& frontiers | Frontiers in Water

@ Check for updates
|

OPEN ACCESS

EDITED BY
Andreas Panagopoulos,

Institute of Soil and Water Resources
(ISWR), Greece

REVIEWED BY
Alessandro Pagano,

Istituto di Ricerca Sulle Acque IRSA-CNR, Italy
ZUbeyde Albayram Dogan,

International Agricultural Research and
Training Center (UTAEM), Turkiye

*CORRESPONDENCE
Dror Avisar
droravi@tauex.tau.ac.il

RECEIVED 21 January 2025
ACCEPTED 17 September 2025
PUBLISHED 14 October 2025

CITATION

Ronen Eliraz G, Aviram A, Mendelsohn O and
Avisar D (2025) Water accessibility as a catalyst
for food diversity: a case study.

Front. Water 7:1564313.

doi: 10.3389/frwa.2025.1564313

COPYRIGHT

© 2025 Ronen Eliraz, Aviram, Mendelsohn
and Avisar. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiersin Water

TYPE Original Research
PUBLISHED 14 October 2025
pol 10.3389/frwa.2025.1564313

Water accessibility as a catalyst
for food diversity: a case study

Gefen Ronen Eliraz, Ariel Aviram, Opher Mendelsohn and
Dror Avisar*

Department of Geophysics and Earth Sciences, The Water Research Center, Faculty of Exact Sciences,
Tel Aviv University, Tel Aviv, Israel

Integrated knowledge of the interlinkage between water access and food
security is essential for informing future intervention strategies. This study
evaluates the role of physical water infrastructure in providing safe drinking
water, and its impact on the dietary diversity within rural communities in the
Dodoma region of Tanzania. By comparing households in communities with
and without water-intervention projects, finding demonstrates that proximity to
water sources significantly enhances dietary outcomes. The level of nutrition for
the communities with and without water-intervention projects were evaluated
by food consumption score (FCS) and dietary diversity score (DDS). A decreasing
trend of FCS and DDS with an increase in the time needed to fetch water
indicated a significant negative correlation (Spearman’s correlation analyzing
all participants = —0.178, p < 0.001 and —0.221, p < 0.001, respectively).
Households near water resources had higher FCS and DDS than those farther
away, suggesting that water supply infrastructure projects enhance both
sustainable water and nutrition goals.
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1 Introduction

Challenges posed by the global water crisis include a growing number of people facing
issues related to water availability, accessibility, and quality, which directly impact human
health and nutrition (Young et al., 2019), especially in developing countries (UNESCO
World Water Assessment Programme, 2019). Safe drinking water has been recognized
as a fundamental human right, and international effort has been invested in achieving
“universal and equitable access to safe and affordable drinking water for all” (UN General
Assembly, 2015; UNESCO World Water Assessment Programme, 2019). One action taken
to achieve this by 2030 has been the adoption of sustainable development goals (SDGs) by
the UN (UN General Assembly, 2015).

The 6th SDG—Clean water and sanitation—incorporates a substantially broader
spectrum of water-related targets and is interlinked to different goals and targets (Song
and Jang, 2023). Water is a vital nutrient source and a driver for improved food security
(Jéquier and Constant, 2009), as it plays a central role in agriculture and food production
(FAO, 2017; FAO et al,, 2020). Synergies and the importance of water availability for food
and nutrition security have been demonstrated (Bandari et al., 2022; Nounkeu et al., 2019;
Young, 2021; Young et al.,, 2023). Many studies analyzing the causes and consequences
of malnutrition have examined the effects of demographic and socioeconomic parameters
(Mabhaudhi et al.,, 2016; Ringler et al., 2018). The impact of factors such as gender and
marital status of the household head, father’s and mother’s/caregiver’s level of literacy,
occupation, or education, and the number of people living in each household were
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evaluated (Mabhaudhi et al,, 2016). However, in many studies
evaluating malnutrition it has become apparent that food and water
insecurities are intertwined (Mabhaudhi et al., 2016; Ringler et al.,
2018; UN, 2017). The opportunity to grow kitchen gardens as a
food source when water is available was demonstrated (Mabhaudhi
et al, 2016), and its contribution to food diversity in child
populations was ascertained (Brewis et al., 2020; Schuster et al.,
2020). Results indicated a higher probability of malnutrition or
future food insecurity in children aged 6-23 months who grow
up in households with suboptimal water access: the likelihood
of achieving a minimum dietary diversity score (DDS) in these
children was two percentage points lower (Choudhary et al., 2020).

