Original Research Article

Impacts of Flooding on Socio-Economic Activities and Groundwater Quality in Dschang, Cameroon
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ABSTRACT 

	Background: The disruption of markets due to floods leads to food insecurity, conflicts, and climate-induced migrations, adversely affecting the well-being of the population. Rapid urbanisation and population growth exacerbate the challenges, making flood management more complex and costlier.
Aims: To assess the effects of flood events on socio-economic activities and the water quality of wells and boreholes in the Dschang community, West Region, Cameroon.
Study design: Cross-sectional descriptive study combining household surveys and water quality analysis.
Place and Duration of Study: Dschang community, West Region, Cameroon. The study was conducted during the post-flood period, following recent flood events in the area.
[bookmark: _GoBack]Methodology: A total of 150 households, including male and female respondents, were surveyed using a structured questionnaire. The questionnaire covered demographic characteristics and flood impacts on occupation, education, health, housing, water supply, and sanitation. Water samples were collected from wells and boreholes after flooding and analysed for physicochemical parameters, including pH, electrical conductivity, and total dissolved solids, as well as microbiological indicators, including faecal coliforms and streptococci.
Results: Out of 150 households surveyed, riverbed overflow was identified as the leading cause of flooding by 28.7 per cent of respondents. Flooding negatively affected livelihoods, housing conditions, and access to safe water. Malaria was reported as the most common flood-related disease, affecting 60 per cent of households. Water quality analysis showed pH values ranging from 5.6 to 7.5, indicating slight acidification in some sources. Conductivity and total dissolved solids varied across sampling points. Faecal coliforms and streptococci were detected in several wells and boreholes, indicating microbial contamination after flood events.
Conclusion: Flooding in Dschang significantly affected socio-economic well-being and compromised the microbiological quality of groundwater sources. Strengthening health service capacity, establishing community-based disaster management committees, and investing in flood risk reduction, water safety measures, infrastructure improvement, and community capacity building are required to reduce future flood impacts.
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1. INTRODUCTION 
Floods stand out as the most frequent, damaging, and deadly natural disasters worldwide (Zorn, 2018). Over the past 50 years, they have accounted for nearly half of all deaths from natural disasters and approximately one-third of global economic losses (Lu et al. 2022; Sovacool et al. 2015). The devastating impact of floods extends beyond immediate destruction, posing a grave threat to social and economic infrastructures and hindering the attainment of Sustainable Development Goals (SDGs), including poverty reduction (SDG 1), eradication of hunger (SDG 2), ensuring good health and well-being (SDG 3), and universal access to clean water and sanitation (SDG 6) (Leal-Filho et al. 2023; Dube, 2020; Zorn, 2018). Globally, acceleration in population growth and changes in land-use patterns have increased human vulnerability to floods (Charles et al., 2020). Both human activities and climate change have contributed to the increased likelihood and severity of flooding incidents (Cianconi & Janir, 2020; Zscheischler et al., 2018; Kundzewicz et al, 2014; Pall et al., 2011).
In the global context, flooding remains the primary natural disaster, claiming around 20,000 lives annually (Cirella et al. 2019). Urban communities, ill-equipped to combat these extreme weather events, bear the brunt of their devastating consequences (Nicola, 2016; Adetokunbo & Emeka, 2015). Rapid urbanisation and population growth exacerbate the challenges, making flood management more complex and costly (Miller & Hutchins, 2017).
In Cameroon, the lack of effective flood risk management in cities has intensified the impact, making flood occurrences increasingly prevalent, notably in cities such as Douala, Yaoundé, Garoua, and Maroua (Bang, 2022; Djomekui & Yemmafouo, 2022; Yengoh et al., 2017). This situation further extends to the catchment areas of various study zones, resulting in significant socio-economic, health, and psychological impacts on vulnerable groups. The disruption of markets due to floods leads to food insecurity, conflicts, and climate-induced migrations (Akanwa et al. 2023; Atanga & Tankpa, 2021), adversely affecting the well-being of the population. A critical peak in flooding was witnessed in the commune of Dschang in August 2022, during which vulnerable populations experienced severe distress. The deluged roads, impassable riverbeds, and destroyed bridges compounded the suffering of affected communities. The destruction of crops in certain areas added to the plight of victims, leading some to abandon their homes in search of better accommodations elsewhere. Previous research has shown the urgent need to deal with flood events (da Silva et al., 2020), and it is essential to develop future flood management strategies to reduce the adverse consequences and cope with more complex types of floods (Wang et al., 2022).
To mitigate flood risks and improve living conditions for the local population, the Commune of Dschang has undertaken a large-scale drainage project covering an area of 561 230 m2. This project involves the eviction of people residing on public land and the demolition of associated structures. To inform decision-making processes, especially in vulnerable localities, an upstream study is indispensable to document the consequences of these floods on the population and the environment. The present research represents a significant step in this direction, aiming to assess the socio-economic, environmental, and health impact of flooding on the quality of life and living standards of households in several flood-prone areas of the Commune of Dschang (Régie, Madagascar, and Ngui) village. 

