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Abstract

Background

Dams provide water for industrial, agricultural, and domestic use, particularly in arid regions.

However, controlled dam releases due to heavy rainfall may affect downstream communi-

ties’ livelihoods and life courses such long-term impacts may be omitted from damage and

loss assessments. This study aims to assess the lived experiences and long-term conse-

quences of dam release flooding for downstream populations, comparing these with the typ-

ical scope of a damage and loss assessment (DaLA).

Methods

This research was conducted in two flood-prone districts in the White Volta basin, Ghana,

subject to dam spillage. Four Focus Group Discussions (FGDs) with community opinion

headers, household heads, chiefs, local politicians, and institutional staff were conducted

and analysed, alongside semi-structured interviews with twelve opinion leaders and disas-

ter-related institutions.

Results

Flood-affected communities struggled to attract partners for marriage due to stigmatisation

from flooding impacts. Women outside flooded areas rejected male members’ marriage pro-

posals, while communities offered young girls for marriage to wealthy men for greater finan-

cial security. Out-migration of female members to seek better livelihoods frequently led to

divorce, subsequently affecting children’s education and well-being. Participants reported

long-term trauma from flood-related contact with dangerous wildlife, travel disruption,
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disease risk, livelihood loss, and accidents. Such life course events and long-term trauma

would be omitted from a DaLA exercise.

Conclusion

Beyond its immediate impacts, flooding undermines family relationships and marriage,

impairing children’s education and traumatises affected communities. We recommend liveli-

hood diversification programmes, psychological support and family counselling to address

these long-term impacts, with expansion of DaLA’s scope to underpin such support.

Introduction

Together with storms, floods were the most frequent form of natural disaster globally in 2017

[1]. An estimated 1.81 billion people are exposed to 1-in-100 year floods, 89% of whom live in

low and middle income countries. Of the 170 million facing both high flood risk and extreme

poverty, 44% live in Sub-Saharan Africa [2]. Most floods in developing countries and tropical

regions simultaneously affect the environment, agriculture, water resources, life course, and

public health [3], with impacts exacerbated by poverty. The number of displaced people is

often large, and deaths are also high [4], significantly impacting life course events.

Life course is described as "a sequence of socially defined events and roles that the individ-

ual enacts over time" [5]. Flooding has been found to shape later life course events such as mar-

riage, children’s education and malnutrition. A longitudinal study by Ahmed [3] in

Bangladesh revealed that flood years were associated with reduced marriage rates. Floods

delayed or disrupted planned marriages. A focus group discussion in the Philippines revealed

that repeated floods disrupted children’s education [6]. Focus group discussions and key infor-

mant interviews in the Muzarabani District of Zimbabwe showed that flood exposure subse-

quently reduced learning hours, qualified teaching staff, and syllabus coverage whilst

increasing absenteeism, resulting in poor academic performance for children [7]. Flood expo-

sure was related to long-term malnutrition in rural populations in the Indian state of Orissa. A

household survey in flooded villages in Bangladesh also revealed that children exposed to

flooding during their first year of life had a greater subsequent prevalence of chronic malnutri-

tion [8].

Furthermore, some studies have revealed how flood events affect mental health. During the

2007 flood recovery across England, relocation was associated with psychological distress and

a sixfold increase in mental health symptoms [9]. Few of these existing studies of flooding

impacts on the life course focused on Sub-Saharan Africa, despite this being the most flood-

susceptible world region [10].

Although the literature highlights a myriad of long term impacts of flooding on life course,

techniques that have been developed to assess impact mostly focus on economic assets.

According to a recent systematic review, the Damage and Loss Assessment (DaLA) framework

is the most widely used approach to assessing natural disaster impacts [11]. DaLA involves the

assessment of damage to infrastructure, the social sector (housing, health, and education), and

productive sectors (agriculture, industry, commerce and tourism) [12]. DaLA is often used to

determine damage impacts and loss following natural hazards to estimate government inter-

vention for short-term and post-disaster financing needs [12]. DaLA has been criticised for

focusing on the tangible and direct impacts of natural disasters at the expense of long-term

and less tangible impacts [11]. It rarely considers the long-term aftermath impacts of life
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course transition such as marriage, lifestyle changes [3, 13]. psychological issues [9], divorce,

childbirth, and child-wellbeing [8], social disruption and its impacts on children’s education

[6, 7] and longer-term social capital, and migration in/out of flood-prone areas. Thus, the lived

experience of flood-affected communities may not be fully reflected in the DaLA process, lead-

ing to a mismatch between community priorities and those emerging from DaLA assessments.

Dam-release flooding remains a specific form of flooding that is under-studied. Approxi-

mately 472 million people globally live downstream of large dams whose livelihoods depend on

these dams [14]. Dam attenuation effects have been reported to reduce total flood susceptibility

by 9%, protecting 590 million people globally from flood exposure [15]. However, in some

cases, unexpected intense precipitation events in dam catchment areas have increased water

inflows into large dams beyond planned capacity, leading to frequent and rapid spills to avoid

dam wall collapse [16]. With climate change, extreme precipitation is expected to increase, and

this amplification may further increase surface water runoff and, thereby, the risk of dam failure

and spillage [17–21]. Understanding the role of dams in climate impact studies has become

essential, as there were 37,600 dams higher than 15m worldwide in 2014, with over 3,700 large

dams planned or under construction globally [15]. According to global modelling studies, dams

ameliorate flood risk, but locally, they can increase flooding intensity and frequency [22]. Dam

releases from spills usually cause flooding downstream [14] but their impacts on livelihoods are

context-dependent. More specific evidence from local case studies on livelihood impacts is thus

important to inform dam design and management sensitive to specific contexts.

Given this context, this study aims to understand the scope of dam release flooding impacts

reported by downstream communities and key informants in relation to the range of impacts

that would typically be covered by the DaLA framework. In doing so, it seeks to identify those

impacts that are not captured through DaLA and particularly those affecting the life course,

but which are a central part of the lived experience of affected communities. It was conducted

in the White Volta catchment in Ghana among communities subject to frequent dam release

flooding.

Methods

Case study area: The White Volta catchment, Ghana

Talensi District (Fig 1A) in Upper East Region, Ghana, had a total population of 87,021 in 2021

of which 88.2 per cent is rural [23]. The main source of employment is crop agriculture, through

which about 90% of the population attain their livelihood. Livestock rearing, food manufactur-

ing, firewood extraction, poultry production, logging, and tourism are other practices that peo-

ple engage in. The secondary sector is small, comprising a cotton ginnery, a tomato factory, and

two quarries. Savelugu Municipality (Fig 1B) in Northern Region had a population of 122,888

in 2021, of which 37.1% were rural. Its economic base is agriculture (mostly subsistence, small-

holder farming), employing 74.1% of the economically active population. The White Volta

passes through the municipality, allowing the population to fish and farm on its floodplain and

serving as its primary water source. Both areas experience a unimodal rainfall regime from late

April to mid-October, with average annual precipitation of 1000-1200mm.

These communities also suffer the most during dam release-related flooding. The Bagre

dam is operated by a Burkinabe power company, Société Nationale Burkinabe d’Electricité

(SONABEL) and has two turbines with a total installed capacity of 16MW. It meets 10% of the

country’s energy supplies. The dam flows into the White Volta and enters Ghana from the vil-

lage of Sapielga in the Upper East Region, about 60 kilometres from the dam [24]. This flood-

ing regime began in the 1990s when the Bagre Dam could no longer retain water above its

235m depth during the rainy season [25]. The dam has had to spill water for the last two
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decades to prevent dam wall collapse. Due to the volume of inflows into the dam catchment

area, this spillage normally occurs in August and September during the rainy season [26].

Relief agencies have reported adverse impacts from dam-related flooding in more than 265

communities in five regions of northern Ghana [27].

