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Floods are becoming more frequent and severe in the context of climate
change, with major impacts on human health. However, their effect on infant
mortality remains unknown, particularly in low- and middle-income countries.
We conducted a sibling-matched case-control study using individual-level data
from Demographic and Health Surveys in Africa during 1990-2020. Individual
flood experience was determined by matching the residential coordinates with
flood events from the Dartmouth Flood Observatory database. Using data
from 514,760 newborns, we found increased risks of infant mortality asso-
ciated with flood exposure across multiple periods, with the risks remaining
elevated for up to four years after the flood event. Overall, flood exposure was
associated with 3.42 infant deaths per 1000 births in Africa from 2000 to 2020,
approximately 1.7 times the burden associated with life-period exposure. This
multi-country study in Africa provides novel evidence that flood events may

increase infant mortality risk and burden, even over years after exposure.

Flood has been identified as one of the most frequent and
destructive natural hazards, with massive health and economic
losses. According to the Centre for Research on the Epidemiology
of Disasters (CRED), flood events accounted for 43.4% of total
natural disasters globally with 2.0 billion people affected, causing
0.14 million deaths, and 656 billion U.S. dollar in economic losses
during 1998-2017". Due to global climate change, flood events are
expected to become more frequent and severe in the upcoming
decades®™. If no actions are taken, the absolute damage to the
global economy due to flood events may increase up to 20-fold by
the end of the century’. Floods could cause severe health con-
sequences, including injuries, waterborne diseases, vector-borne
diseases, and mortality®.

Children suffered higher risks of mortality during natural dis-
asters, especially flood events’. Most flood-related deaths are caused
by drowning, which accounts for 75% of all direct deaths for children

affected®. Additionally, flash floods could contaminate water source by
chemicals, bacteria, and parasites, thereby increasing the risk of
infectious diseases, particularly among children®'°. However, the pre-
vious estimations of flood-related child mortality are limited and
focused on single flood events or were conducted in small regions™'%,
In addition to these short-term consequences, flood events may fur-
ther damage local food production, economic development, and
infrastructure, which may impair the nutritional status of local children
and further result in higher morbidity or mortality risks". The
potential mid- and long-term impact of flood events on child mortality,
however, remain unclear.

Despite having the lowest contribution to global greenhouse
gas emissions, low- and middle-income countries (LMICs) in
Africa are experiencing more frequent and severe extreme cli-
matic events due to climate change. The Emergency Events
Database (EM-DAT) indicates reported a 180% increase in
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occurrences of floods in Africa during 2002-2021, compared to
the previous two decades (1982-2001)". This is particularly con-
cerning since African countries have limited economic develop-
ment and poor infrastructure, leaving them more susceptible to
the adverse effects of floods™'. In the period of 2009 to 2020,
12% of the African population that experienced floods was
threatened by the food crisis, constituting long-run influences on
well-being”. Additionally, despite notable progress towards the
Sustainable Development Goals, African countries still face the
highest child mortality in the world. However, no studies have
examined the association between flood events and child mor-
tality in Africa from a multi-country perspective.

Using a large-scale database of births and deaths for infants
(under one year age) in Africa from 1990 to 2020, we conducted this
case-control study to test the hypothesis that flood exposures may be
associated with infant mortality. By matching flood events across
various exposure windows (from months to years) and with varied
intensity for the same mothers, we further examined the hypothesis
that the excess infant deaths could vary significantly by exposure
windows and intensities.

Results
Descriptive data
This analysis includes 813 flood events in Africa between 1990 and
2020 (Fig. 1A). Flood hotspots were mainly distributed along with the
surface water (e.g., Upper Nile River, Lake Victoria, Lake Chad) in
inland areas of the continent, while the East Coast of the continent
(e.g., Somalia, Mozambique) and Madagascar also experienced fre-
quent flood events. Over the years, both the frequency and severity of
flood events in Africa have increased, particularly in the past five
years (Fig. S2).

The geographical distribution of studied clusters was presented in
Fig. 1B. The overall infant mortality rate in Africa between 1990 and
2020 was 9.06%, and the rate were decreasing over the study period
(Fig. S3). The analysis identified a total of 514,760 newborns from 37
African countries, with 115,053 infant deaths and 399,707 matched
surviving infants (Table S3). On average, 3.5 controls were matched per
case. Of these cases, almost half were from Western Africa (47.8%), and
the majority of cases occurred in rural areas (75.8%). More detailed
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characteristics of the deceased infants and their matched living infants
were shown in Table S4.