2. material and methods 
2.1. Description of the study area
The study was conducted in the Commune of Dschang, located in the Department of Menoua, West Cameroon Region (Fig. 1). The Commune was established by Decree no. 2007/117 on 24 April 2007, and it encompasses approximately 47 urban neighbourhoods and 99 rural villages. The population of the Commune is cosmopolitan, with the dominant Bamiléké ethnic group alongside the Mob, Haoussa, Bamouns, Bassa, and Ewondo ethnic groups. The Commune covers a total physical surface area of 252 km², divided into five groups: Foto (99 km²), Foréké-Dschang (86 km²), Fongo-Ndeng (31 km²), Fossong Wentcheng (18 km²), Fotetsa (11 km²), and the Urban centre (7 km²). The study area experiences an equatorial monsoon climate with a mountain facies determined by its average altitude of 1400m. This climate is characterised by a rainy season from mid-March to mid-November, followed by a dry season from mid-November to mid-March. While the annual average rainfall is 1,872.3mm, occasional disturbances due to global climate change have been observed, leading to variations in rainfall amounts. The area's altitude influences temperature, with the warmest month (March) averaging 21°2, and the coolest month (July or August) ranging from 19°5 to 18°9. The average annual temperature range is relatively small at around 3°C. The study area maintains high relative humidity throughout the year, with an annual average of 83%. Sunshine duration ranges from 8.5 hours per day in the dry season to 2.2 hours per day in the rainy season.
Dschang is characterised by a mountainous relief featuring hills, valleys, and steep slopes with flooded valleys. The agro-ecological zones in the area comprise low, medium, and high altitudes, offering significant agricultural potential. The soil in the Commune of Dschang consists mainly of brown earth derived from basic rocks, and specific features include syntectonic granites, anatexites, old, and young basalts. Hydromorphic soils develop in marshy lowlands, while ferralitic and hydromorphic soils are influenced by human activities such as agriculture and construction. The Commune is crisscrossed by numerous watercourses, forming a dense hydrographic network. Some rivers, like the Anzin de Fongo-Ndeng, may dry up during the dry season, while others, such as the Ntsée legoh, are prone to regular flooding during the rainy season. Fish species like tilapia, catfish, and carp are abundant in various rivers, providing a vital source of livelihood for local inhabitants. Regarding vegetation, the Commune falls within the montane forest zone, but centuries of human activities have significantly transformed the vegetation cover. Shrubby savannah and raffia palm now dominate the landscape, and anthropogenic vegetation, including Eucalyptus and fir trees, can be found in both urban and rural areas. Fruit trees, such as avocados and mangoes, are occasionally present, along with ubiquitous banana plantations.
[image: ]The population in the Commune of Dschang is accustomed to different forms of mobility, including students travelling to and from the town when classes are in session, periodic movements of people to coffee plantations on the Mbos plain, and definitive departures of students concluding their studies at the University of Dschang. The area has experienced spatial extension of the urban perimeter, with preferential poles for urbanisation in the Ngui district (southwest), Foto hill (northeast), and areas around the Catholic Mission (northwest).
Fig.1. Map location of Dschang

2.2. Data collection
A combination of secondary and primary data sources was employed to gain a comprehensive understanding of the socio-economic impact of flooding in the study area. Secondary data formed a significant component of this study, incorporating a wide range of existing information. Various sources were meticulously reviewed, including previously conducted research works, newspaper publications, local and international journals, books, maps, and paper presentations from seminars and workshops. These diverse resources provided valuable insights into the historical patterns of flooding, past impacts on communities, and the broader context of flood management in the region.
To augment the secondary data, primary data collection was conducted using a comprehensive questionnaire survey. This approach facilitated direct engagement with the local population, enabling the research team to gather firsthand information on the current socio-economic conditions and the effects of recent flooding incidents. The questionnaire survey was carefully designed to cover key socio-economic indicators, including income levels, livelihood patterns, housing conditions, infrastructure vulnerability, public health concerns, and social cohesion within the selected communities.
2.3. Sample size and Sampling technique
To collect data from households, 150 households were selected from the 3 main villages subject to flooding events in the community of Dschang. The stratified random sampling technique was used to select samples for the study. The communities form the strata, and the sample size of 150 was allocated as follows (Table 1):