According to the joint rapid flood assessment in 2018 and 2019 conducted by the National

Disaster Management Organization (NADMO) and the Ghana Red Cross Society (GRCS), a

total of 3,556 and 5,010 households, respectively (21,336 and 26,083 people) were affected, out

of which 6 (19 injured) and 21 (19 injured) deaths were confirmed in the Upper East Region

in the respective years. A total of 487 and 2218 completely damaged houses and 7757 and 3743

partially damaged houses were recorded in these same years, respectively. These displaced

inhabitants were sheltered in local schools, churches, local council buildings, and with rela-

tives. Apart from these joint reports, there is no DaLA for the White Volta catchment. How-

ever, Dzodzomenyo et al. [28]. have assessed the flooding impact on microbiological

contamination of domestic water sources, Guribie [29] has also assessed agricultural fields

damages using Sentinel-1 SAR images and digital elevation models, and Nsor [30] have quanti-

fied floodplain vegetational change along the Volta river catchment in Northern Ghana.

Study design

This study formed a component of a wider project, examining the impacts of flooding on live-

lihoods, the life course, healthcare utilisation [31], and the microbiological quality of water

points [28, 32]. This project component employed a sequential exploratory approach through

a mixed-methods study design [33]. It also used a hermeneutic phenomenological approach,

as Van Manen [34] used to study lived experience [35]. This initial exploratory qualitative

research phase of the larger mixed methods study aims to understand the human experience

from the perspective of those who have lived it [36]. In studying the life course, the phenome-

nological approach focuses on how individuals make meaning of their experiences and how

these experiences shape their development over time. De Brasi et al. [37], Smith et al. [38],

Hareven [39] and Hutsebaut et al. [40] used a qualitative phenomenological approach to

understand better how human lived experience in an event affects their life course.

Fig 1. Map of study sites for focus group discussions and key informant interviews in Talensi and Savelugu

Municipal Districts, Ghana. Note: This map was produced by the authors with GPS coordinates of the study sites

collected during fieldwork and administrative boundaries for Ghana’s districts data from geoBoundaries [74].

https://doi.org/10.1371/journal.pone.0310952.g001
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This study uses this approach to understand the occurrence and severity of dam release

flooding and its implications on life course and livelihoods from the perspectives of flood-

affected communities and organisations engaged in flood preparedness/response via Focus

Group Discussions (FGD) and Key Informant Interviews KIIs respectively [41].

Sampling and area selection

Four communities were selected from Savelugu Municipal and Talensi districts using prelimi-

nary analysis of satellite imagery, corroborated by Red Cross reports documenting the agency’s

emergency response to flooding in the Upper East region [42]. For these districts, satellite

imagery from the Sentinel-1, Sentinel-2, and Landsat-8 sensors was acquired for known peri-

ods of Bagre Dam spillage (usually August-September) from 2015 to 2019. This imagery was

classified to map the historical distribution of flooding following dam release using a differenc-

ing image technique [43, 44]. Study sites were identified using a composite inundation map

layer created from the map layers of flooded areas for different years. This composite flood

map was overlaid onto digital map layers of populated places based on the WorldPop popula-

tion dataset [45] and water and sanitation points (e.g., boreholes and pit latrines) [46] to iden-

tify eight communities affected by flooding. These communities were confirmed by the

National Disaster Management Organisation’s (NADMO) district office to be the communi-

ties most affected by dam release flooding.

Prior interactions (stakeholder meetings, site visits to flooded communities, and commu-

nity mapping) took place with the communities, enhancing familiarisation with the flooding

situation. A maximum variation sampling technique was employed in selecting respondents

for the Focus Group Discussions (FGDs). Inhabitants of the eight flood-affected communities

were recruited in person by referral from the local NADMO officer and the assembly members

(a local elected representative), who were the point of contact. All respondents were 18 years

and above old, had lived in the area for at least ten years, and had first-hand knowledge of

floods in these localities. Participants were either district assembly members or chiefs, commu-

nity opinion/influential leaders, or household heads. Only invited participants were present,

and no one refused to take part. For the (KIIs), a purposive homogenous sampling strategy

was used in selecting participants because of their community representatives (community

representatives and chiefs or Traditional authority figures) and professionals with relevant

roles in flood-related institutions (the health sector, local government or other organisations

with a disaster relief remit) were purposefully selected to provide a range of perspectives (see

Table 1). None of these selected participants declined participation.

Data collection

Data collection took place for two weeks, 14th– 27th September 2020, during the flooding

period culminating in the Bagre dam release. All interviews and discussions were audio-

Table 1. Characteristics of focus group discussion (FGD) and key informant interview (KII) participants in Save-

lugu and Talensi districts, Ghana.

District Activity Male Female Total

Savelugu FGD 9 8 17

KII 4 2 6

Talensi FGD 8 8 16

KII 5 1 6

Total 26 19 45

https://doi.org/10.1371/journal.pone.0310952.t001
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recorded following a written informed consent of all participants. Both FDGs and KIIs were

assisted by MA and FTG (Ghanaian male & female researchers, respectively, located outside

the White Volta catchment). MA has a master’s degree in environmental geography, training

in qualitative research methodologies, and six years of qualitative interviewing experience.

FTG is a PhD researcher with a psychology and social science implementation background.

She is a qualitative researcher with over seven years of experience.

Attendees for the FGD were flood-prone residents the facilitator had never met before. A

participant information document containing the study goal and objectives was read to FGD

and KII participants in a language they understood. One of the researchers took field notes

during all conversations, while the other led the interaction. The FGD and KII tool were not

piloted, and interviews were not repeated.

FGDs: Participants were invited to discussion sessions at a convenient location (Municipal

Assembly conference hall), separating male from female participants to allow more open con-

tributions on community and individual viewpoints and gender-sensitive issues [47]. A table

of pseudonyms was created for each participant to record their comments. The mode of com-

munication was in the local dialect (Dagbani and Frafra) and was translated by a professional

translator whose gender matched that of the group concerned. Discussion groups comprised

nine and eight participants (see Table 1), enabling each participant to contribute [48]. Topics

discussed focused on the impacts of flooding on a community’s livelihood, life course, social,

health, and economics, as well as short and long-term impacts (see Online Resource 1). A dis-

cussion session (face-to-face) lasted for about an hour and a half. On the fourth FGD, the topic

had achieved saturation.

KIIs: Participants were interviewed in their offices and homes in English. A face-to-face

45-minute interview with semi-structured and open-ended questions focused on flooding’s

impact on flood-related institution sectors and observations over time and challenges in deliv-

ering service to affected populations.

Ethical approval and consent to participate

The study received ethical approval from the Ethics Committee of the Faculty of Environmen-

tal and Life Sciences, University of Southampton, U.K (Ref No: 54506, Approval date: 9th Feb-

ruary, 2020). and also from the Noguchi Memorial Institute for Medical Research, University

of Ghana Ethics Review Committee (NMIMR-IRB CPN 062/19-20, Approval date: 4th March

2020). The ethics certificates were obtained for a bigger study titled “An assessment of flooding

from dam releases and its impacts on diarrrrhoeal dissease and micibiological contamination

of water sources in selected dryland areas of Northern Ghana”. The current manuscript ema-

nated from this bigger study. To seek consent from study participants, a participant informa-

tion was first read and explained in the local dialect to them through a translator and a written

consent was sought thereafter.

Data analysis

A hermeneutic strategy was used to analyse participants’ lived experiences of the flooding phe-

nomenon [35]. Data were analysed inductively and deductively using thematic analysis

approaches [49]. At the Immersion stage, MA and FTG repeatedly listened and transcribed all

the recorded interviews verbatim, comparing results for omissions and accuracy. The tran-

scripts were then imported into NVivo 12 software [50] during the understanding stage to

identify codes (first-order participants construct). Based on the research questions and knowl-

edge obtained from reading transcripts, a codebook was developed that guided the coding of

all the data. All the transcripts were read line by line for coding. Additional codes were added
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to capture novel information emerging from the data set. The Abstraction stage identified sub-

themes (second-order researcher construction). Sub-themes were grouped into themes and

linked to sub-sector groups at the synthesis and theme development stage. There was also re-

coding until the final themes and sub-themes were obtained (Table 2). There was triangulation

across KII and FGD. Since these two methods provided an in-depth account of lived experi-

ence and observations, similar topics comparison, follow-ups and feedback after communicat-

ing results to participants were used to check for the reliability and validity of responses. Final

themes and codes were exported back into Microsoft Word for further reading to inform

interpretation. Themes and sub-themes were then cross-referenced to World Bank guidelines

for conducting DaLA (Table 2), identifying whether each theme or sub-theme was captured

through DaLA at the illumination and illustration of hermeneutic phenomena analysis circle

stage. Themes were also classified as having immediate or delayed onset.

