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ABSTRACT 

Flood is the most disastrous natural disaster in the world due to its devastating effects that 

endanger lives and cause property damage to the affected areas. Flood events are alarmingly 

increasing all over the world; and despite the recent efforts towards mitigation and 

management, vulnerability to flood damages is likely to continue to grow. This research mainly 

aimed at identifying areas at risk of flooding through the application of two different models 

namely the Analytical Hierarchy Process (AHP) and Fuzzy Analytical Hierarchy Process (FAHP) 

using remote sensing data (RS) and Geographical Information System (GIS), extract 2022 flood 

extent using Sentinel-1 SAR product, and assess the impacts of floods on communities. The study 

was conducted in the Komenda Edina Eguafo Abrem Municipality, Ghana, and consisted of the 

use of fourteen predicting factors for the flood risk mapping and 300 respondents for the field data 

collection. The results indicated that the FAHP model performed best for the risk mapping in the 

study area disclosing a 94.3% prediction rate compared to the AHP model (86.4%). Moreover, the 

flood inundation extent of 2022 covered 4,553 hectares of the study area with 19% of the urban 

areas being inundated. 

 The findings revealed a staggering 90% of respondents within flood-prone communities 

experienced flooding in the past 5 years. Torrential rainfall emerged as the primary flood trigger, 

often leading to rivers overflowing and causing extensive damage. Approximately 74% and 56% 

of respondents reported property and agricultural damage, respectively, ranging from building 

collapses to crop and livestock destruction, along with associated psychological effects. Over 50% 

of respondents prioritized building flood steps and reconstructing damaged houses with cement as 

a coping mechanism with sociocultural barriers and limited access to climate information 

hindering mitigation and adaptation efforts. Respondents prioritized community education, early 

warning systems, and financial support to address these challenges, emphasizing the importance 

of building adaptive capacities in flood-prone communities. 

The outcome of this study can be used by planners and policymakers to implement different 

management and mitigation measures with a view to the local environment. 
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CHAPTER ONE 

GENERAL INTRODUCTION  

1.1. Introduction 

To achieve a sustainable future, the UNôs 2030 Agenda for Sustainable Development (UN 2015) 

proposed an ambitious plan of action for ñpeople, planet, and prosperityò. The Agenda sets out 17 

Sustainable Development Goals (SDGs) adopted by all member states to end poverty, hunger, and 

inequalities and protect the planet, ensuring that all people enjoy peace and prosperity by 2030. 

The Agenda recognizes that disasters linked to natural hazards could hinder development progress 

in some countries, especially in low- and middle-income countries (UN 2015). In this context, 

disaster risk reduction (DRR) is important to the Sustainable Development Agenda and is primarily 

driven by the Sendai Framework for Disaster Risk Reduction 2015ï2030 (UNISDR 2015). 

Human-induced activities and climate change have exacerbated the frequency and severity of flood 

disasters, causing significant global damage (Rehman et al., 2019; Sheng et al., 2020). These 

natural disasters not only destroy homes, infrastructure, and crops but can also result in the loss of 

human life. In addition, they may force individuals to leave their homes or usual places of residence 

and seek refuge elsewhere, either temporarily or permanently (Ahmed et al., 2018; Chowdhury et 

al., 2017; Fujita et al., 2019; Hoeppe, 2016; Mallick et al., 2017). Disasters can cause direct 

physical and mental harm to individuals, resulting in various challenges, such as the loss of housing 

and employment, an unfamiliar environment, and a reduction in social connections (Torres & 

Casey, 2017; Park et al., 2017). In recent years, floods have accounted for 50.62% of the 

displacement of people, followed by storms at 34.54%, earthquakes and tsunamis at 12.23%, and 

wildfires at 0.61% (CRED 2018). In 2018 alone, 315 natural disasters impacted more than 68 

million people, resulting in global damage of USD 131.7 billion and causing 11,804 fatalities 

(CRED, 2018). 

The number of floods and their destructive impacts are likely to increase because of the altered 

climate patterns that result in fluctuations in precipitation patterns (Podlaha et al., 2019; Skakun et 

al., 2014). Consequently, changes in the hydrological cycle will lead to estimated damage of USD 

597 billion from 2016 to 2035 as a result of fluvial floods (Willner et al., 2018). 
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Flood-related disasters accounted for 44% of the total number of globally recorded natural 

disasters between 2000 and 2019, 41% of the total affected people, and 22% of the total economic 

losses, as reflected in Figures 1.1, 1.2, and 1.3, respectively (CRED and UNDRR 2020). 

 

 

 

 

Figure 1. 1: Percentage of occurrences of disasters by disaster type (2000 - 2019) 

Source: CRED and UNDRR 2020 

Figure 1. 2 : Total number of people affected by disaster type (2000 - 2019) 

Source: CRED and UNDRR 2020 
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Population growth, rapid urbanization, and climate change due to the worsening effects of global 

warming exacerbate flood risks in communities worldwide (Zhang et al., 2018; Wasko et al., 

2021). The adaptive capacity to address flood risk on a local or regional scale is one of the most 

critical factors for timely and effective decision-making in developing strategies (Bosher and 

Chmutina 2017), which is especially germane in the context of dynamically changing 

socioeconomic and climatic conditions. Therefore, scientists and engineers are increasingly urged 

to quantify flood risk under different scenarios so that more informed decisions can be made about 

how new developments can be planned, designed, and constructed to be more resilient and 

sustainable in the long term. 

1.2. Background 

Floods are among the most devastating natural disasters, causing considerable damage and 

significant socioeconomic impacts on different sectors worldwide (Sun et al., 2020). They pose 

severe risks to people's lives, livelihoods, property, and sociocultural legacies (Shen et al., 2022; 

Liu et al., 2023). Flooding events topped the list of the most disastrous incidences worldwide, with 

223 documented occurrences in 2021 alone, significantly higher than the total number of flood 

Figure 1. 3 : Breakdown of recorded economic losses (US$) per disaster type (2000-2019) 

Source: CRED and UNDRR 2020 
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disasters in the previous ten years (EM-DAT, 2021). Statistics reveal that floods account for 34% 

and 40% of all global natural disasters in terms of quantity and loss, respectively (Lyu et al., 2019; 

Petit-Boix et al., 2017). For instance, more than 75 million people worldwide are affected by 

flooding in various ways, with more than 2,000 deaths reported annually (Rentschler et al., 2022; 

Abbas et al., 2023). Yaitskaya and Magaeva (2022) also reported that natural disasters, such as 

floods, have affected more than 4.4 billion people, killed more than 1.3 million people, and caused 

an estimated $3 trillion in economic losses worldwide over the past seven decades. Floods are 

increasing worldwide due to extreme rainfall, which is expected to occur more frequently due to 

climate change (De Silva & Kawasaki 2018; Lee & Choi 2018; Lee & Kim 2018). 

 

Figure 1. 4: Number of major floods reported on each continent since 1900 

Source: EMïDAT (www.emdat.be). 

In Africa, climate change is expected to increase the frequency and magnitude of hydroclimatic 

extreme events, such as floods, impacting economies, livelihoods, and the environment, 

particularly in vulnerable areas where the occurrence of multihazard events is likely to amplify 

http://www.emdat.be/
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disaster impacts (IPCC, 2022). From 1900 to 2006, floods in Africa killed nearly 20,000 people 

and affected nearly 40 million people, with estimated damage of approximately 4 billion USD, 

according to the ICSU Regional Office for Africa (2007). In the past three to five years, flood 

events in Africa have had considerable impacts, with a peak of seven million people affected in 

2020 (CRED, 2022). In the CRED 2022, the number of people affected by floods was estimated 

to be approximately 58 million between 2002 and 2021. Most of the impacts of floods on the 

continent are seen in sub-Saharan African (SSA) nations, where the widespread flood-related 

destruction of livelihoods is anticipated to worsen as the occurrences become more frequent 

(Usman et al., 2013; Edoun et al., 2015). This is due to the weak formal and informal institutional 

capacity for disaster management on the continent (Balgah & Kimengsi, 2022). Hence, the 

anticipated worsening of flood events is expected to slow economic and social transformation by 

reversing progress in eradicating poverty and impairing efforts worldwide to accomplish the 

Sustainable Development Goals (SDGs) of the Global Agenda 2030 (Bastagli & Holmes, 2014). 

These predictions have led to solid flood research priorities in sub-Saharan Africa (Balgah et al. 

2017; Nji et al. 2019). 

Ghana is one of the most vulnerable countries in West Africa and sub-Saharan Africa to flooding 

(Almoradie et al., 2020). Floods are Ghana's second most fatal disaster type (Asumadu-Sarkodie 

et al., 2015). The cost of damage due to floods in Ghana between 1990 and 2014 was over USD 

780 million (Asumadu-Sarkodie et al., 2015). The frequency of floods in Ghana has increased 

since 1995 because of numerous heavy and continuous rainfall events, which have caused large 

amounts of runoff (Amoako and Frimpong Boamah, 2015; Asumadu-Sarkodie et al., 2015). The 

negative impacts of floods are noticeable in some parts of the country, particularly in the Upper 

East, Upper West, North, and South Regions, and reflect peopleôs socioeconomic lifestyles. Since 

2007, floods have been very erratic and severe in these three northern regions of the country, 

leading to many deaths, ecological destruction, critical infrastructural damage, farm and other 

property destruction, and socioeconomic disruption. In August 2007, flooding in the northern part 

of the country alone affected approximately 350,000 residents, with 49 casualties and an overall 

cost of over 130 million US dollars, not including long-term damage (Asumadu-Sarkodie et al., 

2015). Undoubtedly, flood management strategies at any scale require identifying flood-prone 

areas (Tehrany et al. 2013) at the beginning to provide early warning, facilitate quick response, 



6 | P a g e 
 
 

and reduce the impact of possible flood events. In addition to comprehensive mapping of 

vulnerable flood locations, flood risk maps and damage assessments are critical tools for assessing 

the effectiveness of existing flood defense systems. 

1.3. Problem Statement 

Komenda Edina Eguafo Abirem (KEEA), a municipality in Ghana, has experienced several urban 

floods. In 2014, a flooding event in the municipality resulted in the death of one person and the 

destruction of property and farmland (Ghana-Netherlands WASH Program, 2015). The year 2022 

is remembered throughout Komenda Edina Eguafo Abrem's history as a year when flooding struck 

nearly all the major communities in the municipality, causing property damage, agricultural loss, 

and one fatality. Despite frequent floods in the municipality, most empirical studies in Ghana that 

aim to address the issue of flooding have concentrated on Accra, the national capital. Most streams 

in the KEEA are ungauged, resulting in improper management of water resources and a lack of 

accurate river discharge and climatic data, which sometimes leads to a limited understanding of 

flood occurrences in the municipality. In addition, the impact of floods on communities is still not 

fully understood and is often underreported in municipalities. Furthermore, there is a lack of 

information on the mapping and monitoring of flood inundation dynamics and damage 

assessments in the municipality. The flood loss of human life and property has highlighted the 

need for flood risk mapping and damage assessments to support authorities in taking corrective 

and preventive actions in flood-susceptible regions for flood risk reduction and better adaptation 

to climate change. This research seeks to close these gaps, enhance the quality of hazard and 

vulnerability mapping in the study area and produce flood risk maps to support decision-makers. 

Finally, the impacts of past flood events in the municipality were assessed. 

1.4. Aim and Objectives 

This study aimed to develop flood risk maps and assess the impacts of flood events in the KEEA 

Municipality and propose appropriate mitigation and adaptation strategies. Thus, the objectives of 

this study are as follows: 

× Developed flood risk maps showing the susceptible zones in the study area 

× Map the inundation extent of the 2022 flood event. 

× Assess the impacts of flood events on communities in the municipality using a survey 
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1.5. Research Questions 

This study seeks to answer the following question: How can we map flood risk and assess its 

impacts using GIS and remote sensing data, considering the case of the KEEA municipality? The 

sub research questions are as follows: 

× What are the flood risk zones in the study area? 

× What was the extent of the 2022 flood event? 

× What are the effects of past flooding events in the KEEA? 

1.6. Scope of the Study 

The research is divided into geographical and contextual scopes. Geographically, this research was 

carried out in the Komenda Edina Eguafo Abrem (KEEA) municipality, one of the 26 districts in 

the central region of Ghana. The communities in the municipality that have experienced flooding 

in the past ten years will be used for the data collection for the impact assessments. By context, 

the intention of this research is to map flood risk, assess flood impacts and make policy 

recommendations that could be adopted as a decision-making tool for relevant actors and 

departments in the municipality. With the aim of contributing to disaster reduction and resilience 

building to flood events, the KEEA was the focus of the study. The content of this study covers 

aspects that include flood risk mapping considering hazard and vulnerability; the development of 

a set of parameters for multicriteria analysis that serve as the benchmark for assigning weights; 

the collection of field data on the impacts that past flood events have had on communities in the 

municipality; and finally, the development of informed policy recommendations that will serve as 

a decision-making tool for achieving flood disaster reduction in agriculture, infrastructure, etc., in 

the municipality. 

1.7. Significance of the Study 

The 2022 flood in the KEEA, which was noted to be the worst in recent years, has been reported 

to cause food insecurity in parts of the municipality; however, there is no in-depth study on the 

effect of flooding on agrarian communities in the municipality, with a focus on disaster prevention, 

mitigation, preparedness, and vulnerability reduction. This gap makes this study on the impacts of 

flooding in agrarian communities in the municipality imperative because knowing the extent to 

which floods can affect food security, as well as mapping the flood vulnerability hotspots that have 
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been carried out in this study, would help in suggesting optimal adaptation strategies against such 

events. This study could also assist policymakers in designing sustainable agricultural policies and 

flood emergency programs for municipalities. Risk mapping and impact assessment will improve 

communitiesô capacity to prepare and respond to flood hazards by identifying high-risk areas for 

risk reduction. It will also allow the private and public sectors to incorporate disaster risk 

assessments into planning, programming, and development policies. Moreover, the differential 

householdsô ability to cope with and determinants of flood impacts on agriculture investigated in 

this research will help in policy formulation, increasing peopleôs resilience. In addition, the 

findings of this study can serve as a baseline for comparative studies related to floods and food 

security. 