Table 1. Sample size (households)
	s/n
	Study areas  
	Number of households

	1
	Ngui 
	90

	2
	Madagascar
	40

	3
	Régie 
	20

	
	Total
	150



· Validity of instrument: The researchers’ judgment was based on the certification of the instrument by experts that it is measuring what it is supposed to measure. The instrument was given to colleagues and lecturers for critiquing. The resulting critiques and corrections made by these experts further improved the instruments and increased their content validity.
· Reliability of instrument: A pilot study was conducted where 20 questionnaires were administered and tested for internal consistency of responses, and it had a positive and fluid administration, indicating a very strong reliability. Therefore, the instrument is reliable for the study.
2.4. Water Sampling and Laboratory Analysis
Water Sampling: In order to assess the impact of flooding on the various groundwater resources, 15 water samples (eight wells and seven borehole water samples) were taken and sent to the laboratory for analysis of various physicochemical and microbiological parameters. Table 2 below shows the distribution of the various samples taken in the study areas and according to the different sampling sources. Water samples were collected in 1-litre plastic containers, and prior to collection, as part of our quality control measures, all the bottles were washed with non-ionic detergent and rinsed with de-ionised water prior to usage. Before the final water sampling was done, the bottles were rinsed three times with the sample water at the point of collection. Each bottle was labelled according to sampling location, while all the samples were preserved at 4ºC and transported to the laboratory.
Analytical methods: All the samples were analyzed for the following physico-chemical parameters and; bacteriological parameters: Temperature (T), Hydrogen Potential (pH), Conductivity (Cnd), Salinity (Sal), Oxidation Reduction Potential (eh), Total Dissolved Solids (TDS), Ammonium (NH4+), Faecal Coliforms (FC), Faecal Streptococci (FS). The physico-chemical and bacteriological analyses of the water samples were carried out according to standard analytical methods (APHA, 1992).
Table 2. Distribution of the various samples taken in the study areas 
	Study Areas
	Number of Water Samples per Source of Collection

	Ngui
	5 well water samples;4 borehole water samples

	Madagascar
	2 well water samples; 2 borehole water samples

	Régie
	1 well water sample; 1 borehole water sample

	Total
	15 water samples 


2.5. Data analysis
The data obtained was analysed through the use of descriptive statistics, such as percentage, frequency table, etc.

3. results and discussion
3.1. Results
3.1.1. Socio-demographic distribution of inhabitants of the study area
Table 3 shows that the majority of the respondents (62%) are male, while females account for 38.0%. The largest group is married individuals (44.7%), followed by widowed (19.3%), single (16.0%), and divorced (13.3%) individuals. The table also shows that most of the respondents are married (44.7%), followed by widowed (19.3%), single (16.0%), and divorced (13.3%) individuals. Respondents had diverse occupational backgrounds. Trading (26.0%) and private sector employment (18.7%) are the most common occupations, followed by farmers (16.7%) and civil servants (12.0%). The majority have at least a primary education (35.3%) and secondary education (31.3%). A smaller proportion (22.7%) has no formal education, and some had a tertiary education (10.7%). The majority (57.3%) have household sizes of 5-9 members, while smaller households with 1-4 members constituted 41.3%. A significant majority of respondents were landowners (71.3%), while 28.7% were tenants.



Table 3. Socioeconomic activities of the inhabitants of the study area 
	Variable
	Frequency
	Percentage (%)

	Gender
	
	

	Male
	93
	62

	Female
	57
	38,0

	Marital status
	
	

	Single
	24
	16,0

	Married
	67
	44,7

	Widowed
	29
	19,3

	Divorced
	20
	13,3

	Occupation
	
	

	Civil servant
	18
	12,0

	Private sector employee
	28
	18,7

	Farmer
	25
	16,7

	Trading
	39
	26,0

	Unemployment
	23
	15,3

	Retired
	17
	11,3

	Education
	
	

	No formal education
	34
	22,7

	Primary
	53
	35,3

	Secondary
	47
	31,3

	Tertiary
	16
	10,7

	Household seize
	
	