Findings were communicated to disaster management stakeholders, health experts, local

government officials, and community residents, including participants, for comment and

input during dissemination meetings in March 2022.

Results

We present the results using typical categories in the World Bank’s Damage and Loss Assess-

ment Framework (DaLA) [12]. First, we present impacts that would be captured through

DaLA, then immediate impacts not usually captured through DaLA, and then delayed onset

Table 2. Themes and sub-themes emanating from data analysis of focus group discussions with flood-affected community members, cross-referenced against Dam-

age and Loss Assessment categories (World Bank, 2010).

Sector DaLA category Main theme Sub-theme Timing of onset

Agriculture and fishing Productive sector: agriculture Destruction of Agricultural produce i. Interruption in Crop production

ii. Damage to farming and fishing

Assets

Immediate

Housing Social sector: housing Damage to buildings and loss of homes. i. Ground saturation

ii. Short-term: Inundation

iii. Collapse

Immediate

Education Social sector: education (i. only) Interruption in teaching and learning

activities

i. School attendance

ii. School drop-out

iii. Educational attainment

Immediate

Delayed

delayed

Health Social sector: health Potential health challenges and fatalities i. High risk of danger

ii. Experience of illness, injury or

disease

iii. Occurrence of deaths in a

population.

iv. Psychological consequences

Immediate

Usually

immediate

Usually

immediate

Often delayed

Transport Infrastructure sector: transportation Road damage impeding mobility. i. Reduced access to the food

market.

ii. Reduced access to healthcare

Immediate

Water and sanitation Infrastructure sector: water and

sanitation

Disruption of water and sanitation

service

i. Contamination of water sources

ii. Damage to the sanitation system.

Immediate

Ecology and Wildlife

Conservation

n/a Human-wildlife conflict i. Intrusion in homes

ii. Struggle for safe havens

iiii. Attack on humans

Immediate

Social events and Welfare n/a Social events i. Interruption of social

engagements

Immediate

n/a Marriage, relationships, and child

welfare

i. Decline marriage proposals

ii. Child marriage

iii. Divorce

iv. Child welfare

Delayed

https://doi.org/10.1371/journal.pone.0310952.t002
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impacts not usually captured through DaLA, particularly those affecting the subsequent life

courses of affected individuals.

Community-reported impacts captured through Damage and Loss

Assessment Framework

Agriculture and fishing sector. Destruction of Agricultural produce.

Damage to farming and fishing assets. Given that flood-plain recession agriculture and

fishing are major livelihoods for Talensi and Savelugu’s populations, many immediate impacts

relate to these activities, which take place in flood-plains. For example, a fisherman described

the loss of fishing and farming equipment:

“. . . All our farming tools and fishing equipment like a fishing net, canon, and basket are all
carried away by the floods since we leave all at the river shore. Sometimes not even a single is
left for the whole community” (FGD, Participant 5, Male, Talensi).

Interruption in crop production and yield. As illustrated in Table 3, flooding impacts farm-

ing systems and food security in affected communities, shortening cropping periods, delaying

cultivation and transplanting of seedlings, reducing yields, and increasing post-harvest food

losses.

Social sector–Housing. Damage to buildings and loss of homes. Three sub-themes were

identified relating to housing damage from flooding experienced in all study communities:

ground saturation, inundation of houses, and collapse of houses. Almost all community mem-

bers expressed grave concern regarding destroying their homes, as did the different categories

of key informants (District/Municipal Chief Executives, NADMO officials, Chiefs, Assembly

members, etc.). A participant lamented:

“Now we are not even worried about our farm produce or the things we have on our farm, but
rather we are struggling for our own home and houses where we sleep. The recent dam release
and rains that came flooded our homes. In my compound, the level came up to my knees, and
others to their waist and our room and dwelling places collapsed and are in very bad condi-
tions because of the floods” (FGD, Participant 2, Female, Savelugu).

In some cases, entire communities were rendered homeless due to flooding, forcing resi-

dents to seek temporary shelter elsewhere and driving population displacement:

Table 3. Effect of dam release flooding on crop cultivation and production in Northern Ghana.

Crop or vegetable Flooding effect Quotation

Rice, Maize,

groundnut or yam

Post-harvest food losses “Others also harvested their corn and hid them in the farm
to dry, and the water came and washed all their produce
away” (FGD, Participant 2, Male, Talensi).

Reduced yields; shorter cropping

periods

“We usually time ourselves to harvest early enough so that
by the time the flooding comes, we can carry the foodstuff
to higher grounds. . . but this year we didn’t have the
opportunity to take out. . .nothing was taken from the
farm.We cultivated yam, groundnuts,maize, and nothing
was harvested” (FGD, Participant 4, Female, Savelugu).

Onion, Pepper Delayed cultivation and delayed

transplanting of seedlings

“This time of the season, we farm onions and pepper, but
there is still water in the areas we farm, so it has affected us
farming these crops” (KII, 3, Male, Talensi).

https://doi.org/10.1371/journal.pone.0310952.t003
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“. . .In the Sugutampia community with about 39 houses, it was only left with four houses. It
may even affect the remaining four houses as the water keeps coming in day by day” (KII, 2

Male, Savelugu).

“In our place, we are grouped into three communities.We have the Ewe,Hausa, and Mam-
prusi communities. As we speak, the Ewe community is left with three houses. The Mamprusi
community is left with four houses. As for the Hausa, we’re not already plenty; all the struc-
tures have been pulled down by the floods” (Participant 5, FGD, Female, Savelugu).

Saturated ground conditions caused building subsidence during or after flooding:

“. . . the worse is, there are times that you even step foot in your room, and then, there’s a big
hole created, and the water starts oozing. So, many of us in our rooms have water oozing out
of our sleeping places right from the floor. The flooding has gotten so bad that the ground all
over the place is wet and sinking. And any solid place is now covered with water, and even our
cemented floors give way to water” (Participant 3, FGD, Female, Savelugu).

Social sector–Education. Interruption in teaching and learning activities. FDG respon-

dents identified three ways that flooding immediately affected children’s education: damage to

school buildings; school buildings being used as temporary community shelters during floods;

and children being unable to travel to school safely, as illustrated by the following comments:

“We have a small river, a tributary of the White Volta here that sometimes makes it even
more difficult for people to go to school. So, when there is a massive rainfall, we advise them
not to cross and go to school” (FGD, Participant 1, Male, Talensi).

Our children cannot attend school because the buildings have collapsed or some are badly
affected and are weak.We can not risk the lives of our children to go to school. Some commu-
nities are fortunate that their schools are not affected by the floods, but they are used as tem-
porary shelters for the affected population. So, as long as the victims have occupied it, the
children can not go to school (KII, 4 Male, Savelugu).

Social sector–Health. Potential health challenges and fatalities. Flooding in northern

Ghana has several health implications for individuals and communities in the affected areas.

Flooding increases the risk of waterborne diseases. Flooding destroys crops, making it difficult

for people to access food and leading to malnutrition, especially among children. Damages to

homes and buildings lead to mold growth and dampness, which trigger respiratory problems

such as asthma and allergies.

“Water now occupies every inch of our communities. Our waste gets collected back into our
water bodies. These are our sources for drinking and cleaning. So, when the flood comes, it
contaminates our water sources, and we drink them. We know this, but we’re stuck and have
no option.” (FGD, Participant 3, Female, Savelugu).

