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Abstract

Climate change is projected to induce extreme and irregular rainfall patterns in the West African
Sahel region, affecting household food security and income. Children are among the worst affected
population groups. Previous studies focusing on rainfall irregularities in specified periods have
revealed how child health and nutritional status are impacted, especially in rural settings. However,
the aggregated effect of rainfall over a lifetime on chronic child undernutrition remains poorly
understood. We conducted a multilevel regression using a 2017 household survey from rural
Burkina Faso containing 12 919 under-five-year-old children and their corresponding household
rainfall data. The rainfall data originated from the Climate Hazards Infrared Precipitation with
Stations monthly dataset with a native resolution of 4.8 km (0.05°). We show that an increase in
rainfall below 75 mm monthly average tends to produce poor nutritional outcomes (regression
coefficient = —0.11***; 95% CI = —0.13, —0.10; p < 0.001) in rural Burkina Faso children. We
found a consistent negative relationship between different sex and household wealth groups, but
not age groups. Vulnerable younger children were more affected by the adverse effects of increased
rainfall, while older children seemed to handle it better. Our methodological approach tracing the
impact of rainfall over children’s lifetimes makes a meaningful contribution to the portfolio of
tools for studying the complex relationship between climate change and health outcomes. Our
work confirms that rainfall is a risk factor for chronic child undernutrition, highlighting the need
for adaptation strategies that boost household and community resilience to counteract the harmful
impacts of climate change on child nutritional status.

© 2022 The Author(s). Published by IOP Publishing Ltd
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1. Introduction

Climate change-induced rainfall irregularities are a
problem in the West African Sahel, a region that
has experienced an increase in extreme weather
events such as droughts and floods [1, 2]. The IPCC
sixth assessment report predicts an increase in the
amount of rainfall in this region as the global surface
temperature continues to increase [3]. Historical data
analysis indicates the effect of extreme weather events
upon major staple crops (millet and sorghum) with
yield losses worth billions of dollars [4, 5]. It has
been estimated that the reduction in crop yields will
exacerbate under different climate change scenarios
[6]. It is precarious for rural agrarian communities
that depend on predictable and consistent rainfall for
food production closely linked to their sustenance
[7]. Reduced crop yield will affect household income,
food security, and nutrition [8].

Children under five years old (U5SYO) are most
susceptible to household food insecurity [9, 10] due
to their distinct nutrient need for critical physiolo-
gical processes [11]. The combination of nutrient
deficiency from inadequate dietary intake and threat-
ening disease environments due to rainfall hazards
lead to chronic undernutrition in U5YO children
[12]. Chronic undernutrition, also known as stunt-
ing, manifests as linear growth retardation, mean-
ing that children are too short for their age. Many
studies use height as a proxy to monitor long-
term growth anomalies [13]. Chronic undernutri-
tion is a major contributor to child mortality world-
wide and is projected to increase under the current
climate change scenarios [14]. One study predicts
an up-t0-23% increase in chronic undernutrition
(moderate stunting) under different climate change
scenarios in Sub-Saharan Africa (SSA) by 2050 [15].
Children with stunting may have increased mortal-
ity risk, low cognitive skills, and poor school per-
formance affecting adulthood productivity and the
broader economic output [16, 17].

The growing uncertainty in rainfall dynamics
and its impact on nutritional status has garnered
research attention. In SSA, the relationship between
rainfall and chronic undernutrition in children has
been extensively studied [18-20]. Studies differ in
the rainfall characteristics considered, particularly the
period and duration of rainfall exposure. Most have
estimated the impact of annual and seasonal rainfall
characteristics in different years or periods of child
growth, while a few have combined rainfall expos-
ure over multiple periods [21-23]. To our knowledge,
only one study conducted in Kenya measured rain-
fall exposure from a lifetime perspective, i.e. from the
month of conception to the time of the survey [23].
Recent works acknowledge the need for further stud-
ies to look at rainfall effects on health outcomes over
long periods [21, 24].
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This paper reduces this knowledge gap by examin-
ing the association between cumulative lifetime rain-
fall exposure and chronic undernutrition in U5YO
children in rural Burkina Faso. Cumulative rainfall
exposure, better suited for the analyses of chronic
undernutrition [21], reflects the combined effect of
multiple impact pathways (e.g. through altered food
production and changing risk of infection) without
trying to separate individual pathways. We look at
both overall effects and differential effects by age, sex,
and household socio-economic status (SES).

