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Abstract

Climate change could pose a threat to water security for many communities, particularly in

settings where rainfall patterns are becoming more varied and there is higher frequency of

extreme events, such as heavy rainfall and droughts. Understanding how rainfall affects

water security—including water access, water quality and water use behaviours—can

inform investment in more climate-resilient infrastructure and safeguard against future

health risks. This study aims to explore how households in rural Gambia experienced

water security in relation to seasonal rainfall patterns and extreme weather events. Data

collection focused on two communities (Kiang West and Basse) with differing access to

water infrastructure, within which some villages had greater access to groundwater

sources, such as solar-powered boreholes, and others primarily used uncovered wells. 46

participants were interviewed in Spring 2022 using multiple qualitative methods, including

in-depth interviews and transect walks. We found that people’s experience of water secu-

rity and rainfall (including seasonal rainfall, drought and heavy rainfall) was complex and

varied according to the primary household water source. Both dry and rainy season posed

challenges to household water security in terms of quality and quantity. Households with

access to more resilient infrastructure, such as solar-powered boreholes, discussed a shift

in the relationship between weather and water security, where they were less vulnerable

to water shortages during dry conditions compared to those using wells. However, these

sources did not fully resolve water security issues, as they experienced water shortages

during cloudy conditions. Extreme weather events, such as heavy rainfall, heightened per-

ceived water issues, as these events sometimes damaged water infrastructure and con-

taminated water sources. Seasonal workloads, that were higher in the rainy season, also

jeopardised water security, as this limited time for water collection. Increased investment
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in infrastructure, maintenance, water-treatment and behavioural change is required to miti-

gate the risks.

1. Introduction

Water security is a multi-dimensional concept that encompasses water availability, accessibil-

ity and quality [1]. It can be broadly understood as the ability to access and benefit from ade-

quate, reliable and safe water for health and well-being [2]. Stability, defined as the ability to

have consistent, un-interrupted access to adequate supplies of safe water, is a key concept that

underpins the other dimensions of water security, and this can be a challenge in many settings,

with mechanical breakdowns, volatility of incomes and governance issues often resulting in

unreliable water supplies [3].

Changes in rainfall patterns, including lower than average rainfall and increased number of

heavy rainfall events, can result in reduced water availability and/or quality in both the long

and short-term and therefore pose a possible threat to water security. Seasonal changes

between rainy and dry patterns have been shown in some settings to result in modifications in

water-related behaviours, such as selection of water source [4, 5], as availability of sources

change between seasons [6]. How these choices of water source then affect the quality of water

consumed can vary by setting [6–8]. Shifts in rainfall patterns, brought about by climatic

change, could exacerbate these effects, as delays in the start of the rainy season, change in fre-

quency or magnitude of extreme rainfall events, or reduced rainfall might limit availability of

some sources.

Over the past few decades substantial investment has been made globally in water infra-

structure so that communities have access to more groundwater sources, such as boreholes,

rather than only surface water sources [9]. Groundwater sources are generally regarded to be

higher quality and have lower risk of contamination than surface water sources [10]. Ground-

water sources should also be more ‘climate resilient’, as they are less directly reliant on rainfall;

however, even for communities that primarily rely on groundwater sources, high demand,

coupled with reductions in rainfall still might result in shortages, as rainfall plays an important

role in replenishing groundwater through the hydrological cycle [11, 12]. These changes in

rainfall could also lead to long-term depletion of these sources exacerbating future water inse-

curity. Groundwater quality might also deteriorate in some settings due to climate change, for

example climate change has been linked to salination of groundwater supplies, and subse-

quently water sources, due to rises in sea level [13]. Thus, access to groundwater sources alone

may not ensure water security.

Water insecurity is linked to health with both insufficient water quantity and poor water

quality associated with water-related diseases, undernutrition and other diseases [14–16].

Understanding the mechanisms through which weather patterns, including normal seasonal

changes, might affect water security is critical to understanding the risks these changes pose

for health. Capturing household experiences of the different aspects of water security during

different seasons and weather events, can help to describe these mechanisms. Changes in

weather patterns are projected to increase due to climate change [17] and the effects of these

changes on water security and health might vary considerably in contexts with different cli-

matic conditions and different access to water, sanitation and hygiene (WASH) infrastructure.

Understanding these mechanisms is important for the designing of appropriate mitigation

strategies of potential risks to health in the future.
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The focus of this study is on two rural communities (Kiang West and Basse) in The Gam-

bia, a low-income country in West Africa on the southern edge of the Sahel. The Gambia is

experiencing a shift in its rainfall patterns [18, 19] and has a high existing seasonal health bur-

den [20–30]; changes in weather patterns are likely to have substantial implications for the

health of the population in the future. The Gambia, compared to other countries on the conti-

nent, appears to have a median level of groundwater recharge and a higher level of groundwa-

ter storage capacity, which means that groundwater sources should be fairly resilient to short-

term changes in climate and have a slight risk of long-term depletion [31]. Saline intrusion

brought about by climate change has been identified as a risk for agriculture in The Gambia

[32], which could also have impacts for water access. Communities included in this study have

different histories of investment and maintenance of groundwater infrastructure, providing an

opportunity to explore the role of infrastructure in buffering communities’ experiences of

water security, which has not yet been studied.