Some other health conditions identified were consuming contaminated crops recovered

after floods, bites from breeding mosquitoes, harsh weather conditions, and overcrowding in

temporary flood shelters and settlements, leading to the spreading some infectious diseases.

These effects of flooding affected all age groups and sexes. Health issues reported with
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exposure pathways (in descending order of frequency) included malaria as a result of the

inability to set up bed nets in flood shelters; schistosomiasis (urinating blood) resulting from

children playing in floodwaters; cholera; other diarrhoea; hookworm; respiratory infections

and convulsions; and body sores, rashes, or skin diseases; accidents; and snake bites

“. . .we are even exposed to sicknesses. The adults are not safe—much less the younger ones.
The grounds are wet and are a source of sickness, even for the elderly and our kids. The place
gets so wet that we are sometimes exposed to cold from outside. The normal thing is to get
some warmth inside, but this time, it is the other way around. The cold starts from the inside”
(FGD, Participant 4, Female, Savelugu).

“The children play with the flooded water a lot, so this causes bilharzia (urinating blood)”
(FGD, Participant 3, Male, Talensi).

“Now we’ve all converged on the community church to sleep, and there’s barely enough room
to lay, let alone hang a mosquito net. So we’re all at risk.My child was just admitted to Diare
Health Center.He has malaria, and you can hear my voice is shaky due to the cold. Over-
crowding can also facilitate the spread of infectious diseases.” (FGD, Participant 6, Female,

Savelugu).

Flooding has reportedly claimed the lives of community members in various years from

1997 to 2019, though not in 2020.

“A lot of people die through the Pwalugu river. In the past, in 1997, 1999, 2000, 2003, 2018,
and 2019 there are records in the community to show this. In 2000, my sister died in a flooded
river. All these years, people died, and everybody in my community is aware of this” (FGD,

Participant 3, Male, Talensi).

“In the past up to 2018, the effects of the flood have been bad, particularly the loss of human
lives. In Talensi, in 2018, 4 people died and a lot of hospital admissions due to the flooding”
(KII, 5, Male, Talensi).

Infrastructure: Transport, water and sanitation. Road damage impeding mobility.
Respondents reported how flood damage to roads and bridges seriously impedes mobility

leading to access to food and healthcare outside of their communities. Particularly, communi-

ties selling agricultural produce, disrupt supply chains and cause food and medical supply

shortages. Movement is restricted causing access to essential produce outside communities

very cumbersome.

“Some years back, the flood was so intense that the water stayed for 45 days before it receded,
and it [the flood] divided the road into two. It was so flooded that vehicles could not cross
from one side to the other” (KII, 1, Male, Talensi).

Another respondent similarly revealed that:

“The flooding has been disturbing, and any time it comes, it destroys all our roads. When hap-
pens, we have people on the other side of the White Volta river, making it difficult for us to
cross over there. . .We cannot even access the road to come out and buy food because every
place is flooded, and we have been suffering all the time” (FGD, Participant 5, Male,

Talensi).
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Most respondents expressed concern over the inaccessibility of communities during flood-

ing. Health officials in both districts particularly recounted how their staff struggled to reach

out to people in cut-off communities to provide medical care.

“We do not hear much about the flooding apart from the roads being occupied with water.
We are in the health sector, trying to reach every community in the district. In some commu-
nities, the health staff can’t access it, and they also can’t access the health facilities. Sometimes
even referring emergency cases in a hospital from smaller health centres becomes problematic”
(KII, 4, Female, Savelugu).

Community members in both districts shared similar concerns over reduced healthcare

access resulting from impassable roads during flooding. In some cases, this resulted in

fatalities:

“A woman gave birth at the district hospital. When she was discharged and going home, the
baby fell in the water and died while the ‘motor king’ tricycle passed through the floods with
the woman and the new baby” (FGD, Participant 1, Male, Talensi).

“How to even get to the district hospital in times of emergency becomes an issue. During this
time, people are cut off from the district hospitals, and some die as a result” (FGD, Partici-

pant 1, Male, Talensi).

Disruption of water and sanitation service. Communities’ sanitation systems are also

affected by flooding. During flooding, sanitation systems such as toilets and solid waste sites

are affected.

“The toilets facilities which serve the community are affected. Same can also be said for solid
waste dumping sites. Some sometimes become inaccessible while in some instances, inundated
water at the sanitation areas affects the nearby wells.” (FGD, Participant 3, Female,

Savelugu).

Finally, as reported elsewhere [31], FGD participants described how open defecation led to

faecal contamination of water points during flooding. Microbiological contamination such as

faecal enterococci, Shigella, and Salmonella was also reported to be present in the communi-

ties’ domestic water sources [28].

Community-reported impacts with immediate onset not captured through

DaLA

Human-wildlife contacts. Contact with dangerous wildlife was a theme that emerged

from FGDs and KIIs but was absent from the DaLA guidelines. Flooding can displace both

humans and animals, bringing people and wildlife into closer proximity as both compete for

dry space and seek shelter. FGD respondents clearly found such incidents traumatic, as the fol-

lowing quotations exemplify:

“In an attempt to drain the water coming into our home, which passes through our washroom
into the compound, I made a guard at the entrance with buckets to fetch the water away.
Then it trapped a snake, and I mistakenly picked it and threw it away without realising that it
had collected a snake. . ..” (FGD, Participant 5, Female, Savelugu).
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“The situation is that we are even exposed to reptiles. Sometimes you are lying down, and
sometimes you feel movement. Then you check, and you see a snake or a scorpion in your
room” (FGD, Participant 3, Female, Savelugu).

“This area is home to snakes and scorpions, especially during this rainy season. Some snakes
are even brought to this area by the dam release flood. The moving water sometimes carries
wild animals from some distance to this area.” (KII, 1, Male, Talensi).

During flooding, as people navigated flooded areas in canoes, there is a risk of exposure to

reptiles:

“Sometimes your canoe will pass under a tree, and a reptile (snakes or scorpions) will fall into
your canoe from the tree because they also take shelter on the tree when the area is flooded.
This wildlife will be alive and hungry because it has been there for some days without food. In
this case, the fittest survive in the canoe or those who can swim faster” (KII, 1, Male,

Savelugu)

FGD respondents reported how flooding exacerbated risk of snake bite, with at least one

observed case in each community:

“Snakes bit two people in my community, and the same can be said for our neighbouring com-
munities. We often experience snake bites” (FGD, Participant 4 and 7 Female, Savelugu).

Despite efforts to have community members keep watch, the risk of snakebite remained

high:

“We put in place measures [during floods]. We don’t even sleep in our communities, but we
are still exposed because reptiles are a major consideration why we don’t sleep and keep
watch, but, upon all our measures, we still have people being victims of snake bites” (FGD,

Participant 7, Female, Savelugu).

Interruption of social engagements. KII respondents described flooding’s impact on

community meetings, with religious services, weddings and other celebrations rescheduled,

relocated, or held more quickly outdoors for fear of building collapse or repurposing of com-

munity buildings as shelters:

“During this time, even when you call for a meeting, it will be difficult for people to attend
because they may be cut off by inaccessible roads or fear entering a room with the fear of the
building collapsing. Our usual meeting places might also be inundated with water”. (KII, 1,

Male Savelugu)

“People can’t go to people of worship because they are affected or used as temporary shelters
for victims. One can not marry or do social events because nobody will come.” (KII, 2, Male

Talensi)

Community-reported impacts with delayed onset not captured through

Damage and Loss Assessment

Long-term mental health consequences. Flooding has long-term psychological conse-

quences for mental health, particularly for those who have experienced significant loss or
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trauma due to flooding. People may experience Post-Traumatic Stress Disorder (PTSD), espe-

cially those who have lost loved ones or experienced significant property damage. This leads to

symptoms of PTSD, including flashbacks, anxiety, and hypervigilance.

“I can never forget how I lost my sister in 2000 in a flooded river.” (FGD, Participant 3,

Male, Talensi).