Regression results

There were significant and positive associations between flood
exposure and infant mortality. Each flood event during the infant’s
life time was associated with an increase of 5.35 (95% confidence
intervals [CI]: 2.54, 8.34) deaths per 1000 live births (odds ratio
[OR]=1.059, 95% CI: 1.028, 1.092; Fig. 2; Table S5). For short- and
mid-term flood exposures, the association of flood events with infant
mortality was present in the following month (i.e., lag 1 m), atte-
nuated and became insignificant in the following 8 months (i.e., lag
2-9m) (Fig. 2A); however, the association turned to statistically
significant at lags of 10, 11 and 12 m. For the long-term flood expo-
sure, the association was present in the concurrent year (lag 0y),
increased in the following year (lag 1y), attenuated in lag 3y and
became insignificant in lag 5y (Fig. 2B). For the average of lag 0-4
years, a flood event was associated with an increase of 9.69 infant
deaths (95% CI: 7.70, 11.69) per 1000 births (OR =1.107, 95% CI: 1.085,
1.130; Table S5).

For floods of different severity levels (Fig. 2C), extreme or
very large flood events were associated with a more prominent
increase in infant mortality [14.77 infant deaths (95% CI: 11.51,
18.12) per 1000 births], compared to large flood events [6.98
infant deaths (95% CI: 4.62, 9.24) per 1000 births]. As illustrated
in Fig. 2D, infants in West Africa and Central Africa experienced
higher mortality risk related to flood exposure (16.04 and 12.23
infant deaths per 1000 births, respectively) than in East Africa
(10.78 infant deaths per 1000 births), whereas there is no sig-
nificant risk in North Africa and South Africa.

In stratified analyses, the associations between 5-year flood
exposure (lag 0-4y) and infant mortality were more pronounced for
female infants or for mothers with lower education levels (Fig. 3).
Infants living in rural areas, and in houses with basic water or sanitation
infrastructures, or natural roofs may suffer higher flood-related mor-
tality risk.

In sensitivity analyses, the estimated effects of 5-year flood
exposure on infant mortality were robust across models after con-
trolling for the selected covariates one by one (including mother’s age
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Fig. 1| Distribution of flood events and study clusters in Africa, 1990-2020. (A) The spatial distribution of flood events in Africa. (B) The spatial distribution of study

clusters in Africa. The greyed area denotes no health data collected.
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Fig. 2| Summary of the relationship between flood exposure and infant mor-
tality in 37 African countries. Changes and 95% confidence intervals in infant

mortality (per 1000 births) associated with flood exposures at different months (A)
or years (B), and classified by the severity of flood (C) and regions (D). Estimates in
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(C, D) were based on exposures at lag 0-4 year, which is the average of flood
exposures at the concurrent year and preceding 4 years. Black solid circles indicate
the point estimates of the effect, and the black vertical lines represent the 95%
confidence intervals.

Classification factors Subgroups Observations Change in mortality (per 1000 births)
Main 514,760 —e—i 9.69 (7.70, 11.69)
Region Urban 108,999 ——————i 4.80 (0.63, 9.33)
Rural 405,761 —e—i 11.42 (9.06, 13.77)
Infant's gender Male 260,750 —— 8.43 (5.35, 11.51)
Female 254,010 ———i 10.51 (7.34, 13.86)
Mother's education Low 297,577 ——e— 14.22 (11.33,17.12)
High 205,110 ——— 6.43 (3.44, 9.60)
Water infrastructure Basic 392,342 —e—i 11.96 (9.60, 14.31)
Intermediate or higher 120,893 ——— -1.18 (-5.35, 2.99)
Sanitation infrastructure Basic 342,031 —e— 11.51 (8.97, 14.13)
Intermediate or higher 171,088 ———— 8.97 (5.583, 12.59)
Roof material Natural 185,562 —e—i 13.5 (10.87, 16.22)
Rudimentary or finished 203,104 —— 4.89 (1.54, 8.34)
Floor material Natural 342,159 ——— 8.97 (5.62, 12.41)
Rudimentary or finished 170,749 —— 11.78 (8.52, 15.13)
T T T T 1
-10 -5 0 5 10 15