The objectives of this study were therefore to understand: 1) The water security situation in

rural communities in The Gambia and; 2) The relationship between weather patterns (includ-

ing normal season changes) and water security.

2. Methods

In order to study the relationship between water security and weather patterns in Kiang West

and Basse, multiple qualitative methods were used including in-depth interviews (IDIs) and

participatory methods such as transect walks. In addition, field notes were taken throughout of

any observations to add contextual understanding.

2.1 Study setting

The Gambia has two distinct seasons: a long dry season (November to May) and a short rainy

season (June to October), with 98% of rainfall occurring in the rainy season [33]. The Gambia

has experienced increasing inter-annual variability in rainfall patterns and a substantial

decrease in overall rainfall (18, 19], with linear trends indicating a wet season decrease of 8.8

per mm per month per decade between 1960 and 2006 [34] (approximately 3–5% see Fig A in

S1 Appendix). There has also been an overall decrease in the length of rainy season and a

simultaneous increase in temperatures [34]. Recent data on evapotranspiration in The Gambia

is not available, but the most recent data from 2009 shows an overall reduction [35]. Models

suggest there may also be further decreases in rainfall and increases in evapotranspiration in

the future [36, 37]. This in combination with population growth, which is expected to double

by 2050 [38, 39], and increasing ambitions to move away from traditional rain-fed methods

towards irrigation of crops to reduce import-dependency [40, 41], may put pressure on water

resources in the future.

This study focuses on two regions: Kiang West (KW), located on the south bank of the river

Gambia on the western side of the country, and Basse (BA) located in the most eastern part of

the country. Both areas are in the tropical savannah climate zone (Aw), according to the

Kӧppen-Geiger classification [34], but vary in terms of weather patterns. In Kiang West tem-

peratures tend to be cooler and there is more vegetation, whereas Basse is more arid with per-

ceptibly higher temperatures [42].

The two study areas differ in terms of standard WASH indicators. A national cross-sec-

tional survey found that in Mansakonko (the administrative area which includes Kiang West)

there were limited observations of hygiene facilities (45%), with even fewer being observed in

Basse (24%) [43]. 36% of drinking water sources in Mansakonko tested positive for E.Coli, a

marker of faecal contamination, compared to 65% in Basse; with the percentage of household
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stored drinking water testing positive for faecal contamination markers similar at both sites

(86% Mansakonko and 87% in Basse) [43]. In most villages studied, there were committees

that were responsible for managing operation and maintenance of existing water sources and

committees managing health/ clean environment that ensured the community was kept clean

to promote good health.

In the Gambia, water-related diseases are one of the main drivers of the health burden, with

enteric infections being ranked as one of the primary causes for disability-adjusted life years

(DALYs) lost for children under 5 [44]. At the Medical Research Council (MRC) clinic in

Keneba in Kiang West, diseases that could be linked to water insecurity, such as diarrheal dis-

eases and skin infections were two of the most common diagnoses amongst children under 5

[45]. In Basse, similarly high rates of diarrheal diseases have been found in a previous study

[46], with pathogens such as Cryptosporidium found to peak in the rainy season [20, 21].

We selected 4 villages in Kiang West (KW) and 4 villages in Basse (BA), based on discus-

sions with local experts, that had differing access to water (some had taps in their community

and/or compound, whereas other had handpumps or wells). An additional pilot village was

also selected in Kiang West. See Fig 1 for map of villages in the study.

2.2 Sample and selection of participants

We purposely sampled women and men with young children under the age of five as the pri-

mary participants for this study. As children under five are one of the groups most-vulnerable

to water-related diseases, we chose to focus on the parents of children in this age group, who

could give insights on water use and access for these households. Women were the main focus

of the interviews, as women are usually responsible for water collection [28], domestic tasks

using water and for childcare. In-depth interviews were conducted individually with the

women selected. As polygamy is widely practiced in the area, it was initially anticipated that

first wives or women in monogamous households might have different experiences and

responsibilities related to water compared to second or third wives in polygamous households.

However, during the interviews it became apparent that there were few differences between

these groups, so we did not limit the data collection to ensure equal representation of both

groups.

Men in the village who had children under five were included in the follow up interviews to

give a broader perspective on water security, as they might have a differing perspective on

water prioritisation and use. Village chiefs (Alkalos)/ elders were also interviewed in each vil-

lage to give a broader background perspective on how resources are managed, and wider com-

munity issues related to water.

2.3 Data collection

Data were collected from April to May 2022 at the end of the dry season. For the first round of

data collection conducted in April, semi-structured interviews with three women in each vil-

lage (four in the pilot: two transect walks and two in-depth interviews) were conducted (see

Table 1). A transect walk was also conducted with one of these women at the end of the inter-

view (see Table 1), where they were asked to walk the research team through their household

and/or community to key points where they interact with water and take photos of what they

consider to be important.