1.8. Organization of the Report 

Following the various formats available for presenting a masterôs thesis, this study adopts the 

traditional monograph thesis structure in presenting its findings. The study report is organized 

into five progressive chapters. The first chapter contains a general overview of the study, which 

presents the background to the study, the research questions and objectives, the research problem, 

and the scope and relevance of the study. The second chapter contains a review of the relevant 

literature on flood risk mapping and impact assessments. The third chapter presents the study 

methodology, while the fourth covers the results and discussion of the data collected. Chapter five 

concludes the study with summarized major findings for policy recommendations and a conclusion 

of the study. 
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CHAPTER TWO  

LITERATURE REVIEW  

2.1. Floods 

2.1.1. Definition 

A flood is an overflow of water that submerges land and may cause damage to agricultural lands 

and urban areas and may even result in loss of life (Perera et al. 2015; Yang et al. 2015). Nwafor 

(2006) defined floods as natural hazards such as drought and desertification, which occur as 

extreme hydrological (run-off) events. On the other hand, Abam (2006) defined floods as large 

volumes of water that arrives at and occupies stream channels and flood plains too quickly to 

prevent damage to economic activities, including homes. A flood represents the excess flow that 

inundates the conveying or holding medium when its capacity has been exceeded (Getahun and 

Gebre, 2015). In other words, when a flood occurs, the water rises to overflow land that is not 

normally submerged (Di Baldassarre, 2010). 

2.1.2. Factors contributing to flooding 

Floods are typically caused by a combination of severe weather and hydrological conditions, as 

shown in the table below. Human factors also often play a role in exacerbating flood hazards, 

although the specific ways in which they do so can vary greatly. These factors generally serve to 

amplify flood peaks and increase the severity of flood hazards in built environments. Therefore, it 

is important to consider both natural and man-made factors when assessing flood hazards.
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Table 2. 1: Factors contributing to flooding 

 Source: Adapted from: WMO/GWP Associated Programme on Flood Management 2008) 

2.1.3. Flood Types and Their Characteristics 

Floods can be categorized based on their speed, geography, and causes, resulting in several distinct 

types. Each type of flood has a unique impact on how it occurs, how it is predicted, the degree of 

damage it can cause, and the protective measures needed. Understanding the different types of 

floods and their potential effects on property, as well as the measures that can be taken to prevent 

or mitigate their impact, is crucial. The Zurich Insurance Group classified floods into fluvial floods 

(riverine flooding), coastal floods (tidal/storm surge), and pluvial floods (flash floods and surface 

water). 

2.1.3.1. Fluvial floods 

Fluvial floods, also known as overbank flooding, occur when water overflows from a river's banks 

and spills onto its surrounding floodplain (Federal Emergency Management Agency, 2009). This 

can occur when a river becomes too full due to heavy rainfall or other causes, causing excess water 

to flow over banks and into nearby areas (Nelson, 2012). According to IFM Tool 2, UNESCO, 

and WMO (2012), this type of flooding occurs when water exceeds the typical bounds of a river 

or other body of water. Overflow occurs as a result of river discharge surpassing the capacity of 

the main river channel. (IFM Tool 2, UNESCO and WMO, 2012). Climate change is believed to 

be a contributing factor to the increasing frequency of riverine floods, as global warming causes 

more intense and frequent rainfall events (Macklin & Lewin, 2003). 
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Figure 2. 1: Fluvial flooding (Adapted from the Zurich Insurance Group) 

2.1.3.2 Pluvial floods 

Pluvial flooding occurs when a heavy rainstorm produces a flood that is not caused by a water 

body overflowing. This type of flooding can occur in any location, whether it is urban or rural, and 

it is even possible for flooding to occur in areas that are not near any water body. Two common 

types of pluvial flooding occur. 

 

Figure 2. 2: Pluvial floods (flash floods and surface water) ï Adapted from the Zurich Insurance 

Group 
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2.1.3.2.1 Surface water flooding 

Surface water flooding occurs when an urban drainage system is exceeded, causing water to 

overflow onto streets and surrounding structures. This process occurs gradually, allowing 

individuals sufficient time to move to safe locations, and the depth of the water rarely exceeds one 

meter. Although it does not pose an immediate threat to lives, it can still result in significant 

economic damage. 

3.2.2.2 Flash floods 

Flash floods are typically caused by a sudden, intense downpour of rain that occurs over a short 

period and typically lasts less than six hours, often in a localized area or on higher ground with 

little to no warning (Miller, 1997). They can also be caused by the sudden release of water from a 

dam or levee upstream. They are generally small in scale but can be accompanied by other events, 

such as river floods and mudslides (Shrestha, Chapagain & Thapa, 2011). Flash floods are 

characterized by rapid onset and high peak discharge (IFM Tool 16, UNESCO and WMO, 2012). 

These types of floods are particularly dangerous due to the combination of the force of the water 

and the debris that is often carried along with it. The resulting damage can be severe and 

widespread (Gruntfest & Handmer, 2001). 

2.1.3.3. Coastal floods 

This type of flooding is caused by tides, surges, and wave overtopping (Gallien, Schubert & 

Sanders, 2011). In addition, severe weather events create meteorological conditions that result in 

storm surges, which are large waves driven by local winds or swelled from distant storms that 

increase average coastal water levels and cause flooding when they reach land (National Oceanic 

and Atmospheric Administration, 2013). Coastal floods are caused by storm surges resulting from 

hurricanes or by a combination of storm surges, high tides, and elevated river discharge, leading 

to backwater effects in river delta areas (UNESCO and WMO, 2012). Additionally, coastal floods 

can also be caused by tsunamis, which are triggered by sudden rises or lowering of the ocean floor 

due to earthquakes or large masses of earth falling or sliding into the water. 



13 | P a g e 
 
 

 

Figure 2. 3: Coastal floods (Adapted from the Zurich Insurance Group) 

2.1.4. Flood Impacts 

Floods continue to have significant direct and indirect repercussions on people, including physical, 

psychological, social, and economic effects on victims, regardless of literary perspectives and 

classification techniques (Yaitskaya & Magaeva, 2022). The most frequent direct effects include 

destroying homes, crops, livestock, agricultural land, loss of life, and forced displacement (Zerihun 

& Befikadu, 2017; Buchenrieder et al., 2021). Posttraumatic/mental illnesses and a rise in the 

prevalence of diseases are examples of indirect impacts. Floods make individuals more vulnerable, 

particularly in developing nations (Percy et al., 2016; Mashebe, 2015), exposing them to other 

shocks that affect their ability to support themselves. Floods can exacerbate poverty by destroying 

property, resulting in clean-up expenses and the loss of resources for sustaining livelihoods, such 

as those associated with forced migration (Bhusal et al., 2021; Balgah & Kimengsi, 2022). 

People who choose not to migrate frequently see their standard of living decline because of place-

based attachment (Mallick & Schanze, 2020), lack of capacity (Bhusal et al., 2021), or information 

asymmetry about the potential consequences of forced environmental migration (Balgah & 

Kimengsi, 2022). Since productive assets, such as cattle and crops, are destroyed by floods, 

economic/financial capital accumulation is negatively impacted directly and indirectly (Suhr & 

Steinert, 2022; Njogu, 2021). Additionally, revenue loss results from the inability to dispose of 

damaged assets. Floods can damage the buildup of human capital, particularly in households that 
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depend on agriculture. For instance, Zerihun and Befikadu (2017) observed that floods in 

northwestern Ethiopia impacted flood victims' human capital through deteriorated health, the 

destruction of educational institutions, and the loss of trained labor. Saleh (2014) and Musah and 

Akai (2014) noted a significant incidence of waterborne illnesses, such as diarrhea, cholera, and 

jaundice, among children and elderly people following floods in Bangladesh and Ghana, 

respectively. Additionally, floods may degrade (fragile) ecosystems and damage endogenous 

social networks, constituting social capital. It has also been noted that when floods destroy social 

networks, they have psycho-traumatic repercussions for those who have lost loved ones, including 

generalized destitution and a sense of sadness (OCHA 2020). 

2.1.4.1. Categorization of flood damage 

Flooding can cause various types of destruction and losses, as described by Messner and Meyer 

(2006) and Messner et al. (2007), such as harm to people, damage to buildings and other 

infrastructure, disruption of public services, and losses in agricultural and industrial production 

(Merz et al., 2010; Messner & Meyer, 2006). Flood damage is generally classified as either direct 

or indirect and further categorized as tangible or intangible, depending on whether it can be 

measured in monetary terms (Merz et al., 2010; Messner & Meyer, 2006; Messner et al., 2007). 

 

Figure 2. 4: Categorization of flood damage 

Source: Merz et al., 2010; Messner & Meyer, 2006; Brémond et al., 2013; Messner et al., 2007 
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2.1.4.1.1. Direct and indirect damage 

Direct damage refers to the immediate and physical effects of floodwaters, such as property 

damage to buildings and residential areas, crop and livestock losses, and health issues, as well as 

the loss of ecological resources (Merz et al., 2010; Messner et al., 2007). On the other hand, 

indirect damage is caused by the disruption of physical and economic connections and other 

factors, such as the closure of factories and businesses due to flooding and the costs associated 

with traffic disruptions and emergency services (Merz et al., 2010; Brémond et al., 2013; Messner 

& Meyer, 2006; Messner et al., 2007). 

2.1.4.1.2. Tangible and intangible damage 

Tangible damage refers to the monetary value of physical damage caused by floods, such as 

damage to buildings, homes, and agricultural land, as well as the loss of production (Merz et al., 

2010; Messner & Meyer, 2006; Messner et al., 2007). On the other hand, intangible damage refers 

to the nonmonetary cost of floods, such as the loss of human life, health issues, and damage to the 

environment and all types of goods and services (Merz et al., 2010; Messner & Meyer, 2006; 

Messner et al., 2007). 

2.2. Flood Risk in Ghana 

Hydrometeorological hazards have consistently been the primary cause of disasters and 

emergencies in Ghana over the past 100 years, with flash floods being a major concern (Ansah et 

al., 2020). These floods frequently occur in urban areas or informal settlements where 

anthropogenic factors exacerbate their impact. The country experiences annual flooding during the 

major rainy season, which affects many parts of the country, particularly the northern region. The 

flat terrain in this region and its loamy clay soil make it prone to water stagnation, while prolonged 

dry spells result in barren soil and high runoff coefficients. The northern region is particularly 

vulnerable to these hazards due to its unique topographic features. 
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Figure 2. 5: Main flood events and affected areas from 2003 to 2019 

According to research conducted by the HKV in the CREW project in 2016, the primary flood-

prone areas in Ghana are mainly located in the Northeast, Savannah, Northern, and Volta regions, 

as indicated in Figure 5a (CREW project, 2015). This finding is consistent with the geographical 

distribution of floods identified by the NADMO using historical data (NADMO 2010). Historical 

records show that floods have significantly impacted the Ashanti, Brong Ahafo, Central, Eastern, 

Greater Accra, Upper East, and Volta Regions, particularly during the periods of May-July and 

September-November. These areas are also expected to remain vulnerable to floods under future 

climate change projections, as illustrated in Figure 5b (CREW Project, 2015) (UNDRR, 2019). 
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Figure 2. 6: National flood hazard map for the current situation (a) and for a future scenario of 

2050 (b)  

Source: CREW project, 2015 

In addition to heavy precipitation, a number of other factors contribute to the occurrence of flood 

disasters in urban areas, including improper land use practices, such as constructing buildings in 

wetlands and waterways, inadequate waste management, and increases in impervious surfaces. 

These issues, coupled with insufficient drainage systems, can lead to problems such as siltation 

and improper sizing. This is particularly true in cities such as Accra, Kumasi, Tema, Cape Coast, 

and Sekondi Takorad (Kusimi, 2018). Furthermore, Ghana is prone to man-made floods, which 

are often caused by dam spillage. During the peak of the rainy season, the authorities in Burkina 

Faso release flows from two large dams, the Bagre and Kompienga dams, into the Oti and White 

Volta River channels. This operation results in the flooding of the surrounding plains, affecting 

the Upper East, Northeast, and Northern Regions. 
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2.3. Flood Risk Mapping and Management 

2.3.1. Flood Hazard 

The Asian Disaster Preparedness Center (ADPC) (quoted from Kafle and Murshed, 2006) defines 

a hazard as "an event or incident that has the possibility of causing injuries to life and damage 

property and the environment." The UN-ISDR (2004) proposed probability, specific period of 

time, specific location, and intensity as the four factors that define hazards. Flood hazards can be 

quantified by the likelihood of their detrimental values occurring, also known as flood risk, or by 

their social impact, which is generally characterized as the loss of life and material social damage. 

According to the United Nations International Strategy for Disaster Reduction (UNISDR, 2009), 

a hazard is a dangerous phenomenon, substance, human activity, or condition that can result in 

death, injury, or other health consequences; property damage; loss of livelihood and services; 

social and economic disruption; or environmental damage. 

2.3.2. Flood Vulnerability 

According to Adger (2006), vulnerability is typically characterized in negative terms as the 

susceptibility to harm. Gallopin (2006) defined flood vulnerability as the degree of sensitivity to 

damage from hazardous water-related occurrences. According to the Asian Disaster Preparedness 

Center (ADPC) (quoted by Kafle and Murshed, 2006), vulnerability refers to situations that limit 

people's ability to prepare for, tolerate, or respond to hazards. Pelling (2003) characterized 

vulnerability as the exposure to risk and the inability to mitigate or endure potential harm. He 

identified three components of vulnerability: physical vulnerability, which is the susceptibility of 

the environment; social vulnerability, which is experienced by individuals and their social, 

economic, and political systems; and human vulnerability, which is the combination of physical 

and social vulnerability. In the realm of disaster risk management, vulnerability serves as the most 

concrete representation of the social construction of risk (IPCC, 2012). It is a reflection of the 

potential for loss (Mitchell, 2000; Thywissen, 2006), which is determined by factors such as the 

economy, livelihoods, support infrastructure, and the community's ability to cope with a hazardous 

event. Flood vulnerability mapping is a process that assesses the level of susceptibility and 

exposure to flooding. This takes into account the quantitative and qualitative impacts that people, 
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goods, and socioeconomic activities may experience as a result of natural hazards. It is a critical 

factor in determining whether exposure to a hazard constitutes a risk, as identified by Ouma and 

Tateishi (2014). Flood vulnerability mapping is a process that assesses the level of susceptibility 

and exposure to flooding. This takes into account the quantitative and qualitative impacts that 

people, goods, and socioeconomic activities may experience as a result of natural hazards. It is a 

critical factor in determining whether exposure to a hazard constitutes a risk, as identified by Ouma 

and Tateishi (2014). 