Fig. 3 | The results of stratified analyses on the impacts of flood exposure on
infant mortality. Estimates were based on exposures at lag 0-4 year, which is the
average of flood exposures at the concurrent year and preceding 4 years. Black

hange of infant mortality (%)

solid circles indicate the point estimates of the effect, and the black vertical lines
represent the 95% confidence intervals.

at the time of child, death the year of child death, month of child death,
annual mean temperature, annual cumulative precipitation and
country-level factors), excluding different covariates from the Main

model, using generalized linear mixed models (GLMMs) with country
or mother ID a random-effect term or leaving each country out of the
analysis individually (Figs. S4 and S5).
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Fig. 4 | Infant mortality burden associated with flood exposures in Africa
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of 10 km x 10 km) and histograms (B, the country level). Estimates of flood-related
infant mortality burden were based on exposures at lag 0-4 year, which is the
average of flood exposures at the concurrent year and preceding 4 years.

Infant mortality burden associated with flood exposure

According to the associations between flood events and infant mor-
tality, we estimated that flood exposure from the current year to the
following 4 years was associated with 3.42 infant deaths (95% CI: 2.79,
3.93) per 1000 births in Africa from 2000 to 2020; and this estimate
was 1.7 times the infant mortality burden associated with life-span
flood exposure (2.00 deaths per 1000 births, 95% CI: 1.02, 2.82)
(Fig. 4B, Table S6). Similar to the distribution of flood hotspots, the
areas with high infant mortality burden related to flood exposures
were located in Western Africa, Eastern Africa, and East Coast of the
continent (Fig. 4A). Infants in South Sudan (Western Africa), Niger
(Eastern Africa), and Somalia (East Coast of the continent) suffered the
highest mortality burden associated with flood exposures, with 5.91,
6.37, 6.62 excess infant deaths per 1000 births, respectively. The dis-
tribution of total excess infant deaths was also spatially consistent with
the distribution of flood hotspots (Fig. S6). In addition, we observed a
generally increasing trend for the number of excess infant deaths (per
1000 births) associated with flood exposure in Africa between 2000
and 2020, with a sharp rise in the last five years (Fig. 5 and Table S7).

Discussion

To our knowledge, this investigation conducted in 37 LIMCs of Africa is
the first epidemiological study to estimate the association between
flood events and infant deaths. By examining the short-, mid- and long-
term associations, this study first sheds light on the overall burden of
infant mortality associated with flood events. We estimated that 3.42
excess infant deaths per 1000 births may be associated with 5-year
average flood exposure from 2000 to 2020, which was about 1.7 times
higher than the burdens associated with life-span flood exposure. This
study highlights the mid- to long-term disease burden associated with
flood exposure, suggesting critical windows for disaster response.
Local governments should provide social resources when encounter-
ing flood disasters, not only to safeguard child health during flood
events but also to develop sustainable interventions aimed at

supporting affected children in the aftermath, thereby mitigating
potential long-term impacts.

In comparison, the findings from our study align with prior
research linking flood exposure to child mortality. For instance, in
Nepal, a severe flood led to a nearly sixfold increase in mortality rates
among children (relative risk=5.9, 95% Cl: 5.0-6.8)"®. Similarly, the
tsunami disaster in Sri Lanka in 2004 resulted in significantly elevated
mortality among children under 5 years old (OR =5.87, 95% CI: 4.03,
8.55)". Another study conducted in Fiji demonstrated that children
residing in floodplains experienced a mortality rate as high as 16.5 per
1000 children®. However, these previous studies primarily focused on
flood-related child mortality in single countries or for single flood
events, which could have overestimated the risk of infant mortality
related to floods in a region. Our study strengthened previous findings
on the impact of flood events on children mortality using a more
advanced methodology and the most representative dataset from 37
LMICs in Africa. Furthermore, previous studies only examined the
immediate effect of flood exposure on child mortality, potentially
underestimating the long-term risk and delayed effects of flood events.
In contrast, this study identified acute effect of floods on infant death
within one month, which are likely associated with the direct injuries.
The association weakened and became insignificant in the following 8
months, possibly due to a “harvesting effect,” a phenomenon often
observed in environmental epidemiology”*’. In other words, flood
exposure could immediately pose excess premature death risk for
infants in LIMCs with high baseline infant mortality rates; and there-
after the pool of vulnerable infants could be diminished, and thus there
appears to be some insignificant even negative effects of flood. Sub-
sequently, the adverse impact of flood events turned to be statistically
significant at a lag of 10 month and lasted until to lag 3 year. The
present study considered multiple exposure windows in months and
years, providing a comprehensive assessment of the risk of infant
mortality resulting from floods, spanning from the occurrence of the
event to the regional recovery phase (in years).
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Fig. 5| The temporal trend in estimated excess infant deaths (per 1000 liveborn birth) associated with flood exposure in Africa, 2000-2020. Columns with error
bars denote mean estimates with 95% confident intervals. The trend was illustrated with a polynomials spline with 3 degrees of freedom.