During the follow up interviews conducted in May, one man in each village was interviewed

using a refined topic guide. An Alkalo (village chief)/elder in each village was also interviewed

using a broader topic guide that focused on community issues.
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Fig 1. Map of study villages and the population size in The Gambia*. *This map was made in QGIS using the following base layers: Natural Earth “Rivers

+ lake centerlines” accessed from: https://www.naturalearthdata.com/downloads/10m-physical-vectors/10m-rivers-lake-centerlines/ Accessed 2024-05-19.; NASA

JPL. NASA “Shuttle Radar Topography Mission Global 1” arc second. 2013, distributed by NASA EOSDIS Land Processes Distributed Active Archive Center,

https://doi.org/10.5067/MEaSUREs/SRTM/SRTMGL1.003. Accessed 2024-03-06.; Gambia National Disaster Management Agency (NDMA) “Gambia—

Subnational Administrative Boundaries” https://data.humdata.org/dataset/cod-ab-gmb? Accessed 2024-03-06.; ESRI “World Light Gray Base https://server.

arcgisonline.com/arcgis/rest/services/Canvas/World_Light_Gray_Base/MapServer Accessed 2024-03-06.

https://doi.org/10.1371/journal.pwat.0000239.g001

Table 1. Participants and interview breakdown.

Interview Type Number of

Participants

Objectives

1) In-depth Interview

Women (IDI)

18–8 in BA; 10 in

KW (2 pilot)

Understand key water-related behaviours, the water security

situation, and the associations with weather and seasonal changes

2) Transect Walks

(TW)

10–4 in BA; 6 in KW

(2 pilot)

Same as IDI, and provide an insight into the environment and

how this might shape water-related behaviours

3) In-depth interview

men (IDI)

9–4 in BA; 5 in KW

(1 pilot)

Provide a broader perspective on water security in the area, and

the associations with weather and seasonal changes

4) In-depth interview

Alkalo/elders

9–4 in BA; 5 in KW

(1 pilot)

Provide a broader perspective on water management in the

community and challenges to water security at the village level

https://doi.org/10.1371/journal.pwat.0000239.t001
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A total of 46 participants were interviewed: 28 women; 9 men and 9 village chiefs (Alkalos)/

elders (see Table 1 for the participant breakdown).

Data were collected by a team of three researchers (two field workers and IB). The field

workers were both from villages around Kiang West, one was Fula (and fluent in Mandinka)

and one was Mandinka. Interviews were conducted by the field workers in either Fula or Man-

dinka, depending on what was preferred by the participant. One interview with a village chief

was conducted in English by IB. Throughout this period IB was primarily based in a village in

Kiang West or in Basse and made detailed notes on any observations of the environment

related to water use and access.

Prior to the interviews the field workers were trained by IB in the topic guides, and these

were adapted to better fit the needs of the context. After piloting, this guide was further modi-

fied, and the interview process was also adapted iteratively based on the findings from the

interviews. All topic guides are available at Bose et al., 2024 [47]. The interviews were carried

out in the villages in a private location around participants’ homes. The first round of inter-

views was conducted during Ramadan, so efforts were made to ensure that the interviews were

not too taxing for either the participant or the field team.

2.4 Data transcription and analysis

All interviews were recorded, orally translated into English by the field worker, and tran-

scribed by IB. The translation and transcription process was interspersed throughout the field-

work period, so that the interview guides could be modified according to the findings

emerging from the prior interviews. These transcripts were then checked by OC (social scien-

tist at the MRC Unit The Gambia) for quality control purposes.

A thematic analysis approach was taken to analyse the data [48], using an iterative process

of both inductive and deductive coding. Initial codes were developed based on the themes

emerging from the data. This coding framework was then refined and re-grouped according to

prior literature, the initial objectives of the study and an a priori conceptual framework devel-

oped during the design of the study (see Bose et al., 2024 [47] for coding framework). The fol-

low-up questionnaire was also designed based on preliminary findings from the first round of

interviews.

The verified English transcripts of the in-depth interviews were then uploaded into NVivo

[49] and coded according to the refined thematic codebook. The field notes and photos were

reviewed and summarised and then coded in NVivo [49].

2.5 Ethical approval

Prior to the interviews the community was sensitised on the objectives of the research and

each participant provided written consent. The field team verbally read through the consent

form in the language that they were most comfortable with and answered any questions they

had. Many of the participants were not literate so provided thumbprints with impartial wit-

nesses present, who also provided their thumbprint or signature. Participants were informed

they could stop the interview at any time and did not have to discuss anything they did not feel

comfortable with. All names during the transcription process were changed to unique identifi-

ers to protect the participant’s identity. Photographs were also stored using these unique

identifiers.

