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Abstract

Provision of safe drinking water continues to be a challenge in water-stressed African regions. This paper investigates
how water scarcity affects diarrheal illness and health insurance uptake in Ethiopia. It further examines heterogeneous
effects related to households’ water purification habits and handwashing facilities, and identifies underlying mechanisms.
The study combines socioeconomic data with high-resolution weather and water quality test data. The analysis uses an
instrumental variables approach with temperature shocks as an instrument for water scarcity. Findings indicate that a 1%
rise in water scarcity is associated with an increased probability of diarrheal illness by 4.2% and acquisition of health
insurance by 2.5%. The impact on diarrheal illness is larger among households that do not boil their water and lack
access to handwashing facilities with water. No significant difference in health insurance ownership is observed between
households that purify drinking water and those that do not. This result potentially reflects higher risk aversion among the
former. The effects are driven by households’ use of unimproved water and sanitation facilities as well as higher medical
spending on doctor visits and prescribed medications. These results highlight the need to improve water access and expand

health insurance to reduce climate-related health risks in Ethiopia.

Keywords Diarrheal illness - Ethiopia - Health insurance - Instrumental variables - Water scarcity

Introduction

Access to safe drinking water is a basic necessity with no
real substitute (Innes and Cory 2001; Damania et al. 2020;
Hope et al. 2020). However, concerns about water scar-
city are growing globally (Debaere and Kapral 2021; He et
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al. 2021; Olley et al. 2024). By 2050, it is projected that
approximately two billion people will experience severe
water scarcity (Onyena and Sam 2025). Climate change is
intensifying water scarcity through greater unpredictability
and volatility in water supplies (Gosling and Arnell 2016;
Russ 2020; Dehghani et al. 2024). Climate-driven changes
in water availability increase time and effort households
spend collecting water (Carr et al. 2024; Paulos et al. 2025)
and exacerbate exposure to unsafe water sources.

The use of unsafe water sources could lead to serious
health consequences (Hope et al. 2020), including diarrheal
illness, adverse birth outcomes (Rocha and Soares 2015),
and infant mortality rates (IMR) (Gamper-Rabindran et
al. 2010). The World Health Organization (WHO) reports
that diarrheal illness affects over 1.7 billion children glob-
ally each year. It is the third leading cause of death among
under-five children, causing roughly 444,000 deaths each
year (WHO 2024). Due to the impact on health risks, water
scarcity can push households to acquire health insurance,
particularly in vulnerable, water-stressed areas. This could
lower the risk for high, out-of-pocket healthcare costs
(Galarraga et al. 2010; Zhang et al. 2017) related to doctor
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visits, prescribed medications, and diagnostic tests. How-
ever, despite expanded pooled and prepaid financing, many
people still face health expenditures causing severe finan-
cial burden (World Bank 2023). However, the quantitative
links among water scarcity, diarrheal illness, and the acqui-
sition of health insurance are not well known.

Access to safe drinking water and sanitation is a key pre-
dictor of diarrheal illness (Mebrahtom et al. 2022; Chen et
al. 2023; Merid et al. 2023; Mapingure et al. 2024). How-
ever, prior studies on diarrheal illness have several limita-
tions. First, these studies tend to rely on binary measures
of water and sanitation quality, overlooking the role of time
spent collecting water. Second, most analyses provide a lim-
ited understanding of the temporal dynamics of decisions
on water and sanitation due to the use of cross-sectional
data (Gaffan et al. 2023; Abera et al. 2024). Third, studies
neglect older children and adults, focusing primarily on ill-
ness among under-five children (Mebrahtom et al. 2022;
Chen et al. 2023; Merid et al. 2023). Fourth, many studies
are constrained to specific regions within countries, reduc-
ing the generalizability of results (Onohuean and Nwodo
2023; Pessoa Colombo et al. 2023). Moreover, past research
has also documented the effects of climate change on both
water scarcity (Gosling et al. 2016; Dehghani et al. 2024;
Kaéresdotter et al. 2025) and the uptake of crop insurance
as an adaptation measure (Aina et al. 2024; Abrego-Pérez
et al. 2025). However, it remains unclear whether climate
change-driven water scarcity affects household decisions to
adopt health insurance as an adaptation measure to increased
health risks.