The short-term association of the flood with infant mortality could
be interpreted by several pathways. First, drowning and severe trauma
are the most common causes of acute deaths during flood disasters,
with children being particularly vulnerable to drowning incidents®*?*,
Second, floods potentially contaminate water sources and floodplain
soil with various toxic chemical pollutants, including pesticides,
organic toxins, and heavy metals®?°. The contaminants contributes to
an increased risk of waterborne diseases like cholera and dysentery, as
well as vector-borne diseases such as malaria and yellow fever during
the flood flash?’*%. Foods in storage could have become damp and
started getting moldy during the flood. The consumption of corn
contaminated with fumonisins was associated with an epidemic of
neural tube defects”. Third, flood events potentially give rise to mental
health issues, including posttraumatic stress disorder (PTSD) and
depression, which can subsequently hinder the mother’s ability to
provide care®, and consequently elevate the risk of infant mortality.

Another notable contribution is the identification of long-term
association of flood events with infant mortality, which was also rea-
sonable in terms of the following mechanisms. Firstly, floods can
attenuate agricultural productivity and disrupt food supplies, poten-
tially resulting in maternal and childhood malnutrition that weakens
the immune system and increases susceptibility to infections or other
external stressors®. Hurricane Gilbert, which struck Jamaica in 1989,
was reported to have decreased the mean intake of dietary folate in the
periconceptual period, and consequently increasing the incidence of
live-birth neural tube defects®. The shock of crop failure may result in
childhood stunting, and even death in a prolonged period, which is
consistent with the mid- and long-term associations observed in this
study®. Secondly, the damage inflicted by floods on household wealth
and infrastructure can lead to prolonged disruptions in daily life,
making the reconstruction of homes, businesses, and other structures
a protracted process. Displacement from destroyed homes to tem-
porary shelters with poor hygiene conditions increases the risk of
infectious diseases among children®. Third, floods can damage roads,
infrastructure, and healthcare facilities, making it challenging to access
medical care, when children need it*.

Subgroup analyses revealed that female infants and those born to
mothers with lower education levels were at a higher risk of mortality

associated with flood exposure. A similar finding was reported in Nepal
in 1993, where girls exhibited a higher flood-related mortality rate'®.
While infant mortality rate is typically higher in boys worldwide due to
genetic and biological factors®, female infants may experience a
greater mortality risk during floods, potentially due to societal dis-
crimination against girls during such difficult situations®. Mothers
with limited education may face challenges in providing adequate care
for their children during extreme weather conditions®, while they also
experience higher levels of stress and mental health problems during
flood events*“°. Furthermore, our findings indicate that infants living
in houses with basic water or sanitation infrastructures and natural
roofs were more vulnerable to floods. Inadequate sanitation facilities
increase the likelihood of infants being exposed to contaminated
water sources and vector-borne diseases during flash floods*. Housing
quality plays a crucial role in determining a household’s capacity to
withstand and recover from flooding*2.. Homes constructed with con-
crete or brick could provide a safer shelter for children during flood
events. In addition, homes with flood-resistant materials are less prone
to become contaminated with molds after the floods. Moldy homes
may contain mycotoxins that can be inhaled by babies, resulting in
acute pulmonary hemorrhage and death in babies under 1 year
of age*.