This study was reviewed and approved by the Scientific Coordinating Committee of the

MRC Unit The Gambia and ethics approval was provided by the Gambian Ethics Committee

and the LSHTM Observational/Interventions Research Ethics Committee (Ref: 26658).
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3. Results

3.1 Participant characteristics

Table 2 shows the socio-demographic characteristics of the participants. Most participants

either identified as Mandinka (51%) or Fula (42%), with the majority of Fula participants

based in Basse and the majority of Mandinka participants based in Kiang West. Most partici-

pants engaged in agriculture as their main source of income. Only one person reported busi-

ness as their primary source of income, although a few reported having other sources of

supplemental income, such as through construction, a small business or other activities. Most

participants had not had any schooling (57% of women, 67% of men). All participants had

access to a water source (usually multiple water sources) within their village or compound and

there was at least one ‘improved water source’ available in each of the villages. The household

size of participants varied from 4 to over 40, with communities in Basse typically reporting

larger household sizes.

3.2 Water sources

Most participants reported regularly using multiple water sources in their villages to collect

enough water to meet their domestic needs. Sources included taps fed by solar-powered

pumps in boreholes, handpumps, wells (covered and uncovered) and in one instance the river

(see photos of sources in Fig B-E in S1 Appendix). Some of these sources, such as the solar-

Table 2. Participant socio-demographic characteristics.

All Sites Kiang West Basse

Women Men* Women Men* Women Men*
Ethnicity

Mandinka 15 4 12 3 3 1

Fula 10 5 1 2 9 3

Other 3 0 3 0 0 0

Average Age 32 44 32 44 33 45

Average Number of Children 5 11 5 10 4 13

~Average Household Size** 12 15 10 10 15 23

In polygamous households 14 4 7 1 7 3

Level of Education

No School 16 6 6 3 10 3

Some Primary School 5 0 3 0 2 0

Completed Primary School or any level of secondary schooling 6 2 6 2 0 0

Arabic School 1 1 1 0 0 1

Household Main Income

Farming 28 8 16 5 12 3

Business 0 1 0 0 0 1

Water Sources***
Shared water tap in compound 3 - 3 - 0 -

Shared water tap in community 14 - 5 - 9 -

Handpump 22 - 13 - 9 -

Uncovered Well 19 - 9 - 10 -

*Not including Alkalo (village chief)/elder

** As defined by the participants, the total number sharing food and water

***Only reported by women

https://doi.org/10.1371/journal.pwat.0000239.t002
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powered pumps were relatively new, with some sources only constructed within the last year

or two, but some sources had been present for over a decade. During the rainy season most

participants also collected rainwater using large buckets that collected the runoff from their

corrugate iron roofs.

There was a clear hierarchy in the consideration of sources that most participants made

related to how they perceived the water quality, with water from covered sources, such as

hand-pumps and solar-powered pumps, generally considered to be of higher quality. Many

made a distinction between the water used for drinking and cooking, compared to the water

for other purposes.

“The one we usually use for drinking and cooking, there is a tap just there [points to a tap].
We normally take our 20L gallons [water containers] and fetch the water for their use for
cooking and drinking. The ones we use for baths, domestic animals, and other things we use
the water from the open wells.”

[IDI, Woman, 2nd wife, BA]

Most described using rainwater for cleaning, bathing and other activities, but the majority

did not use it for drinking or cooking as they were not sure if it was clean. A few participants

did, however, describe also using the water for drinking.

“. . .when it is raining, we normally put our containers under the veranda.We collect the
water from the rain, and we use that water for laundry and for washing other materials like
our basins and other things, but we don’t drink that one.”

[IDI, Woman, 2nd wife, BA]

This hierarchy in sources was also often reflected in how water was stored in the home,

with many having specific jars, sometimes with decorative coverings, that were used solely for

drinking (see photos in Fig H in S1 Appendix). Other buckets or gallons storing water were

kept to the side for other purposes (see photos in Fig I in S1 Appendix).

3.3 Water roles and responsibilities in the household

Women bore primary responsibility for water collection, with most participants, regardless of

gender, reporting that women are responsible for collecting sufficient water for their home. In

some households, children helped if they were old enough, and in some instances, men helped

but this was mentioned less frequently and sometimes only in exceptional circumstances, such

as when water needed to be sourced from some distance away. In many polygamous house-

holds, women ran their households separately from their co-wives and did not share any

responsibilities related to water or food. But, in some instances, women in polygamous house-

holds described sharing these responsibilities with their co-wives and this seemed to ease their

burden slightly. Some women, in both polygamous and monogamous households, also lived

with their in-laws, so were also responsible for collecting water for their use.

Whilst women were responsible for collecting water, a few reported that they did not have

the decision-making power on how water is used in the household, for example prioritising

certain water-related activities or certain individuals. In these cases, they reported that that the

head of the household (the man or the man’s father) the mother in-law, if present, had the

decision-making power. It was more common however, for women to report having auton-

omy over how water is used, which was also reported by some men.
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“It the woman who is responsible [for controlling the use of water], as she is the one who
brought the water here. She is responsible because she is the one who brings the water, and she
is the one who stays in the house.”

[IDI, Man, KW]

3.4 Water security

Whilst water was not scarce in these areas, there were challenges affecting the water security of

many of the participants throughout the year.