The purpose of this paper is to analyze the role of water
scarcity in health outcomes in Ethiopia. Specifically, it seeks
to (1) investigate how water scarcity affects the risk of diar-
rheal illness and health insurance uptake, (2) examine how
the effects differ depending on household water purifica-
tion practices and the presence of handwashing facilities,
and (3) identify the underlying mechanisms. Following past
research (Loughran and Pritchett 1997; Cooke 1998; Nan-
khuni and Findeis 2004), this study defines water scarcity
as the daily water collection time per household. Scarcity
can result from insufficient supply or poor quality (Belhas-
san 2021). As water scarcity increases, households spend
more time collecting water, which raises the shadow price
of the water resource and tends to decrease the consumption
of improved water. Inadequate access to improved water
directly threatens health, contributing to water, sanitation,
and hygiene-related problems, as well as diarrheal illness
(Boone et al. 2011; Usman et al. 2019). The focus on Ethio-
pia in this study is motivated by the high incidence of diar-
rheal illness (Asgedom et al. 2023; Motuma et al. 2025),
significant household time spent collecting water (Central
Statistics Agency of Ethiopia and World Bank 2017; Mosa
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et al. 2020), and vulnerability to climate-related water scar-
city (Edamo et al. 2022; Gebru et al. 2025).

The analysis makes use of data from the Living Stan-
dard Measurement Study-Integrated Surveys on Agriculture
(LSMS-ISA) for Ethiopia. It is a large-scale, nationally rep-
resentative data collected during 2013/14 and 2015/16. This
dataset is supplemented with weather data from the Uni-
versity of East Anglia’s Climatic Research Unit and Water
Quality Test (WQT) data from LSMS-ISA, collected in
2015/16. Using high spatial resolution rainfall and tempera-
ture data, yearly temperature and rainfall shocks are con-
structed. The analysis then applies an instrumental variables
approach by exploiting variations in temperature shocks as
an instrument for water scarcity. In addition, it makes use
of microbiological and chemical WQT data to support the
validity of the exclusion restriction.

Results show that a 1% increase in water scarcity raises
the likelihood of diarrheal illness by about 4.2% (in both
adults and children under-seven) and increases health insur-
ance acquisition by 2.5%. These effects are observed in both
households lacking water purification habits and those with-
out access to handwashing facilities. The scarcity impacts
health outcomes by necessitating the use of unimproved
water and sanitation facilities, and by raising out-of-pocket
medical spending.

The paper makes three contributions to research on the
relationship between water services and health outcomes.
First, the study enhances statistical reliability and generaliz-
ability of existing findings (Chankrajang 2019) on diarrheal
illness by using nationally representative individual- and
household-level panel data. The data used allows for per-
forming multiple robustness and validity tests (cf. e.g.,
Usman et al. 2019) that enhance the credibility of the results.
For example, by comparing how water scarcity affects
households differently, the analysis adds to the relatively
scarce research on the role of water purification (Boelee
et al. 2019; Raimann et al. 2020) and handwashing (Free-
man et al. 2014) in preventing diarrheal illness. Second,
research has predominantly focused on children under five
although diarrheal illness affects all age groups (Srivastava
et al. 2022; Zhao et al. 2025). The current study extends this
literature by analyzing the effect of water scarcity on both
adults and under-seven children. This approach accounts for
household spillover effects, acknowledging that illness of
one household member can influence the health outcomes
of other members. Finally, this paper presents new evidence
on existing adaptation strategies to water scarcity (Singh et
al. 2018; Achore et al. 2020; Mapuka et al. 2024) by docu-
menting that households adopt health insurance to reduce
medical costs.
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Context and conceptual framework
Context
Water, sanitation, and hygiene (WASH) in Ethiopia