The burden of child mortality associated with flood exposures
remains unknown. Burden of infant mortality associated with flood
generally increased from 2000 to 2020 in Africa, with a steep rise over
the recent five years. This rise could be associated with the more fre-
quent and severe floods in Africa in recent years. Tramblay et al.
reported significant upward trends in annual maximum discharge for
rivers in Africa*. The population affected by floods have been on the
rise since 1950, while the number of flood-related deaths has been
consistently increasing since 1990*. In the context of climate change,
the projected rise in both frequency and intensity of flood events is
expected to cause greater loss of life and property, particularly among
individuals with lower educational attainment, substandard housing
conditions, and limited financial resources’. Meanwhile, vulnerable
populations in Africa usually have lesser capacity and fewer resources
to recover from the shock of disasters, as governments may failed to
provide adequate human security for impoverished African
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residents®. Pre-existing socioeconomic inequality could further hin-
der the ability of vulnerable households to respond effectively to
floods and recover from their consequences*. Areas with high bur-
dens of flood-related infant mortality align with flood hotspots are
located in Western Africa, Eastern Africa, and the East Coast of the
continent. The Niger River and the Senegal River in Western Africa, as
well as the Nile River and its tributaries in Eastern Africa, are prone to
flooding during the rainy season*’. Additionally, the densely populated
low-lying areas along the East Coast of Africa are frequently affected by
tropical cyclones accompanied by heavy rainfalls, while rising sea
levels further erode these coastal areas*®,

This study has several notable implications. First, as a quintes-
sential acute climate phenomenon, flood could have a long-lasting
impact on human well-being that has been overlooked for decades.
Policymakers should prioritize comprehensive, long-term disaster
preparedness and resilience. Establishing sustained disaster recovery
services, including rebuilding efforts and health assistance, is crucial
for helping households recover, providing secure shelter for children,
and mitigating the long-term health risks associated with flood
events*. Second, this study identified several flood-vulnerable regions
in Africa and reported an increasing burden of infant mortality asso-
ciated with flood events in recent years. The heightened frequency and
severity of floods underscore the importance of implementing effec-
tive mitigation and adaptation strategies for flood events. For example,
it is imperative to establish flood forecasting systems with high tem-
poral and spatial resolutions in flood-prone regions to enhance pre-
paredness and response capabilities. Third, given the vulnerability
associated with low education levels, flood-fragile housing materials,
and inadequate sanitation facilities, local governments should provide
resources to promote awareness of post-disaster child healthcare and
disease prevention for vulnerable women in affected communities.
Climate adaptation measures, including improvements to infra-
structure, land use planning and medical resource allocation®*, are
crucial in climate-sensitive regions in response to the escalating fre-
quency and severity of flood events in the context of climate change®.

Our study also has several limitations. First, we only utilized the
DHS (Demographic and Health Survey) dataset collected in African
countries, so generalizability of the findings to other regions of the
world was restricted. Second, the small sample size for matched flood
events and infant deaths prevented us from estimating country-
specific ORs, so we had to use uniform ORs across different countries
in estimating the infant mortality burden, which may introduce some
degree of uncertainty. Third, disaster reporting has improved sig-
nificantly in recent years due to advancements in communication
technology. Therefore, floods from earlier years were more likely to be
underreported. The increased burden of infant deaths related to
floods may be partly associated with the rise in flood reporting rate,
potentially leading to an underestimation of the associated with
mortality burden in earlier years. Forth, there is a potential gap
between multiple births for a mother, despite the fact that we com-
pared flood exposures within the same mother, there are still some
individual-level factors that could have changed between births. Fifth,
our study only included deceased infants with surviving siblings, which
may lead to an overestimation the risk and burden of infant death
associated with floods. This is because infants with siblings may receive
fewer resources from their families and face higher mortality risks
from flood exposure compared to those without siblings. Finally, due
to the inaccessibility of data on the governmental specific response to
floods, we could not include mitigations or adaptations as covariates
or possible modifiers in the statistical analyses.

In conclusion, this present study in 37 African countries provides
novel and compelling evidence that flood events may increase infant
mortality risks over the short and long terms. For the first time, we
quantified the infant mortality burden associated with flood events,
which had increased in Africa from 2000 to 2020 and was

disproportionately distributed. Our findings emphasize the necessity
of developing sustainable intervention and adaptation strategies to
continuously support affected women and children in the aftermath of
floods, especially for susceptible subpopulations and regions.