	1-4
	62
	41,3

	5-9
	86
	57,3

	10 & above
	2
	1,3

	Land ownership status
	
	

	Tenant
	43
	28,7

	Owner
	107
	71,3


Source: Field survey analysis
3.1.2. Nature of houses in the study area 
Table 4 reveals that the majority of respondents (98.7%) live in ground-floor houses, while a very small proportion (1.3%) reside in split-level houses. The distribution of housing by nature indicates that a significant portion of respondents live in clay houses (41.3%), followed by hard (34.0%) and semi-hard (24.7%) housing types. Most habitats are located in wetlands (66.0%), which suggests a higher exposure to flooding due to their proximity to water bodies. The remaining 34.0% are situated in non-wetland areas. A large proportion of habitats (78.7%) are within the alluvial zone, which is prone to flooding. Only a smaller percentage (21.3%) is located outside this zone, potentially indicating relatively lower flood risk. Also, more than half of the habitats (56.7%) were categorised as precarious, which could imply a greater susceptibility to flood-related damages and disruptions. A portion of respondents engaged in small-scale animal rearing at home (28.0%). The primary source of drinking water is tap water (46.0%), followed by boreholes (42.7%), springs (9.3%), and a very small percentage uses wells (2.0%). As for the toilet type, most respondents use traditional toilets (80.7%), while a smaller proportion use manual flush toilets (14.7%). Some respondents (4.7%) use a combination of both toilet types.





Table 4. Description of houses in the study area
	Variable
	Frequency
	Percentage

	Type of housing
	
	

	Split-level house
	2
	1,3

	Ground floor house
	148
	98,7

	Nature of housing
	
	

	Hard
	51
	34,0

	Semi-hard
	37
	24,7

	Clay
	62
	41,3

	Location
	
	

	Habitat located in wetlands
	99
	66,0

	Habitat located in a non-wetland area
	51
	34,0

	location of habitat in relation to the watercourse
	
	

	Habitats within the alluvial zone
	118
	78,7

	Habitats outside the alluvial zone
	32
	21,3

	Precarity of housing
	
	

	Precarious habitats
	85
	56,7

	Non-precarious habitats
	65
	43,3

	At-home animal rearing
	
	

	small-scale rearing at home
	42
	28,0

	No small-scale rearing at home
	108
	72,0

	Drinking water supply
	
	

	Tap water
	69
	46,0

	Well
	3
	2,0

	Borehole
	64
	42,7

	Spring
	14
	9,3

	Toilet type
	
	

	Manual flush toilet
	22
	14,7

	Traditional toilet
	121
	80,7

	Manual flush toilet and traditional toilet
	7
	4,7


Source: Field survey analysis
3.1.3. Impact of floods in the study area 
3.1.3.1. Awareness and reasons for living in flood-prone areas
Fig.2, reveals that the majority (94.7 %) of the respondents are aware of living in flood-prone areas. The reasons for living in these flood areas in spite of this awareness, as shown in Fig.3, are Cultural and traditional ties (29.4 %), lack of alternatives (22.5 %), limited housing options (21.2 %), lack of land ownership (16.5 %) and livelihood (10.4 %).


Fig.2. Awareness of flooding in study area

Fig.3. Reasons for living in flood-prone areas.
3.1.3.2. Intensity of the flooding event
Fig.4 shows that a substantial portion (46.0%) of respondents reported being totally flooded, while 38.0% of respondents reported experiencing partial flooding. Some respondents (16%) however, mentioned that they did not experience any flooding.

Fig.4. Intensity of flooding in the community
3.1.3.3. Reasons for Flooding
The primary cause of flooding, as identified by 28.7% of respondents, is the overflow of the river. A notable 25.3% of respondents attributed flooding to the filling of the watercourse bed with waste. About 22.0% of respondents cited torrential rains, rainstorms, and a lack of proper gutter systems as contributing factors to flooding. Inadequate drainage infrastructure can hinder the efficient flow of water, leading to localised flooding. Around 14.0% of respondents attributed flooding to construction in swampy areas. A smaller proportion (10.0%) of respondents mentioned a combination of torrential rains and the filling of the streambed with waste as causes of flooding (Fig.5).

Fig.5. Causes of flooding in the community
3.1.3.4. Impact of flooding on household properties
According to Fig.6, the most frequently reported type of property loss is household appliances (31.1%), and about 25.0% of respondents reported the loss of food stock due to flooding. Flooding also led to clothing losses for 18.2% of respondents. Approximately 14.2% of respondents reported the loss of seed stock. Interestingly, 11.5% of respondents reported not experiencing any property losses. This could be attributed to various factors, including flood preparedness measures, the location of their residences, or luck in avoiding severe flooding incidents.