Accessibility and availability. Mostly water sources were in close proximity, less than a

5–10 minute walk, to the participants homes or within their compounds, but none had access

to piped water in their home. Even those with taps or wells in their compounds often had to

also source water from outside, as respondents reported that they were not able to obtain suffi-

cient water from these sources at the time it was needed or the water available was not consid-

ered to be of adequate quality for all of their needs. Some participants described the physical

challenges of carrying water back to the compound and the time taken for fetching as a hinder-

ance for their other domestic tasks. Some also described frequently having to travel outside of

their village or pay someone with a donkey-pulled cart to fetch water.

“. . .we go outside of the village to struggle for water. So, if you don’t have money to bring your
gallon from the nearest village, it becomes challenging.”

[IDI, Woman, 1st wife, KW]

Though most people described everyone in the villages as having equal access to water, the

data indicated that some individuals had greater challenges accessing water sources. This

included new settlers in the village, who lived sometimes quite far from water sources, and

people with disabilities that might have challenges to collect water.

Speaking of new settlers in her village: “the distance is too far. So coming to fetch the water
and go back takes a lot of their time and delays other activities.” [IDI, Woman, 1st wife, KW].

Social dynamics also seemed to impact access to water with some participants not collecting

water from the sources closer to their homes, as they said there was a charge or for reasons that

were not fully explained, which seemed likely driven by social factors, such as relationships

within the village. Water sources were mostly described as freely available to all villagers, so the

charge for sources described by a few individuals may have been specific to their position or

relationships within the village and certain water sources. In these cases, participants opted to

seek alternative water sources that did not have fees.

Stability of water availability and accessibility. The timing of water availability was fre-

quently raised as an issue that made it difficult for respondents to always access water when it

was needed. This was an issue commonly faced by participants that used water sources pow-

ered by solar panels. Participants described the taps only being able to provide water once the

sun was at a certain height, and some communities also locked public taps to wait until the

tank had been filled. Tanks were often not large enough to provide water that met the demand

throughout the day, so participants had to use other sources or use other coping strategies to

cope with water shortages.

“. . .when we go to the borehole at times, we find no water in the tank, and you would like to
wash your face and there is no water, as we wait until the sun rises for the borehole to be able
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to give us water, and you cannot wait until such time so we then start fetching water from the
local wells we have in the village.”

[IDI, Woman, 1st wife, KW]

The demand on the sources from multiple villagers and having to share the water source

with domestic animals also limited access, with many describing long queues at the water

source and sometimes even disputes brought about by the waiting. This is heightened in areas

where sources are only available at certain times during the day.

Mechanical breakdowns or failures of handpumps or solar-powered pumps were often

described as a barrier to water access, which led to shortages in the village. Fixing this issue

could take some time, as long as a couple of years in some cases, depending on the capacity of

the village to collect enough funds for repairs and find the parts and labour required. Nobody

described paying any fees to use water sources, but some did mention contributing to a fund

to support repairs if required or, as previously mentioned, sometimes paying people to fetch

water.

Quality. Perceptions of water quality is an important component of the experience of

water security, driving source selection and how water is used in the household. In this con-

text, perceptions around water quality were varied. Many participants did not perceive any

issues, whereas others described water sources such as wells to not be of high quality due to the

possibility of objects or insects falling inside. The colour, smell and taste of water (even that

obtained from pumps or solar-powered boreholes) was described to be a problem in some vil-

lages, potentially due to infrastructural issues that enabled dirt to enter or the corrosion of

metal in the water source.

In villages near the river, mainly in Kiang West, salinity of water sources was described as a

major issue that also affected water collected from pumps or wells. The saltiness of the water

made it difficult to drink or use for other domestic activities such as laundry.

“. . .there is the pump, and the water there is very salty. Even your laundry because of salt, the
soap can’t clean the clothes.”

[IDI, Woman, 1st wife, KW]

Water treatment was not widely practised. Some described using a cloth to filter the water,

but other techniques were not usually used. Only one participant mentioned using chlorine to

treat the water. Most when asked about treatment said they either did not have the skills or

financial resources to treat water after collection.

“Because we are thinking of how to get water to drink, how you can expect us to look for treat-
ment? Hence, we are thinking of how to get water to drink, you cannot expect us to go and
buy medicine to treat the water in the well. Even though it is our wish to do it, but we cannot
do it as we are poor and cannot do it.”

[IDI, Woman, 2nd wife, BA]

“I personally don’t think I have the capacity to do so [treat water]. Though it should be clean,
I don’t think I am able to treat the water.”

[IDI, Woman, 1st wife, BA]
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3.5 Seasonal factors affecting water security

Water security also seemed to vary seasonally due to both direct and non-direct weather

effects.

Seasonal workloads (non-direct weather effects). A change in workload between dry

and rainy season was noted by many participants, with most being heavily engaged in agricul-

ture during the rainy season. This limited time available for domestic activities, including col-

lecting water, cooking, cleaning and breastfeeding.

“Normally during wet season, it is far heavier in terms of household activities than dry season.

You know in wet season, you always do domestic activities. . .[as well as working in the]. . .the
rice field.”

[IDI, Woman, 1st wife, BA]

Most participants described being busier in the rainy season. In places where water sources

only functioned at certain times, the workload in rainy season made it more difficult to find

time to collect water. Some respondents expressed concerns that seasonal workload made it

difficult to ensure children had enough water at home while they were working the fields.