The World Bank, African Development Bank, United
Nations Children's Fund (UNICEF), and WHO assessed
progress in water supply and sanitation across Sub-Saharan
Africa. The analysis identified bottlenecks in service deliv-
ery and prioritized actions to turn finance into effective water
and sanitation services. This has helped Ethiopia strengthen
spare-part availability in rural water supply chains and
enhance financial autonomy of town utilities. It has also
introduced cost recovery approaches (UNICEF 2015). This
may have contributed to expanding water supply access in
the country. Access to improved drinking water rose from
70% in 2019 to 74% in 2022. Urban areas like Addis Ababa,
Dire Dawa, and Harari have better access. Somali (48%),
Afar (58%), and Amhara (73%) lag behind. Rural access
grew from 62 to 69% over the same period. Access to piped
water reached 43% in 2022 (Central Statistics Agency of
Ethiopia and World Bank 2023). Yet, about 31% of Ethiopi-
ans use unimproved drinking water, with regional variations
(Aragaw et al. 2023).

Despite recent progress, Ethiopia falls behind the global
average. It is ranked 112th of 117 countries in improved
water supply, 95th out of 96 in improved sanitation facil-
ity, and 71st of 78 in handwashing with soap (UNICEF and
WHO 2019). Access to improved sanitation is still limited.
A recent report indicates that only 26% of Ethiopians had
improved sanitation facilities during 2022. The availability
of basic hygiene services, such as households with hand-
washing stations equipped with soap and water, remains
low (Central Statistics Agency of Ethiopia and World Bank
2023). The limited access to safe water and sanitation could
have serious health implications. Ethiopia is ranked among
the top five countries for under-five pneumonia and diar-
rheal deaths (International Vaccine Access Center 2020).
The poor water infrastructure and unimproved water sources
could contribute to diarrheal illness.

This paper adopts the commonly used improved/unim-
proved classification of facility types suggested by Girma et
al. (2024). Access to piped water, boreholes, protected wells
and springs, and packaged or delivered water is classified as
having “improved” drinking water. In contrast, water from
unprotected wells, springs, or surface sources (e.g., rivers,
lakes, and ponds) is considered “unimproved.” Improved
sanitation facilities include flush toilets, ventilated improved
pit latrines, pit latrines with slabs, and composting toilets.
Unimproved facilities, however, consist of pit latrines
without slabs, bucket latrines, open defecation in natural

areas, and waste disposal alongside solid waste. Unlike the
unimproved sanitation facilities, improved facilities ensure
hygienic separation of human waste from contact.

Health insurance in Ethiopia

In Ethiopia, the health sector faced critical challenges, leav-
ing many households struggling to access healthcare until
1998. Policy decisions often favored hospitals and urban
areas. Insurance coverage was minimal or non-existent, and
private sector participation was limited. To address this, the
Council of Ministers introduced the supply-side Health Care
Financing Strategy in 1998. This strategy aimed to mobilize
resources, prioritize primary care, and promote community
involvement and ownership in health services (Ethiopian
Health Insurance Agency 2015). There were also reforms
targeting the insurance sector, including the Social Health
Insurance Scheme (SHIS) and the Community-Based
Health Insurance Scheme (CBHIS). These initiatives were
intended to pool risks and shield households from excessive
out-of-pocket health expenditures. While SHIS provides
financial protection for the formal sector, CBHIS focuses on
individuals working in rural and informal sectors.

CBHIS was launched as a pilot in 2010/11. It initially
covers 13 districts across four major regions: 4 in Oromia,
3 in Amhara, 3 in Tigray, and 3 in the Southern Nations,
Nationalities and People (SNNPR) region. After a three-
year pilot phase, the scheme underwent implementation in
approximately 161 districts. The scheme has been further
expanded to 827 districts by 2020 (Ethiopian Health Insur-
ance Agency 2020). It is voluntary, requiring households to
pay monthly premiums based on their composition. For par-
ents and their children under 18, premiums per household
are between Ethiopian Birr (ETB) 10.50 in SNNPR to ETB
15 in Oromia. Other household members contribute about
ETB 2.10-3 per month. However, each individual pays ETB
3 per month in Amhara (Mebratie et al. 2019) as regions
can adjust premiums according to their local context. Pre-
miums average 0.5% of household income. Governments
(district and regional) cover waivers for the poorest 10%.
About 7.4% of eligible households had a fee waiver by
December 2013. Local officials and communities identify
and implement the waivers (Ethiopian Health Insurance
Agency 2015).