2. Population and methods

2.1. Study setting

Burkina Faso is a West African country with a popula-
tion of approximately 21 million, of which 70% live in
rural areas and are engaged predominantly in subsist-
ence agriculture [25]. U5YO children make up 18.5%
[26] of the population, and 25% are considered stun-
ted, one of the highest prevalence in SSA [27]. The
country has three distinct agro-ecological zones with
different annual rainfall amounts that dictate staple
crop production: Sahelian (<600 mm of annual rain-
fall), Sudano-Sahelian (600-900 mm), and Sudano
(900-1200 mm) [28]. Rainfall patterns in Burkina
Faso influence crop yield variation [29] and infec-
tious disease prevalence [30]. Past (1950-2013) rain-
fall analyses show a significant negative trend in total
annual rainfall and an increase in the length of dry
spells [31, 32]. Projected (2021-2050) analysis pre-
dicts an increase in strong rainfall events and delays
in rainy season onset. Changes in rainfall character-
istics in Burkina Faso amounts to food insecurity
[33], poor nutritional status [34], and survival [35]
in children.

2.2. Data and data sources

2.2.1. Household survey data

For this study, we used the endline household sur-
vey conducted as part of the impact evaluation of the
performance-based financing (PBF) program imple-
mented in Burkina between 2014 and 2018 [36]. The
anthropometric data were used with the sole inten-
tion of investigating rainfall effects on the nutritional
status of children without drawing any link to the PBF
program. The survey was conducted between April
and June 2017 in 24 districts’ distributed in eight
regions. The sampling approach has been described
extensively elsewhere [36]. In brief, the survey used
a two-stage sampling strategy: a village was selected
at random from the complete pool of villages in the

91n 2014, after the baseline survey, the government split some
study districts, which increased the study districts from 24 in the
baseline survey to 29 in the endline. However, the endline survey
in 2017 maintained the designation of the old health districts [24]
for consistency.
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Figure 1. A health district map of Burkina Faso showing the study districts, households, and the closest satellite grid centroids.
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catchment area of each surveyed health facility, for
a total of 526 villages. Within each village, up to 15
households (georeferenced, see figure 1) were selec-
ted randomly from all households with a pregnancy
history in the prior 24 months. Data were collected
on all household members, including children U5YO,
household socio-economic and demographic profile.
Of specific interest for our study are anthropomet-
ric measurements collected for 13 486 children aged
0-59 months, their respective caregiver demograph-
ics, and household socio-economic indicators.

2.2.2. Rainfall data

We used the publicly available high spatial resolu-
tion rainfall data from the Climate Hazards Infrared
Precipitation with Stations (CHIRPS) monthly data-
set with a native resolution of 4.8 km (0.05°). This
choice is due to the scarcity of rain gauge data cov-
ering all the villages included in our study. The
CHIRPS data is a product of the US Geological Sur-
vey and the Climate Hazards Group at the Univer-
sity of California, Santa Barbara. It combines World
Meteorological Organization’s Global Telecommu-
nication System gauge data and satellite-based Cold
Cloud Duration estimates to produce a product
between a curated interpolated gauge and a pure
satellite-based dataset [37]. The CHIRPS data has
performed well compared with gauge rainfall data
in terms of the agreement, less bias, and capturing

extreme events vis-a-vis similar satellite products in
Burkina Faso [38] and SSA [37, 39, 40]. A detailed
description of the CHIRPS dataset can be found
elsewhere [37].

Using the household geocodes from the sur-
vey data with a latitude range of 9.43°-14.01° and
a longitude range of —4.50°-0.58°, we extracted
the household-level monthly rainfall estimates from
September 2011 to June 2017. Our extracted rainfall
data fell within a distance of 0.0007 km to 3.9 km
from cluster centroid to a household with a mean
distance of 2 km. Figure 2 presents the total rain-
fall summed for the study period by health dis-
tricts. Households and their closest satellite grid
centroids are indicated as blue and red symbols,
respectively.