Direct weather effects. As many participants used rainwater for their domestic activities,

on days during the rainy season where there was sufficient rainfall, it was easier to acquire suf-

ficient water. Domestic animals also were sent to the bush to find their own water during the

rainy season, but in the dry season were reliant on their owners providing water, increasing

the water collection burden.

“in wet season, water problems are minimized because of rainwater.”

[IDI, Woman, 1st wife, KW]

Furthermore, in the rainy season participants stated that it was easier to collect water from

the wells; many wells and handpumps were reportedly more difficult to use in dry season as

the water levels were too low. We observed some wells to be completely dry or water was very

limited during this period (see photos in Fig F, G in S1 Appendix). This also put further pres-

sure on the other water sources, as a more limited range of sources had to supply more people

and animals.

“Because the water table is too low, we use donkey and rope to drag the water from the well. If
the donkey doesn’t assist to drag water from the well, you will find it difficult to get water.”

[IDI, Woman, 1st wife, KW]

However, for those that primarily used solar-powered boreholes they described finding the

rainy season more difficult as the clouds made it more difficult for the solar panels to work.

“. . .at times in rainy season, we will stay for the whole day without water, as it is cloudy and
there is no sunlight so the solar cannot fill the tank.”

[IDI, Woman, 1st wife, BA]

This was described as particularly challenging on days where it was cloudy but there were

not sufficient quantities of rainfall to supplement water collection.
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“Even in wet season, it takes some days before rainwater comes, so we find it difficult to get
water for household needs.”

[IDI, Woman, 1st wife, KW]

In addition to water availability and access, some people reported changes in water quality

depending on season. This also seemed to vary depending on the village and water source that

was used, with some participants stating that the quality declined during the rainy season, pos-

sibly due to the rainwater flushing dirt into the source for uncovered sources or through any

cracks of covered sources. Some also described the quality declining in the dry season, perhaps

as there was not enough water to dilute any dirt that was in the water.

“the dry and rainy season have changes. Though the rainy season, the water taste is bad, but
we have more water then. But for the dry season, it is tasty but difficult to have.”

[IDI, Man, BA]

“At times when the well gets dry. At that time the small amount you have from it, it tastes
bitter.”

[IDI, Woman, 2nd wife, KW]

3.6 Weather events and water security

Most people could recall a time when they had experienced a heavy rain event, low rainfall,

drought or a delay in the onset of the rainy season. However, when asked about how these

events affected their water security, most focused on the implications for agriculture and wider

infrastructural problems brought about by these events.

Heavy rains. Most people associated heavy rains and “running water”, which is how

minor flash flooding was described, with the destruction of infrastructure. Most could not

recall how water access or availability was affected by heavy rains, but some noted that the

infrastructure damage sometimes also affected their water sources and their water quality.

“that year, the rain was successful so people have plenty [of food] after harvesting.On the side
of water, people face major difficulties in terms of buildings collapsing and others. That year
even this well [pointing to the close by well by his compound] it created a hole somewhere else
because of the flood of the water. . ... That year the water was very dirty”

[Alkalo/Elder, Man, KW]

Mostly participants emphasised how heavy rainfall affected their overall well-being, in

terms of food and housing. In particular, people mentioned buildings collapsing, roofs leaking

or being destroyed, and belongings being taken away. Some also mentioned how the heavy

rains affected their food consumption, as the rain destroyed their food stores, or they lost

income due to the destruction of their property, so had less income to buy food and other

essential items.

“Our sugar was taken away, rice has been taken away and we didn’t have any place to stay.
The remaining food with us, we didn’t even have a place where we could keep them.”

[IDI, Woman, 2nd wife, BA]

PLOS WATER Climate change, seasonality and household water security in rural Gambia

PLOS Water | https://doi.org/10.1371/journal.pwat.0000239 June 11, 2024 12 / 20

https://doi.org/10.1371/journal.pwat.0000239


Conversely, however, many people also associated heavy rains with a good harvest, but this

was dependent on the severity of the rain, timing of the rains and the crops harvested.

“Heavy rain has risks and benefits. In terms of agriculture there are other varieties that needs
a lot of water. Others need very small. The ones that need smaller water, when there is heavy
rain then they are all spoiled. But these other ones, it gives us a better harvest.”

[IDI, Woman, 3rd wife, KW]

Low rainfall/ drought. The concept of reduced rainfall was understood in different ways

by participants, with some speaking of rain starting and then abruptly stopping and others

thinking of an overall major lack of rain over the season, but most thought of low rainfall as

there not being as much rain as they would normally expect.

As all participants engaged in some form of agricultural activities, the first thing that most

people mentioned was how this had affected their harvest and the consequences for their food

and income. Many participants mentioned how this reduced the food available for their house-

hold, limited the type of food they could cook, and made it more difficult to have seeds for

planting in the next season, affecting their domestic animals’ food consumption, and their

income overall.