The scheme covers all care in Ethiopian public facilities.
Private treatment is only funded if a service is not avail-
able publicly. CBHIS members avoid co-payments if they
follow referrals, starting at a health center before moving
to higher hospitals. CBHIS enrollment increases outpatient
use by 30—41% and visit frequency by 45-64%. It also cuts
the cost per visit by at least 56%. With nearly 50% uptake
in two years since its inception, the Ethiopian scheme has
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shown strong success (Mebratie et al. 2019). However, there
is a fear that the flat-rate premium could lead low-income
households to delay or skip enrollment (Wassie et al. 2023;
Birhanu et al. 2025).

Conceptual framework

Improving access to safe drinking water and sanitation
facilities reduces diarrheal illness and aligns with the Sus-
tainable Development Goals (Pullan et al. 2014; Fotio and
Nguea 2022). However, water scarcity could challenge
health outcomes. Ethiopia has one of the world’s poorest
drinking water infrastructures (Aragaw et al. 2023). Disrup-
tions in access to improved water supply often force house-
holds to gather water from unprotected sources (Chalchisa
et al. 2017; Gebremichael et al. 2021). Such practices can
have serious health impacts, and are argued to contribute
to around 50% of global diarrheal deaths (Adamu and Ndi
2018; Aragaw et al. 2023). Sanitation facilities alone are not
sufficient to ensure health improvements. A steady water
supply is critical for proper hygiene, as water is essential for
flushing and cleaning. When water access is unreliable, peo-
ple are more likely to use unimproved sanitation facilities,
such as open defecation (Dickinson et al. 2015; Coffey et al.
2017; Cameron et al. 2019), where it is difficult to maintain
hygiene (Saxton et al. 2017). Hence, without adequate water
access, people are likely to avoid water-dependent sanita-
tion facilities like flush toilets. This leads to sanitation and
health problems (Spears 2020).

Climate change increases the number of hospital vis-
its (White 2017), hospitalizations and mortality (Karls-
son and Ziebarth 2018; Agarwal et al. 2021), and leads to
higher medical spending (Li et al. 2023). When households
depend on unimproved water and sanitation facilities that
are vulnerable to climate change, the risk of diarrheal ill-
ness increases, contributing to these adverse health out-
comes. These outcomes are associated with a household
risk for high medical spending, which could motivate the
purchase of health insurance. Health insurance helps reduce
out-of-pocket healthcare expenditures, as shown in studies
from China (Zhang et al. 2017) and Mexico (Galarraga et
al. 2010). In Ethiopia, involvement in CBHIS has also been
shown to lower households’ direct cost per healthcare visit
(Mebratie et al. 2019). Thus, purchasing health insurance
could enable households to manage the costs of treating
diarrheal illnesses without exhausting their savings.

@ Springer

Materials and methods
Data and measurement of variables

This subsection describes the secondary data sources uti-
lized in the study. It includes LSMS-ISA, weather data, and
WQT data.

LSMS-ISA

LSMS-ISA for Ethiopia, a joint initiative by the Central Sta-
tistics Agency of Ethiopia and the World Bank, serves as
the primary data source (Central Statistics Agency of Ethio-
pia and World Bank 2017). This is a large-scale, nationally
representative data that has five waves gathered in 2011/12
(ESS-1),2013/14 (ESS-2),2015/16 (ESS-3),2018/19 (ESS-
4), and 2021/22 (ESS-5), respectively. This study utilizes
ESS-2 and ESS-3, which were collected between February
and April of 2014 and 2016, respectively. These waves are
preferred because they include both urban and rural areas
and use a 2-week diarrhea prevalence recall window. This
short recall window minimizes reporting errors (Bandyo-
padhyay et al. 2012). The 4-week disease prevalence win-
dow in ESS-3 is also utilized for falsification testing. Earlier
and later waves are excluded because of insufficient data.
First, ESS-1 covers only rural areas and has a two-month
disease recall period, risking reporting error. Second, ESS-4
and ESS-5 are not direct follow-ups to earlier waves and
therefore cannot be linked to form a joint panel with ESS-2
and ESS-3.