2.3. Variables and their measurement

2.3.1. Outcome variable

We used continuous height-for-age z-score (HAZ) as
the metric of chronic undernutrition in U5YO chil-
dren [13]. It was computed with recumbent length
in younger children (below 24 months or older chil-
dren unable to walk) and standing height for chil-
dren older than 24 months along with their age in
months. The enumerators verified child age from vac-
cination booklets where possible. We only relied on
caregiver-reported age data in the absence of a vac-
cination booklet. In addition, at the data cleaning and

3
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Figure 2. Distribution of total rainfall for the entire study period (09/2011 to 06/2017) by health districts in Burkina Faso.
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management stage, consistency checks were imple-
mented to ensure that the data were consistent across
sections in the survey. For instance, timing reported
by women for their pregnancy was consistent with
children’s age or that vaccination reports were con-
sistent with children’s age. HAZ shows how a child’s
height in relation to age deviates from the median of
a healthy reference group—the WHO child growth
standards. HAZ < —2 classifies a child as stunted [41].
We used the WHO Child Growth Standards Stata
igrowup package to compute HAZ [42].

2.3.2. Exposure variable

Existing literature shows that rainfall affects child
growth at every stage, including during pregnancy
[43], but as mentioned earlier, most identified studies
so far concentrated on short-term measures of rain-
fall such as separate seasonal rainfall events [19].
Approaching rainfall from a lifetime perspective has
the potential to capture the aggregated effect of rain-
fall over a lifetime (including its exposure in utero)
on child nutrition. Our exposure variable was opera-
tionalized as average lifetime rainfall exposure (ALE),
defined as the total rainfall from conception to the
survey month (June 2017) for each child averaged
over the child’s age in months. First, we calculated
each child’s lifetime cumulative rainfall (LCR) as a
summation of household-level monthly rainfall for
an optimal nine-month pregnancy period and the age
in months. Then, we divided the LCR by the child’s
age in months. Our approach differs from others that
assign each child to the seasonal or annual rainfall
measurement. These other approaches suggest that
effects (mostly nutritional effects through crop pro-
duction) are fairly distributed irrespective of the birth
month and exposure length [23]. Our measurement,

however, is informed by Cornwell and colleagues,
who have shown that rainfall effects are not fairly dis-
tributed across all children born during a specific year
[44].

2.3.3. Covariates

From the household survey, we extracted information
on child age (months), sex (boy/girl), caregiver
age (inyears), caregiver literacy (illiterate/literate),
household size, and household SES as covariates.
These covariates have been established as predict-
ors of child nutritional status [35, 45], hence con-
sidered important confounding factors. Household
SES was operationalized as a wealth index computed
on household assets using multiple correspondence
analysis [43] and categorized into quintiles to indicate
household socioeconomic groups ranging from the
poorest to the least-poor.

2.4. Data analysis

2.4.1. Data management and handling missing data
We excluded less than 5% (567) of the 13 486 chil-
dren due to missing height and unrealistic HAZ
(<—6 or >6), leaving a final sample of 12 919 children
(aged 0-59 months) distributed across 6890 house-
holds from 526 villages and 24 health districts.

2.4.2. Statistical analysis

Means and standard deviations (SDs) for continuous
variables and percentages for categorical data were
used to describe the study population. To estimate
the associations between ALE and HAZ, we used a
multilevel mixed-effect model due to the hierarch-
ical structure of the survey data (children are nes-
ted in households, nested in villages, nested in dis-
tricts) [46]. Moreover, as our analyses are based

4
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on secondary data, there are likely unmeasured dif-
ferences at each level of clustering. Thus, a multi-
level mixed-effect model was employed that combines
both fixed and random effects to control for both
measured and unmeasured differences at each level of
clustering [47].

The model is mathematically expressed as:

yijs =bo + by (ALE) + by (ALE®) + bcX.
+ bgXg + bnXn + vi + wik + mijk
+ e — vk ~ N (0,02) ,uy ~ N(0,037),
Mgy ~ N(O,a,zn) ; €kl ~ N(O,o?) (1)

where ;i is the observed z-score (HAZ) for child
i in household j in village k and district I. ALE is
the exposure variable of interest, and ALE? is the
squared version of the exposure exploring the non-
linearity of the relationship. We followed the example
of Rabassa and colleagues [48] in exploring the non-
linearity of the ALE-HAZ relationship. We tested this
in our model using the approach of Lind and Mehlum
[49] (with Stata ‘utest’ command). The test results
indicated that we could not reject the presence of a
U-shape (non-linearity) at a 5% significance level,
justifying the inclusion of a quadratic rainfall term
(see appendix D). X is a vector of child character-
istics, including age and gender. X, is a vector of
caregiver characteristics, including age (years) and
literacy level. X, is a vector of household characterist-
ics, including household size and wealth index. The
estimates of interest are by and b, representing the
effect of ALE and ALE? on HAZ. b.., bg and by, are vec-
tors of parameters associated with X, X, and Xj,. The
terms vy, Uik, M;jk, denote the district, village, house-
hold random effects, e;y represents the child level
residual (assumed to be independent and normally
distributed) [46].