Few participants described how lower rainfall impacted their access to water, though some

discussed how it was tougher to get water and they had to borrow from others or find other

ways to cope, such as by limiting water use. Others spoke of disputes in the community over

long queues at water sources and infrastructural adjustments that were made to help improve

the water situation.

“It brought a lot of difficulties, especially the hand pump and the open well because the water
does down. So, for the handpump we had to buy another pipe that could go further down, as
by then when you pump it you will not have water, so you have to adjust the pipe.”

[IDI, Man, BA]

Late rainfall. A delay in the start of the rainy season was difficult for many participants to

distinguish from low rainfall or a rain event followed by a long delay before the next rain.

There was a clear idea of when the rainy season should start, June 15th seemed to be commonly

understood in Kiang West as the day that rain was expected, so participants planned their agri-

cultural activities with that date in mind. Poor harvests and the impacts on income and food

were the primary consequences mentioned. A few also discussed water shortages brought

about by this delay and how they had to reduce their water use, for example by limiting

bathing.

4. Discussion

Overall, availability of water sources in the communities visited in The Gambia appeared to be

fairly good, with all communities having access to at least one water source in their village, so

could be categorised as having a “basic level” of drinking water services according to WHO

and UNICEF standards [16, 50]. Many households regularly used multiple sources to meet

their domestic needs, as it was not possible to rely fully on one source. There was a clear hierar-

chy perceived amongst water sources linked with the perceived quality of water sources, as has

also been found in other settings [4, 51]. However, when considering the broader definition of
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water security, there were clear constraints, particularly in the dimension of stability, with

many households describing having insufficient water at some points for their domestic needs.

In addition to unreliable water supplies, some did not have access to good quality water at all

times. For those living close to the river this seemed to be due to salination, likely brought

about by the impacts of climate change resulting in sea-level rises and saline-intrusion of

groundwater sources [52]. Mechanical failures also resulted in water insecurity, which were

sometimes brought about by weather issues, but sometimes was an entirely independent issue

that could occur at any time.

The relationship between weather patterns and water security was complex with both rainy

and dry season presenting different challenges for water security, which seemed to vary

depending on the type of water source used by the household and also sometimes by the socio-

demographic characteristics of the household. For many, particularly those using wells and

handpumps, dry conditions posed a challenge, as water sources such as wells ran dry, and

sources were shared in this period with domestic animals. Previous studies in other settings

have found a similar relationship between water availability and dry conditions, and the

increased demand in this period with sources by the community and domestic animals as a

limiting factor for water access [53].

On the other hand, for many the wet season presented great challenges for water security.

Despite recent investments in water infrastructure in some communities, in particular the

introduction of solar-powered boreholes, many struggled to find sufficient water in cloudy

conditions that were more common in the rainy season. Some also still perceived these sources

to not be of adequate quality. These are issues likely arising from mechanical constraints, with

poor water quality perhaps driven by cracks in the infrastructure or initial construction issues.

The limited functionality during cloudy conditions may also be a constraint of the solar mech-

anisms utilised and the size of the tanks installed.

Understanding seasonal changes in water security requires consideration of the broader

context of water insecurity in this setting. Seasonal workloads in the rainy season limits time

for water collection. This intensifies issues in communities using solar-powered boreholes that

functioned less well in rainy season. In communities that struggled to find water in the dry sea-

son, workload in the rainy season made it more difficult to find time to fetch higher quality

water for drinking, and instead led them to rely on rainwater if there was sufficient rain at that

time. The opposite seasonal relationship has been found in Ethiopia, where labour shortages

limited water collection in the dry season when water sources were also more limited [54].

This is likely due to the different types of crops grown in these areas that require greater labour

intensity during different periods (e.g., maize is a key crop in Ethiopia whereas rice is a key

crop in The Gambia) and highlights the variation that may occur between different contexts

and the close linkage between water security and food systems.

Many studies have documented seasonal changes in water source selection in other settings,

in part due to the availability of rainwater[4, 6–8, 51, 54]. Many participants in this context

also described rainwater as providing an additional water source during the rainy season. Suf-

ficient water cannot always be collected from rainwater to meet daily needs, so during this

period there is a complex dynamic relationship with water insecurity. On days where there is a

lot of rainfall, this may help to slightly buffer shortages brought about by workload, and in

some communities the additional challenge of limited functionality of solar-powered bore-

holes at this time. However, for many days during this period there will not be sufficient rain-

fall to buffer these challenges.

Furthermore, in this context we found that whilst rainwater allowed participants to have

more water for domestic use, this was also viewed by most as a low-quality water source, and

most preferred to not use this source for drinking or cooking. This is in contrast to other
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settings, such as a study in Ghana which found there was a preference for rainwater consump-

tion [4]. Whilst rainwater can under some circumstances be used as a clean water source [55],

most of our respondents considered rainwater unfit for drinking. This might be because water

was collected that ran off from the roofs, so could easily collect dirt in the process. Also, as the

containers are open, they could easily be used by animals without people’s knowledge, particu-

larly if they are away working in the fields at the time. These containers could also become vec-

tor breeding sites. Evidence from other settings has shown that there are a number of

pathways that could result in contamination of rainwater, and previous studies highlight the

importance of safeguarding measures and treatment before it can be safely used for consump-

tion [56]. Several studies in other settings have also found that there can be seasonal changes

in water use [54, 57], but that the quantity used in different seasons is not always linked to the

perceptions of scarcity [58]. So even though seasonal shortages were described by many, we

cannot be certain as to how that translates into water use at that time.