2.3.3. Flood Risk 

The United Nations Office for Disaster Risk Reduction (UNDRR) defines risk as the product of 

hazard, exposure, and vulnerability (UNDRR, 2019). Proper flood risk assessment requires the 

identification of flood hazards, exposed elements, and their level of vulnerability (Kron, 2005). 

Risk is considered a function of the hazard event and the vulnerability of the exposed elements 

(Birkmann, 2007). The risk associated with the exposure of large populations and economic 

activities to intense hazard events can lead to catastrophic disaster impacts, involving high 

mortality and asset loss. Flood risk is the result of the combination of two components, hazard and 

vulnerability (Ouma and Tateishi, 2014), and it is also a product of three major elements: exposure 

to hazards, the frequency or severity of the hazard, and vulnerability (Birkmann, 2007). 

2.3.4. The Role of Flood Maps in Integrated Flood Management 

Flood maps facilitate the implementation of multidisciplinary and participatory decision-making 

principles to deliver integrated and sustainable flood management solutions (WMO, 2013). Flood 

hazard and risk maps, along with related products, offer valuable evidence to support the 

development of flood management plans and future investment decisions (WMO, 2008b). 

Additionally, as part of the flood emergency response, flood hazard and risk maps are crucial for 

decision-making related to evacuation and shelter, search and rescue, and other flood-reduction 

activities (WMO, 2011a, 2011b, 2012). Flood hazard maps and flood risk maps are valuable 

resources in flood management because they help to identify areas at risk of flooding and provide 

information on the potential consequences of flood events (Crawford et al., 2018; Penning-Rowsell 

& Becker, 2019). A flood hazard map displays the extent and depth of inundation during major 
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flood events, while a flood risk map provides detailed information on the potential impacts of 

flooding, such as the number of people affected, physical damage, and economic loss (Dottori et 

al., 2018; Wedawatta et al., 2014). In addition to their practical uses, flood maps can also be 

effective tools for building community awareness and empowering individuals to take action to 

protect themselves from flood risks (Mudashiru et al, 2021). By providing information on flood 

hazards and flood zones, maps can help to mitigate the negative effects of flooding by estimating 

flood characteristics such as depth, velocity, and frequency (Mudashiru et al, 2021; Baghel, 2018). 

2.3.5 Methodologies Used in Flood Risk Analysis 

2.3.5.1 Historical Approach 

The historical method primarily entails collecting accounts from news articles, reports, and 

publications regarding flood incidents, their extent, and the damage they inflict on both life and 

property as reported by the media. Additionally, images from flood events, such as satellite images 

and maps, can be utilized to assess the extent of flooding and estimate damage within a specific 

area. However, this information may not be entirely reliable because it may not cover the entire 

affected region, resulting in insufficient and sometimes unreliable information (Sayers et al., 

2013). A similar study employing historical data was carried out in Uganda by Wagemaker and 

Jjemba (2015) for the period 2001ï2015. The researchers utilized newspaper reports as a data 

source to map flood-prone areas and assess the preparedness measures put in place, leading to the 

creation of flood hazard maps for selected districts in Uganda. 

2.3.5.2 Geomorphological Approach 

The geomorphological method involves using flood extents and water height markings from past 

floods to acquire information about floods. This method is typically data- and time-intensive, as it 

requires a long-term series of data on flooding patterns and changes in the riverbed and 

surrounding flood plains. Fernández-Lavado et al. (2007) utilized information gathered from 

sedimentation and erosion, alluvial fans, and stream channel characteristics to map floods in the 

Jucuaran. The gathered information was combined with the images and local knowledge. 
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2.3.5.3 Modeling Approach 

Modeling approaches entail simulating various flood magnitudes by integrating GIS, RS, 

hydraulic, and hydrological data. The most popular approaches in natural hazard modeling are 

frequency ratio (FR) (Pradhan et al. 2011; Lee et al. 2012; Tehrany et al. 2015), analytical 

hierarchy process (AHP) (Yalcin 2008; Stefanidis & Stathis 2013; Papaioannou et al. 2015), fuzzy 

logic (Pradhan 2011; Perera and Lahat 2014), logistic regression (LR) (Pradhan 2010; Tehrany et 

al. 2014a), artificial neural networks (ANNs) (Varoonchotikul 2003; Kia et al. 2012; Lohani et 

al. 2014) and weights of evidence (WoE) (Dahal et al. 2008; Tehrany et al. 2014c). Multicriteria 

decision analysis (MCDA), which often involves incommensurable data or criteria, has been 

recognized as an important tool for analyzing complex decision problems (Hwang & Lin 1987; 

Malczewski 2006). MCDA methods could be employed to integrate technical, environmental, and 

socioeconomic objectives to achieve an optimal decision (Ghanbarpour et al. 2013). Coupled 

MCDA-GIS approaches have been employed in spatial modeling and natural hazard analysis 

(Malczewski 2006; Scheuer et al. 2011; Paquette & Lowry 2012; Solín 2012). Different studies 

have demonstrated that these techniques can be used for generating hazard maps (Emmanouloudis 

et al. 2008; Sinha et al. 2008; Lim & Lee 2009; Akgun & Turk 2010; Kritikos & Davies 2011; Bui 

et al. 2015). AHP (Saaty 1980) is a popular technique in the field of multicriteria decision-making 

(Rozos et al. 2011; Pourghasemi et al. 2012). One of the important problems of the AHP method 

is the need to exploit expertsô knowledge in assigning weights, which can be considered a source 

of bias. However, the main aim of disaster management is to develop a transferable methodology 

that can be used globally (Tehrany et al. 2014a). The efficiency of GIS and MCDA was assessed 

by Fernández and Lutz (2010) to map the flood-susceptible areas in Tucumán Province, Argentina. 

Their study indicated that the AHP technique within a GIS environment is a powerful method for 

generating flood hazard maps with a good degree of accuracy. Subramanian and Ramanathan 

(2012) stated that the AHP method is suitable for regional studies. Moreover, Zou et al. (2013) 

described AHP as an understandable, cost-effective, and convenient method for flood risk 

assessment. 
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CHAPTER THREE  

STUDY METHODOLOGY  

3.1. Study Area 

The Komenda Edina Eguafo Abirem Municipality is situated between longitude 10 20ô West and 

10 40ô West and latitude 50 05ô North and 150 North. It is bordered by the Atlantic Ocean (Gulf 

of Guinea) to the south, the Cape Coast Municipality to the east, the Twifo Hemang Lower 

Denkyira district to the north, and the MpohorïWassa East district in the Western Region to the 

west. The municipality covers an area of 452.5 square kilometers and has a population density of 

319.8 persons per square kilometer. 

 

Figure 3. 1: KEEA study area map 
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Source: Authorôs Construct, 2024 

 

Figure 3. 2: Population growth of the KEEA Municipality 

Source: Municipal Department of Statistics, 2014 

3.1.1. Relief, topography and drainage 

The coastal region is characterized by a series of lagoons and wetlands, with the largest lagoons 

being Benya, Brenu, Susu, Abrobi, and Ankwanda Lagoons. These lagoons play a crucial role in 

supporting the thriving salt industry. The inland areas are marked by steep slopes and hills, while 

valleys filled with various streams can be found between the hills. These streams serve as drainage 

systems for coastal lagoons and the Atlantic Ocean. 
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Figure 3. 3: Morphological features for KEEA 

Source: Asiedu, 2023 

3.1.2. Geology, Soil and Vegetation 

The primary rock type in the Municipality is primarily composed of schist and granites, as well 

as pegmatite, which cover a significant portion of the area. The hills are covered with sandy clay, 

while the valleys are composed of gravel and sand. The vegetation is determined by the rainfall 

patterns, with coastal areas featuring shrubs, grasses, and scattered trees, while the interior areas 

have secondary forests. 

3.1.3. Climate 

The coastal region of the municipality is part of the irregular coastal zone of Ghana. Unlike the 

interior areas, it receives less rainfall. The climate in coastal areas is typically hot, and rainfall is 

the primary determinant of the variability in climate and vegetation. The annual rainfall in the 

coastal locations ranges from 750 mm to 1000 mm, while in the interior, it ranges from 1200 mm 

to 1500 mm, with a double-maximum rainfall pattern. 
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Figure 3. 4 a) Annual rainfall trend (1990ï2022); b) average monthly rainfall; c) monthly rainfall 

trend (1990ï2022); d) monthly rainfall trend for May and June (1990ï2022). 

Source: Authorôs Construct, 2024 

Series\Test Kendall's tau p-value Sen's slope 

Annual Rainfall  0.097 0.438 2.738 

Table 3. 1: Mann-Kendall and Senôs Slope Trend Analysis for Annual Rainfall [Figure 3.4 (a)] 

Source : Authorôs Construct, 2024 

The observed trend analysis of annual rainfall patterns in the Municipality indicates a significant 

increase over time, as evidenced by positive values for both Kendallôs tau (Z) and Senôs Slope. 

This suggests a rising trend in torrential rainfall, which serves as a primary driver of flooding in 

the area, particularly in KEEA. Such trends have substantial implications for the region's 

hydrological and ecological systems, necessitating comprehensive mitigation and adaptation 

planning to address the heightened risk of flooding and its associated impacts on communities, 

infrastructure, and the environment. 
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3.2 Data and Methods 

3.2.1 Selection of Flood Predictive Factors 

The selection of factors is a crucial step in predictive mapping (Costache & Tien Bui, 2019). 

Variables play a vital role in identifying and demarcating flood-prone areas in any region (Malik 

et al., 2020). In this study, an examination of recent research papers was conducted to analyze and 

choose the commonly utilized predicting factors for flood risk mapping based on the physical and 

natural properties of the study area. As a result of this review, eight hazard factors were chosen: 

elevation (DEM), slope (Sl), distance to rivers (DR), drainage density (DD), soil class (So), 

geology (G), topographic wetness index (TWI), and rainfall (R). Conversely, six factors were 

selected for vulnerability, namely, land use and land cover (LULC), total population (TP), 

population density (Pd), distance to roads (Dro), global human settlement (GHS) built-area extent, 

and distance to health facilities (DH). These layers were converted into raster format and 

reclassified using the óReclassifyô command under the óSpatial Analyst Toolsô function in ArcGIS 

Pro. 
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Data Data Source Format Software/Tool Application 

Digital Elevation 

Model (DEM) (12.5 

m) 

ALOS PALSAR ï ALASKA Earth 

Data vertex 

https://search.asf.alaska.edu/# 

GeoTiff ArcGIS Pro Extraction of 

Elevation, Slope, 

TWI, Drainage 

Density, Distance 

to River 

Sentinel-1 SAR ALASKA Earth Data vertex 

https://search.asf.alaska.edu/# 

 

GeoTiff SNAP Delineation and 

extraction of 

flood extent 

(inundation) 

Population data Statistics Department of KEEA 

Municipal Assembly 

Excel ArcGIS Pro Total Population, 

and Population 

Density 

Digital lithology and 

soil map of Ghana 

Geoscience Lab Landscape Portal 

http://landscapeportal.org/ 

GeoTiff ArcGIS Pro Soil and Geology 

map 

PERSIANN PDIR-

Now 

Center for Hydrometeorology and 

Remote Sensing (CHRS) 

CHRS Data Portal (uci.edu) 

GeoTiff ArcGIS Pro Rainfall map 

Health facilities 

Road 

OpenStreetMap Retrieved from: 

(www.openstreetmap.org) 

Shapefile

/vector 

ArcGIS Pro Distance to road 

Distance to health 

facilities 

GHS-Built 

Settlement Layer 

GHSL - Global Human Settlement 

Layer 

https://ghsl.jrc.ec.europa.eu/ 

GeoTiff ArcGIS Pro GHS-Built 

Settlement extent 

Flood Inventory National Disaster Management 

Organization (NADMO) - KEEA 

Excel ArcGIS Pro Flood risk model 

validation 

Flood impacts Primary data (field survey) Excel Microsoft Excel Evaluation of 

community flood 

effects 

Table 3. 2: Data and data sources used in the study 

Source: Authorôs Construct, 2024 

https://chrsdata.eng.uci.edu/


28 | P a g e 
 
 

 

Figure 3. 5: General flowchart outlining the methodology of the research process 

Source: Authorôs Construct, 2024 

3.2.2 Flood Hazard Conditioning Factors 

3.2.2.1 Elevation 

Elevation plays a significant role in flood research, as indicated in various studies (Malik et al., 

2020). Different topographical characteristics, such as slope, aspect, profile, plan curvature, and 
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TWI, are derived from elevation data. Typically, areas at lower elevations are more prone to 

flooding due to greater river discharge and increased vulnerability to high water flow (Lee and 

Rezaie, 2022; Zzaman et al., 2021). Gravity facilitates smooth water flow from high- to lowland 

regions, while low-lying plains experience prolonged water stagnation, which contributes to 

flooding (Tehrany et al., 2014; Das, 2019). The availability of global DEMs has enhanced flood 

studies in data-scarce regions; however, their resolution and vertical accuracy present challenges 

for precise flood hazard assessments. Therefore, the selection of a DEM with high accuracy is 

crucial. Following a thorough evaluation of various open-access DEMs, the ALOS PALSAR DEM 

was selected because of its superior resolution. This DEM was processed using ArcGIS Pro and 

categorized into five classes using the Jenks natural break method. Figure 4.6 illustrates the 

reclassified elevation model. 

3.2.2.2 Slope 

Slope plays a crucial role in determining water accumulation and percolation rates, as it influences 

the movement of water from higher to lower altitudes. The degree of surface runoff and infiltration 

is directly impacted by the slope, with flooding being more prone to occur swiftly in low-lying flat 

regions than in steeply sloped areas at higher elevations (Hong et al., 2018). A decrease in slope 

results in a reduction in the velocity of surface water flow, leading to increased water retention on 

land and an elevated risk of flooding (Astutik et al., 2021; Das and Gupta, 2021; Zzaman et al., 

2021). In this study, slope data derived from a digital elevation model (DEM) were categorized 

into five classes, as illustrated in Figure 4.2. 