First, we fitted the model on the pooled sample
and then on a stratified sub-sample by age, sex,
and SES. We conducted a likelihood ratio test that
compares differences in model deviation statistics
to justify the need for higher levels [47]. The null
hypothesis for the test was that children at dif-
ferent levels of clusters are not alike. The posit-
ive and statistically significant chi-square value con-
firmed clustering in characteristics at the levels we
considered, thus necessitating a multilevel regres-
sion approach (see appendix A). In addition, we com-
puted the intra-class correlation, a value that captures
the degree of similarity in the residual of the outcome
variable (after controlling for the covariates) at the
different hierarchical levels [46]. All analysis was con-
ducted with Stata/IC 15.1.

3. Results

3.1. General characteristics of the study population
Our sample was almost an equal split in the num-
ber of boys and girls (table 1). The mean age in

5
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the total sample was 26.5 & 17.9 months, very sim-
ilar for the boys’ and girls’ strata. Caregivers had
a mean age of 29 years, and more than 80% were
illiterate. The mean number of people living in one
household was eight, with a maximum of 30 per-
sons. The mean HAZ of —0.99 + 1.55 corresponded
to a stunting prevalence of 24% in this study popu-
lation. Boys had a higher stunting prevalence (26%)
than girls (21%). The study population was exposed
to a mean LCR of 2378 £ 1427 mm, and an ALE
of 67 = 13 mm per month. We present the sum-
mary statistics stratified by age and wealth quintile in
appendix B.

As indicated in figure 3, district HAZ means
ranged from —1.50 to —0.75. Rates appeared higher
when moving from south to north, with the middle-
belt estimates falling between the two. Figure 4 com-
pares the Pearson correlation estimates between child
HAZ and ALE (not the mean values) by districts. We
laid the correlation estimates on the district total rain-
fall map to uncover patterns in HAZ-ALE correlation
along with the district total rainfall. The figure shows
anegative correlation between HAZ and ALE in most
districts, with no clear pattern based on total rain-
fall per district. In other words, the districts with the
significant positive HAZ-ALE correlation were not
those with the highest or least total rainfall. The next
section presents the multivariate four-level mixed-
effect analysis results controlling for relevant meas-
ured covariates.

3.2. Associations between ALE and HAZ

Figure 5 presents the estimation results of the mul-
tivariate four-level mixed-effect analysis containing
all children (main model) and those with children
stratified by age and sex. All models include child
age, sex, household size, caregiver age, caregiver lit-
eracy, and household wealth index as covariates.
Accounting for all the above-mentioned potential
confounders, we observed a significant negative asso-
ciation between HAZ and ALE in U5YO children.
A unit increase in ALE was significantly associated
with a 0.11 decrease in HAZ (95% CI = —0.13;
—0.10, p < 0.001). The negative ALE-HAZ asso-
ciation was consistent after including a quadratic
(ALE?) alongside the ALE term. However, the quad-
ratic term showed a significant positive relationship
with HAZ, indicating that the relationship between
rainfall and HAZ for the 12919 children we stud-
ied was non-linear (convex/u-shaped). Further ana-
lysis showed that a unit increase in ALE (up to
around 75 mm) related to a decrease in HAZ (95%
CI =73;78, p < 0.001), the turning point from which
the association between ALE and HAZ turns posit-
ive (see appendix E). For the age-stratified analysis,
we found that a unit increase in ALE was signific-
antly associated with a decrease in HAZ in children
aged 0-23 months (Coef. = —0.04, 95% CI = —0.06:
—0.03, p < 0.001). Contrarily, we found a positive
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Table 1. General characteristics of the study population (N = 12919).

