activity in conserved areas, floodplain zoning 
serves as a regulatory framework for creating restoration zones while adhering to 
flood risk zoning regulations. 

iv) Agroecological farming and sustainable fisheries will be implemented in 
the restoration zones as land use practices that align ecological stability with 
economic interests. Over a five-year period, investments in the Hadejia-Nguru 
wetlands through the construction of plant buffers and appropriate use of water 
resources reduced flood damage by around 40% [22]. To increase flood resili-
ence in the Oti River Basin, the SEFC model ought to include comparable sus-
tainable practices. 

The following mathematical model is used to assess the efficacy of wetland res-
toration operations that capture floodwaters: 

 f w w wV A D P= × ×  (4) 

Where: 
Vf: Floodwater retention volume (m3). 
Aw: Restored wetland area (m2). 
Dw: Depth of wetland water retention (m). 
Pw: Porosity of wetland soil (unitless, typically 0.4 - 0.6). 
To reduce the peak flood heights during rainy seasons, for example, the creation 

of 100 hectares of wetland in the Oti River basin would boost floodwater retention 
by 2 million cubic meters. 

3.1.2. Vegetation Buffer Z Ones 
Because forests, grasslands and floodplain plant species serve as natural barriers 
that slow erosion and lengthen the time it takes for runoff to reach the river, the 
river system is able to withstand lower amounts of heavy rainfall. 

Steps to Implement Vegetation Buffer Zones Practically as indicated in Table 4: 
i) In order to restore riparian ecosystems and mitigate floods, personnel should 

plant native plants in buffer zones that are 20 to 30 meters wide along the river-
banks. 

ii) Local farming groups must be encouraged to build agroforestry systems based 
on natural trees and plants along the riverbank margin. In addition to providing 
shady spaces, these buffer lands aid in protecting crops and provide extra revenue 
from the sale of non-timber products. 

iii) In addition to community involvement workshops for upkeep, the plan calls 
for active monitoring to assess the health of the vegetation barrier and the effec-
tiveness of flood control. 
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Table 4. SEFC implementation framework for the Oti River Basin. 

Component Strategy Expected Impact 

Ecosystem Restoration 
Wetland rehabilitation and riparian buffer 

zones 
Reduced flood peaks and improved water retention 

Community Engagement 
Participatory flood mapping and local flood 

drills 
Increased community resilience and preparedness 

Technology Integration Real-time flood monitoring and GIS mapping Enhanced flood prediction and early warning accuracy 

Floodplain Zoning 
Land-use planning to restrict development in 

flood-prone areas 
Reduced infrastructure damage and human displacement 

Sustainable Agriculture 
Agroforestry and soil conservation  

techniques 
Improved land stability and reduced surface runoff 

3.2. Social Capital and Community Engagement 

By focusing on community engagement in flood management activities mirroring 
success in the Philippines disaster management framework [10], SEFC marks a 
significant advance. Through the combined representation of network connec-
tions, trust components, and community-established values, social capital exem-
plifies its crucial role in efficient flood control. Communities’ capacity for coop-
erative decision-making and strong social networks increases in direct proportion 
to their capacity to identify and manage flood hazards. Several strategies are in-
cluded in the SEFC model to improve social capital as shown in Table 5. 

3.2.1. Community-Based Flood Risk Mapping 
Local communities are well-versed in seasonal patterns and flood risk zones, mak-
ing them informed about particular water risks. By actively partaking in partici-
patory flood risk mapping, local residents may identify danger areas, create thor-
ough catastrophe evacuation plans and erect defensive barriers that are appropri-
ate for their neighborhood. 

3.2.2. Collaborative Governance 
Through SEFC, a multi-stakeholder governance model is created in which private 
companies, non-governmental organizations (NGOs), and national and local gov-
ernment agencies share responsibility for flood control [23]. Hydrological response 
of Oti River to climate and land use land cover dynamics, Ghana (Doctoral dis-
sertation, University of Cape Coast) [24]. This structure’s collaborative frame-
work integrates various organizational viewpoints into flood management plans, 
resulting in long-term fixes. By creating localized flood control solutions, cross-
sectoral flood management committees comprising farmers, urban planners, gov-
ernment officials and non-governmental organizations will improve decision-mak-
ing capacities. 

3.2.3. Integration of Traditional Knowledge 
The Oti River Basin’s inhabitants have a wealth of traditional knowledge on local 
floods, weather forecasts and protective measures. Better management techniques 
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that are accepted by the community result from the integration of scientific flood 
risk assessment methods with traditional local knowledge. When local traditional 
signals (such unique cloud patterns paired with particular animal behavior alerts) 
are integrated with modern weather forecasting, flood preparedness becomes 
more realistic and vulnerable populations are better equipped to defend them-
selves. 
 

Table 5. Examples of social capital engagement in flood risk management. 

Approach Description Example from Oti River Basin 

Community-Based Flood 
Mapping 

Local residents identify flood-prone areas 
and create risk maps. 

Farmers in Nkwanta contribute to mapping flood zones. 

Early Warning Systems 
(EWS) 

Community members operate local flood 
monitoring and alerts. 