3.2.2.3 Drainage density 

Drainage density, defined as the ratio of total stream length to area size, is a significant factor 

influencing runoff concentration time and thereby plays a crucial role in determining flow 

accumulation pathways and the likelihood of flooding (Schmitt et al., 2004; Zzaman et al., 2021). 

When the drainage density is high, runoff rates become particularly critical, increasing the 

potential for flooding incidents (Mitra & Das, 2022). Consequently, areas with higher drainage 

densities face greater surface runoff levels and are more susceptible to flooding events 

(Abdelkarim et al., 2020; Das and Gupta, 2021; Lee and Rezaie, 2022). In this study, drainage 



30 | P a g e 
 
 

density calculations were conducted in ArcGIS Pro using the Spatial Analyst Tool Line Density, 

followed by classification into five distinct groups, as depicted in Figure 4.1. 

3.2.2.4 Distance to river 

Distance to rivers significantly increases the risk of flood inundation compared with areas located 

farther away, as excess water from rivers initially inundates along their banks and adjacent low-

lying regions (Mahmoud and Gan, 2018). This heightened risk is attributed to the fact that with 

increasing distance from rivers, both slope and elevation tend to increase (Lee and Rezaie, 2022; 

Zzaman et al., 2021). Numerous studies have confirmed that areas near rivers are particularly prone 

to flooding, primarily because of the accumulation of heavy runoff in the drainage system, 

especially following intense precipitation events, often surpassing the stream capacity threshold 

(Rahmati et al., 2016; Ghosh and Kar, 2018; Bui et al., 2019). To quantify this relationship, the 

distance from the river was calculated in ArcGIS Pro using the river network derived from the 

digital elevation model (DEM). Subsequently, the distance to the river raster, with values measured 

in meters, was generated using the Euclidean distance tool and classified into five distinct classes, 

as illustrated in Figure 4.5. 

3.2.2.5 Rainfall 

Rainfall is an indispensable factor in assessing flood susceptibility given its pivotal role in flood 

occurrence. Excessive or prolonged heavy rainfall leads to significant runoff, resulting in flood 

inundation (Allafta and Opp 2021). Flood incidents are directly influenced by the intensity and 

duration of rainfall, with higher rainfall correlating with increased flood risk (Zhao et al., 2018; 

Mirzaei et al., 2020). River overflow, a consequence of rainfall, is a primary cause of flooding. 

Consequently, intense rainfall contributes to severe flooding, whereas lighter rainfall results in less 

severe flooding. To obtain the rainfall map, this study utilized the Precipitation Estimation from 

Remotely Sensed Information using Artificial Neural Networks - Dynamic Infrared Rain Rate near 

real-time (PERSIANN PDIR-Now) developed by the Center for Hydrometeorology and Remote 

Sensing (CHRS), which offers global high-resolution (0.04° × 0.04° or = 4 km × 4 km) data. 

Rainfall interpolation was performed using the kriging method because of the sparse distribution 

of the point data. Kriging interpolation leverages spatial correlations between data points to 
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generate a continuous surface representation of rainfall distribution (Environmental Systems 

Research Institute, 2004). Figure 4.4 illustrates the classified rainfall map. 

3.2.2.6 Soil 

The infiltration process is heavily influenced by soil characteristics. Soils with finer textures 

impede infiltration and promote surface runoff, rendering areas with such soil types more prone to 

flooding than those with coarser textures (Allafta and Opp, 2021; Hagos et al., 2022). Soil 

composition plays a crucial role in determining both the absorption capacity and intensity of 

runoff, thereby governing flood levels (Souissi et al., 2019; Malik et al., 2020). For instance, soils 

composed of fine particles such as silt and clay exhibit limited transmission capacity and 

permeability, leading to increased runoff and increased susceptibility to flooding (Arya and Singh, 

2021). Conversely, sandy soils characterized by larger pore spaces facilitate infiltration and reduce 

surface runoff (Ibrahim-Bathis and Ahmed, 2016; Das, 2019, 2020). The soil data for the study 

area were acquired from the Geoscience Lab Landscape Portal and processed using ArcGIS to 

generate the soil map illustrated in Figure 4.3. 

3.2.2.7 Geology 

The correlation between local geological characteristics and flood occurrences is significant 

because of their influence on permeability, porosity, and infiltration rates. Impermeable rock types 

exacerbate surface runoff, thereby increasing the likelihood of flooding (Kazakis et al. 2015; Das 

2019). Additionally, research suggests that understanding flood susceptibility involves assessing 

geological features, as they dictate runoff dynamics, affect drainage systems, and regulate 

hydrological processes (Malik et al., 2020; El-Magd et al., 2021). Porous geological formations, 

such as coarse sand and conglomerates, facilitate rainwater infiltration and, consequently, mitigate 

flood risks. Conversely, impermeable deposits, such as marl, clay, and gypsum, increase runoff 

rates, thus increasing the potential for flooding (Celik et al., 2012). The geological data utilized in 

this study were sourced from the Geoscience Lab Landscape Portal's lithological map of Ghana 

and processed using ArcGIS to generate the geological map for the KEEA region, as illustrated in 

Figure 4.8. 
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3.2.2.8 Topographic wetness index (TWI) 

Many researchers have examined the significance of the topographic wetness index (TWI), also 

referred to as the compound topographic index (CPI), in flood analyses because the TWI gauges 

the propensity of an area to accumulate water, thereby governing the spatial distribution and 

dissipation of surface runoff (Samanta et al., 2018). Previous studies have indicated a direct 

relationship between the TWI and flood vulnerability (Malik et al., 2020; Wang et al., 2019). 

According to Das (2020), the TWI is a crucial parameter that conveys vital insights into the 

hydrogeomorphological regulation of landscapes. The TWI was computed in ArcGIS using the 

Raster Calculator, employing the equation where As denotes the specific catchment area (m²m¹) 

and ‍ represents the slope in degrees. 

                                                  ὝὡὍὍὲ
  

                                                             (3.1) 

Areas with high TWI values tend to accumulate water and are characterized by large contributing 

drainage areas and gentle slope angles. Conversely, low TWI values are associated with well-

drained arid regions characterized by steep slopes (Mattivi et al., 2019). In this study, the TWI 

values were categorized into five distinct classes (Figure 4.7). 

3.2.3 Flood Vulnerability Factors 

3.2.3.1 Land use/land cover 

The LULC plays a critical role in determining surface runoff and flood risk in a catchment (Areu-

Rangel et al. 2019). It influences the infiltration rate, the relationship between the surface and 

groundwater (Kazakis et al. 2015), evapotranspiration, and runoff generation (Das 2019). Water 

bodies are highly susceptible to flooding hazards (Ogato et al. 2020), and impervious land cover 

reduces infiltration capacity and increases runoff, contributing significantly to total runoff. 

Urbanization leads to a decrease in lag time and an increase in peak and total discharge, increasing 

the risk of flooding in urban areas. Bare lands are moderately susceptible to flooding due to the 

impact of rainfall on bare soil, resulting in a reduced infiltration rate and hydraulic conductivity 

(Price et al. 2010; Owuor et al. 2016). On the other hand, vegetated land cover is less vulnerable 

to flooding due to the negative relationship between vegetation density and flooding (Keesstra et 
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al. 2018). Connectivity is low in shrublands because of their relatively high roughness and 

infiltration rates, resulting in low runoff coefficients and consequently low flood susceptibility 

(Cerda et al. 2017). In this research, the Esri Land Cover 2020 data were acquired from the Living 

Atlas and processed. This open-source dataset is a ten-class global LULC map for the year 2022 

at a 10-meter resolution derived from ESA Sentinel-2 imagery. The most common land use types 

within the study area are dense vegetation, farm and farmland, settlement area, and water bodies, 

as illustrated in Figure 4.11. 

3.2.3.2 Distance to roads 

The distance to roads is considered a significant vulnerability indicator in flood-prone areas. 

Highways are often affected by heavy rain, leading to severe connectivity issues (Das, 2020). 

During flood incidents, major roads, particularly national and state highways, play a crucial role 

in facilitating relief efforts (Ghosh & Kar, 2018). Hence, in this study, a greater distance from 

roads indicates a greater flood risk. The final map was classified in ArcGIS Pro, as illustrated in 

Figure 4.12. 

3.2.3.3 Population density 

Population density is a key factor that influences vulnerability to natural hazards. Regions with 

higher population densities are at greater risk of casualties and collateral damage during disasters 

(Ngo et al., 2018; Das, 2020). Vulnerability is heightened in areas with poor living conditions, 

such as overcrowding, malnourishment, and limited access to healthcare services (Chakraborty & 

Mukhopadhyay, 2019). This is because densely populated areas expose more people to hazards. 

The population density was retrieved from the Department of Statistics and reclassified into five 

distinctive classes, as illustrated in Figure 4.14. 

3.2.3.4 Distance to hospital 

Access to medical services is crucial following flood hazards. An effective response requires 

sufficient hospital beds and trained personnel (Chen et al. 2013). Therefore, both governmental 

and private medical institutions are considered in flood vulnerability analysis, where greater 

distances from hospitals signify greater vulnerability. The health facility layout of the municipality 
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was retrieved from an open street map, and the Euclidean distance tool in ArcGIS Pro was used to 

calculate the distance. The results were classified into five classes, as shown in Figure 4.13 

3.2.3.5 Total population 

The total population is a critical factor in determining flood vulnerability because population 

growth exacerbates environmental vulnerability (Ghosh et al., 2023). Moreover, developing 

nations and third-party countries often face hazards and disasters due to excessive population 

stress. As a result, the total population of the municipality was considered in the study. The total 

population data were retrieved from the Department of Statistics for the various communities in 

the municipality and interpolated in ArcGIS Pro. The results were classified into five distinctive 

classes, as shown in Figure 4.10. 

3.2.3.6 Global human settlement built -up area extent 

The extent of global human settlement built-up areas significantly impacts flood vulnerability. 

Urban expansion into natural flood retention zones, such as agricultural and grassland areas, poses 

challenges for flood water management (Malinowski et al., 2015). The proliferation of impervious 

surfaces in urban areas, such as asphalt, concrete, and bricks, increases surface and subsurface 

runoff, increasing the likelihood of flooding (Chen et al., 2015). The built-up area extent for the 

study area was extracted from the GHS for Ghana and classified into five classes, as shown in 

Figure 4.15 

3.2.4 Multi-Criteria Decision Analysis 

Multicriteria decision analysis (MCDA), which often involves incommensurable data or criteria, 

has been recognized as an important tool for analyzing complex decision problems 

(Malczewski 2006). MCDA methods could be employed to integrate technical, environmental, and 

socioeconomic objectives to achieve an optimal decision (Ghanbarpour et al. 2013). There are 

several weight estimation techniques under MCDA, but among these, the analytic hierarchy 

process (AHP) is considered a promising technique for flood risk assessment that can produce 

rapid, reliable, and cost-effective performance (Ghosh and Kar 2018; Souissi et al. 2019; 

Hammami et al. 2019; Dano et al. 2019; Saha and Agrawal 2020; Das 2020). This thesis employed 

the AHP model to assign the weights of both hazard and vulnerability indicators. 
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Figure 3. 6: Methodological flowchart of the flood risk assessment (AHP and FAHP) 

Source: Authorôs Construct, 2024 
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3.2.4.1 Analytic hierarchy process (AHP) approach 

This study focused on gathering remote sensing and GIS data to create a flood risk map. Ten key 

factors were identified to develop the flood risk map. These factors were analyzed using the AHP 

technique, which involved assigning normalized weights to the thematic maps to evaluate the flood 

risk map for the study area. Importantly, the implementation of the AHP requires specialized 

expertise, robust evidence, and a thorough evaluation of matrix consistency, as emphasized by 

Riad et al. (2011), Awawdeh et al. (2014), and Saaty (2014). The approach to implementing the 

AHP method was similar to that of Ghosh and Kar (2018), which involved the selected flooding 

hazard factors, assigned relative scores, constructed a pairwise comparison matrix, and assessed 

matrix consistency. 

Strength of importance Explanation 

1 Equal significance 

3 Medium significance 

5 Strong 

7 Very strong significance 

9 Maximum significance 

2, 4, 6, and 8 Intermediate between two adjacent values 

Table 3. 3: The 1ï9 scale of factor importance  

Source: Adapted from: Saaty 1980a 

3.2.4.2 Pairwise comparison matrix 

The experts investigated in the current study were hydrologists, remote sensing experts, and 

disaster reductionists from the Municipal National Disaster Management Organization as well as 

urban planners. A table questionnaire was sent to each expert for collecting risk judgments in flood 

risk evaluation. The table consists of the eight flood causative parameters for hazard (i.e., rainfall, 

lithology, drainage density, DEM, TWI, slope, soil, and distance to the river) and six vulnerability 

factors (total population, population density, LULC, distance to roads, GHS built area, and 

distance to healthy facilities). The expert is asked to pick one parameter (e.g., rainfall) and compare 

it with the other parameters one by one (which parameter is more important? And how much is 
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the importance according to Saatyôs 1ï9 scale (Table 3.2)? and so on for the rest of the parameters 

(Goepel, 2013). These tables were then incorporated into an Excel template established by Goepel 

(2013) (https://bpmsg.com/new-ahp-excel-templatewith-multiple-inputs/). This template 

automatically creates (8 *8) and (6*6) pairwise comparison matrices for AHP-based flood hazard 

and vulnerability mapping, respectively (Table 3.4 & 3.5). 