Total Boys Girls
N 12919 6409 6510
Socio-demographic variables
Child age in months 26.50 (17.87) 26.6 (17.97) 26.41 (17.76)

Caregivers’ age in years 28.89 (6.85) 28.85 (6.8) 28.92 (6.92)
Household size 7.91 (4.01) 7.92 (3.97) 7.89 (4.05)
Wealth index 0.08 (0.95) 0.06 (0.94) 0.10 (0.96)
Caregiver illiterate (%) 81.04 81.00 81.08

Anthropometric variables
Height in cm
Height-for-age z-score (HAZ)
Stunting (%)
Climate variables
Lifetime cumulative rainfall (LCR) in mm
Average lifetime rainfall exposure in mm (ALE)

23.78

81.63 (14.56)
—0.99 (1.54)

2378.61 (1426.60)
67.37 (12.94)

82.08 (14.45)
—1.09 (1.57)
26.48

81.17 (14.65)
—0.89 (1.51)
21.12

2383.36 (1429.72)
67.42 (12.45)

2373.93 (1243.60)
67.33 (12.49)

This table is presented as means and SD in brackets or proportions with percentage signs on the variables.

Figure 3. Distribution of height-for-age z-score for children under five years old by health districts in Burkina Faso.

Mean HAZ
score

-0.75

-1.00

i -1 -25
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association between ALE and HAZ in children aged
24-59 months (Coef. = 0.03, 95% CI = —0.004:
0.071, p = 0.082). We present further analysis of the
quadratic term and turning points by age groups in
appendix F. The association between ALE and HAZ
was negative in both sex strata. A slight difference
in the estimates showed a less negative effect in the
girls’ stratum. The full results table can be found in
appendix G.

Figure 6 displays the results of the association
between ALE and HAZ stratified by SES. Our results
indicate a significant negative association between
HAZ and ALE in all SES groups. Albeit slight
differences in the estimates of the different SES
strata, the worst effect was found in the second

quintile (children from poorer households); a unit
increase in ALE was significantly associated with a
0.12 reduction in HAZ (95% CI = —0.15; —0.09,
P <0.001). The complete results table can be found in
appendix H.

4, Discussion

In this paper, we focused on the associations between
ALE and chronic undernutrition in U5YO chil-
dren in rural Burkina Faso, aiming to capture the
aggregate impact of rainfall (net positive or negat-
ive) in the lifetime of the children in our sample.
We discuss the four key findings that emerged from
our analysis. First, we found a negative relationship

6
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Figure 4. Pearson correlation estimates showing the relationship between child height-for-age z-score and average lifetime rainfall
exposure by health districts in Burkina Faso. NNS-negative and not significant, NS-negative and significant, PNS- positive and
not significant, PS- positive and significant. Significant at p < 0.05.
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Figure 5. Effect estimates of average lifetime rainfall exposure (ALE) and height-for-age z-score (HAZ) resulting from a
multivariate multilevel (child-household-village-district) regression model stratified by age groups and sex.

between HAZ and ALE in children aged 0-59 months,
albeit capped at around 75 mm, after which the rela-
tionship reverses. Different climate change and child
health frameworks show that rainfall exposure influ-
ences child nutrition through two main underlying

causes: altering the food availability/utilization and
the disease environment [50, 51]. The two causes
can be driven positively and negatively by high and
low rainfall exposure [24, 52]. Our identified associ-
ation suggests the nature of the cumulative influence

7
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Figure 6. Effect estimates of average lifetime rainfall exposure (ALE) and height-for-age z-score (HAZ) resulting from a
multivariate multilevel (child-household-village-district) regression model stratified by socioeconomic status (SES).
Note: We adjusted for squared ALE, child age (months), child sex (boy/girl), caregiver age (in years), caregiver literacy
(illiterate/literate), household size, household SES (wealth index based on the household asset). ***p < 0.01; **p < 0.05;
*p <0.10. Figure 5-see full results in appendix G. Figure 6-see full results in appendix H.

of rainfall on children’s long-term nutritional status
across these pathways. We found evidence in Burkina
Faso suggesting that it took a substantial amount of
rainfall to notice a significant positive change between
rainfall and HAZ [43]. This evidence aligns with our
finding, indicating that increments in rainfall did not
relate to gains in child nutritional status unless the
increase was substantial (exceeding a monthly average
of 75 mm). The evidence on such cumulative expos-
ure is particularly important for subsequent research
projecting potential future climate change impacts on
child undernutrition in Burkina Faso.