Third, ESS-5 excludes the Tigray region (covered in
ESS-4) due to war (Central Statistics Agency of Ethiopia
and World Bank 2023), precluding a balanced panel even
across the final two waves. Fourth, ESS-3 contains the WQT
data (described in detail below). This data is the only pub-
licly accessible source of water quality information that can
be combined with LSMS-ISA socioeconomic data. ESS-3
is essential for testing potential violations of the exclusion
restriction, making ESS-4 and ESS-5 empirically irrelevant.
Results from ESS-4 and ESS-5 are included in Table S8 for
completeness and largely corroborate the main findings.
These findings address neither endogeneity nor the exclu-
sion restriction and are therefore excluded from the main
results. The dependent variables are whether [NAME] (a)
experienced diarrhea in the past two weeks (1 yes, 0 no),
and (b) currently has health insurance: employer-based,
community-based, or private (1 yes, 0 no). Diarrheal illness
is analyzed using pooled panel data from both waves, while
health insurance is examined with data only from ESS-3, as
ESS-2 does not include this information.

ESS-2 and ESS-3 contain about 3776 and 3699 house-
holds, respectively. The respondents in these waves are
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distributed across all regions, including the cities of Addis
Ababa and Dire Dawa. Samples are also gathered from
households in all medium-sized and large town Enumera-
tion Areas (EAs). Following a two-stage clustered sampling
approach, EAs and households in the EAs are selected in the
first and second stages, respectively. Households are ran-
domly selected. Figure 1 shows the distribution of sample
households across regions.

The concept of collection time has previously been
applied in several studies to examine consequences of
resource scarcity. Examples include the impact of firewood
and water scarcity on child demand in Nepal (Loughran et
al. 1997), children’s school attendance in Malawi (Nankhuni
et al. 2004), and the effects of fuelwood, leaf fodder, and cut
grass scarcity on intrahousehold labor allocation in Nepal
(Cooke 1998). The current paper adopts this approach, treat-
ing time spent collecting water as an opportunity-cost proxy
for water scarcity. From the ESS household questionnaire,
water scarcity is measured by asking a household head,
“How many hours did [each household member] spend
collecting water the day before the survey?”” Households’

total water collection time equals the sum of hours for all
members.

Other socioeconomic factors considered include the
household head's gender, age, and level of education (uned-
ucated, primary, secondary, certificate, and tertiary), as well
as the duration of breastfeeding and exclusive breastfeeding
in months since birth for children under-seven. The analysis
also contains an indicator for wealth. Nominal household
consumption expenditure is first calculated as the annual
sum of expenditure on food, non-food, and education. The
corresponding real consumption expenditure is obtained
by dividing nominal expenditure by regional price indi-
ces to account for price variations across space and time.
The ratio of real household consumption expenditure to
adult equivalent serves as a proxy for wealth. This proxy
accounts for economies of scale in consumption, and fol-
lows the approach in Nelson (1988) and Alem et al. (2016).
The wealth variable is winsorized at 1% and 99% levels
to limit outliers and then transformed to its natural loga-
rithm. Because households may adjust their water storage
in response to a changing climate (Fisher and Rubio 1997),
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the analysis uses share of water-related spending (e.g., pur-
chases of water tanks) as an indicator of adaptation to rain-
fall shocks.

The analysis explores three ways in which water scar-
city affects health outcomes. The first two relate to a house-
hold’s use of improved or unimproved water and sanitation
facilities, as outlined earlier. The third mechanism is an
individual's yearly medical spending in ETB. Based on the
LSMS-ISA household questionnaire, this variable reflects
the cost of medical consultation, including prescribed medi-
cations or tests, regardless of where they were obtained. The
amount is zero if there are no such expenses.