 

 Rf DR DE

M 

Sl DD TWI  So Ge Sum Eigen

vecto

rs 

Normalized 

principal 

Eigenvecto

r  

Rf 1 1.5 1.78 2 2.25 1.5 2.5 2.67 15.2 0.19 19% 

DR 0.67 1 1.5 2.14 2 1.25 1.67 2.5 12.73 0.16 16% 

DEM 0.88 0.67 1 1 1.5 1.17 1.56 3 10.78 0.145 14.5% 

Sl 0.5 0.88 1 1 1.5 1.75 1.44 2.5 10.57 0.14 14% 

DD 0.44 0.5 0.67 0.67 1 1.75 1.44 2.17 8.64 0.117 11.7% 

TWI  0.67 0.8 0.86 0.57 0.57 1 1.33 2 7.8 0.105 10.5% 

So 0.58 0.6 0.67 0.67 0.67 0.75 1 1.5 6.44 0.087 8.7% 

Ge 0.38 0.4 0.33 0.4 0.5 0.5 0.67 1 4.18 0.056 5.6% 

Sum 5.12 6.35 7.81 8.45 9.49 9.67 11.6

1 

17.3 76.3 1 100% 

Table 3. 4: Pairwise comparison matrix of flood hazard parameter (Authorôs Construct, 2024) 

 Lu GHS-

Built area 

Pd Tp Dr  Dh Normalized 

Principal 

Eigenvector 

Lu 1 2 2 2 3 4 32% 

Bm 1/2 1 3 2 3 3 24% 

Pd 1/2 1/3 1 2 4 3 14% 

Tp 1/2 1/2 1/2 1 2 4 16% 

Dr 1/3 1/3 1/4 1/2 1 2 9% 

Dh 1/4 1/3 1/3 1/4 1/2 1 5% 

Sum 2.66 5.91 9.83 5.85 12.5 16 100% 

Table 3. 5: Pairwise comparison matrix of flood vulnerability parameters 

Source: Authorôs Construct, 2024 



38 | P a g e 
 
 

3.2.4.3 Assessing matrix consistency 

The principal eigenvalue (ɚmax) indicates the matrix deviation from consistency (Brunelli 2015). 

A pairwise matrix is consistent only when ɚmax is equal to or greater than the number of 

parameters investigated (eight parameters in the current study); otherwise, a new matrix should be 

generated (Saaty 1980a, 1980b). We achieved the ɚmax in Table 6 by the summation of products 

of the sum of parameter columns in the pairwise matrix in Tables 3.3 & 3.4 and the eigenvectors 

in the same tables. A principal eigenvalue of 8.41 for an 8*8 matrix was achieved and applied to 

calculate the consistency measure. 

 Column sums in row 8 of 

table 1 (1) 

Eigenvectors in table 1 

(2) 

Parameter rank 

(1)*(2) 

Rf 5.12 0.19 0.97 

DR 6.35 0.16 1.016 

DEM 7.81 0.145 1.132 

Sl 8.45 0.14 1.183 

DD 9.49 0.117 1.110 

TW 9.67 0.105 1.015 

So 11.61 0.087 1.01 

Ge 17.34 0.056 0.971 

Sum (ɚmax)   8.41 

Table 3. 6: Calculation of the influence of the principal eigenvalue (ɚmax) on the rank hazard 

parameters (Authorôs Construct, 2024) 

 Column sums in row 8 

of table 1 (1) 

Eigenvectors in table 1 

(2) 

Parameter rank 

(1)*(2) 

Lu 2.66 0.32 0.85 

GHS-Built 

area 

5.91 0.24 1.36 

Tp 9.83 0.16 1.38 

Pd 5.85 0.14 0.936 

Dr 12.5 0.9 1.125 

Dh 16 0.05 0.80 

Sum (ɚmax)   6.45 

Table 3. 7: Calculation of the influence of the principal eigenvalue (ɚmax) on the ranking of 

vulnerability parameters 

Source: Authorôs Construct, 2024 
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The consistency of the normalized weight was checked by calculating the consistency ratio 

(Machiwal et al. 2015). The assigned weights are considered consistent only when the consistency 

ratio is equal to or smaller than 10%; otherwise, these weights should be re-evaluated to reduce 

inconsistency (Saaty 1990). According to Saaty (1980b), the calculation of the consistency ratio 

requires computing the consistency index (CI): 

                                                                    ὅὍ
 

                                                           (3.3) 

where ɚmax represents the principal eigenvalue and n denotes the number of thematic layers. 

Hence, the CI in the present study equals: 

                                                                              ὅὙ                                                         (3.4) 

The consistency ratio (CR) was calculated using the following equation, where RI denotes the 

random index, which is listed in Table 5 for various n parameters. In the present study, the RI was 

1.41 for the eight hazard factors and 1.24 for the six vulnerability factors. 

 

N 3 4 5 6 7 8 9 10 

RI 0.58 0.89 1.12 1.24 1.32 1.41 1.45 1.49 

Table 3. 8: Saatyôs ratio index for different n values  

Source: Saaty 1980a. 

3.2.3.3.1 Consistency Ratio for Hazard Parameters 

Consistency Index (CI) = (8.41 ï 8)/(8 ï 1) 

CI = 0.06 and RI (see Table 3.7) = 1.41 

Thus, the consistency ratio (CR) = CI/RI = 0.06/1.41 

Consistency ratio = 0.04 = 4% 

A CR of 4% (less than 10%) is acceptable for performing weighted overlay calculations to 

incorporate weighted parameters for flood hazard zoning. 
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3.2.3.3.2 Consistency ratio  for vulnerability parameters 

Consistency Index (CI) = (6.45 ï 6)/(6 ï 1) 

CI = 0.09 and RI (see Table 3.7) = 1.24 

Thus, the consistency ratio (CR) = CI/RI = 0.09/1.24 

Consistency ratio = 0.07 = 7% 

A CR of 7% (less than 10%) is acceptable for performing weighted overlay calculations to 

incorporate the weighted parameters for flood vulnerability zoning. 

3.2.4.1 Fuzzy Analytic Hierarchy Process (FAHP) 

The Fuzzy Analytic Hierarchy Process (FAHP) emerged as an extension of the conventional 

Analytic Hierarchy Process (AHP), pioneered by Laarhoven and Pedrycz (1983), to address 

uncertainties inherent in human preferences within decision-making processes. Unlike traditional 

AHP, which relies on crisp values for expert judgments, FAHP incorporates vagueness in personal 

judgments by utilizing triangular fuzzy numbers (TFNs) to replace crisp values in decision 

matrices. Each entry in the AHP matrix is substituted with three values - low, middle, and upper - 

denoted as l, m, and u respectively. This adaptation allows for a more nuanced representation of 

expert opinions, mitigating the impact of imprecise judgments on the effectiveness of the AHP 

method (Chaudhry et al., 2019). Derived from Saaty's AHP framework, FAHP serves as a 

dependable approach for modeling decision-making uncertainties stemming from the preferences 

of decision makers (Chaudhry et al., 2019). This methodological advancement has found 

application in tackling complex decision-making problems, leveraging statistical techniques to 

enhance the decision-making process (Lee et al., 2017). Calculation and analysis were done by 

combining the AHP method and fuzzy together using the pair-wise comparison method of AHP 

with triangular fuzzy numbers (TFNs). The FAHP matrix was derived from Tale 3.4 and 3.5 
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 Rf Dr DEM Sl DD TWI So Ge FAHP 

Weight 

Rf (1, 1, 1) (1, 1.5, 3) (1, 1.14, 

1.33) 

(1, 2, 3) (1.8, 

2.25, 3) 

(1, 1.5, 

3) 

(1.67, 

2.5, 5) 

(2, 2.67, 

4) 

0.202 

Dr (0.33, 

0.67, 1) 

(1, 1, 1) (1, 1.5, 

3) 

(1, 1.14, 

1.33) 

(1, 2, 3) (1, 1.25, 

1.67) 

(1.25, 

1.67, 2.5) 

(1.67, 

2.5, 5) 

0.16 

DEM (0.75, 

0.88, 1) 

(0.33, 0.67, 

1) 

(1, 1, 1) (1, 1, 1) (1, 1.5 3) (1, 1.17, 

1.5) 

(1.4, 

1.56, 

1.75) 

(2, 3, 4) 0.143 

Sl (0.33, 

0.5, 1) 

(0.75, 0.88, 

1) 

(1, 1, 1) (1, 1, 1) (1, 1.5 3) (1.4, 

1.75, 

2.33) 

(1.3, 

1.44, 

1.63) 

(1.67, 

2.5, 5) 

0.14 

DD (0.33, 

0.44, 

0.85) 

(0.33, 0.5, 

1) 

(0.33, 

0.67, 1) 

(0.33, 

0.67, 1) 

(1, 1, 1) (1.4, 

1.75, 

2.33) 

(1.3, 

1.44, 

1.63) 

(1.86, 

2.17, 2.6) 

0.109 

TWI (0.33, 

0.87, 1) 

(0.6, 0.8, 

1)  

(0.67, 

0.85, 1) 

(0.43, 

0.57, 

0.71) 

(0.43, 

0.57, 

0.71) 

(1, 1, 1) (1, 1.33, 

2) 

(1, 2, 3) 0.104 

So (0.2, 0.4, 

0.6) 

(0.4, 0.6, 

0.8) 

(0.57, 

0.64, 

0.71) 

(0.61, 

0.69, 

0.77) 

(0.61, 

0.69, 

0.77) 

(0.5, 

0.75, 1) 

(1, 1, 1) (1, 1.5, 

3) 

0.086 

Ge (0.25, 

0.37, 0.5) 

(0.2, 0.4, 

0.6) 

(0.25, 

0.33, 0.5) 

(0.2, 0.4, 

0.6) 

(0.38, 

0.46, 

0.54) 

(0.33, 

0.5, 1) 

(1/3, 

1/1.5, 1) 

(1, 1, 1) 0.056 

Table 3. 9: FAHP matrix and weights for Hazard Factors. 

Source: Authorôs Construct, 2024  

 

 LULC GHS Pd TP DRoad Dh FAHP 

Weight 

LULC (1, 1, 1) (1, 2, 3) (1, 2, 3) (1, 2, 3) (2, 3, 4) (3, 4, 5) 0.303 

GHS (1/3, İ, 1) (1, 1, 1) (2, 3, 4) (1, 2, 3) (2, 3, 4) (2, 3, 4) 0.245 

Pd (1/3, İ, 1) (1/4, 1/3, İ) (1, 1, 1) (1, 2, 3) (3, 4, 5) (2, 3, 4) 0.178 

TP (1/3, İ, 1) (1/3, İ, 1) (1/3, İ, 1) (1, 1, 1) (1, 2, 3) (3, 4, 5) 0.141 

Dro (1/4, 1/3, 

İ) 

(1/4, 1/3, İ) (1/5, ı, 1/3) (1/3, İ, 1) (1, 1, 1) (1, 2, 3) 0.078 

Dh (1/5, ı, 

1/3) 

(1/4, 1/3, İ) (1/4, 1/3, İ) (1/5, ı, 

1/3) 

(1/3, İ, 1) (1, 1, 1) 0.055 

Table 3. 10: FAHP matrix and weights for Vulnerability Factors. 
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3.2.3.4 Validation of the Flood Risk Models 

There are various techniques for evaluating MCDM models, but the area under the curve (AUC) 

is the most reliable method for assessing the accuracy of results due to its straightforward design, 

all-encompassing nature, and unbiased predictive capabilities (Darabi et al., 2018; Malik et al., 

2020). In this study, the researchers utilized the area under the receiver operating characteristic 

curve (ROC-AUC) to gauge the models' performance. The AUC is a widely used quantitative 

approach for evaluating accuracy that measures prediction and success rates (Shafapour Tehrany 

et al., 2017). The ROC is a probability curve that plots the true positive rate (TPR) or sensitivity 

against the false positive rate (FPR) or specificity at different threshold values using equation (3.2). 

                                                    AUC = 
В В 

                                                                   (3.5) 

where P represents the total number of floods, N is the total number of non-floods, and TP 

 (true positive) and TN (true negative) are the numbers of pixels that are correctly classified 

 (Mindôje et al., 2019). In other words, sensitivity and specificity mean determining 

the proportion of flood pixels that were correctly identified by the model. The AUC ranges  

 between 0 and 1. When it is close to 1, the model is able to correctly distinguish between all  

 flood and non-flood class points. In this study, the results of AHP and FAHP models were 

evaluated using the receiver operating characteristic curve (ROC) model. 

3.2.5 Sentinel-1 SAR Imaging for Flood Extent Mapping 

Sentinel-1 SAR images were used for this study. Sentinel-1 is a near-polar sun-synchronous orbit 

satellite with a cycle of 12 days and 175 orbits per cycle for each satellite (Sentinel-1A and 

Sentinel-1B) at an altitude of 693 km. The Sentinel-1 satellites were launched on 3rd April 2014 

and 22nd April 2016. The SAR instrument operates in one of four modulation modes within the 

C-band (5.407 GHz) frequencies: strip map (SM), interferometry-wide swath (IW), and wave 

(WV). The IW is a land-based default mode operating under the concept of TOPSAR (Terrain 

Observation with Progressive Scans: SAR) (Geudtner et al., 2014). The SAR instrument comprises 

an interferometric swath width of 250 km, three subswaths (IW1, IW2, and IW3), an incidence 

angle between 29.10 and 46.00, and an azimuth angle of + 0.60 (De Zan & Guarnieri, 2006). Level-

1 Sentinel-1 ground range detected (GRD) C-band interferometric wide swath (IW) mode data 
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with a swath width of 250 km, a 10 m geometric resolution, and VV polarization were used for 

this study. Therefore, two Sentinel-1 images were downloaded from Alaskan Data 

(https://search.asf.alaska.edu/#/) with an acquisition interval of six days. The Sentinel-1 images 

obtained from the Alaska data search vertex were radiometrically calibrated, and the terrain was 

corrected using the Sentinel Application Platform (SNAP) tool. Images from June 2022 depicting 

floods in the study area, as observed from the Sentinel-1 images, were selected for the study. SAR 

has been used for decades to extract flood information by means of different reliable and well-

consolidated methodologies, such as classification and segmentation, active contour modeling, 

change detection and histogram thresholding (Landuyt et al., 2019; Shen et al., 2019). This study 

employed image thresholding, which sets as flooded all the pixels with a radar backscatter lower 

than a certain threshold value (Mason et al., 2012a, 2012b; Pulvirenti et al., 2012; Schumann et 

al., 2010), is computationally not demanding, provides reliable results and is ideal for rapid 

mapping. 