Previous attitudes efforts to address food and nutrition
security primarily relied on direct interventions aimed at reducing
hunger, or on water-supply initiatives that were narrowly focused
on ensuring the provision of higher-quality drinking water.
Over time, these approaches have been evolved into a broader
conceptualization of integrated interventions (Ringler and Paulo,
2020; Thacker et al., 2019; UN, 2017; Young et al., 2023). While
the foundational role of water availability is a driver of household
food security has gained recognition and been explored in recent
studies (Brewis et al., 2020; Miller et al., 2021; Young, 2021;
Young et al., 2023, 2021), significant knowledge gaps remain.
The existing literature has established a conceptual link between
water and food insecurity, offering a theoretical framework to
explore their interplay. However, empirical evidence on how
water-supply interventions, beyond merely providing safe drinking
water, contribute to improving household dietary diversity is still
sparse. Furthermore, the direct mechanisms connecting enhanced
water availability to improved food production and consumption
patterns remain underexplored and insufficiently clarified with
a moderate amount of evidence addressing the direct links
(Choudhary et al., 2020; Miller et al., 2021).

This study examines the critical relationship between
water accessibility, the implementation of water-intervention
projects involving physical water supply infrastructure, and
their subsequent impact on household dietary diversity in rural
communities of the Dodoma region, Tanzania. The rationale for
this research lies in addressing existing gaps in understanding
how improved water availability influences dietary outcomes,
contributing to the broader discourse on the water-food nexus.
The study employs a comparative survey approach, analyzing
data from communities with and without water-intervention
projects that involving physical water supply infrastructure. Water
accessibility is assessed alongside food security indicators such
as food consumption and dietary diversity scores to determine
the role of enhanced water availability on food security. This
research’s key questions deal with: (1) How does the presence
of physical water supply infrastructure affect water accessibility
at the household level? (2) To what extent does improve water
accessibility contribute to higher food consumption and dietary
diversity scores?

2 Materials and methods

To evaluate the direct and indirect impacts of water-
intervention projects featuring physical water supply infrastructure
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in the rural region of Dodoma, Tanzania, a retrospective
comparison was conducted. This analysis utilized data collected
through household surveys and key informant interviews (detailed
in Section 2.2.2 & Supplementary Data 1, Supplementary Figure 1).
The comparative approach aimed to assess whether the
establishment of water supply infrastructure leads to improvements
in water-related parameters (detailed in Section 2.2.3) and food
score indicators (detailed in Section 2.2.4). The methodological
approach and integration of data and information schematically
summarize in Figure 1.

2.1 Materials

Primary data for this research was gathered through household
surveys and key informant interviews. Additionally, data collected
in the Dodoma region in 2015 (Mbwana et al., 2016) was used as
secondary data source for comparison in this study. It is important
to emphasize that there is no direct association between the
data collected by Mbwana et al. (2016), and the data from this
research other than the fact that the same parameters and area
were examined. While only general statistics and information were
accessible from this latter data source, it enabled an additional
analytical perspective regarding the impact of time by comparison
to the current data collected.

2.2 Methods

2.2.1 Study area and population comparison

The rural region of Dodoma is situated in the central part of
Tanzania (Supplementary Figure 1), where there is a high level of
water and nutrition insecurity (WEP, 2009; FAO, 2019).

The natural water resources available to the rural communities
in the area are local shallow wells, streams, and swamps. Most
of them are not protected and contain low-quality water. These
sources often dry up during the dry season, so the residents must
travel long distances to fetch their water. The residents’ dietary
intake is primarily based on cereals, with bulrush and millet as the
staple grains, some groundnuts, and edible wild products, especially
vegetables and fruit (Mbwana et al., 2016; WEP, 2009).

Our study focused on the influence of water-project
interventions involving physical water supply infrastructure
carried out by innovation Africa (iA) in the 2 years prior to
this study. The pool for the research population consisted of a
non-random list of 95 villages within a radius of 85km around
Dodoma City. The list included two types of villages. One
type consisted of 54 post-intervention villages, up to 2 years
after the intervention project had been completed, to be the
pool for the treatment group. The second type consisted of 41
villages with limited access to clean water—the pool for the
control group. A cluster sampling method was used to select
four villages in which water supply infrastructure had been
established: Mbalawala, Ndebwe, Huzi, and Ilewelo (treatment
group), and four villages with no water supply infrastructure:
Mnala, Chinoje, Kazaroho, and Ganikwa (control group). To
optimize scattering of the interviews, each village was divided
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into four “hamlets” (north, south, east, and west), and similar
numbers of households, at least 100m apart, were randomly
selected in each hamlet. A total of 229 and 201 households
were selected for interviews in the treatment and control
groups, respectively.