Fig.6. Loss of household properties

3.1.4. Water quality after flooding event
The physicochemical and bacteriological characteristics of water from the investigated boreholes in Ngui, Madagascar, and the Régie were assessed after the flooding event (Table 5). The temperature of the sampled wells ranged from 24.6 ºC to 26.4 ºC, with the WHO guideline at 25 ºC. The pH values varied between 5.54 (Regie well) and 7.12 (Ngui well 3), which was within the WHO guideline range (6.5–8.5). Conductivity values were between 184.1 µS/cm (Madascagar well 1) and 860 µS/cm (Ngui well 2), compared to the WHO guideline of 400 µS/cm. Salinity ranged from 0.09 ppt (Madascagar well 1) to 0.43 ppt (Ngui well 2). Redox potential values were generally negative, ranging from –74 mV (Ngui well 3) to 14 mV (Regie well). Total Dissolved Solids (TDS) varied between 129 ppm (Madascagar well 1) and 605 ppm (Ngui well 2), with the WHO reference at 267 ppm. Ammonium concentrations were in the range of 0.50 mg/l (Madascagar well 1) to 1.02 mg/l (Ngui well 4), compared with the WHO value of 0.5 mg/l. Faecal coliform counts ranged from 10 CFU/100 ml (Madascagar well 1) to 215 CFU/100 ml (Ngui well 4). The WHO guideline recommends a 0 CFU/100 ml. Faecal streptococci were detected between 3 CFU/100 ml (Madascagar well 1) and 85 CFU/100 ml (Ngui well 4), also against a WHO guideline of 0 CFU/100 ml.
The physicochemical and bacteriological characteristics of water from the investigated boreholes were also assessed after the flooding event (Table 6). Temperatures ranged from 24.2 °C in the Régie borehole to 26.3 °C in Ngui borehole 2, with an average close to the WHO guideline value of 25 °C. The pH values varied between 5.60 in Ngui borehole 2 and 7.51 in Madascagar borehole 2, while conductivity showed values from 117.3 µS/cm (Régie borehole) to 381 µS/cm (Madascagar borehole 2). Salinity levels were low, ranging between 0.05 ppt and 0.19 ppt across all boreholes. Redox potential values fluctuated considerably, from a minimum of −80 mV at Madascagar borehole 2 to a maximum of +33 mV at Ngui borehole 2. Total dissolved solids concentrations ranged between 78.4 ppm in the Régie borehole and 265 ppm in Madascagar borehole 2. Ammonium levels were detected between 0.10 mg/L (Régie borehole) and 0.50 mg/L (Ngui borehole 3). Regarding microbiological indicators, faecal coliforms were observed in four boreholes, with values ranging from 1 to 3 CFU/100 ml, while faecal streptococci were present in three boreholes with concentrations between 1 and 2 CFU/100 ml with the WHO guideline recommending 0 CFU/100ml).

Table 5. Water quality of wells in the study site after the flooding event.
	Parameters
	Units
	Ngui
Well 1
	Ngui
well 2
	Ngui
Well 3
	Ngui
well 4
	Ngui 
well 5
	Madascagar
well 1
	Madascagar
well 2
	Regie
well
	WHO
Drinking water guideline


	Temperature (T)
	ºC
	26.4
	24.8
	25.6
	25.6
	25.7
	24.6
	24.6
	25
	25

	Hydrogen potential (pH)
	/
	6.96
	7.01
	7.12
	7.07
	6.04
	6.11
	5.54
	7
	6.5-8.5

	Conductivity (Cnd)
	µS/Cm
	379
	860
	544
	285
	184.1
	415
	409
	375
	400

	Salinity (Sal)
	ppt
	0.19
	0.43
	0.27
	0.14
	0.09
	0.2
	0.18
	0.19
	/

	Redox potential (eh)
	mV
	-64
	-67
	-74
	-54
	3
	-1
	14
	-16
	/

	Total Dissolved Solids (TDS)
	ppm
	266
	605
	383
	383
	129
	291
	267
	267
	/

	Ammonium (NH4+)
	mg/l
	0.60
	0.85
	0.65
	1.02
	0.5
	0.67
	0.55
	0.70
	0.5

	Faecal Coliforms (FC)
	CFU/100 ml
	87
	160
	105
	215
	10
	35
	34
	130
	0

	Faecal Streptococci (SF)
	CFU/100 ml
	45
	75
	32
	85
	3
	17
	15
	55
	0



Table 6. Water quality of boreholes in study site after flooding event.
	Parameters
	Units
	Ngui
borehole 1
	Ngui
borehole 2
	Ngui borehole 3
	Ngui borehole 4
	Madascagar borehole 1
	Madascagar borehole 2
	borehole Régie
	WHO
Drinking water guideline