 

Figure 3. 7: Methodological flowchart of the flood extent extraction 

3.2.4.1 Image Preprocessing 

The image is prepared by subsetting it to obtain the study area. Once the study area is obtained,  

 the image is then preprocessed through calibration and speckle filtering. This process is then 

followed by binarization, a process to separate water from non-water. Figure 3.7 shows the 
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workflow for image processing. An image acquired on 23rd June 2022, five days after a flooding 

event in KEEA was processed for analysis.  

3.2.4.2 Orbit Correction 

Orbit state vectors are generally not accurate and are contained within SAR product metadata 

information. After several days, the exact orbits of satellites are calculated and available daily after 

consumer production (Weiß, 2018; Filipponi, 2019). The operation of applying an accurate orbit 

available in SNAP allows automatic downloading and updating of the orbit state vectors in its 

product metadata for each SAR scene, providing accurate satellite position and speed information. 

The orbital file provides accurate information about the satellite's position and velocity 

(Stoyanova, 2023). 

3.2.4.3 Thermal noise removal 

Thermal noise is generated by an SAR receiverôs ambient energy and is independent of the signal 

power obtained. Thermal noise occurs uniformly over the whole picture, similar to other noise 

influences (Weiß, 2018). Additive thermal noise disturbs the Sentinel-1 image intensity, 

particularly in the cross-polarization channel. Thermal noise removal was applied to reduce noise 

effects in the inter sub swath texture, in particular by normalizing the backscatter signal in the 

entire Sentinel-1 scene and resulting in reduced discontinuities for multi swath acquisition modes 

between sub swaths (Park et al. 2017; Weiß, 2018). 

3.2.4.4 Image Calibration 

Radiometric correction is essential for the comparison of SAR images obtained from different 

sensors or from the same sensor but at different times (Mahapatra & Hanssen, 2011). Although 

uncalibrated SAR imagery is adequate for qualitative analysis, calibrated SAR images are crucial 

for the quantitative analysis of SAR data (Mahapatra & Hanssen, 2011). The SAR image was 

therefore calibrated so that the pixel values of the image accurately represented the radar 

backscatter of the reflecting surface. This step transforms the pixel values from the digital values 

recorded by the sensor into backscatter coefficient values (Twele et al. 2016). 
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3.2.4.5 Geometric Correction 

The acquired image is in the geometry of the sensor, so there is the need to carry out geometric 

correction to reproject the image to the geographic projection. Range-Doppler terrain 

correction is performed on the images using the Shuttle Radar Topographic Mission (SRTM) 

DEM of the region. Range Doppler terrain correction was used to orthorectory and 

geocode the SAR images from single 2D raster radar geometry together with the reference 

DEM data to derive precise geolocation information (Mahapatra & Hanssen, 2011). 

3.2.4.6 Speckle Filtering 

SAR images have latent noise-like granules called speckles. This noise, which has a texture 

like salt-and-pepper, degrades the quality of the image, which makes interpretation and 

classification of features more difficult. A speckle is formed when the backscatter returns from 

successive radar pulses are coherently processed, causing a pixel-to-pixel variation in intensity 

 (Mahapatra & Hanssen, 2011). To enhance cognition and backscatter detection, the SAR image 

was tuned to a linear scale and screened using a sophisticated Lee filter to remove speckle noise. 

Lee Sigmaôs single-product filter approach was used to eliminate speckle noise since several 

studies have shown that Lee and Lee Sigma filters are most useful (Jaybhay & Shastri, 2015; J. S. 

Lee & Pottier, 2009). The Sigma filter uses the statistical distribution of the digital number (DN) 

values inside the moving median 3 × 3 kernel to estimate the pixel value. 

3.2.4.7 Decibelization and Binarization 

To separate water features from nonwater features, binarization is carried out. A threshold is 

selected by inspecting the histogram of the SAR image for the filtered backscatter coefficient. 

Depending on the data, the histogram of the backscatter coefficient shows one or more peaks 

of different magnitudes. Low backscatter values are correlated with the water, and high  

 values are correlated with the nonwater class. The linear-to-backscatter curve decibel scaling (dB) 

transition was applied to convert the image bands to a decibel. The DN values of the SAR image 

were converted to an 8-bit image with a radiometric resolution, thus with values between 0 and 

255. An ideal threshold centered on the histogram of the image was employed to identify flooded 

areas and distinguish between water areas and non-water areas (Gong et al., 2001). The threshold 

value used for this analysis was 7.42E-2. The threshold values are determined by inspecting the 
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histogram of each image. Once the threshold is applied, an image of what is perceived to be water 

in the study area is produced. 

Figure 3.8: Sentinel-1A C-band SAR image acquired on 23/6/2022. An example of a flooded area 

is highlighted in the red circle. 

3.2.6 Flood impact assessment 

A purposive sampling technique was used to select four communities from the municipality 

because these communities are prone to flooding and have experienced some of the worst floods 

in the past. Two communities were randomly selected from each local government area, for a total 

of six communities. The snowball technique was used to select households in each community. A 

total of three hundred respondents were interviewed using the structured interview schedule and 

questionnaire depicted in Table 9. The information in the structured interview schedule was 

prepared in the English language but was most often interpreted in Fante and Twi (a language 

understood and spoken by the communities) during the interview. Joint interviews were sometimes 

used to obtain input from as many respondents as possible and to save the respondents from the 
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fatigue of being interviewed. To achieve the third objective set for the study, the data collected 

were subjected to appropriate statistical analyses. The quantitative data obtained through the 

interview schedule and questionnaires were both descriptive. The descriptive statistics used 

included frequency counts, percentages, means, standard deviations, pie charts and bar charts. 

Communities Selected Number of People Interviewed 

Abee 100 

Simiw 100 

Dutch Komenda 50 

Kissi 50 

Table 3. 11: Selected communities for the survey 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Flood Risk Assessment Results 

4.1.1 Hazard map 

4.1.1.1 Drainage density map 

The drainage density of the study area is classified into five classes based on the influence on the 

flooding hazard and the drainage state of the surface water. The very low hazard class (0.0ï0.6 

km/km²), the low hazard class (0.7ï1.2 km/km²), the moderate hazard class (1.3ï1.8 km/km²), the 

high hazard class (1.9ï2.4 km/km²), and the very high hazard class 

 (2.5ï3.0 km/km²) are all distinguished by a lower drainage density that is less contributed by 

flooding. Most of the basin has low drainage densities, which represents a low flooding hazard. 

 

Figure 4. 1: Drainage density map of KEEA 
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4.1.1.2 Slope map 

The study area has been divided into five slope categories (Figure 3(d)), which allows a clear 

understanding of the topography of the study area. The areas with slopes less than 1.5, (1.6ï4.5), 

(4.6ï7.7), (7.8ï12.1), and greater than 12.2 are classified as having very high, high, moderate, low, 

and very low flood hazards, respectively. As a large area of the basin is situated over the floodplain 

region, the slope is very low (<1.5). This slope category, which occurs in the southern areas, has 

the lowest slope and gentlest topographic elevation and represents a higher priority among the 

subclasses within the flood-inducing parameters. 

 

Figure 4. 2: KEEA slope map 

4.1.1.3 Soil type 

As illustrated in the diagram below, there were various soil types in the KEEA Municipality (Fig. 

4). In the study area, six (6) distinct soil types were found. The Arc-GIS ñTo Rasterò conversion 

tool was used to convert the soil feature type to a raster layer. As a result, the reclassification into 

five flood hazard levels is based on the degree to which flooding occurs. The classification of soil 

degree to flooding is as follows: low (gleyic arenosols and ferric acrisols), moderate (gleyic 



50 | P a g e 
 
 

cambisols), high (dystric leptosols and ferric lixisols), and very high (sodic solonchaks).

 

Figure 4. 3: Soil type map of KEEA 

4.1.1.4 Rainfall 

The general trend of the mean annual rainfall in the basin exhibits the highest levels in the northern 

parts and displays a southward gradient toward the sea. Rainfall is a major triggering factor for 

flood generation (Subbarayan and Sivaranjani 2020) since it is directly related to river discharge 

(Das 2018). As a result, a high rainfall depth leads to heavy flooding, while a low rainfall depth 

leads to low flooding. The classification of rainfall scaled as follows: very low class-scaled (1126-

1150 mm), low class-scaled (1151-1174 mm), moderate class-scaled (1175-1199 mm), high class-

scaled (1200-1223 mm) and very high class-scaled (1224ï1247 mm). The northern parts of the 

municipality are more vulnerable to flooding than are the southern parts. 
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Figure 4. 4: Annual rainfall map of KEEA 

4.1.1.5 Distance to river 

When flooding occurs, the closer the area is to the river course, the more vulnerable the area is to 

flooding (Fernandez and Lutz 2010; Xiao et al. 2017). Flooding originates from drainage channel 

overcapacity and hence the overflow of such channels. Regions closer to drainage channels are at 

greater risk of overflow inundation than are remote regions (Ologunorisa and Abawua 2005; Butler 

et al. 2006). As such, areas close to rivers were assigned higher weights in flood hazard 

calculations. For distances to rivers in the ranges of 0ï573 m and 574ï1146 m, there is a high 

potential for flooding; in contrast, distances in the ranges of 1147ï1718 m, 1719ï2291 m,  

 and more than 2292 m have lower flooding vulnerability. 
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Figure 4. 5: Distance to river bodies map of KEEA 

4.1.1.6 Elevation 

Runoff flows from high to low terrain; therefore, the likelihood of flooding in low-elevation 

regions is greater. Rahman et al. (2019) and Sanyal and Lu (2006) found that low-lying regions 

are more vulnerable to inundation because they can be inundated by even floods of low magnitude. 

Therefore, the southern parts of the study area, which have the lowest elevation (19ï45 m above 

sea level), are the most prone to inundation (Figure 3(c)). The northern regions, on the other hand, 

have the highest elevation (100ï191 m above sea level) and are the least prone to inundation. 

 

Figure 4. 6: Elevation map of KEEA 
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4.1.1.7 TWI 

The topographic wetness index, which quantifies the wetness of a landscape by incorporating 

topographic features of the study area, was classified into five classes of susceptibility to flooding: 

very low (2.9ï6.06), low (6.07ï8.11), moderate (8.12ï10.72), high (10.73ï14.19), and very high 

(14.2ï23.03). 

 

Figure 4. 7: Topographic wetness index map of the KEEA 

4.1.8 Geology 

The geological classification of the study area revealed four distinctive lithological structures: 

coastal sand and dunes, granite, Sekondian, and mixed (quartzes and sandst). The granitic 

lithological structure covers the greatest portion of the municipality, followed by the Sekondian 

geological type. These strains were classified based on their susceptibility to flooding. The high 

class comprised coastal sand and dunes, the moderate class comprised Sekondian sand and mixed 

sand (quartzes and sandst), and the granite class was classified as low. 
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Figure 4. 8: Geological map of the KEEA 

4.1.1.9 AHP and FAHP Flood hazard maps 

The hazard map (Figure 4.28) is obtained by the combination of parameter maps of drainage 

density, soil type, rainfall, elevation, topographic wetness index, distance to rivers, geology, and 

slope. The calculation process was performed using "weighted sum" in the spatial analyst tool 

within ArcGIS. The hazard map obtained highlights five (5) areas, as shown in Figure 4.9 (a). The 

very low, low, and moderate classes of the AHP model accounted for 16%, 24%, and 25%, 

respectively, of the KEEA. The percentages of high and very high hazard classes are estimated to 

be 21% and 14%, respectively. Areas of very low, low and moderate hazard of the FAHP model 

accounted for 175, 22% and 25% respectively as portrayed by Figure 4.9 (b). Whereas areas of 

high and very high hazard accounted for 23% and 13% respectively. Communities located within 

the very low, low and, moderate of both models are mostly associated with high elevations, slopes, 

TWIs, drainage densities, and long distances from waterbodies, thus accounting for their low 

susceptibility to floods. Whereas communities such as Elmina and its suburbs, Kissi, and Komenda 
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and its suburbs within high- and very-high-hazard zones and are dominated by low slopes and 

elevations, characterized by heavy rainfall, close proximity to river bodies and wetlands, and a 

high topographic wetness index, accounting for their high susceptibility to flooding. 