Flooding can lead to feelings of uncertainty and anxiety about the future. Anxiety symp-

toms include excessive worry, panic attacks, and physical symptoms such as heart palpitations.

Most of the FGDs and KII participants reported how the challenge of coping with all these

effects traumatised them and often resulted in increased mental stress, anxiety, depression,

and disease burden.

“We are always stressed—most of the time, because of our fear of the unknown. Almost every-
body here has someone sick at home. And some of us have been on medication as we are here.
And sometimes, the psychological pressure from the stresses we must deal with all adds to our
disease burden. One will not be in an appropriate state of mind knowing they must deal with
these effects each year”. (FGD, Participant 4, Female, Savelugu).

Flooding has ongoing stressors, such as financial challenges or difficulty finding a new

home. This can lead to chronic stress, negatively impacting physical and mental health. Indi-

viduals may sometimes turn to drugs or alcohol to cope with the stress and trauma associated

with flooding.

“I know of one fine gentleman in my community who has abused drugs and alcohol due to los-
ing his child [drowning]. His state is very pathetic. His wife also left him and has moved to the
city.” (FGD, Participant 1, Female, Savelugu).

Educational progression, attainment and school dropout risk. FGD participants

described how flooding’s economic impacts had long-term consequences for children’s educa-

tion. Families who have lost their homes or livelihoods may struggle to afford the cost of edu-

cation, including school fees, uniforms, and supplies. This can force children to drop out of

school and impact their educational attainment:

“I lost everything during the flood. It affected my children going to school. They also lost their
books, uniforms and other things. I had to pay their school fees and buy their books and uni-
forms, but everything [farm produce] I planted is gone and no money to feed, let alone pay
school fees.They had to stay home this term” (FGD, Participant 1, male, Savelugu).

Similarly, out-migration of married women searching for work as head-porters in cities

during flooding affected the care and education of younger children, as acknowledged by all

FGD and KII respondents, especially in polygamous households, where children mostly spend

time with women. Some fathers do not pay attention to their children on school attendance.

One woman reported:

“When we leave home to do such work, on the other hand, it affects our children because they
don’t get maximum care when with the father. It affects their school attendance”. (FGD, Par-

ticipant 1, Female, Talensi).
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In many cases, floods can have long-term impacts on children’s education, particularly for

those displaced or otherwise affected by the flooding. Female KII respondents reported chil-

dren dropping out of school early, slower academic progression, and poor educational

attainment:

The challenge of school dropouts and poor performance in this district is seen or associated
with flooding communities. Their student population reduces as they progress from one class
to another. The few who can make it to the final are also not the best results. It is very worry-
ing. (KII, 1, Female, Savelugu).

Children who have experienced the trauma of a flood and the subsequent displacement

may struggle with anxiety, depression, and other mental health and well-being challenges that

can impact their academic performance and long-term outcomes

We [family] moved here when I retired from work. When we were in the south, my children
were doing well, but even since they experienced the flooding, they have been stressed and
depressed. Their academic performance is on the decline. I regret moving here, but this place is
our hometown.”(FGD, Participant 3, Male, Talensi)

Life course impacts: Marriage relationships, and child welfare

Three sub-themes emerged when we explored how flooding affected community members’

life courses: fewer successful marriage proposals, greater child marriages, and the out-migra-

tion of women seeking better livelihoods leading to divorce.

A decline in marriage proposal. Men living in flood-prone communities were reportedly

less likely to propose marriage to women than men elsewhere successfully. A young man

described how women’s fear of flooding prevented them from accepting marriage proposals

from men residing in flood-prone communities, stigmatising those in flood-affected

communities:

“Sometimes, the flooding even affects our marriage. If a man around this place wants to
marry, once the lady he has proposed to know he is from a flood-prone community like mine,
she will turn the proposal down because she feels she won’t get anything. The flood will likely
destroy all your properties, and her life is even in danger or at risk of such disaster” (FGD,
Participant 7, Male, Talensi).

“It has sometimes become a stigma in the community. Once the community’s name is men-
tioned, the flooding is attached.Women and men around these communities sometimes expe-
rience rejection in marriage”. (KII 1, Male, Talensi)

Early child marriage. Loss of livelihoods due to flooding and post-flood food insecurity

compelled some families to offer their daughters for marriage at a younger age to secure dowry

payments. Breast development of young girls served as the criteria in determining their readi-

ness for marriage, as revealed by an older man:

“Sometimes, we give our daughters in early marriage to get some money to feed the family. As
low as 12 years old, that was the olden days, but now, we check the breast as soon as it is
matured, so once we see some development in the breast, we can give them in marriage. She
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can become a fourth or fifth wife of a rich man; we don’t consider that a challenge”. (FGD,
Participant 2, Male, Talensi).

Some underage girls are also given to marriage to reduce their dependence on the family’s

limited resources. The number of households reduces when girls are made to stay at their mar-

ital homes.

“Sometimes we give them to marriage to make room for space and resources. For instance, if I
have 3 girls and 3 boys, including myself and 2 wives, the whole family becomes 9. When the 3
girls leave, we are now left with 6. The harvest can last longer.” (FGD, Participant 4, Male,

Savelugu)

Out-migration, divorce, and child welfare. Female respondents reported the out-migra-

tion of married women from flood-prone communities particularly following the flood season

and before the next farming season.:

“What we [women] can do to help is that we have to travel and go down south (Kumasi, Tech-
man, Accra) where there are a lot of commercial businesses needing labourer work (kayayi) to
carry this on the head—[head porter], to earn some money for the next season’s farming. . ..”
(FGD Participant 1, Female, Talensi).

Male respondents recognised that out-migration and the financial impacts of flooding exac-

erbated underlying marriage relationships, increasing divorce risk. Despite leaving flood-

prone communities intending to support their families by working elsewhere, flood-induced

poverty meant some female migrants never returned home. Women’s prolonged absences

sometimes resulted in the termination of existing marriages and women starting new relation-

ships when they moved south for work. An elderly male respondent described how:

“Sometimes they (married women) will travel to the cities (Kumasi) and go to do head-porter
work (Kayaye). If they call to inquire about the flood and see that nothing has changed, some
end up marrying there and not returning, leaving the family, including husband and children,
behind”. (FGD, Participant 7, Male, Talensi).

When a mother migrates during a flooding event, it can significantly impact the welfare

and well-being of her children. Especially children do not get maximum care in a polygamous

home. This sometimes causes malnutrition, retired growth, safety, and well-being.

“It also affects their growth and health since sometimes they go on an empty stomach when
times are hard” If the mothers are around, they will ensure the child eats, sleep well and has
other basic needs. There are great differences between when a child’s mother travels and when
she is around.” (FGD, Participant 1, Female, Talensi).

Discussion

Life course and other impacts omitted from DaLA guidelines

Comparison of World Bank DaLA guidelines with community FGD and key informant inter-

views identifies flood impacts that would be omitted from a typical DaLA assessment, but
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which are an important part of the lived experience of flood-affected communities. These can

be separated into immediate impacts and those with delayed onset, with the latter typically

being subsequent life course events.

Among delayed onset impacts not captured by DaLA, our findings have shown that severe

flood occurrence was associated with closely inter-related impacts including significant unem-

ployment, income loss, and other indirect and long-term effects on life-course transition.

Flooding exacerbated prevailing economic hardship and intensified out-migration, particu-

larly of married women to southern Ghana, leading to reported higher divorce rates. This find-

ing contradicts several studies in high-income countries, including a longitudinal and time

series analysis in the USA [51], which reported stability and strengthening of romantic rela-

tionships following disasters. Similarly, Prati and Pietrantoni [52] noted an increase in the

motivation of romantic partners to facilitate intimacy and partnership and maintain proximity

to each other in the event of disasters in Italy. Furthermore, single men in flood-prone com-

munities of Northern Ghana described how their marriage proposals were often unsuccessful.

Women concerned about economic security through marriage tended to reject marriage pro-

posals from males who were economically affected due to flood damage, a phenomenon also

identified via longidutinal household survey analysis in Bangladesh [3].