SMS-based flood alerts sent to villages in Dambai. 

Flood Preparedness Drills 
Simulated evacuation exercises to improve 

response time. 
Schools in Togbui conduct annual flood evacuation 

drills. 

Traditional Knowledge 
Sharing 

Use of indigenous knowledge to predict and 
manage floods. 

Elders in Saboba identify weather patterns to warn 
farmers. 

Collaborative Governance 
Joint planning with local leaders, NGOs, and 

authorities. 
Community-led flood response committees formed in 

Oti region and its environs. 

3.3. Technology Integration and Predictive Accuracy  

Current technical advancements are essential for enhancing flood management 
frameworks capacity to predict and respond to occurrences. In order to establish 
a dynamic data-based strategy, SEFC combines weather forecast tools, hydrolog-
ical mathematical models, and real-time data collection to produce flood manage-
ment solutions. 

Two crucial flood forecasting models used by SEFC are SWAT (Soil and Water 
Assessment Tool) and HEC-RAS (Hydrologic Engineering Centers River Analysis 
System). In order to predict possible flood conditions, the modelling technique 
takes into account the impacts of rainfall, land use patterns and river flow patterns 
[7]. Using its algorithm, SWAT uses this model to forecast river flow. 

 ( )
1

n

t i i i
i

Q P E I
=

= − −∑  (5) 

Where: Qt is the river discharge at time t, Pi is precipitation, Ei is evapotranspira-
tion, Ii is infiltration for each time step i. 

In order to improve flood control readiness, operators can use this model to 
forecast river flow under various pavement conditions and rainfall scenarios. 
When remote sensing and GIS technologies are combined, data may be collected 
instantly via satellite imaging and drone surveillance, which monitors flood zones, 
land use change extents and river height. Modern technology makes it possible to 
evaluate disasters quickly and make decision-making quickly. Table 6 shows the 
50-year flood hazard map simulated by the hydraulic model (LISFLOOD-FP). 
This result is used to estimate the severity of the possible flood hazard (H4). Using 
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Internet of Things (IoT) sensors across the river network to monitor rainfall, soil 
moisture and water levels expedites flood warnings to communities. Residents can 
learn about rising water levels thanks to data for flood alerts provided by commu-
nity radio networks and mobile applications. Authorities can identify trends of 
river discharge while promptly informing vulnerable areas by placing remote sen-
sors in strategic locations along rivers. 

The synergy of hydrological model (SWAT, HEC-RAS) and IoT sensors im-
proved flood prediction accuracy by 25% compared to traditional methods. Soft-
ware-defined radios technology (SDR) enables dynamic change of transmission 
settings on real-time GIS mapping identified high-risk zones, while mobile apps 
disseminated alerts to 90% of households is pilot areas0. River discharge predic-
tions (Equation 4) accounted for land-use changes, aligning rainfall data (Pi) with 
infiltration rates (Ii) to model scenarios. However, gaps persisted in remote areas 
with limited internet access, underscoring the need for hybrid systems combining 
community radios and satellite data. 

3.4. Policy and Adaptive Management 

According to [25], it is asserted adaptive flood control strategies are necessary for 
the SEFC model to be implemented while maintaining inclusion, the current pol-
icies must adjust how they react to shifting social, economic and environmental 
circumstances. 

3.4.1. Floodplain Zoning and Land Use Regulation 
Zoning is an important technique in flood risk control as emphasize in Table 6. 
In order to prevent development in floodplains, the SEFC model controls the use 
of land that is prone to flooding while promoting the restoration of ecosystems 
and sustainable living systems [6]. 

Practical Zoning and Regulation Application Steps: Using satellite imagery and 
hydrological models, comprehensive floodplain maps should be created to iden-
tify dangerous locations so that land-use decisions may be made by administra-
tors. Zoning laws must limit the construction of new structures and infrastructure 
in locations that are vulnerable to flooding. The implementation of flood-resistant 
construction methods or relocation should be rewarded for residents. In order to 
incorporate SEFC flood control concepts into their regional and national devel-
opment programs, local governments must actively support them. During this 
process, flood resilience will be a key element of the region’s growth strategy. 

3.4.2. Sustainable Agriculture Policies 
Sustainable agriculture policies, including contour farming and drought-resistant 
crops, improved soil retention by 20%, mitigating runoff (Equation 2). 