   

Figure 4. 9: AHP flood hazard map 

4.1.2 AHP vulnerability map  

4.1.2.1 Total population 

The total population map of the study area showed areas around Elmina and Komenda as towns 

with high populations. The population map was classified into five classes based on the level of 

vulnerability to flooding. Very low class (303 - 6111), low class (6112 - 11919), moderate class 

(11920 - 17727), high class (17728 - 23535), and very high class (23536 - 29344). 
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Figure 4. 10: Total population map of the KEEA 

4.1.2.2 Land Use/Land Cover (LULC)  

The land use/land cover map of the study area was extracted from ESRI Sentinel-2 10 m resolution 

land cover data. The ñextract by maskò function in ArcGIS was used to extract the land use/land 

cover for the area of interest. The results revealed eight classes that were further reclassified into 

five classes based on their vulnerability to floods. The eight-land use/land cover classes of the 

study area are water bodies, trees (dense vegetation), flooded vegetation (wetlands, floodplains, 

mangroves), crops, built area, bare ground, clouds, and rangeland. These areas are further 

reclassified into five groups: very low (trees and shrublands), low (croplands), moderate (bare 

grounds), high (urban areas and flooded vegetation), and very high (water bodies). 
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Figure 4. 11: LULC map of KEEA 

4.1.2.3 Distance to road 

The distance to the road map of the study area was classified into five. These classifications are 

very low (0 ï 372.3), low (372.4 ï 806.6), moderate (806.7 ï 1303), high (1303.1 ï 1935.9), and 

very high (1936 ï 3164.5). 
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Figure 4. 12: Distance to road map of KEEA 

4.1.2.4 Distance to health facilities 

The proximity to health facilities map of the study area indicates the distance to access flood 

medical services for all vulnerable individuals in the case of a flood event. The results of the map 

were classified into five representations of the level of vulnerability to floods. Very low class (0 ï 

0.017), low class (0.018 ï 0.033). moderate class (0.034 ï 0.05), high class (0.051 ï 0.066), and 

very high class (0.067 ï 0.083). 
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Figure 4. 13: Distance to health facilities map of the KEEA 

4.1.2.5 Population density 

In Figure 4.29, the population density map shows the spatial distribution of the population within 

the KEEA municipality. The population density map was classified into five (5) classes from very 

low to very high population density. The areas of the very low, low, and medium class cover were 

0-275, 276-550, and 551-825, respectively. The high and very high classes were estimated to be 

(826-1100) and (1101-1375), respectively. Towns such as Elmina, Komenda, Kissi, and Abrem 

were classified as areas with very dense population density. 
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Figure 4. 14: Population density map of KEEA 

4.1.2.6 Global human settlement built -up area extent 

The extent of settlement in the GHS built area was classified as follows: very low class (0ï

3277), low class (3278 ï 11141), moderate class (11142 ï 20316), high class (20317 ï 28836) 

and very high class (28837 ï 47186). Places such as Elmina, Komenda, Agona, and Kissi were 

located in heavily dense zones. 
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Figure 4. 15: Global human settlement ï built area extent 

4.1.2.7 AHP and FAHP Vulnerability Map s 

The AHP and FAHP vulnerability maps (Figure 4.16) was obtained by the combination of 

parameters, including total population, land use/land cover, distance to roads, distance to health 

facilities, and population density (PD). The weighted sum function in the spatial analyst tools of 

ArcGIS was used to produce the final map. The obtained map was classified into five areas (very 

low to very high), as shown in Figure 4.16 (a). The very low, low, and moderate classes cover 

22%, 33%, and 25%, respectively, of KEEA. The percentages of areas covered by high and very 

high vulnerability classes are 14% and 6%, respectively. Areas of very low, low, moderate, high, 

and very high of the FAHP model accounted for 34.4%, 34.1%, 18.5%, 6% and 7% respectively 

of the municipality. The analysis of the two models revealed that all the areas covered by high and 

very high vulnerability are dominated by high population density, population density, and built-up 
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areas with heavily impervious areas (Elmina, Komenda, Agona, Bronyibima, and Kissi) within the 

municipality. 

   

Figure 4. 16: a) AHP and b) FAHP Flood vulnerability maps for KEEA 

Source: Authorôs Construct, 2024 

4.1.3 Flood Risk Maps (AHP AND FAHP)  

Flood risk maps are useful for planning and preparing for flood disasters, as previously mentioned. 

The flood risk mapping conducted in this study considered both the physical characteristics and 

socioeconomic factors of the municipality. The result of the combination of vulnerability and 

hazard maps depict the flood risk maps for the two models. The flood risk maps define five levels 

of risk zonation in the municipality, ranging from very low risk to very high risk zones.  

From the AHP risk map (Figure 4.18), areas with very low, low, and medium risk of flooding 

cover 27%, 31%, and 23%, respectively, of the municipality whereas areas with high and very 

high risks cover 13% and 6%, respectively. Overall, areas at high and very high risk of flooding 

cover 19% of the study area. From the FAHP risk map (Figure 4.19), very low, low, and moderate 

risk zones cover 24%, 30%, and 25% respectively whereas high and very high risk zones cover 
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15% and 6% of the Municipality. Overall, high and very risk zones cover 21% of the Municipality. 

The percentage prediction of both models is almost the same with the very high-risk zone having 

the same percentage and a difference of 2% between the overall dangerous zones.  

  

Figure 4. 17: Area and Percentage Coverage of Risk Zones a) AHP and b) FAHP Flood Maps 

The flood risk maps (AHP and FAHP) revealed that major towns such as Elmina (CP and Marine), 

Atonkwa, Abbina, Abee, Simiw, Iture, Bronyibima, Dutch Komenda, Nsadwer, Ampenyi, 

Nkontrodo, Amissano, Abreshia, Berase, and Amissano are at the highest risk of flooding. 

 

Figure 4.18: AHP Flood risk map of KEEA 
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Figure 4.19: FAHP Flood risk map of KEEA 

 

4.1.4 Validation of Models  

This study quantitatively verified the AHP output with a flood inventory map through the ROC-

AUC. The ROC-AUC was calculated by comparing the flood risk map with 25 flood points via 

the óArcSDMô tool in ArcGIS software. Figure 4.18 shows the ROC-AUCs for the AHP and FAHP 

models. The AUC displayed the accuracy rate of the flood risk model, which can be categorized 

into four groups, i.e., excellent (> 0.9), accepted (0.8ï0.9), good (0.7ï0.8), and considerable (0.5ï

0.7). The results indicate that the FAHP model shows the higher degree of predicting accuracy 

with an AUC value of 0.943 (94.3%), whereas AHP has an AUC value of 0.864 (86.4%). Overall, 

both models showed acceptable accuracy and efficiency in predicting flood risk areas in the 
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Municipality. This confirmation increases confidence in the adopted methodology as a simple and 

reliable tool for flood risk mapping and assessment.  Therefore, according to the satisfaction scale, 

the model is efficient at producing a flood risk map, and it is considered a good outcome. 

  

Figure 4. 20: AHP (a) and FAHP (b) Flood Maps with Flood Points for Validation 

    

Figure 4.21: Results of a) AHP and b) FAHP Model Results validation 
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4.1.4 Implications on Household Buildings  

The integration of building data with flood risk maps uncovers distressing statistics, particularly 

in the very high and high-risk zones. The results indicate that out of the total 44,490 buildings, a 

worrisome 15,689 buildings are located within very high-risk zones, and an additional 10,983 

buildings are situated within high-risk zones. These findings highlight the immediate perils faced 

by households residing in these areas, as they face heightened risks of property damage, 

displacement, and potential loss of life during floods. The findings from field questionnaire 

indicated that the majority of structures in the surveyed community were constructed with subpar 

materials as a result of financial constraints. Instead of using bricks, cement, and steel, which are 

more flood-resistant, residents typically opt for stone, mud, and building blocks that are not 

floodproof and have a higher likelihood of sustaining damage during floods. These structures were 

observed in the suburbs of Elmina, suburbs of Kisi and Komenda, Abee, Simiw, Amissano, 

Atonkwa, Abbina, Ntranoa, Aburansa, and Antado. During the field observations, it was also 

noticed that an overwhelming number of agricultural lands are located in the flood zone on the 

right bank of the lagoons, and streams. Farmers have been expanding their land towards the 

riverbank in pursuit of increased agricultural income, which has resulted in their land becoming 

more vulnerable to flooding.  

The implications extend beyond the immediate risks posed by flooding incidents. The presence of 

a substantial number of buildings and agricultural lands within high-risk zones signifies a broader 

societal vulnerability, reflecting inadequate urban planning, insufficient infrastructure, and 

potentially inadequate disaster preparedness measures. These vulnerabilities could exacerbate the 

impacts of flooding incidents, hindering effective response and recovery efforts. 
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Figure 4. 22: Flood risk map of KEEA overlayed with buildings dataset 

 

4.2 SAR-based Flooding Extent Mapping 

The flood inundation map for KEEA, generated from Sentinel-1 SAR data, is displayed in Figures 

4.19 and 4.20, focusing on the significant flood event of 2022 in the municipality. Figures 4.18 

and 4.20 present geometrically and radiometrically processed images depicting the extent of 

flooding in the study area. This image captured flood occurrence on June 23, 2022. The flood 

extent appears mostly as blue pixels owing to specular reflection, with June showing larger extents 

and higher water volumes. However, the images exhibit speckled patterns, occasionally showing 

'dry' pixels within flood areas, attributed to geomorphological characteristics of the region, 

including soil moisture and clay content variability. In addition, the absence of real-time satellite 

imagery during flooding events contributes to this phenomenon. Further investigation of these 

factors is required in future research. Notably, the June map was derived from a satellite image 

captured five days after a destructive flooding event, providing a significant but not optimal 

representation of the flooded areas. 
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Date Inundated area (hectares) Non-Inundated area (hectares) 

June 2022 4,553 40,710 

Table 4. 1: Inundated and non-inundated areas of the June 2022 flood 

 

Figure 4. 23: Flood extent map for June 2022. White pixels are the result of specular reflection 

(undated), and black background rough reflections of the land and non-inundated areas. 
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Figure 4. 24: Extracted flood extent for June 2022. The red areas (pixels) are the flood extents, 

blue pixels represent lagoons in the study area while the white background represents uninundated 

areas (excluding dry pixels). The extracted flood extents were based on the histogram to set a 

threshold. The floods were high on June 23rd, five days after a major flood occurred on the 18th. 

  

Figure 4.25: Classification of KEEA into urban and non-urban  
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Figure 4.26: Affected urban areas 

According to this study, approximately 13% (60 km²) of the study area is urban, while the 

remaining 87% (392 km²) consists of non-urban areas such as water, vegetation, wetlands, and 

other land cover types. In the urban areas, 19% of the total area (11.4 km²) experienced flooding, 

based on the 2022 base flood layer, which recorded the highest rainfall extent. This suggests that 

a third of the urban areas in the study area are vulnerable to flooding during heavy rainfall. The 

municipality is experiencing rapid growth and spatial sprawl, with most of the growth occurring 

in the peri-urban areas such as Elmina, Komenda, Kissi, and Agona suburbs. This increase in urban 

areas has significant hydrological implications, as it reduces the regularity of flooding in the city. 

This is because the infiltration rate is reduced in urban environments, making them more 

susceptible to flooding. This is supported by research, which suggests that urban areas are more 

prone to flooding due to reduced infiltration rates. 



71 | P a g e 
 
 

4.3 Flood Impacts on Communities in the KEEA  

4.3.1 Demographic characteristics of the respondents 

The demographic profile shows the demographic data of the respondents, such as gender, age, 

level of educational qualification, household size, main occupation, and residential occupancy 

type. The respondents' gender distribution indicates a significant majority of females, comprising 

64% of the total respondents, with males representing 36%. The age distribution among 

respondents shows a diverse range, with the largest groups falling in the 35-54 age brackets. 

Specifically, 31% are aged 45-54, and 28% fall within the 35-44 age range. Younger adults, aged 

18-34, constitute smaller portions, with the smallest representation among those aged 65 and above 

at 8%. The respondents' educational attainment varied, with a notable portion having completed at 

least secondary education (23%) and a slightly larger group having only a basic school education 

(35%). However, a significant proportion (28%) reported no formal education, indicating a diverse 

educational background within the sample. The household sizes of the respondents varied 

considerably, with the majority residing in households with 1-5 members (54%). A smaller 

proportion of respondents lived in households with 6-10 members (35%), while households with 

11-15 members and 16 or more members represented 9% and 2% of respondents, respectively. 

The primary occupations among respondents are diverse, with a notable percentage engaged in 

farming (52%) and a significant portion involved in their business ventures (29%). A smaller 

proportion of respondents were employed in the government or private sectors (15%), while the 

remaining respondents fell into the category of 'Others' (4%), which may include various 

professions or activities. The majority of respondents owned their residences (79%), indicating a 

higher rate of homeownership within the sample. However, a notable minority (21%) are renters, 

suggesting a diverse range of residential arrangements among the respondents. 
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Variable Category Frequency Percentage 

Gender   Male 

Female 

 108 

192 

36% 

64% 

Age 18 ï 24 

25 ï 34 

35 ï 44 

45 ï 54 

55 ï 64 

65+ 

 12 

27 

84 

93 

60 

24 

4% 

9% 

28% 

31% 

20% 

8% 

Level of Education No Formal Education 

Basic School 

Secondary School 

Tertiary 

 84 

105 

69 

42 

28% 

35% 

23% 

14% 

Household Size 1 ï 5 

6 ï 10 

11 ï 15 

16+ 

 162 

105 

27 

6 

54% 

35% 

9% 

2% 

Main Occupation Farmer 

Government/Private 

Own Business 

Others 

 156 

45 

87 

12 

52% 

15% 

29% 

4% 

Resident occupancy 

type 

Own 

Rent 

 237 

63 

79% 

21% 

Table 4. 2: Demographic characteristics of the respondents 

4.3.2 Communities' perceptions of floods 

The results indicate that flooding is a recurrent issue for communities, with a majority experiencing 

flooding multiple times over the past five years. A staggering 51% of respondents reported 

experiencing flooding five times within the last five years. This high frequency suggests that 

flooding is a significant concern for the community, impacting them regularly and potentially 
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disrupting their lives and property. Additionally, 41.3% reported experiencing flooding four times, 

highlighting the frequency and severity of the problem. According to Winsemius et al. (2013) and 

Field et al. (2011), places where flood occurrence is frequent are more vulnerable to flood disasters. 

Fewer respondents reported experiencing flooding once (0.7%) or twice (2%), but this still 

indicates that flooding is a prevalent concern for a notable portion of the community. 

 

Figure 4.27: Respondentsô frequency of flood experience  

Torrential rainfall emerges as the primary perceived cause of flooding, with half of the respondents 

attributing it to this factor. This underscores the community's awareness of the role that weather 

patterns play in triggering flooding events. Additionally, river overflow was identified by a 

considerable portion of respondents (37.7%) as another leading cause, highlighting the 

vulnerability of areas adjacent to water bodies. Furthermore, a notable percentage of respondents 

(7%) attributed flooding to human activities such as building in waterways or wetlands, indicating 

a recognition of the impact of urban development on flood risk. Other factors, such as poor 

drainage, were also mentioned, albeit by a smaller percentage of respondents (5.3%). 
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Figure 4.28: Respondentsô views on the potential drivers of flooding in KEEA 

The majority of respondents (64.3%) reported experiencing floods lasting for days, and a 

significant portion (35.7%) experienced shorter durations of flooding, typically lasting for hours. 

This suggests that the community has to endure prolonged periods of inundation, which could 

exacerbate the adverse effects of flooding on their lives and livelihoods. However, it is notable 

that none of the respondents reported floods lasting for weeks or months, implying that while the 

duration of flooding is significant, it may not reach extreme levels of long-term inundation. 

 

Figure 4. 29: Durations of typical flood in KEEA 
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4.3.3 Experience flood damage 

Of the total surveyed, 74% reported property damage. Among those who reported property 

damage, in-house destruction (appliances, etc.) was the most common, accounting for 49% of the 

reported damage. 