In addition to seasonal changes affecting quantity, some participants described a change in

water quality that varied by season, though again whether it was perceived to be worse or better

during the rainy season seemed dependent on the water source. In the dry season uncovered

sources were perceived to taste worse and in rainy season covered sources that seemed to have

some cracks tasted worse. Though we did not measure the contamination of the sources in this

study, multiple studies have found that water quality can vary by season, with higher point of

source contamination in the rainy season regardless of water source, which was more com-

monly found in tropical savannah climate zones [59] (the same zone as the communities in

this study).

Extreme weather events seemed to exacerbate seasonal challenges, with heavy rainfall being

associated with lower water quality and low rainfall/late rainfall being associated with more

water shortages for some communities. The impact of heavy rain events on water quality has

been shown in other settings to be reduced to some extent by infrastructure, with improved

sources, such as piped water and boreholes, providing better protection from contamination

[60]. Thus, greater investment in climate resilient infrastructure and maintenance of sources

might help to mitigate some of these effects, as damage to infrastructure seemed to result in

contamination of water sources during heavy rain events; and in dry season water sources that

were not of sufficient depth to reach the groundwater, resulted in shortages. Mostly respon-

dents when asked about weather events focused on the effects on agriculture and damage to

their housing. Whilst these effects are not directly related to water insecurity, these have sub-

stantial implications for overall resource security, which in turn affect water security and

health. The close linkages between food insecurity and water insecurity have also been docu-

mented in other settings [61, 62], which demonstrates the importance of taking a holistic lens

on resource insecurity.

This study demonstrates the high temporal, and often seasonal, variation within water secu-

rity. Recent efforts to measure household and individual water insecurity have relied primarily

on cross-sectional surveys measuring water security conducted at one time point, capturing

challenges for water security over the previous 4 weeks or 12 months [63–65]. Whilst these are

useful to provide an overall picture of water insecurity, they may not be able to adequately cap-

ture the changes in water security occurring over the course of the year. This study indicates

the need for more frequent data collection to fully capture water security or adapting the ques-

tions to capture the impacts of extreme weather events and seasonal changes, particularly in

settings where seasonal rainfall and workloads may be highly linked to water security.

These findings also need to be considered in a light of the current projections on climate

change, where rainfall patterns are anticipated to increase in variability, heavy rainfall events

are likely to increase in intensity and delays in the onset of the rainy season are expected [66].

PLOS WATER Climate change, seasonality and household water security in rural Gambia

PLOS Water | https://doi.org/10.1371/journal.pwat.0000239 June 11, 2024 15 / 20

https://doi.org/10.1371/journal.pwat.0000239


This may result in shifts in water availability, as well as quality. These changes may also have

implications for agriculture and therefore seasonal workloads. Although it was not possible in

this study to capture the effects of long terms changes in climate on water security, given the

dynamic interplay found between rainfall and water security in this study, these changes could

have substantial implications for water security in the future and should be considered in the

planning of more climate-resilient WASH.

4.1 Limitations

This study was based on qualitative interviews with a total of 46 people based in Kiang West

and Basse regions of The Gambia, so may be reflective of how they perceive the situation and

cannot necessarily be generalised to represent experiences in other areas of the country. This

study captured people’s perceptions around different dimensions of water security, but no

measurements were taken of water availability, quality and use. Further study is required to

quantify how water quality, access and use might change in different weather conditions in

this area.

This study was also conducted at the end of the dry season and though both seasons were

discussed, it is possible that if this study had been conducted in the rainy season this may have

led to different responses due to recall bias. Furthermore, the positionality of the field team,

comprised of one foreign woman and two male fieldworkers from the Medical Research

Council Unit The Gambia (MRCG), may have influenced the participants’ responses. We tried

to mitigate these risks by clearly explaining the purpose of the study and that no further inter-

ventions were planned, and we also tried to triangulate the findings by using multiple

methods.

5. Conclusion

In the communities studied in The Gambia most people had access to multiple water sources;

however, there were various factors that prevented many from being fully water secure. Sea-

sonal changes and weather events led to many not having sufficient water for their domestic

activities or not having water of adequate quality. Measurements of water insecurity need to

take into consideration the fluctuations that can occur throughout the year, in order to fully

understand the challenges faced by these households. Recent investments in water infrastruc-

ture have helped to modify seasonal changes in water access for some communities but not

resolve all of these issues. In communities with access to solar-powered boreholes, cloudiness

and mechanical issues still resulted in many facing water insecurity. Anticipated changes pro-

jected in weather patterns put communities at risk of greater water insecurity in the future.

Increased investment in climate-resilient infrastructure and water treatment options is

required to help further reduce these challenges and the potential risks to health.
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