Methods

Study population

We utilized individual-level data of infant and their household from
DHSs in African LMICs. The DHS were routinely conducted (about 3- to
5-year intervals) in over 90 LMICs>. Using a stratified two-stage cluster
sampling design, the surveys collected health, behavior and socio-
demographic data, covering a series of topics such as maternal and
child health, malaria, environmental health. Details are provided in
eMethod.

To identify eligible cases, we applied the following inclusion cri-
teria (Fig. S1): (1) available information on whether infants were alive or
dead; (2) infants’ mothers have lived in the current residence for over
10 years without relocating, and the residence have complete GPS
coordinates; (3) valid records of birth date and death age. We finally
used individual-level data from 114 separate surveys conducted in 37
LMICs in Africa during 1990-2020, which contained data collected
from 37,808 clusters (Fig. 1). Details of the included DHSs are provided
in Table S1. The publicly available population data used in this study
has been reviewed and approved by ICF Institutional Review Board.

Based on the data of birth date, survival status, and death age for
each infant, we created an indicator of whether the infant survived in
their first year of life to estimate the mortality rate of infants. Fur-
thermore, we collected data on various characteristics of infants and
households from the DHS database, including gender, residence type
(urban and rural), mother’s age, mother’s highest education, water and
sanitation infrastructures, roof and floor materials.

Flood and population data

Flood data was derived from the Dartmouth Flood Observatory (DFO)
database, which recorded flood events since 1985 from local news,
governmental sources, or the FloodList (http://floodlist.com/). The
database contains dates and affected areas of the 4712 flood events
that have occurred worldwide since 1985. Information of flood events,
including geographic distribution and duration, were applied to esti-
mate individual exposures to flood events. Additionally, based on the
recurrence interval and affected region, floods were divided into three
grades in terms of severity: large flood events, very large events and
extreme events (Table S2). We matched the experience of flood events
(a binary variable) for each infant and his or her mother according to
the birth date, death age (month), and household coordinates with the
flood-prone periods and areas. We evaluated multiple periods of flood
experience: life span for infants; monthly periods from the concurrent
month (lag 0 m) of death to previous 12 months, which included single
lags of 0 m to 1 m defined as short-term exposure and single lags of 2 m
to 12 m defined as mid-term exposure; and yearly periods from the
concurrent year (moving 12 months) of death to the previous 5 years
(i.e., single lags of Oy to 5y defined as long-term exposure). To esti-
mate the flood exposure for alive siblings (controls), we calculated
their (or mothers’) experience of flood events in the same exposure
windows starting from the date when their ages were same as the
decedent sibling’s death age.

We obtained meteorological data (ambient temperature and
precipitation) from ERA-5, a global reanalysis dataset on latitude-
longitude grids at a spatial resolution of ~-0.25° x 0.25° and up to 1-h
temporal frequency®’. Based on the available geocoded coordinates
for each household, we assigned daily mean temperature and daily
cumulative precipitation from Jan 1, 1980, to Dec 31, 2020, and then
computed the corresponding annual/monthly average temperature
and cumulative precipitation for each infant in the same time windows
as the flood experience.
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We further collected country-specific infant mortality for the
survey year from the United Nations Children’s Fund (UNICEF) Data
Warehouse (https://data.unicef.org/dv_index/). The population of
infant during 2000-2020 was obtained from the Gridded Population
of the World (WorldPop, version 4) at a spatial resolution of 1km, and
further aggregated into a regular grid by 10 x10km. The Gross
Domestic Product (GDP) per capita with a resolution of 30 arc-s was
obtained from a gridded global dataset for GDP*. The Crop Production
Index (CPI) for each African country in the survey year were derived
from the World Bank.

Statistical analyses

Association of flood and infant mortality. This study employed a
sibling-matched, case-control design to investigate the potential rela-
tionship between flood exposure and infant mortality. Specifically, the
study included the deceased infant (case) who has at least one alive
child (control) born from the same mother. By matching cases and
controls from the same mother, the design could account for
individual-level or household-level confounders that were time-
invariant (e.g., genetic factors) or did not change considerably with
time (e.g., socioeconomic status, lifestyles). This study design may
facilitate the statistical inference by examining the association
between temporal changes in environmental exposure and health
outcomes within the same household.