Appraising our findings against studies hav-
ing applied a similar long-term approach to rain-
fall exposure in SSA, we note that our first find-
ing aligns with the results of Cooper et al [17] in
Northern Ghana, which borders Burkina Faso. They
investigated the relationship between extreme rain-
fall over different time windows (12, 24, 36, 48, and
60 months) and child undernutrition. They found
a significant increase in stunting (decrease in HAZ)
in children aged 0-59 months related to the rise
in extreme rainfall over 36 months period. Con-
versely, Grace et al [23] in Kenya contrasted our
findings. The authors looked at rains during the
growing season (March—May) averaged over the life-
time in children aged 1-5 years and their nutritional

status. They observed that children who experienced
aggregated high rainfall during the March—May grow-
ing seasons were less likely to be stunted, attributing
it to increased food availability. We believe the con-
trasting findings may also be due to the age range
differences of the samples studied: as their sample
did not include children under one year (among the
worst affected in our study and other studies [19]).
We found a similar positive relationship between ALE
and HAZ when we excluded children under one year,
albeit not statistically significant (see appendix I).
Differences in contextual factors between Burkina
Faso (West) and Kenya (East Africa) might also play a
role.

We also appraised our findings against studies
conducted in Burkina Faso, albeit measuring short-
term rainfall effects. Using data from a rural site
in North-Western Burkina Faso, Mank et al [53]
observed that rainfall deviation from the previous
year’s average rainfall increased stunting risk among
children below five years of age, consistent with our
finding. Contrastingly, Bonjean et al [43] reported a
decrease in the likelihood of stunting from increased
rainfall at the prenatal period for rural children across
the country using a nationally representative sample.

Second, the negative association persisted
when we stratified our model by sex, with slight
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differences between sexes. This observation can be
explained in many plausible ways. The first explan-
ation is that younger children are more vulner-
able to rainfall shocks [43], possibly due to weaker
immune responses [54] that predispose them to
rainfall-related disease effects, which further inhibit
dietary intake and nutrient absorption [52]. This is
backed by evidence indicating that the most vulner-
able period with devastating rainfall effect is between
the prenatal and first year after birth [43]. Concerning
dietary intake, younger children have higher nutri-
tional needs than older children, making them prone
to inadequate dietary supply related to crop failure
due to extreme rainfall [51]. Another explanation
is catch-up growth. Compared to younger children,
older children exposed to different rainfall seasons
might experience a counteracting effect; the positive
rainfall effect(s) overrides the negative effect(s), res-
ulting in a net positive effect nutritional effect at the
time of measurement. Evidence suggests that children
can recover from bad nutritional outcomes related
to rainfall in earlier periods [48]. Another plaus-
ible explanation for the difference in effects between
younger and older children is selective mortality in
children.

Most child mortality occurs in children under
12 months (around 53% globally and 94% in Burk-
ina Faso in 2020), implying vulnerable children die
before 12 months [55]. Thus, the pool of older chil-
dren might be those better fit to survive despite
adverse circumstances, including variations in rain-
fall quantities.

Third, the nutritional status of children below two
years was more likely to be negatively affected by ALE
than those aged two or above. Some studies suggest
that in cultures with a preference for one sex over
the other, gender discrimination in intra-household
resource allocation may account for the differences
in child response to adverse rainfall effects [56, 57].
We found that girls had a less negative impact com-
pared to boys. However, the difference is almost negli-
gible, tending to support evidence from earlier studies
[58, 59] showing no gender-based discrimination in
intra-household resource allocation in Burkina Faso.
Meanwhile, another study in Burkina Faso observed
that boys are more affected by adverse rainfall effects
in the prenatal period, attributing their finding to the
vulnerability of boys in early life [43]. We recommend
further research on the differences in child response
to climate effects and the possible influence of gender
norms, particularly relating to household resource
allocation.

Lastly, we looked at how wealth moderates the
rainfall-nutritional status effect. We found that stun-
ted children spread across all wealth groups, with
41% in households in the first and second quin-
tile (see appendix B), consistent with other findings

E Yeboah et al

[60]. Our regression analysis shows that children’s
nutritional status is negatively affected by rainfall
across all wealth groups suggesting a weak wealth
effect in moderating the adverse effect of rainfall haz-
ards. We conclude that the marginal difference in
effect size across wealth quintiles indicates that all
children are exposed to the damaging effects of rain-
fall and would benefit from broadly targeted interven-
tions to counteract them.