2.2.2 Household survey

Quantitative household surveys were performed by local
graduate students from the University of Dodoma who are
familiar with the culture and language. The English version of
the questionnaire was based on past questionnaires that had been
culturally adapted to the Dodoma region (Mbwana et al., 2016)
and was translated into the local language by the enumerator’s
team. Considering that a detailed list of households wasn’t available,
the following method was used to select the villages. Each village
divides into “Hamlets” (sectors). An equal number of households
were randomly selected in each hamlet, with a minimum distance
of 100 meters between them. At least 50 households were
selected in each village, summing up to a sample size of 436
quantitative questionaries in total. In addition, 34 in-depth
interviews were conducted with village leaders and key players
to analyze general implications. The interviewer arrived at each
household and administered a wide-scope questionnaire about
demographics, drinking-water accessibility, and food diversity
consumption. The interviews were recorded. Forms were filled out
manually and later uploaded to the central database on the cloud.
The interview framework and survey questionaries are available
upon request.

The survey information was explained to the household
heads and spouses, and they all had to sign a consent form to
participate in the study. Approval for the research was given
retrospectively by the Ethics Committee of Tel Aviv University
(reference no. 0005689-1).

10.3389/frwa.2025.1564313

2.2.3 Water accessibility and availability

The metric for water insecurity was distance to a water source,
based on the benchmark defined by the service ladder in SDG 6
to assess water availability and accessibility (WHO and UNICEF,
2018). In this study, water insecurity refers to the time for a
household resident to reach the water resource, which is one aspect
of water insecurity. Clean-water availability and accessibility are
leveled by roundtrip time to the water resource and back. The
analysis refers to the collection of water during the dry season. Six
categories of distance to water were defined in the questionnaire
as follows: in-house; less than 10 min; 10-30 min; 31-60 min; 61-
120 min; more than 120 minutes and refer to the distance to
drinking-water sources.

2.2.4 Food security indexes: food consumption
score (FCS) and DDS

Food security is achieved when a household has access
to enough varied of food that support a quality, balanced
nutrients diet. For the household dietary diversity parameters, a
questionnaire developed by the Food and Agriculture Organization
(FAO) was used (FAO, 2010), with the adjustment suggested
by Mbwana et al. (2016). Dietary intake was scored using
two acknowledged international indicators for the assessment of
nutrition security. The markers refer to the number of food
groups consumed in a defined time frame, as discussed elsewhere
(Bandyopadhyay et al., 2021; FAO, 2010; Kennedy et al., 2010;
Swindale and Bilinsky, 2006). Briefly, FCS calculates the overall
nutritional value of a household during the 7 days prior to the
survey, looking at nine food groups and ranging from 7 to 112.
DDS calculates food intake in the last 24 h, looking at 12 food
groups, and ranging from 1 to 12. More details are presented in
Supplementary Table 1. Two consumption-level thresholds divided
the FCS into three nutrition levels: the “poor” level at FCS < 21,

Methodological Approach

Integration of Information

Data Collection:

o Household Surveys: Conducted to gather
quantitative data on water accessibility, food
consumption, and nutrition indicators.

Key Informant Interviews: Performed to complement
household surveys by providing qualitative insights
into community practices and perceptions.

Historical Data Integration:

o Utilization of historical survey data from prior
research conducted in the same region. While
distinct from current data, the historical data
provided contextual insights and facilitated a
comparative analysis of trends over time.

benefiting from the establishment of physical water

infrastructure.
o Without Water-Intervention Projects: Communities

without access to enhanced water infrastructure.

o With Water-Intervention Projects: Communities

Population Groups:

Water Accessibility Metrics:

o Measured by the time required to fetch water
(roundtrip duration), categorized into specific time
intervals.

Food Consumption Indicators:

o Collected data on:
*  Food Groups: Types of foods consumed
(distinguished by categories).
*  Time Frame: Consumption patterns over the
week prior to the survey and within 24 hours
preceding the survey.
¢ Quantity: Volume of food consumed during the
specified time periods.