	Temperature (T)
	ºC
	24,8
	26,3
	26,1
	25,1
	26
	25
	24,2
	25

	Hydrogen potential (pH)
	/
	6,15
	5,60
	6,18
	6,55
	6,11
	7,51
	6,46
	6,5-8,5

	Conductivity (Cnd)
	µS/Cm
	131,7
	211
	174,9
	126,4
	163,4
	381
	117,3
	400

	Salinity (Sal)
	ppt
	0,06
	0,10
	0,09
	0,06
	0,08
	0,19
	0,05
	/

	Redox potential (eh)
	mV
	1
	33
	-10
	-17
	9
	-80
	-23
	/

	Total Dissolved Solids (TDS)
	ppm
	90,3
	148
	121
	86,9
	114
	265
	78,4
	/

	Ammonium (NH4+)
	mg/l
	0,4
	0,13
	0,5
	0,3
	0,18
	0,21
	0,10
	0,5

	Faecal Coliforms (FC)
	CFU/100 ml
	1
	0
	3
	1
	0
	0
	0
	0

	Faecal Streptococci (SF)
	CFU/100 ml
	1
	0
	2
	1
	0
	0
	0
	0



3.1.5. Prevalence of diseases in the study area
The principal disease reported by respondents (Fig.7) after flooding was malaria (60.0 %), followed by diarrheal disease (25.0 %) and typhoid (15.0 %). According to the respondents (Fig.8), these diseases affect mostly children (72.7 %), elderly people (21.8 %) and to a certain level adults (5.6 %). Fig.9 shows that most households (33.7 %) spend $1-50, followed by 26.5 % that report spending $101-150. Some households (15.1 %) find themselves spending more than $200, and 6.0 % spend $151-200.

Fig.7. Various diseases encountered after flooding

Fig.8. Category of affected by diseases after flooding 


Fig.9. Amount of money spent by households for health issues


3.1.6. Resilient adaptations to flood incidents in the study area
Table 7 shows that the major coping strategies utilised by individuals in the communities include building defensive barriers and raising house foundation (33.9 %), elevating doorsteps and pit latrines (27.2 %), other strategies include installation of pipe exits (16.8 %) and utilisation of sandbags and timber logs (22.1 %). The main adaptation technique employed at the community level for flood adaptation is the installation of effective waste disposal methods (60.0 %) and the establishment of drainage systems and construction of barriers (37.6 %). The table shows that the government’s involvement in flood control has been inadequate, as reported by 93.3 % of the respondents.  Most of the respondents agreed that the government have undertaken some measures for flood management, such as cleansing of drainage catchment by local administrative bodies (54.1 %), public knowledge/dissemination (27.8 %) and enforcement of rules against haphazard waste disposal into drainage systems (18.0 %). In their opinion, the absence of community-wide collaboration for flood mitigation (40.6 %), corruption (32.7 %) and lack of awareness regarding efficient flood control methods (26.7 %) were responsible for the lack of success in halting the flood menace through community efforts.
Table 7. Measures for resilient adaptation to flood incidents in the study area  
	s/n
	Items
	Frequency
	Percentages

	1
	What coping strategies do individual household members use for flood adaptation?
	
	

	
	   Building defensive barriers and raising house foundation
	121
	33.9

	
	   Elevate doorsteps and pit latrines
	97
	27.2

	
	   Installation of pipe exits
	60
	16.8

	
	   Utilization of sandbags and timber logs
	79
	22.1

	2
	What adaptation techniques do the communities employ in response to floods?
	
	 

	
	   Installation of effective waste disposal methods
	126
	60.0

	
	   Establishment of drainage systems and construction of barriers
	79
	37.6

	
	   Regulation of housing development
	5
	2.4

	3
	How might you evaluate the extent of government engagement in flood management within your locality?
	
	 

	
	   Inadequate
	140
	93.3

	
	   Moderate
	8
	5.3

	
	   Nonexistent/Zero government participation
	0
	0.0

	
	   Outstanding
	0
	0.0

	
	   Satisfactory
	2
	1.3

	4
	Have governmental authorities undertaken any measures for flood management using the following approaches within your vicinity?
	