In addition, flood-affected families sometimes arranged early marriages for their daughters,

thereby receiving dowry money to counter lost income following flooding. Several respon-

dents described using girls’ breast development as a traditional cultural indicator to determine

readiness for an early marriage. Such socio-cultural context sexually objectifies females, equat-

ing their worth with their bodies’ appearance and sexual capabilities [53]. A high incidence of

child marriage has previously been reported in northern Ghana [54], though this has not pre-

viously been connected to flood exposure. Early and polygamous marriages are culturally

acceptable among the indigenous people of Northern Ghana. However, the practice endangers

the girl child throughout her life course. Thus, despite changing social norms and government

strategy supported by UNICEF [55], the girl child has not fully escaped the stigma of sexual

objectification as flooding reinforces prevailing economic hardships and socio-cultural norms

[56]. Ahonsi et al. [57] confirm the practice of child marriage in Northern Ghana and further

explain its association with the poverty cycle for affected females. Consequently, flooding indi-

rectly impedes the achievement of SDG 5, which aims to enhance girls’ education, promote

gender equality, and eliminate child marriage in northern Ghana [58, 59]. Policymakers and

researchers, therefore, need to target flood-affected communities in demystifying norms on

the sexual objectification of young girls and apply appropriate sanctions to deter this practice.

Additionally, the out-migration of mothers from flood-prone communities may undermine

their children’s subsequent welfare and education. The findings imply gaps in meeting chil-

dren’s needs for optimal development. Female respondents reported male partners struggling

to cope with parenting responsibilities in the absence of women, noting fathers’ limited ability

to provide child care and the consequent effect on school attendance and child growth out-

comes. Previous studies have highlighted women’s notable reproductive and productive roles

in sustaining families [60] in Northern Ghana [61]. These role dynamics are explained by cul-

tural factors that promote male superiority and discourage male engagement in household

duties such as nurturing children [62].

Closely linked with the loss of livelihoods and the consequential out-migration of flood-

affected community members are urbanisation and its associated challenges. These include

‘streetism’ for head porters and their children, high risk of disease spread, injury due to road

accidents, exposure or involvement in prostitution, fraud, and petty crime [63]. Since peren-

nial flooding in northern Ghana drives urbanisation [64], government and non-governmental

organisations could intervene in rural flood-affected areas to reduce out-migration. Rakib

PLOS ONE Life experiences following dam release flooding in Northern Ghana

PLOS ONE | https://doi.org/10.1371/journal.pone.0310952 December 2, 2024 16 / 22

https://doi.org/10.1371/journal.pone.0310952


et al. [65] identified skills acquisition and financial support as alternative measures that can

enhance the capacity of affected households to recover from flooding and break the vicious

cycle of poverty in disaster-prone locations.

Our respondents also reported immediate flood impacts not captured in DaLA guidelines.

In particular, traumatic contact with dangerous wildlife was reported during flooding, with the

associated risk of snakebite and other injuries, a risk not explicitly captured in DaLA guidelines

[12]. The greater conflict between humans and wildlife has been attributed to processes that

alter resource use for both populations, bringing them into competition and closer proximity

[66]. Our study suggests flooding exacerbates this process as wildlife and humans compete for

dry space and potable water. Respondents clearly found such incidents traumatic, so wildlife

contact during flooding may constitute a specific risk factor for post-traumatic stress disorder

in this setting, which is known to affect some of those exposed to flooding [67].

Finally, respondents reported other immediate impacts captured by DaLA guidelines and

widely reported elsewhere. For example, acute health challenges such as access to healthcare

facilities and increased infectious disease have been widely reported [68–70], as has loss of

housing, agricultural, and fishing livelihoods and assets in flood-prone communities in other

developing countries [17, 71, 72]. Significantly, dam release flooding in Northern Ghana

affected the cultivation of onion and pepper and the harvesting of yam, groundnut, maise, and

rice, undermining food availability among the rural poor. Although the dam operators,

through NADMO, publicised schedules for spillovers, this warning was insufficiently early to

allow farmers time to harvest some crops while other crops were not mature enough to har-

vest. Therefore, public and private investment should promote flood-resilient farming prac-

tices that ensure early readiness and harvesting of crops before the onset of floods [73].

Limitations

Our findings are subject to some limitations. Although Focus Group Discussions (FGDs) were

conducted in the local dialect and translated into English by a professional translator, some

nuances could have been lost during translation. The study engaged resident household heads

and opinion leaders; their perspectives could differ from those of the wider community. In

particular, the perspectives of out-migrants or young girls could have differed greatly from

those residents interviewed. Interviews took place following very extreme flooding, which

could have magnified respondents’ accounts of flood impacts.

Recommendations

These findings reinforce the need to incorporate community consultation into DaLA and

post-disaster needs assessment to address longer-term flood impacts. Policy should support

affected community members through flood-impacted life transitions, economic and financial

adversity, and psychological trauma, since previous conventional interventions largely focus

on short-term relief for individuals and communities. In particular, longer-term psychological

and mental health support is recommended for flood-affected communities.

In the White Volta catchment, since respondents reported how stable marriages and paren-

tal relationships facilitated children’s health and educational development. Thus, to adequately

compensate and rehabilitate flood-affected populations, policymakers and humanitarian relief

providers should consider life course transitions and other physical or mental health problems,

at least during the first year after the event. To transform these neighbourhoods, local, commu-

nity, religious, and civil society agents resilient to such flood impacts should be incorporated

into the rehabilitation process [3]. We also recommend investing in long-term flood preven-

tion measures, such as building a holding dam below the Bagre Dam to hold flood water for
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other purposes, alongside soft loans for flood-suitable agricultural inputs or crops and targeted

seasonal hardship funds to protect affected individuals. Such financial support, alongside life

skills acquisition, could enable affected households to recover from the adverse effects of the

flood and break the poverty cycle in such downstream flood-prone communities. Given the

reported links between flood exposure and child marriage in our study, we recommend that

government bodies, particularly Ghana’s Social Welfare Department and National Commis-

sion for Civic Education target existing educational programmes to reduce early child mar-

riage [55] in flood-affected areas. Policymakers and researchers need to advance knowledge

and practice, demystify norms on the sexual objectification of young girls, regardless of eco-

nomic needs, and apply appropriate sanctions to deter such practices in flood-affected areas.

Future research should examine the influence of flood regimes on other life course transi-

tions and their socioeconomic consequences (e.g., for educational, health, and employment

outcomes) relative to non-flood-prone settings via a natural experimental, longitudinal study

design.

Conclusions

Although there are substantial benefits from dams that benefit multiple SDG targets, where cli-

mate change has led to greater rainfall intensity, their overspill can intensify the social, health,

and environmental consequences of flooding for downstream populations.

In northern Ghana, participants reported how flooding decreased men’s marriage chances

and reduced marital ties between individuals in non-flooded and flood-prone areas. Partici-

pants also described how some parents were compelled towards child marriage of girls to

wealthy older men, to raise dowry funds to counter post-flood food insecurity and enable crop

preparation for the following season. Flood events further destabilise adults’ marital relation-

ships in flooded communities and lead to divorce and childcare challenges. Mothers who leave

home during flooding to search for employment and higher living standards in cities will most

likely not return. Children left behind by mothers most often drop out of school and suffer

malnutrition. Flooding events in these communities interrupt social engagements, weakening

social ties, school attendance and performance, churches and public gatherings are used as

temporary shelters for affected households. Acute (short-term) health impacts and trauma

from flooding reportedly lead to long-term mental health issues and trauma.