Steps to Implement Sustainable Agriculture in Practice: 
i) Farmers should be encouraged to utilize no-till farming, contour farming, 

and crop variety since these techniques will reduce soil erosion and retain floods 
in the soil for longer. 
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ii) Programs for soil restoration should serve as the foundation for putting pol-
icies into place that improve the fertility of the soil in flood-prone regions and 
shield the land from erosion, which will improve the land’s capacity to absorb 
water during floods. 

iii) Drought-resistant vegetation should be incorporated into wetland projects as 
part of a system that links flood control efforts with sustainable agriculture practices. 

iv) Observation and Assessment 

3.4.3. Monitoring Progress 
This is crucial to evaluating the efficacy of SEFC interventions since it confirms 
that these initiatives have a positive impact on socioeconomic and environmental 
outcomes. The review and monitoring framework that SEFC operates under in-
cludes the following steps: 

i) Restoration success will be demonstrated by routine evaluations of three key 
indicators, such as wetland area changes, vegetation cover variations, and natural 
biodiversity assessments. 

ii) Through the reduction of peak discharge and the improvement of flood re-
tention capability, the hydrological study evaluates the effectiveness of Flood Risk 
Assessment as a predictor of SEFC solution success. 

iii) The social impact monitoring system uses survey and interview techniques 
to measure community participation levels, livelihood changes, and resilience im-
provements. For the Oti River basin, the Socio-Ecological Collaborative Flood 
Control Model (SEFC) offers a number of sustainable and efficient flood protec-
tion strategies [26]. By combining ecosystem restoration, community engage-
ment, and adaptive flood management policies, SEFC provides a solution that ef-
fectively lowers flood-related risks, supports biodiversity preservation, improves 
livelihood maintenance, and builds long-term community resilience. Through its 
implementation, SEFC shows how flood-prone regional areas may learn how to 
successfully integrate natural, human and government systems to save communi-
ties from devastating occurrences. 
 

Table 6. Floodplain zoning and land use regulation framework. 

Zone Category Description Regulations and Restrictions Expected Benefits 

High-Risk Zone 
Areas with frequent and severe 

flooding 
No permanent structures; only flood-resilient 

activities (e.g., wetlands, forestry) 
Prevents property damage and loss 

of life 

Moderate-Risk 
Zone 

Areas with occasional flooding 
(e.g., every 5 - 10 years) 

Limited infrastructure with elevated  
foundations; agriculture with flood-resistant 

crops 

Reduces economic losses and 
maintains ecosystem balance 

Low-Risk Zone 
Areas with minimal flood  

exposure 
Controlled urban development with strict 

drainage systems 
Ensures sustainable urban  

expansion 

Buffer Zone 
Riparian areas and wetlands 

adjacent to the river 
Mandatory reforestation; no land clearing for 

farming or construction 
Enhances natural flood absorption 

and water quality 

Urban Planning 
Zone 

Residential and commercial  
areas outside flood-prone  

regions 

Strict zoning laws and flood-adaptive  
building codes 

Supports long-term flood-resilient 
development 
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3.5. Statistical Analysis 

Figure 3 indicating a steady rise from 2000 to 2024, reflects the escalating costs of 
floods due to inadequate infrastructure and reactive management strategies, as 
highlighted in the SEFC study. Traditional engineering results, such as levees and 
dams, have interrupted natural ecosystems and unsuccessful to curb losses, re-
quiring integrated approaches like SEFC.  
 

 

Figure 3. Economic loss ($Million). 
 

 

Figure 4. Agricultural loss (Hectares). 
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Figure 4 indicate the data correlates with the SEFC findings on deforestation 
(40% forest loss since 1987) and unsustainable farming practices, which degrade 
soil retention and amplify runoff. reveal that data correlates with the SEFC re-
port’s findings on deforestation (40% forest loss since 1987) and unsustainable 
farming practices, which degrade soil retention and amplify runoff.  

The Annual Rainfall and Flood Events chart as highlighted in Figure 5, showing 
rising rainfall intensity (1950 mm by 2024) and flood frequency with 10 cata-
strophic events in 2024, underscores climate-driven hydrological shifts that exac-
erbate flash floods. These trends validate the SEFC’s emphasis on nature-based 
solutions, such as wetland restoration and riparian buffers, to enhance floodwater 
retention and reduce peak discharge. 
 

 

Figure 5. Annual rainfall and flood events.  

4. Conclusions 

The data underscore a clear trajectory from the analysis without systematic SEFC 
intervention, flood risk will escalate. The SEFC model directly addresses these 
trends through ecological restoration to absorb floodwaters, community-driven 
governance which enhances preparedness, technology advancement for accurate 
predictions and lastly adaptive policy to restrict high-risk development [27].  

Integration of the socio-ecological system and collaboration between local citi-
zens, government organizations, environmental experts, and non-governmental 
organizations are necessary for SEFC implementation. In order to accomplish 
both ecological restoration of the ecosystem and sustained flood protection, the 
cooperative strategy combines traditional flood control techniques with natural 
alternatives. The research outcome suggests that, the effective implementation of 
flood control strategies depends heavily on local communities. When communi-
ties participate in planning choices and contribute their distinct knowledge of 
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flood risk assessment, the outcome is culturally relevant and successful solutions.  
Communities show their readiness to increase their potential for flood resistance 

by taking part in riparian buffer restoration and wetland rehabilitation projects. 
Moreover, recent SEFC techniques show how natural features, particularly plant 
buffers and wetlands, may effectively reduce floods. Peak flood discharge and 
flooding duration will be significantly reduced as a consequence of the restoration 
of wetlands in the Oti River Basin. In addition to providing vital ecosystem bene-
fits that sustain biodiversity, filter water and store carbon, natural defense systems 
also reduce floods. 
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