Food diversity and nutrition scores.

without intervention) based on:
Water accessibility.

o Comparison of the two population groups (with and

Comparative Analysis:

FIGURE 1

Summarizing scheme of the methodological approach and the integration of data and information.
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the “borderline” level where 21 < FCS < 35, and the “acceptable”
level at FCS > 35 (WEP, 2009). DDS index also ranked three
consumption levels by two threshold values. The low level (LDD)
consisted of DDS < 3, the medium level (MDD) is 3 < DDS < 5,
and the high level (HDD) when 5 < DDS (WFP, 2009).

2.2.5 Data analysis and statistics

Data entry and analysis were conducted with Excel 365 and
SPSS version 28. A significance level of 5% (p-value < 0.05)
was considered significant for all analyses. Demographic and
socioeconomic parameters were compared between treatment and
control groups. Answers to the quantitative questionnaire were
gathered on Excel sheets to create the main database. Time
categories presented in the interviews defining the distance to
water resources were coded as: in-house = 1; less than 10 min =
2; 10-30 min = 3; 31-60 min = 4; 61-120 min = 5; more than
120 min = 6. A quantitative expression for the categories according
to the median time duration in each category was given at a
later advanced stage. Time categories were quantified to examine
the proportional impact of each distance category. Population
percentage was calculated for each distance-from-water-resource
category while examining the whole population first and then
comparing the population percentages of the treatment and control
groups in each distance category. Two different aspects of dietary
intake score were examined. The first looked at how the population
is distributed across the three levels of dietary diversity, and the
second calculated the average scores for each level of dietary
diversity. These aspects were first examined in the total research
population, and then the average scores of the treatment group were
compared to the respective scores calculated for the control group.

After analyzing the characteristics of water accessibility and
dietary diversity of the population in the region, the impact of
the water supply infrastructure was evaluated. Kruskal-Wallis test
and Bonferroni post-hoc analysis were conducted using SPSS to
determine whether the FCS differed for different distance-from-
water-resource categories. Spearman correlation between distance
to water and food diversity indexes in each group separately and
both groups together was calculated to analyze the role of distance
to water on FCS.

3 Results

This study was conducted between August 2020 and July
2022; the questionnaires were administered from August 2021 to
November 2021. We first associated the socioeconomic conditions
of the treatment and control groups, and then compared water
accessibility and food diversity scores, and analyzed the impact of
water accessibility on those scores.

3.1 Retrospective comparison

Impact estimation of the water projects was based on a
matching approach and selection of comparison villages. Prior to
the water-intervention projects, all households in that area collected
their water from similar natural and polluted sources.

Frontiersin Water
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3.2 Sociodemographic characteristics of
the participants

A total of 436 households consented to participate in the
study. The survey respondents were the person in each family
responsible for food preparation and serving, water collection,
and childcare, which was the mother/woman in 98% of the
cases. Overall, six respondents did not respond to the question
regarding distance to water resources and were therefore excluded
from the study analyses. Pre-existing data from a previous study
(Mbwana et al., 2016) were used for the time-perspective analysis
(Table 1). Demographic comparison between the groups, indicating
similarity in relation to gender of household head, marital status
and ages. Small gaps expressed in categories of occupation and
education, showing lower percentage of farmers and higher
percentage of entrepreneurs in the treatment vs. control group, and
lower percentage of literate in the treatment group. Compared to
the population in rural Dodoma in 2015 (Mbwana et al., 2016)
results indicated that the sociodemographic characteristics were
similar to those in the current study (Table 1-last two columns).

3.3 Water accessibility

To understand the contribution of water interventions to water
accessibility, water access-related measurements were defined. The
analysis included all surveyed households, both groups treatment
and control (Figure 2A), indicated a substantial decrease in the
total number of households as the distance to water increased.
There, the total number of households decreased from 144 to 38
households (—23%) as the distance to water increased from “in
house” (i.e., 0 min) and “1-10 min” to “over 120 min” (Figure 2A).
A comparison of the treatment group to the control group
(Figure 2B) highlighted three key findings. (1) Only 7% of the
population had access to “in-house” water supply infrastructure,
all of whom were in communities with from the treatment group;
(2) 19% of the population needed to travel more than 2h to fetch
water, and all of these were in communities from the control group;
(3) Proximity to water was unevenly distributed across the two
groups. As the distance to water resources increased, the proportion
of the population from the treatment group decreased, indicating
that most households in the treatment group were located closer
to water resources, while the majority of the control group fell into
higher distance categories. The results revealed that the treatment
group was concentrated in the closest distance categories, with 86%
of households spending less than 30 min and 98% located within
60 min of water resources. In contrast, the control group was spread
across higher distance categories, with only 45% located within
the first three distance categories (0-60 min to water resources),
whereas the other 55% needed to travel 61 to over 120 min to reach
a water resource (Figure 2B).