Weather data

The LSMS-ISA provides latitude and longitude coordinates
for surveyed households. The authors use these geocoordi-
nates with ArcGIS to extract historical weather data from
the University of East Anglia’s Climatic Research Unit
and construct annual rainfall and temperature shocks. The
Research Unit provides monthly records of minimum and
maximum temperatures (°C) and precipitation (mm) at a
spatial resolution of about 1 km?. The annual average tem-
perature is calculated by adding the minimum and maxi-
mum temperatures and dividing the result by two.

The authors measure weather shocks in terms of log devi-
ations of average rainfall and temperature values from their
current annual values for the same household. The log is
only defined for positive values. Given that temperature and
precipitation levels exceed historical averages in the data,
the logged values are always positive. The past 30 years
relevant to each survey wave (i.e., 1983-2012 for ESS-2
and 19852014 for ESS-3) are used to calculate historical
means. This approach omits the data collection periods of
2013/14 and 2015/16 and ensures that past weather values
are exogenous to current shocks (Dercon and Christiaensen
2011). More specifically,

(1

Xooht — Xwht—
Shockuyn: = In (M)

XSthtfl

where Shock.,p represents a weather shock for a weather
variable w at location of household A in time ¢, measured
in standard deviations. The expression X, is the current
value of each weather variable and X ,,n¢_1 is the histori-
cal average for each weather variable for the nearest pre-
ceding three decades. The term XSD, i1 is the standard
deviation of historical weather values for each weather
variable. Higher temperatures increase evapotranspiration,
reduce water availability, and increase household water
collection burdens (Ajjur and Al-Ghamdi 2021; Carr et
al. 2024; La Fuente et al. 2024). According to Eq. (1), a
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positive temperature shock, defined as the current tempera-
ture being higher than the 30-year average, worsens water
scarcity. However, under positive precipitation shocks,
water scarcity becomes less severe (Paulos et al. 2025). The
LSMS-ISA and weather data are linked using individual and
household identification numbers as well as geo-coordinates
for the main analysis.

WQT data

The WQT data contains information on water quality, based
on samples taken from households and water sources, tar-
geting households included in ESS-3 (Central Statistics
Agency of Ethiopia and World Bank 2017). Their fieldwork
occurred during May to July 2016. This dataset is the only
publicly accessible source that can be integrated with the
LSMS-ISA data. Water quality is a critical confounder in the
relationship between water scarcity and health outcomes.
ESS-3, unlike the other waves, provides a clear advantage
in assessing potential violations of the exclusion restric-
tion using WQT data. The risk of Escherichia coli (E. coli),
which increases the risk of diarrheal illness, is assessed
using microbiological data. This study follows the report
by Central Statistics Agency of Ethiopia and World Bank
(2017) to construct E. coli concentrations into three risk cat-
egories: low, moderate, and high.

Chemical data on fluoride content, water hardness, and
electroconductivity is also provided in the same survey. Flu-
oride content in drinking water should not exceed 1.5 mg per
liter (mg/L) per WHO guideline. The national threshold for
water hardness is 300 mg/L of CaCOj;, calcium carbonate
(WHO 2011). With no Ethiopian or WHO guideline, elec-
troconductivity is evaluated using an Australian standard of
below 800 microsiemen per centimetre to indicate satisfac-
tory water quality (Radcliffe 2018). After combining ESS-3
and WQT data using individual and household identification
numbers as well as geo-coordinates, the WQT indicators are
used to test for potential threats to instrument validity.

Empirical methods

The authors estimate the relationship between water scar-
city and health outcomes using the following model:

Yine = 0Scarcityy,, + 721, + 7 X1, 4Ty + Ty + €ine, )

where Y, is the health outcome (probability of diarrheal
illness and purchasing health insurance) for individual ¢ in
household A in year t. Scarcity;, denotes household water
scarcity, measured as total hours spent collecting water the
day before the survey. The coefficient of interest is 6. The
vector Z';p; refers to diarrheal illness prevention measures
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for children under-seven. These controls are included
because the rate of diarrhea mortality increases 8 to ten-
fold when parents fail to initiate breastfeeding (Yoon et al.
1996). The vector indicates the number of months a child
has been breastfed and exclusively breastfed since birth.
The associated coefficient vector is . The vector X/p; con-
tains other individual and household-level characteristics,
such as gender and wealth, with 7 as the associated coeffi-
cient. The variables 7, and 7, (with 7, used only in the diar-
rheal illness model) represent the village fixed effects and
year fixed effects, respectively. Water sources during rainy
season (e.g., water taps, water from stores, protected wells,
unprotected wells, etc.) are further controlled for robustness
checks. The term €;; is an error term.