	 

	
	   Cleansing of drainage catchment by local administrative bodies
	138
	54.1

	
	   Enforcement of rules against haphazard waste disposal into drainage systems
	46
	18.0

	
	   Public knowledge/dissemination
	71
	27.8

	5
	In your view, what factors contribute to the inability to effectively combat flooding despite community initiatives ?
	 
	

	
	   Absence of community-wide collaboration for flood mitigation
	123
	40.6

	
	   Corruption
	99
	32.7

	
	   Lack of awareness regarding efficient flood control methods
	81
	26.7


Source: Field survey analysis
3.1.7. Priority needs of households following floods
Fig.10 shows that after flooding events access to health facilities (64.7 %) is the priority need of the communities, followed by access to health facilities and food (14.7 %), access to food, health, and shelter (11.3 %), access to shelter (5.3 %), resumption of activities (2.7 %) and 1.3 % reported having no need.


Fig.10. Priority needs of households in the study area.

3.2. Discussion
Gender distribution is crucial for assessing vulnerability, influenced by gender's role in disaster effects, response, and recovery (Bradshaw & Fordham, 2015). Particularly in Dschang's traditional setting, women are susceptible to specific flood challenges due to societal gender roles. In addition, diverse occupations - trading, private sector, farming, civil service - highlight economic flood risks. So then, trade and private sector roles might encounter supply chain disruptions; farmers may experience crop and livestock losses. Likewise, education's disaster readiness impact is notable (Hoffmann & Muttarak, 2017). For this reason, tertiary-educated individuals can enhance Dschang's resilience by sharing knowledge and participating in decisions. Furthermore, the majority landownership signifies stability and attachment in Dschang. However, land ownership brings flood-resilient infrastructure upkeep responsibilities. Again, the prevalence of clay houses implies that a significant portion of the community resides in structures more susceptible to flooding damage. Shrestha et al. (2021) similarly found that construction material influenced flood damage extent in flood-prone regions. Additionally, the distribution of wetland habitats indicates higher flood exposure due to their proximity to water bodies. This aligns with Baby et al.'s (2018) findings that areas near water bodies face greater flood risk from overflow during heavy rainfall. Indeed, the reliance on tap water, boreholes, and springs observed in the study area for drinking reflects diverse water sources in communities. According to Ishaq et al. (2022), diversified sources are important for flood-resilient water supply. Consequently, predominant traditional toilet use over manual flush highlights sanitation vulnerability. Paterson et al. (2018) show that inadequate sanitation during flooding worsens health risks, emphasising sanitation strategy implementation.
Moreover, respondents' heightened awareness of residing in flood-prone areas in Dschang signifies a positive grasp of risks and knowledge. This awareness aligns harmoniously with core principles of disaster risk reduction (DRR), providing a solid foundation for fostering community engagement in flood preparedness and mitigation (Nohrstedt et al. 2022). Yet, while awareness stands crucial, the enduring habitation in flood-prone areas is attributed to cultural and traditional ties, highlighting the intricate relationship between the community of Dschang and its environment. Here, cultural and historical bonds often outweigh perceived risk. Resource constraints further constrain vulnerable populations in Dschang from relocating to safer zones, concouring with Adams (2016) mentioning the concept of "trapped populations," where socio-economic factors impede adaptive actions. Similarly, the data highlights river overflow as a significant flooding. Hence, rivers, acting as natural water conduits, can overflow during heavy rainfall, leading to adjacent areas being submerged (Mukunoki et al. 2021). This observation aligns with Yang et al. (2018) research, emphasising the vulnerability of riverine areas to flooding during intense precipitation events. Additionally, improper waste disposal and obstructed watercourses hinder water flow, resulting in localised inundation. This underscores the importance of effective waste management practices in Dschang's flood risk reduction efforts, as highlighted. Consequently, the most reported property loss pertains to household appliances. This reveals the vulnerability of essential domestic items to flooding in Dschang. Such losses can disrupt daily routines, impacting overall quality of life for affected residents. In Dschang, malaria, a vector-borne disease linked to stagnant water, thrives during and after flooding. The prevalence of malaria aligns with Manyangadze et al. (2019) findings, highlighting heightened vector-borne disease risks in flood-prone regions in Mbire district, Zimbabwe. Regarding demographics, children bear the brunt of these diseases, with their developing immune systems and potential exposure to contaminated environments, face elevated flood health risks (Hanna & Oliva, 2016). The high expenditure brackets suggest that a substantial number of Dschang households shoulder significant financial burdens due to flood-related health impacts.
The post-flood water quality results from wells in Dschang indicate slight acidification (pH 5.6–7.5), conductivity fluctuations, and microbiological contamination, which align with patterns observed in other flood-affected regions. Similar studies in Nigeria and Cameroon have shown that floods increase mineral dissolution and transport of contaminants into groundwater, leading to higher TDS and variable pH (Umar et al. 2023; Mbam et al. 2020). The detection of faecal coliforms and streptococci in some wells highlights the risk of faecal intrusion during flooding, a phenomenon widely reported across developing regions (Wright et al. 2004). These results emphasise the vulnerability of local groundwater to flood-driven contamination and the need for preventive and adaptive water management strategies, consistent with WHO (2017) drinking-water safety guidelines.
In the communities, the primary coping strategies are building defensive barriers and elevating house foundations. This concurs with the research conducted by Bertilsson et al. (2019), stressing structural adjustments' role in enhancing household flood resilience. Also, elevating doorsteps and pit latrines also emerge as significant coping methods. This approach underscores safeguarding essential infrastructure from flood impacts. Likewise, effective waste disposal installation stands out as the main community-level adaptation technique. This is in line with Ourloglou et al. (2020) findings linking proper disposal to reduced flood risk. In fact, government involvement in flood control is deemed inadequate, highlighting a vital gap in community-government collaboration crucial for effective flood management. These results align with Bertilsson et al. (2019 )'s emphasis on multi-level governance's importance for successful disaster risk reduction.
In the aftermath of flooding in Dschang, the paramount importance of health facility access is the foremost community need. This highlights health care's critical role in addressing immediate health threats like injuries, waterborne illnesses, and related issues, all of which resonate with Dschang's flood context. These findings align with Louw et al. (2019) insights, emphasizing the crucial role of accessible healthcare during and after flood events, particularly relevant for Dschang's community well-being. Furthermore, the intricate relationship between health and food security becomes evident, accentuating the multifaceted nature of post-flood challenges in Dschang. Insufficient nutrition and food scarcity can escalate health vulnerabilities (Akanwa et al. 2023; Simane et al. 2016). This holistic view reflects the nuanced dynamics of flood aftermath in Dschang, where addressing health and food security intricately intertwines with broader community resilience.