3.4 Dietary food diversity indexes

DDS and FCS were calculated for each household, category, and
group included in the research (Table 2). Spearman’s correlation
between FCS and DDS was 0.49 (p < 0.01).

frontiersin.org


https://doi.org/10.3389/frwa.2025.1564313
https://www.frontiersin.org/journals/water
https://www.frontiersin.org

Ronen Eliraz et al.

TABLE 1 Demographic characteristics of households (n = 430).

10.3389/frwa.2025.1564313

Demographic Categories Treatment Control
comparison (n = 229) (n = 201)
[%]

Gender of household head Male 79 87 83 86.9
Female 21 13 17 13.1

Marital status Married 79 87 83 83.6
Divorced/separated 6 5 6 33
Widowed/other 15 9 11 13.1

Father’s | mother’s age 18-35 years 21|37 32039 26
Over 35 years 6862 60| 61 64
Other 11 8- 10

Father’s | mother’s occupation Farmer 81|86 91|97 86 95.1
Entrepreneur 1112 3]2 7 4.9°
Other 8|2 6|1 7

Father’s | mother’s education Never been to school 2432 40 | 46 31 42.6°
Primary (grades 1-5) 13|13 10|12 12 14.8¢
Primary completed 55|52 41140 49 42.6°
Secondary and higher 8|3 9]2 3

Garden ownership Yes 21 5 13
No 79 95 87

2Data copied from Mbwana et al. (2016).

b“Occupation of respondent” from Mbuwana et al. (2016) (column 2015) gives the options “self-employed” and “other” separately; they are presented here as one category: “other.”
“Level of education (Mbwana et al., 2016) (column 2015) separated into: “not able to read or write,” “can read and write to some extent,” and “can read and write.”
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FIGURE 2
Population distribution according to distance to a water resource. (A) Total number of households in each distance category. (B) Population
percentage of treatment and control group in each distance category. Blue bars, treatment group; yellow bars, control group.

A comparison of the median scores revealed that the treatment
group outperforms the control group in both FCS (40 vs. 33) and
DDS (6 vs. 5), as shown in Figures 3A, B, respectively. A better
situation for the treatment group related to the control group
also emerged when distributing the population into three levels
of food diversity consumption according to the FCS and DDS
(Figures 3C, D). A stratification of the population percentage into
three levels of FCS and DDS, respectively. More than 50% of the
population in the treatment group was in the high nutritional
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diversity category, under both DDS and FCS stratification, showing
52% of the treatment group in relation to the DDS, and 62% of
the population in FCS. In contrast, around 60% of the population
in the control group was in the combined medium and low
nutritional diversity categories, showing 65% of the control group
in relation to the DDS and 57% of the control group in relation to
the DDS. Although the two index scores are not equal, a similar
classification was obtained, therefore only the FCS indicator was
used for further analyses.
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TABLE 2 Descriptive statistics of food consumption score (FCS) and dietary diversity score (DDS) vs. distance from water resource.

Dist. to water Total Treatment Control
FCS FCS FCS
Mean £+ SD Mean £+ SD Mean £+ SD
Q0.5(Q0.25,Q0.75) " Q.5(Q0.25,Q0.75) Qq.5(Q0.25,Q0.75)
1 16 47 +12.15 16 47 +12.15
46.12(34.25,53.25) 46.12(34.25,53.25)
2 128 40 + 14.14 115 41 +13.93 13 29 +£11.53
40(28.56,47) 41.12(32,47.25) 28(20.75,34.38)
3 115 37 +£13.73 67 39 £+ 14.23 48 344127
36.25(26.45) 40(27.75,47.5) 31.25(25.63,39)
4 57 35+12.34 27 36+ 11.69 30 34+13
34.5(23.12,41.87) 34.5(23.12,41.87) 32.252237,42.31)
5 76 36 £ 13.99 4 38 +£3.28 72 36 £+ 14.35
34.25(2531,42.44) 38(35.37,41.38) 34(25.06,42.44)
6 38 35412.49 38 3541249
36(25.5,41.62) 36(25541.62)