Disaster management, particularly DaLA guidelines, often neglects the long-term conse-

quences of flooding and the recovery phase. Beyond its immediate consequences, long-term

educational, societal, and mental health and trauma impacts of flooding on the life course may

be neglected. These require addressing as much as short-term impacts, and these less tangible,

long-term impacts further strengthen the case for preventing and mitigating flood impacts.
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13. Hacon SS, Dórea JG, Fonseca MdF, Oliveira BA, Mourão DS, Ruiz CM, et al. The influence of changes

in lifestyle and mercury exposure in riverine populations of the Madeira River (Amazon Basin) near a

hydroelectric project. International journal of environmental research and public health. 2014; 11

(3):2437–55. https://doi.org/10.3390/ijerph110302437 PMID: 24577285

14. Richter BD, Postel S, Revenga C, Scudder T, Lehner B, Churchill A, et al. Lost in development’s

shadow: The downstream human consequences of dams. Water alternatives. 2010; 3(2):14.

15. Boulange J, Hanasaki N, Yamazaki D, Pokhrel Y. Role of dams in reducing global flood exposure under

climate change. Nature communications. 2021; 12(1):417. https://doi.org/10.1038/s41467-020-20704-

0 PMID: 33462241

16. Poapongsakorn N, Meethom P. Impact of the 2011 floods, and flood management in Thailand. ERIA

Discussion Paper Series. 2013; 34:2013.

17. Ge W, Wang X, Li Z, Zhang H, Guo X, Wang T, et al. Interval analysis of the loss of life caused by dam

failure. Journal of Water Resources Planning and Management. 2021; 147(1):04020098.

18. Taruna DA, Adityawan MB, Nugroho J, Farid M, Kuntoro AA, editors. Study of the relation between

hydraulic jump and the flood water level in the river on the downstream of a spillway. MATEC Web of

Conferences; 2019: EDP Sciences.

19. Diman CP, Tahir W. Dam flooding caused a prolonged flooding. International Journal of Civil & Environ-

mental Engineering. 2012; 12(6):71–5.

20. Peng M, Zhang L. Analysis of human risks due to dam-break floods—part 1: a new model based on

Bayesian networks. Natural hazards. 2012; 64:903–33.

PLOS ONE Life experiences following dam release flooding in Northern Ghana

PLOS ONE | https://doi.org/10.1371/journal.pone.0310952 December 2, 2024 19 / 22

https://doi.org/10.1038/s41467-022-30727-4
http://www.ncbi.nlm.nih.gov/pubmed/35764617
https://doi.org/10.1136/bmjopen-2011-000109
http://www.ncbi.nlm.nih.gov/pubmed/22080535
https://doi.org/10.1016/j.envres.2015.04.008
http://www.ncbi.nlm.nih.gov/pubmed/25909883
https://doi.org/10.3390/ijerph110302437
http://www.ncbi.nlm.nih.gov/pubmed/24577285
https://doi.org/10.1038/s41467-020-20704-0
https://doi.org/10.1038/s41467-020-20704-0
http://www.ncbi.nlm.nih.gov/pubmed/33462241
https://doi.org/10.1371/journal.pone.0310952


21. DeKay ML, McClelland GH. Predicting loss of life in cases of dam failure and flash flood. Risk analysis.

1993; 13(2):193–205.

22. Tabari H. Climate change impact on flood and extreme precipitation increases with water availability.

Scientific reports. 2020; 10(1):13768. https://doi.org/10.1038/s41598-020-70816-2 PMID: 32792563

23. Service GS. Ghana 2021 Population and Housing Census General Report. Ghana Statistical Service

Accra, Ghana; 2021.

24. Manu D. Assessing the impact of bagre dam spillage in the Pru East district of Brong Ahafo region: Uni-

versity of Education, Winneba; 2019.

25. Musah B, Mumuni E, Abayomi O, Jibrel M. Effects of floods on the livelihoods and food security of

households in the Tolon/kumbumgu district of the Northern region of Ghana. American Journal of

Research Communication. 2013; 1(8):160–71.

26. Ampomah O. Modeling the Effect of the Bagre Dam on the Water Levels of the Akosombo Dam: Time

Series Intervention Analysis University of Ghana; 2017.

27. Societies IFoRCaRC. Emergency Plan of Action (EPoA) Floods in Upper East Region DREF Operation.

2018. Contract No.: Situational Report 27th September 2018.

28. Dzodzomenyo M, Asamoah M, Li C, Kichana E, Wright J. Impact of flooding on microbiological contami-

nation of domestic water sources: a longitudinal study in northern Ghana. Applied Water Science. 2022;

12(10):235.

29. Guribie R. Flood monitoring and damage assessment in agricultural fields using Sentinel-1 SAR images

and digital elevation models: A case study of the White Volta river in Ghana: University of Twente;

2020.

30. Nsor CA, Ashiagbor G, Danquah E. Quantifying recent floodplain vegetation change along the white

Volta river in the Northern region of Ghana. Ghana Journal of Geography. 2019; 11(1):159–79.

31. Dotse-Gborgbortsi W, Dwomoh D, Asamoah M, Gyimah FT, Dzodzomenyo M, Li C, et al. Dam-medi-

ated flooding impact on outpatient attendance and diarrhoea cases in northern Ghana: a mixed meth-

ods study. BMC Public Health. 2022; 22(1):2108. https://doi.org/10.1186/s12889-022-14568-w PMID:

36397017

32. Li C, Yu W, Dzodzomenyo M, Asamoah M, Kerapetse CT, Kandel M, et al. Growing spatial overlap

between dam-related flooding, cropland and domestic water points: A water–energy–food nexus man-

agement challenge in Malawi and Ghana. Frontiers in Water. 2021; 3:730370.

33. Creswell JW, Clark VLP. Designing and conducting mixed methods research: Sage publications; 2017.

34. Van Manen M. Professional practice and ‘doing phenomenology’. Handbook of phenomenology and

medicine: Springer; 2001. p. 457–74.

35. Ajjawi R, Higgs J. Using hermeneutic phenomenology to investigate how experienced practitioners

learn to communicate clinical reasoning. 2007.

36. Sadala MLA, Adorno RdCF. Phenomenology as a method to investigate the experience lived: a per-

spective from Husserl and Merleau Ponty’s thought. Journal of advanced nursing. 2002; 37(3):282–93.

https://doi.org/10.1046/j.1365-2648.2002.02071.x PMID: 11851799

37. De Brasi EL, Giannetta N, Ercolani S, Gandini ELM, Moranda D, Villa G, et al. Nurses’ moral distress in

end-of-life care: a qualitative study. Nursing ethics. 2021; 28(5):614–27. https://doi.org/10.1177/

0969733020964859 PMID: 33267730

38. Smith I, Knight T, Fletcher R, Macdonald JA. When men choose to be childless: An interpretative

phenomenological analysis. Journal of Social and Personal Relationships. 2020; 37(1):325–44.

39. Hareven TK. The life course and aging in historical perspective. Life Course: Routledge; 2019. p. 9–25.

40. Hutsebaut J, Videler AC, Verheul R, Van Alphen SP. Managing borderline personality disorder from a

life course perspective: Clinical staging and health management. Personality Disorders: Theory,

Research, and Treatment. 2019; 10(4):309. https://doi.org/10.1037/per0000341 PMID: 31144839

41. Mapp T. Understanding phenomenology: The lived experience. British Journal of Midwifery. 2008; 16

(5):308–11.

42. Societies IFoRCaRC. Emergency plan of action final report–Ghana: Floods in Upper East Region.

2019.

43. Singha M, Dong J, Sarmah S, You N, Zhou Y, Zhang G, et al. Identifying floods and flood-affected

paddy rice fields in Bangladesh based on Sentinel-1 imagery and Google Earth Engine. ISPRS Journal

of Photogrammetry and Remote Sensing. 2020; 166:278–93.

44. Long S, Fatoyinbo TE, Policelli F. Flood extent mapping for Namibia using change detection and thresh-

olding with SAR. Environmental Research Letters. 2014; 9(3):035002.