 

Figure 4.30: Experience of property damages due to floods  

This category encompasses the destruction or impairment of household appliances and 

infrastructure within residential premises. The collapse of buildings was also substantial, 

constituting 32% of the reported damage. This indicates that significant structural failures result 

in partial or complete collapse of residential or commercial buildings. Structural damage to houses, 

such as cracks, accounted for 12.25% of the reported damage. This category includes 

manifestations such as cracks, fissures, or compromised integrity of building structures. Other 

property damage, such as portable water source damage, accounted for 6.8% of the reported 

damage. 
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Figure 4.31: Kinds of property damages experienced by respondents 

A majority of the surveyed communities, 56%, reported agricultural damage. Among those who 

reported agricultural damage, crop loss was the most prevalent, affecting 53% of the respondents. 

This indicates substantial impairment or destruction of cultivated crops, resulting in significant 

economic losses. Livestock casualties were also significant, contributing to 23% of the reported 

damage. Soil erosion/debris on farmland accounted for 17% of the reported damage. This reflects 

the displacement or accumulation of soil and debris on agricultural land, potentially leading to 

reduced fertility and productivity. Damage to equipment, barns, etc., represented 7% of the 

reported damage. This category encompasses the impairment or destruction of agricultural 

infrastructure, such as machinery, barns, and storage facilities. 
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Figure 4.32: Perceived agricultural damages experienced to flooding 
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Figure 4. 33: a) Crop loss, b) Collapse of buildings, c) In-house damage, d) Livestock casualties 

4.3.4 Communities coping strategies for flooding 

As shown in the Table, the most common coping strategy used by the selected households was to 

rebuild their destroyed houses with cement (34.3%). The relatively high percentage suggests that 

a significant portion of the population prioritizes rebuilding damaged or destroyed houses using 

cement as a resilient construction material. This approach reflects a long-term investment in 

enhancing structural integrity and resilience against future flooding events. A total of 18.7% also 

transferred their important valuables, such as electrical devices, clothing, mattresses, and 

documents, to friends and relatives who lived on higher ground, which suggests that a significant 

portion of the population engages in mutual aid and community support during flood events. 

Twenty-four percent of the respondents built flood steps to prevent their homes from becoming 

flooded. This percentage indicates a considerable emphasis on constructing physical infrastructure, 

such as steps or elevated pathways, to facilitate safe access during flooding. Approximately 25 

respondents (8.4%) cited seeking temporary refuge from neighbors whose homes were relatively 

safe as the precautionary measure they employed. Approximately seven respondents (2.3%) cited 

the elevation of sites before building, which involved raising the surface above the flood level with 

either laterite or stones before putting up houses. Thirty-seven (12.3%) of the respondents cited 
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placing sandbags and stone bags in flooded areas or forming a bridge for commuting to higher 

grounds as the measure they employed. 

 

Figure 4. 34: Respondentsô coping strategies for flooding 

  

Figure 4. 35: a) Flood steps     b) Reconstruction of destroyed houses with cement  

Based on the findings, the coping strategies employed by residents can be categorized into three 

areas, namely, reactive, preventive, and recovery. The reactive strategies can be explained as the 
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immediate responsive measures used by victims to reduce the effects of flooding. The recovery 

strategies were meant to reclaim destroyed properties and assets, while preventive strategies were 

employed to avoid the recurrence of flooding in the future. The findings show that the main 

reactive strategies used in times of flooding were seeking refuge in flood-free settlements and 

transferring valuables to friends and relatives. Thus, the idea was to protect lives and property and 

then think of recovery strategies afterward. This finding is in line with a study conducted by 

Nyakundi et al. (2010), who discovered that affected families in areas inclined to flood usually 

vacate their homes and move to camps or the homes of friends and relatives. 

Construction of flood steps and elevation of land before building were the main preventive tactics 

employed by residents in flood-prone communities. Those affected by flooding usually rebuild 

their destroyed settlements with cement or place sandbags in the flooded areas. This strategy 

corresponds with the coping mechanisms used by the people of Kalingalinga and Linda 

Compounds in Zambia (Simatele 2010). Concerning the recovery strategies used by the flood 

victims, the majority of the victims recovered using self-supporting strategies. Many used their 

savings to repair damages that occurred after flooding, while few admitted that friends and 

relatives were consulted for assistance in the event of flooding. Some of the support received from 

friends and relatives included assistance in the packing of belongings, cleaning of houses after 

flooding, and offering informal loans/food items. 

4.3.5 Challenges to flood mitigation and desired actions from stakeholders 

Thirty-eight percent of respondents cited inadequate access to accurate and timely climate data 

and forecast information necessary for informed decision-making as a significant challenge, thus 

impacting various sectors such as agriculture, disaster management, and urban planning. Twenty-

nine percent of respondents identified sociocultural factors, such as traditional practices and 

societal attitudes that conflict with sustainability goals, as barriers to effective flood mitigation 

actions. These complexities arising from cultural norms, traditional practices, and societal attitudes 

impede the adoption of flood-resilient behaviors and strategies. Twenty percent of respondents 

highlighted financial limitations as a major obstacle to implementing flood adaptation and 

mitigation measures.  
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Figure 4. 36: Flood mitigation and adaptation challenges 

These financial constraints hinder the development of climate-resilient infrastructure, technology 

adoption, and resilience-building initiatives, particularly in flood-prone zones. Thirteen percent of 

respondents identified deficiencies in policy frameworks and institutional capacities as hindrances 

to effective flood governance. Weak policy enforcement, fragmented decision-making, and 

institutional inertia undermine efforts to mainstream flood considerations in development planning 

and decision-making processes. 

 

Figure 4. 37: Respondentsô desired actions from stakeholders related to flooding 
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Thirty-seven percent of respondents advocated for initiatives to raise awareness and build capacity 

within local communities. Programs aim to enhance awareness, knowledge, and capacity-building 

among local communities regarding flood impacts, adaptation strategies, and sustainable practices. 

These programs may encompass workshops, training sessions, outreach campaigns, and 

participatory learning activities tailored to local contexts and needs. Twenty-four percent of 

respondents emphasized the importance of investing in early warning systems to enhance 

preparedness and reduce flood-related risks. These early warning systems could play a crucial role 

in reducing flood-related risks and enhancing preparedness by providing timely and accurate 

information about impending flood hazards. Effective early warning systems enable communities, 

authorities, and stakeholders to take proactive measures, evacuate vulnerable populations, and 

minimize loss of life and property. Nineteen percent of respondents called for accessible and 

equitable financial mechanisms to support climate resilience-building activities. Such financial 

assistance mechanisms entail providing grants, loans, subsidies, and incentives to support flood 

adaptation, mitigation, and resilience-building activities at various scales, from individual 

households to local authorities. Six percent of respondents highlighted the need to integrate flood 

resilience considerations into infrastructure planning and development. Fourteen percent of 

respondents suggested specific measures, such as enforcing buffer zone laws and delineating 

flood-prone zones, to address site-specific vulnerabilities. The respondents advocated for specific 

measures such as enforcing buffer zone laws, delineating flood-prone zones, enhancing ecosystem-

based adaptation, and strengthening regulatory enforcement mechanisms. These interventions aim 

to address site-specific vulnerabilities, promote ecosystem resilience, and enhance adaptive 

governance in the face of climate change impacts. 
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CHAPTER FIVE  

CONCLUSION AND RECOMMENDATION  

5.1 Summary 

This study aimed to map flood risk zones and conduct impact assessments in the KEEA 

municipality. This study was guided by three specific objectives: to map flood risk zones, map 

flood inundation of the 2022 flood, and evaluate the effects of flooding on communities. To 

achieve the objectives of the study, the MCDA AHP and FAHP models was employed to leverage 

eight flood hazard parameters and six flood vulnerability parameters to develop a flood risk map 

for the study area. The Sentinel-1 SAR product was processed in SNAP software using the 

thresholding method to assess flood inundation. Qualitative data collection approaches and 

descriptive study designs were employed for impact data collection and analysis. Four 

communities (Simiw, Abee, Komenda, and Kissi) in the KEEA municipality were selected because 

these communities were heavily affected by the recent 2022 flood and are vulnerable to annual 

floods in the municipality. Three hundred respondents were chosen via purposive sampling. The 

data were collected via a questionnaire, an in-depth interview guide, and observation. The analysis 

of the data included the application of descriptive statistics. 

5.2 Conclusion 

5.2.1 Flood Risk Mapping 

Floods are among the greatest natural disasters that cannot be completely prevented. As the 

population grows, so do human encroachment and climate change. It is thus critical to consider 

and plan a flood risk map in which appropriate management measures and policies for a given area 

can be implemented through scientific assessment. The resulting flood risk map represents a cost-

effective solution for risk mitigation measures in a flood-prone region. The flood risk zones (very 

high, high, and moderate combined) of the AHP model cover 42% of the municipality and are 

mostly located in the Elmina zone, parts of the Komenda zone, parts of the Kissi zone and small 

parts of the Agona zone. Whereas the risk zones (very high, high and moderate) of the FAHP 

model cover 46% of the municipality. Both the models depicted the exact same location of 

communities in the various zones. These zones are characterized by heavy rainfall, low elevation 
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and topography with high drainage density and proximity to river bodies. This finding is in line 

with other studies by Tehrany et al. (2019) and Nigusse and Adhanom (2019), who assumed that 

flat areas are more susceptible to flooding than are high-elevation areas. It was also revealed that 

floods are likely to occur in the rainy season due to the high precipitation volume, which will cause 

an increase in run-off. Specifically, April, May, and June are the months that receive high volumes 

of rain, and inundation is likely to occur in these months. The results indicate that the FAHP model 

shows the higher degree of predicting accuracy with an AUC value of 0.943 (94.3%), whereas 

AHP has an AUC value of 0.864 (86.4%). 

5.2.2 Sentinel-1 Flood Inundation Mapping 

The Sentinel-1 SAR data were processed to detect and extract flood inundation using SNAP 

software. The findings of the study revealed that the 2022 flood in the KEEA had an inundation 

area of 4553 hectares. The use of Sentinel-1 SAR data in this study is very useful for detecting 

flood inundation areas. The findings show that the areas inundated in June 2022 were mostly 

located in the southern parts of the municipality. 

5.2.3 Impact Assessment 

The results showed that more than 90% of the respondents had experienced flooding in the past 5 

years, which shows that the prevalence of flooding is a concern in flood-prone communities. 

Furthermore, torrential rainfall was identified as the most prominent flood trigger, which leads to 

rivers sometimes overflowing their banks and causing havocs. Additionally, approximately 74% 

and 56% of the respondents reported having experienced property and agricultural damage, 

respectively. This damage varies from the collapse of buildings to in-house property destruction 

to the destruction of crops and livestock, accompanied by psychological effects. This shows that 

floods continue to threaten these communities through deterioration of buildings, life, and 

economic growth. Amidst these impacts, the results show that respondents adopt various coping 

mechanisms, with more than 50% of them prioritizing building flood steps and rebuilding 

collapsed buildings with cement. Despite these heartbreaking impacts experienced by respondents, 

challenges such as sociocultural barriers and a lack of access to climate information impede the 

progress of communities in flood-prone areas from implementing and adopting flood-related 
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mitigation and adaptation measures. In light of this predicament, community education campaigns, 

early warning systems, and financial support are the most important actions and mechanisms 

desired by stakeholders. This highlights the need for households to build an adaptative capacity to 

flooding in communities. 

5.3 Contributions to Knowledge 

This study presents a promising framework applicable to flood modeling in intricate floodplain 

systems within regions such as the central area of Ghana, where data scarcity poses challenges for 

implementing complex physically based hydraulic models. In locales where comprehensive 

hydraulic models face challenges owing to limited flood records, the proposed methodology has 

emerged as a viable substitute. Consequently, the flood hazard maps generated have significant 

implications for flood managers, urban planners, and decision-makers. Given the history of 

flooding in this area, urgent flood mitigation strategies are imperative. Nonetheless, it is essential 

to acknowledge that the findings of this study are specific to the current study area and should be 

cautiously extrapolated to other locations. 

5.4 Recommendations 

The conclusions drawn from this study formed the basis for the following recommendations: 

V Access to information on flood inundation, prediction, and risk assessment is important 

and should be made readily available to people. Thus, emergency planning and 

management, early warning systems, spatial planning, and insurance need to be developed 

and implemented. 

V Collaborative relationship building between communities and the various NADMO 

coordinators in the municipality to develop a comprehensive public information system 

within their localities to increase awareness of the dangers and impacts of floods as a way 

of preparing themselves for floods. This information system can be used to ensure that 

information is brought together from many sources regarding the onset of floods. This 

could help reduce the risk of floods in the study area. 

V Community platforms and forums should be organized annually between the months of 

April, May, and June for the exchange of information and ideas on effective flood 

preparedness, response, and recovery activities. This could help reshape the structure and 
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flood management operations of most of the communities in the study area, hence making 

them more appropriate and efficient in meeting the demands of present-day flood 

management. 

V Resource mobilization methods by community leaders to alleviate the suffering of the 

flood-affected population must be strengthened. Timely mobilization of finances and 

goods from multiple stakeholders and the administration of relief to vulnerable persons at 

flood disaster sites are crucial for ensuring well-embraced flood disaster response 

operations. Therefore, logistics is central and crucial to the effectiveness and speed of 

response for major humanitarian interventions covering health, food, shelter, water, and 

sanitation. 

V Public education and awareness campaigns by opinion leaders and other civil society 

organizations on the effects of floods must be intensified to discourage community 

members from building and farming close to rivers. Therefore, it is important for residents 

to adhere to construction plans established by the planning units of the municipal assembly 

to help address the annual floods in the study area. 

V The monitoring and maintenance of weather station stations in the KEEA Municipality 

should be improved, and other data should be recorded. This will contribute to solving or 

reducing data gaps and help to obtain more reliable results regarding the spatiotemporal 

variations and distribution of weather data for further analysis and extreme event 

evaluation. 

V Policymakers should strengthen urbanization legislation, land use planning, and 

enforcement to regulate and control urbanization to prevent more significant damage. 
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Appendix One: Field Data Collection Experience  

 i. Researcher with household respondent (NB: she gave consent) 

               

              ii. Researcher with household respondent (NB: he gave consent) 

               