Dist. to water DDS DDS DDS
Mean £+ SD Mean £+ SD Mean £+ SD
Q.5(Q0.25,Q0.75) Q0.5(Q0.25,Q0.75) Q9 .5(Q0.25,Q0.75)

1 16 6+£0.14 16 6+£0.14
0.5(0.42,0.58) 0.5(0.42,0.58)

2 128 6+£0.17 115 6£0.17 13 5+0.15
0.5(0.42,0.58) 0.5(0.42,058) 0.42(0.29,0.58)

3 115 6+ 0.15 67 610.18 48 5£0.11
0.42(0.42,0.5) 0.5(0.42,0.58) 0.42(0.33,0.5)

4 57 5+0.14 27 5+0.16 30 5+0.12
0.42(0.33,0.5) 0.42(0.33,0.5) 0.42(0.33,0.5)

5 76 54+0.13 4 54+0.08 72 5+0.14
0.42(0.33,0.5) 0.37(0.33,0.48) 0.42(027,0.5)

6 38 540.15 38 5+0.15
0.42(0:31,0.52) 0.42(0.31,0.52)

Distance to water is given by categories (1-6). Descriptive statistics are presented for all households (total) and separately for control and treatment groups. Values are presented as mean =+ SD,

and 3 interquartile values: Q0.5, Q0.25, Q0.75*.
*Q0.5, Q0.25, Q0.75 represent median, 25th percentile and 75th percentile scores.

3.5 The relationship between household
distance to water and FCS

The impact of water intervention projects, which included
the establishment of physical water supply infrastructure was
evaluated by examining the relationship between distance to water
resources on food security and nutrition outcomes. Communities
with water intervention projects demonstrated closer proximity to
water sources, reflecting an improved water accessibility situation.
This enhanced accessibility was further analyzed in relation
to its influence on food and nutrition outcomes, emphasizing
the connection between water intervention projects and dietary
improvements. A decrease in the score medians and ranges was
seen when the analysis included all participants or the treatment

Frontiersin Water

group only (Figures 4A, C). However, when the analysis included
only the control group (Figure 4B), no clear trend was observed.
Some of the FCS values were extreme and outside the statistical
quartile ranges calculated for the distance-from-water groups of
households. Nevertheless, Kruskal-Wallis test was conducted to
determine whether the FCS is substantially different for groups at
different distances from the main water resources. The differences
between the rank totals of “in house” (302.91), “1-10 min”
(238.37), “11-30 min” (210.09), “31-60 min” (191.78), “61-120
min” (194.86), and “over 120 min” (194.89) groups were significant:
H(5, n =430) = 17.69, p = 0.003.

To examine the nature of the relationship between distance
to water and the food diversity index, time-distance categories
were converted to a time scale. Central time points in each

frontiersin.org
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Comparison of dietary diversity score (DDS) and food consumption score (FCS) between treatment and control groups. (A) Median DDS comparing
control and treatment group (left and right, respectively). (B) Median FCS comparing control and treatment groups (left and right, respectively). (C)
Distribution of the population percentage into low (LDD), medium (MDD), and high (HDD) (green, dark green, and light green, respectively) DDS,
comparing control (n = 201) and treatment (n = 229) groups. (D) Distribution of the population percentage into poor, borderline, and acceptable
(dark red, red, and light red, respectively) FCS, comparing control (n = 201) and treatment (n = 229) groups.
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Impact of water resource accessibility on food consumption score (FCS). (A) Trend of FCS dispersion measures for all participants. (B) Trend of FCS
dispersion measures for control group only. (C) Trend of FCS dispersion measures for treatment group only. (D) Trend of average FCS by time to
water resource. Points represent the average scores; error bars depict the 95% confidence intervals. Spearman'’s correlation between average FCS
and time to water resources calculated for all participants was ru30 = —0.178, p < 0.001.

distance category were selected as representative values for the  of FCS with an increase in time to water resources indicated a
time scale. The correlation between average FCS and travel time  significant negative correlation (Spearman’s correlation analyzing
to water resources is shown in Figure 4D. A decreasing trend  all participants = —0.178 and p < 0.01). Bonferroni post-hoc
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analysis revealed statistically significant differences (p = 0.024) for
“in house” pairwise “31-60 min” and “in house” pairwise “61-
120 min.”