PLOS ONE Life experiences following dam release flooding in Northern Ghana

PLOS ONE | https://doi.org/10.1371/journal.pone.0310952 December 2, 2024 20 / 22

https://doi.org/10.1038/s41598-020-70816-2
http://www.ncbi.nlm.nih.gov/pubmed/32792563
https://doi.org/10.1186/s12889-022-14568-w
http://www.ncbi.nlm.nih.gov/pubmed/36397017
https://doi.org/10.1046/j.1365-2648.2002.02071.x
http://www.ncbi.nlm.nih.gov/pubmed/11851799
https://doi.org/10.1177/0969733020964859
https://doi.org/10.1177/0969733020964859
http://www.ncbi.nlm.nih.gov/pubmed/33267730
https://doi.org/10.1037/per0000341
http://www.ncbi.nlm.nih.gov/pubmed/31144839
https://doi.org/10.1371/journal.pone.0310952


45. Sorichetta A, Hornby GM, Stevens FR, Gaughan AE, Linard C, Tatem AJ. High-resolution gridded pop-

ulation datasets for Latin America and the Caribbean in 2010, 2015, and 2020. Scientific data. 2015; 2

(1):1–12. https://doi.org/10.1038/sdata.2015.45 PMID: 26347245

46. Yu W, Wardrop NA, Bain RE, Alegana V, Graham LJ, Wright JA. Mapping access to domestic water

supplies from incomplete data in developing countries: An illustrative assessment for Kenya. PloS one.

2019; 14(5):e0216923. https://doi.org/10.1371/journal.pone.0216923 PMID: 31100084

47. Smyth I, Hai VM. The disaster crunch model: guidelines for a gendered approach. 2012.

48. Rodriguez KL, Schwartz JL, Lahman MK, Geist MR. Culturally responsive focus groups: Reframing the

research experience to focus on participants. International Journal of Qualitative Methods. 2011; 10

(4):400–17.

49. Braun V, Clarke V. Using thematic analysis in psychology. Qualitative research in psychology. 2006; 3

(2):77–101.

50. Bengt Edhlund A. NVivo 12 Essentials. Lulu com. 2019.

51. Cohan CL, Cole SW, Schoen R. Divorce following the September 11 terrorist attacks. Journal of Social

and Personal Relationships. 2009; 26(4):512–30.

52. Prati G, Pietrantoni L. Marriage following the 1997 umbria-marche (italy) earthquake. Disaster Preven-

tion and Management. 2014; 23(1):12–8.

53. Szymanski DM, Moffitt LB, Carr ER. Sexual objectification of women: Advances to theory and research

1ψ7. The Counseling Psychologist. 2011; 39(1):6–38.

54. Alhassan E. Early marriage of young females: a panacea to poverty in the northern region of Ghana.?

2013.

55. Ministry of Gender C, Protection S. National strategic framework on ending child marriage in Ghana

2017–2026. Ministry of Gender, Children and Social Protection Accra; 2016.

56. Ruto SJ. Sexual abuse of school age children: Evidence from Kenya. Journal of international Coopera-

tion in Education. 2009; 12(1):177–92.

57. Ahonsi B, Fuseini K, Nai D, Goldson E, Owusu S, Ndifuna I, et al. Child marriage in Ghana: evidence

from a multi-method study. BMC women’s health. 2019; 19(1):1–15.

58. Sarfo EA, Salifu Yendork J, Naidoo AV. Understanding child marriage in Ghana: The constructions of

gender and sexuality and implications for married girls. Child Care in Practice. 2022; 28(2):228–41.

59. Domfe G, Oduro A. Prevalence and trends in child marriage in Ghana. Centre for Social Policy Studies

(CSPS) Technical Publications Series. 2018(1/18).

60. Beneria L, Sen G. Accumulation, reproduction, and" women’s role in economic development": Boserup

revisited. Signs: Journal of women in culture and society. 1981; 7(2):279–98.

61. Opoku-Ware J. Women’s productive and economic roles towards household poverty reduction in

Ghana: A survey of Bongo District in Northern Ghana. Research on Humanities and Social Sciences.

2014; 4(19):148–55.

62. Mishra G. Work-Family Conflict and Family-Friendly Policies for Working Women in India: Lulu Publica-

tion; 2021.

63. Zhang XQ. The trends, promises and challenges of urbanisation in the world. Habitat international.

2016; 54:241–52.

64. Hastrup K, Rubow C. Living with environmental change: Waterworlds: Routledge; 2014.

65. Rakib M, Islam S, Nikolaos I, Bodrud-Doza M, Bhuiyan MA. Flood vulnerability, local perception and

gender role judgment using multivariate analysis: A problem-based “participatory action to Future Skill

Management” to cope with flood impacts. Weather and climate extremes. 2017; 18:29–43.

66. Mukeka JM, Ogutu JO, Kanga E, Røskaft E. Human-wildlife conflicts and their correlates in Narok

County, Kenya. Global Ecology and Conservation. 2019; 18:e00620.

67. Mason V, Andrews H, Upton D. The psychological impact of exposure to floods. Psychology, health &

medicine. 2010; 15(1):61–73. https://doi.org/10.1080/13548500903483478 PMID: 20391225

68. Burton H, Rabito F, Danielson L, Takaro TK. Health effects of flooding in Canada: A 2015 review and

description of gaps in research. Canadian Water Resources Journal/Revue canadienne des ressources

hydriques. 2016; 41(1–2):238–49.

69. Hajat S, Ebi KL, Kovats S, Menne B, Edwards S, Haines A. The human health consequences of flooding

in Europe and the implications for public health: a review of the evidence. Applied Environmental Sci-

ence and Public Health. 2003; 1:13–21.

70. Codjoe SN, Gough KV, Wilby RL, Kasei R, Yankson PW, Amankwaa EF, et al. Impact of extreme

weather conditions on healthcare provision in urban Ghana. Social Science & Medicine. 2020;

258:113072. https://doi.org/10.1016/j.socscimed.2020.113072 PMID: 32502835

PLOS ONE Life experiences following dam release flooding in Northern Ghana

PLOS ONE | https://doi.org/10.1371/journal.pone.0310952 December 2, 2024 21 / 22

https://doi.org/10.1038/sdata.2015.45
http://www.ncbi.nlm.nih.gov/pubmed/26347245
https://doi.org/10.1371/journal.pone.0216923
http://www.ncbi.nlm.nih.gov/pubmed/31100084
https://doi.org/10.1080/13548500903483478
http://www.ncbi.nlm.nih.gov/pubmed/20391225
https://doi.org/10.1016/j.socscimed.2020.113072
http://www.ncbi.nlm.nih.gov/pubmed/32502835
https://doi.org/10.1371/journal.pone.0310952


71. Keoduangsine S, and Robert Goodwin. Keoduangsine S. and Goodwin R., 2012. An appropriate flood

warning system in the context of developing countries. International Journal of Innovation, Management

and Technology,. 2012 Jun 1; 3(3).

72. Nur I, Shrestha KK. An integrative perspective on community vulnerability to flooding in cities of devel-

oping countries. Procedia engineering. 2017; 198:958–67.

73. Kumar S, Meena RS, Jakhar SR, Jangir CK, Gupta A, Meena B. Adaptation strategies for enhancing

agricultural and environmental sustainability under current climate. Sustainable agriculture Scientific

Publisher, Jodhpur. 2019:226–74.

74. Runfola D, Anderson A, Baier H, Crittenden M, Dowker E, Fuhrig S, et al. geoBoundaries: A global data-

base of political administrative boundaries. Tang W, editor. PLoS One [Internet]. 2020 Apr 24 [cited

2024 September 19]; 15(4):e0231866. Available from: https://dx.plos.org/10.1371/journal.pone.

0231866 https://doi.org/10.1371/journal.pone.0231866 PMID: 32330167

PLOS ONE Life experiences following dam release flooding in Northern Ghana

PLOS ONE | https://doi.org/10.1371/journal.pone.0310952 December 2, 2024 22 / 22

https://dx.plos.org/10.1371/journal.pone.0231866
https://dx.plos.org/10.1371/journal.pone.0231866
https://doi.org/10.1371/journal.pone.0231866
http://www.ncbi.nlm.nih.gov/pubmed/32330167
https://doi.org/10.1371/journal.pone.0310952