5. Methodological considerations

We outline here the strength and limitations of this
study. To begin with the strengths, it uses one of
the largest currently available datasets on malnutri-
tion among children in rural Burkina Faso, although
not a nationally representative sample. In addition,
we used one of the finest resolution satellite rain-
fall products (CHIRPS) to get rainfall estimates at
the household level. Nonetheless, we need to acknow-
ledge a few limitations. First, the possibility of errors
in the anthropometric measure of infants (less than
18 months) cannot be ruled out. We, therefore, con-
ducted a sensitivity analysis excluding children under
18 months following the approach of Brown and col-
leagues [60]. We found a similar positive rainfall-
undernutrition effect, albeit not statistically signific-
ant (see appendix I).

Secondly, the monthly total rainfall in Burk-
ina Faso is mostly under 200 mm, a figure below
which satellite products produce poor rainfall estim-
ates [38]. It may result in underestimating ALE, par-
ticularly in drier areas like the Nord and Centre-Nord
districts.

Thirdly, ALE might be over-or-underestimated
for each child for three reasons. Although enumer-
ators verified the child’s age from the vaccination
booklet, enumerators elicited children’s age from
caretakers in a few instances in the absence of the
vaccination booklet. We do recognize a potential bias
in our estimates due to inaccuracies in age recall,
but we deem this bias to be of minute proportions
given all steps taken by the team to ensure accur-
acy in the identification of the child’s age. Next, we
assumed that gestational age was 40 weeks for each
child, ignoring preterm or delayed birth as similar
studies [23, 43] due to the difficulty of acquiring
detailed pregnancy information. Then, we assumed
children stayed in the same village throughout their
lifetimes. We believe it would minimally affect our
estimates because most households in our sample
(95%) could be found in the same village within
the three-year baseline and endline survey period
[61]. In addition, there is evidence that children
under five are less likely to stay away from their
parents [62].
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Finally, our models did not include potential con-
founders, such as birth weight and household com-
position, among others, due to data unavailability.

6. Conclusion

Previous studies looking at rainfall irregularities
at specific periods have linked it to fluctuations
in chronic undernutrition in U5YO children. We
concentrated on rainfall measured over the lifetime
and demonstrated how it affects chronic undernu-
trition in rural Burkina Faso. Our methodological
approach that traces the impact of rainfall from con-
ception to the current age makes a meaningful contri-
bution to the portfolio of tools for studying the com-
plex relationship between climate change and health
outcomes. Our finding aligns with many other stud-
ies [19] that found a significant association between
rainfall as a climate change proxy and child health and
nutrition. We found that children, especially those
under age two exposed to more than average rain-
fall in Burkina Faso, are more likely to be short for
their age. The observed negative effect was consistent
between different sex and household wealth groups.

This study was set up to explore the association
between cumulative rainfall and undernutrition, but
given data availability, we could not establish caus-
ality or explain underlying mechanisms of action.
Therefore, we acknowledge the need for further stud-
ies to explore how rainfall affects the immediate
undernutrition causes (dietary intake and health risk)
and the response of households and social systems
(like the health system). Moreover, we did not look at
the anomalies in cumulative rainfall exposure, which
can offer meaningful insights into understanding this
relationship. Thus, we recommend that future studies
address this concern.

Nevertheless, we recommend that immediate and
concerted efforts are needed to protect children
against the harmful impact of climate change, given
the sustained effect of chronic undernutrition into
adulthood. On the one hand, this can be achieved
by reducing household vulnerability and boosting
their resilience with nutrition-sensitive interventions
such as promoting climate-resistant crop variet-
ies, irrigation, crop insurance, and cash transfers.
In addition, policymakers need to target children
broadly through nutrition-specific interventions such
as nutritional education for caregivers and micronu-
trient supplementation to children and pregnant
women [63].
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Appendices

Appendix A. Table of Likelihood ratio test comparing the four-level model to linear,
two-level, and three-level models.

Linear Model Two levels Three levels
Likelihood ratio test chi? (Prob. > chi?) chi? (Prob. > chi?) chi? (Prob. > chi?)
Four levels 246.24 (0.0000) 142.60 (0.0000) 44.65 (0.0000)

Appendix B. General characteristics of the study population by age and wealth quintile
(N =12919).