4 Discussion

Increasing demand for water and food resources, combined
with concerns over environmental and climate change, present
exacerbating challenges worldwide (Mbwana et al., 2016; Ringler
and Paulo, 2020). The agenda to tackle these challenges is reflected
in the increasing importance of pursuing the UN’s SDGs and
meeting both water security and food and nutrition goals. This
highlights the need to better understand the multiple ways in which
water and nutrition are linked (Ringler et al., 2018). The nexus
of access to water and food production is crucial for achieving
sustainable development. Water is not only essential for drinking
but also for agricultural activities that produce food. Efficient water
management practices can enhance crop yields, improve food
quality, and ensure food security. Conversely, inadequate access
to clean water can lead to poor agricultural productivity, affecting
food availability and nutrition. Understanding this nexus helps in
developing integrated policies that address both water and food
security, ensuring that interventions in one area positively impact
the other.

Thacker et al. (2019) stated that infrastructure projects directly
or indirectly influence the attainment of SDGs. The case study
presented in this article demonstrates both the direct and indirect
influence of a water-infrastructure project. Results underline the
two consecutive phases of the impact, i.e., that of infrastructure
on water accessibility, and that of water accessibility on dietary
diversity. Results for the direct impact of the intervention on
water accessibility were as expected. The water-intervention
projects establish groundwater wells and distribute infrastructure
throughout the villages, making water available and accessible in
the villages of the treatment group. The comparisons between
population percentages of the treatment and control groups in
relation to distance to water resources stood out for their significant
differences. It is assumed that the temporal distance to the main
water source for the control group reflects the distance to water in
the rural Dodoma region before the water-intervention projects.
Evaluating the situation of water accessibility in the treatment
and control groups and considering the SDG criteria for “basic”
and “safely managed” levels of drinking-water accessibility (defined
as <30 min), the improvement in water accessibility post water-
intervention projects is significant. But even more than improving
accessibility to water, the intervention improved water quality.
In-depth interviews with key individuals revealed that following
the intervention, residents no longer consume rainwater from
polluted ground, swamps and open sources. High salinity shallow
wells in Ndebwe and llewello villages, changed to high quality
deep well post intervention. Qualitative analysis of some of the
natural open water sources, that used to be the primary water
resources for the control group and some of the old water
resources for the treatment group, was performed. These open
water sources are used for drinking water, as well as by cattle
and wild animals. Therefore, they are considered contaminated
resources. In terms of SDG 6.1, pertaining to drinking water
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accessibility, water intervention promotes 86% of the population
in post-intervention villages to the “safely managed” level of
water services, in contrast to only 30% of the population in the
control group.

The second consecutive phase—the impact of the water
intervention on food security—was measured by two indexes of
food security and diversity (FCS and DDS). The results from the
current study show the differences in households’ access to food and
its dietary diversity indicators, comparing villages where water is
available to those where water is not available. A higher percentage
of households in villages where water is available were rated in
the highest food diversity category. Similar to previous studies
that predicted the probability of malnutrition in children aged 6-
23 months in households with suboptimal water access (Boateng
et al., 2022; Choudhary et al., 2020), we show the phenomenon at
the household level. While the distribution of the control group’s
population across three categories of nutritional diversity (low,
medium, and high) was such that most of the population has a
medium level of nutritional diversity in their diets (45%), most of
the population in the treatment group fell in the high nutritional
diversity category (52%). This trend toward improved nutritional
diversity is even more pronounced when data collected in 2015
in the same region by Mbwana et al. (2016) were added for
comparison (Figure 5). Looking at the percentage of the population
in the high dietary diversity category in groups “2015” (Mbwana
et al.,, 2016), “control” and “treatment” (this study), an increase
was seen —8%, 35%, and 52%, respectively—while the population
percentage in the medium dietary diversity category decreased:
69%, 45%, and 37%, respectively. These trends suggest that the
comparison of the three groups (2015, control, and treatment)
represents changes that have occurred with time (2015 compared to
2021) and the additional relative implications of water-accessibility
projects (control compared to treatment group). The ability of
households to obtain sufficient food amount and diversity to meet
their dietary needs is affected by proximity to water in various
ways. This includes the possibility of growing a larger amount of
diverse food in the home garden. It allows the possibility of cooking
types of food that require the use of water. The accessibility to
good water nearby saves time, allowing women to invest more in
cooking and preparing a variety of food, as well as financial savings
resulting from the access to water in the local project, thus investing
the money in purchasing large and varied amounts of food from
external sources.