We applied a conditional logistic regression model to quantita-
tively estimate the associations between flood exposure during mul-
tiple periods and infant mortality. To control for time trends in the risk
of infant mortality, we adjusted for mother’s age at the time of infant
death (or the counterpart controls), as well as two categorical terms for
the year and month of infant death (or the counterpart controls).
There is an observed increase in mortality with higher birth orders, so
the model was further adjusted for birth order for each infant. To
control for the confounding effects of meteorological factors, the
model was adjusted by a smoothing function with natural cubic splines
for mean temperature (6 degrees of freedom) and for cumulative
precipitation (3 degrees of freedom) during the corresponding expo-
sure windows. In addition, we incorporated gridded GDP per capita
and country-level CPI into the model to account for local economic
conditions and food insecurity. ID of mother was included as a
stratum-level intercept in the main model.

The effect estimates were presented as odds ratios (ORs) and their
95% confidence intervals (CI) of infant mortality associated with each
flood event. To better facilitate risk communications, ORs were con-
verted into changes in the number of infant deaths associated with a
flood event per 1000 births (briefed as change of infant mortality)
using the following Eqs. (1-3):

Change of infant mortality = (eﬁ - 1) xIM., 1)
Lower95% CI = (eﬁfl-%”f - 1) xIM,, @)
Upper95% Cl = (eﬂ“-%“f - 1) XM, 3)

where S is the regression coefficient and SE is the standard error of the
estimation. /M, was the infant mortality for each African country c in
the survey year y.

We estimated the change of infant mortality associated with flood
exposure in various periods. Same regression models were separately
applied for floods of varied severity (large event, and very large or
extreme event).

Additionally, we conducted stratified analyses to explore how the
associations varied by residential type, infant gender, mother’s highest

education level, water infrastructure, sanitation infrastructure, roof
material and floor material.

To test the robustness of the associations, we conducted four
separate sensitivity analyses. First, we fitted four separate models by
adjusting for covariates one by one in the models. Second, we exclu-
ded different covariates from the Main model. Third, we used a GLMM
with the same covariates as the Main model, except that “country” or
“mother ID” was adjusted as a random-effect term. Finally, we tested
the sensitivity of the main estimates by leaving each country out of the
analysis individually, in turn (Details of the sensitivity analyses were
shown in the eMethod).

Estimation of infant mortality burden associated with flood events.
We calculated the excess deaths of infants associated with flood
exposure using the following Eq. (4):

RR—1
EDy= < Fiy XD 4)

Here, i represents grid i, y represents the survey year y, and RR is the
relative risk of infant mortality related to flood exposure from the
current year to the following 4 years (lag 0-4 y). ED;, denotes the
excess deaths of infants in grid i over the year y. F; is the identified
total number of flood events in corresponding grid and survey year.
D,, represents the number of infant deaths, which was calculated
using the total number of infants in grid i and infant mortality rate of
the country that includes the grid i during the year y. We then cal-
culated the excess deaths of infants per 1000 births associated with
flood exposure at the grid level. Based on the gridded infant mor-
tality burden for each year between 2000 and 2020, we mapped the
spatial distribution and temporal trends of the infant mortality bur-
den associated with flood.

We conducted all statistical analyses in R (Version 4.0.5). The
function clogit in package “survival” was applied to fit conditional
logistic regression. All statistical tests were two-sided and a p-
value <0.05 was considered statistically significant.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The individual and household data for each infant generated in this
study have been deposited in the Demographic and Health Surveys
(DHS) database (https://dhsprogram.com/). The DHS data are under a
data-sharing agreement and were publicly available upon request. The
data generated in this study are provided in the Source Data file. Flood
data are also publicly available from The Flood Observatory (https://
floodobservatory.colorado.edu/). The number of infants at a spatial
resolution of 1km for each country was obtained from the WorldPop
database (https://hub.worldpop.org/geodata/listing?id=19). Source
data are provided with this paper.

Code availability

R codes for statistical analysis are available from the corresponding
authors, Renjie Chen (chenrenjie@fudan.edu.cn). We will respond to
the requests within 2 weeks.
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