Less Least

Age: Age: Poorest Poorer Poor Poor Poor

0-23 months 24-59 months Q1 Q2 Q3 Q4 Q5
N 6536 6383 2605 2593 2587 2580 2554
Socio-demographic variables
Mean (SD) 10.78 42.58 25.53 26.73 26.48 26.82 27.11
child age in (6.83) (9.29) (17.65) (17.84) (17.78) (17.95) (18.12)
months (m)
Mean (SD) 28.19 29.59 27.64 28.94 29.13 29.24 29.39
caregivers’ age (6.86) (6.77) (6.62) (6.73) (6.71) (7.02) (7.04)
in years
Mean (SD) 7.5 8.36 6.03 7.34 7.89 8.64 9.7
household size (3.88) (4.13) +2.85 (3.44) (3.57) (4.16) (4.87)
Mean (SD) 0.05 0.12 —1.19 —0.49 0.04 0.59 1.48
wealth index (0.96) (0.94) (0.30) (0.16) (0.15) (0.18) (1.48)
Caregiver 82.66 79.13 83.67 83.96 82.04 79.08 75.63
illiterate® (%)
Anthropometric variables
Mean (SD) 69.62 93.88 80.86 81.85 81.49 81.82 80.73
height in cm (8.6) (7.49) (14.2) (14.41) (14.63) (14.65) (14.85)
Mean (SD) —0.59 —1.41 —1.02 —0.99 —1.04 —1.00 —0.93
height-for-age (1.71) (1.22) (1.58) (1.59) (1.55) (1.51) (1.50)
z-score
Stunting® (%) 17.12 28.76 24.85 24.59 24.64 23.89 22.00
Climate Variable
Mean (SD) 1351.77 3430.06 2275.81 2387.35 2379.83 2388.70 2463.16
lifetime (529.78) (820.1) (1221.28)  (1236.52)  (1242.42)  (1231.95)  (1249.12)
cumulative
rainfall (mm)
Mean (SD) 68.22 66.50 66.66 67.24 67.39 67.17 68.42
monthly (14.24) (13.91) (12.91) (12.79) (12.48) (11.64) (12.43)
average lifetime
rainfall

exposure (mm)

Data presented as mean and SD in parenthesis unless noted otherwise.
2 Data presented as proportion.
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Appendix C. General characteristics of the omitted observation population (N = 567).

Variable N Mean Standard Deviation Min Max
Mean child age in months 567 25.88 19.04 0 59
Mean caregivers’ age in years 567 27.95 6.36 15 50
Mean household size 567 7.94 4.01 2 29
Mean wealth index 567 0.22 0.96 —2.18 2.63
Caregiver illiterate (%) 80.07
Mean height in cm 189 75.26 18.39 30 120
Mean lifetime cumulative 567 2390.19 1373.29 265.133 6048.38
rainfall (LCR) in mm
Mean average lifetime rainfall 567 68.03 12.89 29.46 105.72
exposure in mm (ALE)
Appendix D. Test for a U-shaped relationship.
Specification: f(ALE) = AE?
Extreme point: 75.14559
Test: H1: U shape vs. HO: Monotone or Inverse U shape

Lower bound Upper bound
Interval 24.61914 109.1567
Slope —.0768689 .0517432
t-value —14.24571 9.351208
P>t 5.29e-46 5.04e-21

Overall test of presence of a U shape: ¢-value = 9.35, P > |¢| = 5.04e-21.

Appendix E. HAZ-ALE relationship for children aged 0—59 months showing the turning

point (dash line).

T T
40 60 7580
ALE (mm)

I
100

95% CI — Fitted values

T
120
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Appendix F. Summary table showing the multivariate multilevel

E Yeboah et al

(child-household-village-district) regression analysis by age groups and the turning
point of the non-linear function.

Age Group1  Age Group 2 Age Group 3 Age Group 4 Age Group 5

All 0-11 months 12-23 months 24-35 months 36-47 months  48-59 months
LCR —0.0024"**  —0.0003"**  —0.0003 0.0005 0.0012*** 0.0005
LCR? 2.82e-07***  1.58e-06™"*  3.93e-08 —4.96e-08 —1.70e-07"**  —6.12e-08
LCR Turning Point 4291 996 3881 4635 3634 4752
ALE —0.1143"**  —0.0264"**  —0.0389" 0.06597* 0.0396" 0.0506*
ALE? 0.0008"** 0.0001 0.0002* —0.0004 —0.0003* —0.0003
ALE Turning Point 75 105 80 78 74 75
Observations 12919 3627 2909 1660 2660 2,063

Note: Adjusted for child age(months), child sex (boy/girl), caregiver age (in years), caregiver literacy (illiterate/literate), household size,

household SES (wealth index based on the household asset).
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