The decrease in the average dietary diversity index FCS with
increasing distance to water reflects the role of water accessibility in
food security. As can be seen in Figure 4, the longer the distance
from the drinking water source, the lower the calculated FCS.
The effect was significant when analyzing the treatment group
(Figure 4C), but not significant when analyzing the control group
(Figure 4B). Results align with previous studies showing how time
spent on water-collection activities significantly affects the extent of
food insecurity, with greater food security associated with shorter
times (Brewis et al.,, 2020; Nounkeu et al., 2022). However, the
effect of water accessibility on FCS was much stronger at shorter
distances than at longer ones, giving a non-linear relationship.
This weakening of the influence of water accessibility on FCS
is reasonable. In contrast to the aforementioned research that
measured the specific time spent collecting water, the survey
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FIGURE 5
Comparison of food diversity levels (low, medium, and high
DDS—LDD, MDD, and HDD, respectively) between treatment and
control groups from this study and data collected in 2015 by
Mbwana et al. (2016).

used in the current study looked at the distance from water
resources within ordinal categories (1-6) representing increasing
periods of time [1, 10, 20, 30, 60, and over 60 min, correlated
to (in house, <10 min, 10-30 min, 31-60 min, 61-120 min, and
>120min) respectively]. Therefore, large differences in FCS
between households are expected within the highest-distance-
category groups. Interestingly, the results indicated that the largest
food diversity index differences occurred within the second time
category of 1-10min, with the standard deviation of the FCS
in the treatment group being larger than in the control group.
This might be due to the strong effect of the water project on
the treatment group, where households that are close to the
distribution points substantially improve their dietary diversity. In
contrast, in the control group, since no intervention is involved, the
food diversity scores differ due to other determinants additional to
water accessibility (Mbwana et al., 2016).

In-depth interviews with key individuals from the village’s
community elucidated and emphasized more implications post
water intervention projects. Availability and more diversity of
vegetables and fruits were reported in Mbalawala, Huzi and
Llewello. In addition, positive migration of new residents to the
villages, and increasing of pupils’ attendance at school bringing
10 liters of water from home each day were recorded (Mbalawala,
Huzi). Even lowering sickness levels caused by waterborne diseases
comparing pre- and post-intervention situation were reported in
Mbalwala. Though, the accessibility to safer (higher quality) water
which resulted with less diarrhoeal diseases has resulted in better
nutrient uptake and therefore nutritional improvement. Another
implication of the water intervention project was the use of the free
time gained by women, which was linked to mothers’ occupations.
It was found that there were more entrepreneurial women in
the post-intervention project villages. However, these implications
were beyond the scope of this article.

Although all eight villages in this study had similar
demographic backgrounds and equal economic status, it is
important to emphasize that the villages in the treatment group
were selected from a larger group, which was found to fit a
list of criteria according to which there is a good potential for
the success of a water project. Besides project feasibility and
potential productivity, which might be similar between most

Frontiersin Water

10.3389/frwa.2025.1564313

of the population in the research, parameters indicating on the
community integration attitude for water project implementation,
might be a bias that was introduced at that pre-research stage.
Nevertheless, villages that underwent the intervention won
twice. The water-intervention project improved accessibility to
water resources and resulted in better food diversity scores. It
is reasonable to assume that the higher food diversity occurred
because of the improvements in water accessibility. These
results, therefore, support Thacker et al. (2019) conclusion
that infrastructure projects have a multidisciplinary, direct,
and indirect impact following global actions to enhance the
progress of SDGs toward 2030 by promoting linked interventions.
Accordingly, the outcomes of the implementation processes
are fundamental for sustainability. Future research could delve
deeper into understanding the underlying mechanisms that drive
the relationship between water accessibility and improved food
diversity. Additionally, longitudinal studies that monitor the
long-term effects of water supply infrastructure across diverse
community settings would help identify factors that enhance or
hinder their sustainability.

5 Conclusions

The direct and indirect influences of water intervention
were presented. Water-infrastructure projects, implemented for
disadvantaged communities, had a direct influence on improving
water accessibility. Consequently, nutritional security improved.
The dual beneficial sustainability of a diverse diet through a
water-intervention project may contribute to understanding the
food-water nexus. We emphasize, however, that water insecurity
should be considered when developing food and nutrition policies
and interventions. It is likely that the implementation process,
which integrated the target communities from the first stage of
locating a suitable village, through routine operations, and until
the project’s official termination, has vast importance for the
project’s sustainability.
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