4. Conclusion
The impacts of flooding are widespread, affecting regions across the globe, whether developed or developing. This research unequivocally demonstrates the substantial socio-economic ramifications of flooding within the community of Dschang. These consequences include socio-economic devastation, property loss, environmental degradation, and health challenges, emphasising the urgency of comprehensive flood management. Hence, developing an integrated flood management for sustainable development offers a promising avenue to mitigate these effects. Such an approach promises to forge a secure, hospitable, and aesthetically pleasing living and working environment in Dschang, ultimately catalysing enhanced socio-economic well-being for its communities.

Recommendations
Based on the findings of this study, the authors recommend possible solutions that would accommodate structural and non-structural measures to minimise flood problems observed in the study area for sustainable development. These include;
· Strengthening flood preparedness is crucial for Dschang's communities. Developing and implementing effective early warning systems that can provide residents with timely alerts, enabling them to take proactive measures and minimise potential damages. Collaborative efforts among local authorities, community leaders, and relevant agencies are essential for this purpose.
· Engaging communities in flood management decisions can enhance local ownership and effectiveness. Encouraging the adoption of traditional knowledge and local practices that have historically helped mitigate flooding can be valuable. Establishing community-led disaster management committees can facilitate coordination and swift responses during floods.
· Enhancing health services' capacity to handle flood-related health challenges is imperative. This includes developing contingency plans, stockpiling essential medicines, and training healthcare providers in flood-related health risks. Additionally, promoting proper waste disposal practices can prevent water contamination and minimise health risks.
· Advocating for increased government involvement and funding in flood management initiatives is vital. Authorities should allocate resources for flood risk reduction, infrastructure upgrades, and community capacity building. Collaboration with international organisations and donor agencies can also enhance financial support for flood mitigation projects.
Raising awareness about flood risks and proper preparedness measures can empower residents. Implementing educational programs in schools, organising workshops, and using media platforms can disseminate valuable information on flood prevention, response, and recovery.
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