The outcome variables in Eq. (2) are binary and could
thus be modeled using probit models. However, the linear
probability model (LPM) is used in estimating the equation
because it offers a prime advantage in terms of reporting
the weak instrument test statistic. This model is preferred
to its counter parts in approximating response probability in
binary response models (Wooldridge 2010; Couttenier and
Soubeyran 2013). However, LPM is also criticized for het-
eroskedasticity and producing probabilities outside the [0,
1] range (Horrace and Oaxaca 2006). Results are robust to
nonlinear probit estimators (Table S5 in the Supplementary
Information).

Estimation of Eq. (2) begins with ordinary least squares
(OLS). However, Scarcity is suspected to be endogenous.
The effect of water scarcity on 6 could thus be biased. One
source of endogeneity is that households’ water collec-
tion time depends on observable factors (e.g., availability
of alternative water sources), unobservable factors (e.g.,
purpose of water fetching, such as drinking, sanitation,
livestock feeding, etc.), preferences, and perceived water
quality. These factors influence water scarcity while also
potentially affecting health outcomes, creating a correlation
between the explanatory variable and the error term.

This study attempts to minimize the endogeneity concern
by using an instrumental variable, two-stage least squares
(IV/2SLS) estimation approach. The technique exploits
variations in historical temperature shocks as an instrument
for water scarcity. The first-stage and second-stage equa-
tions (Wooldridge 2010) become:

ScaTCityht = ﬁl ShOthean,ht + ﬂ2 ShOCkrain,ht

3
+pZips + 0 Xpy + To + 7y + Eing ®)

and
Y;Jht - QSSC@yht + 5RShOCkrain,ht + ’yZz(ht (4)

+ TFX;Lt + Tv + Ty + Uiht7

where S c@yht is the predicted water scarcity from the
first-stage Eq. (3). Shockiemp,nt is the single excluded
instrument, and other variables are defined as before. Con-
ditional on the set of controls, the identifying assumption is
that temperature shocks affect the health outcomes only via
its effect on water scarcity. Temperature shocks are annual,
while diarrheal illness spans a 2—4 week reporting period
and physiological effects (e.g., heat stress and dehydra-
tion) operate over even shorter periods (Millard-Stafford et
al. 2025). This temporal mismatch makes direct effects of
temperature shocks on diarrheal illness and heat stress less
likely. However, the direct effects of temperature shocks on
health insurance could be more pronounced as insurance
is typically purchased on an annual basis, so our estimates
may not be strictly causal. Rainfall shocks is not a suitable
instrument for water scarcity because higher rainfall (flood-
ing) can directly affect health outcomes through its effect
on agricultural production and water pollution. The analyses
therefore control for the direct effect of rainfall shocks in
Eq. (4).

Some variables need to be transformed into logarithms
to minimize the effect of outliers. However, two variables
(water scarcity and budget share of water spending) con-
tain cases with zero values, implying that the log is unde-
fined. The inverse hyperbolic sine transformation approach
(IHSTA) solves this problem and retains the zero-value
observations. For any random variable ¢, the IHSTA
becomes In(¥ + v92 4+ 1) (Burbidge et al. 1988; Bel-
lemare and Wichman 2020)

Equation (5) is further estimated to identify the mecha-
nisms through which water scarcity affects health outcomes:

Mechanismy, = BScarcityn, + 06X}, + 7y + Ty + Ent, ®)

where Mechanismy: shows the probability of using sea-
son-specific unimproved water sources, sanitation facili-
ties, and annual medical spending in ETB per individual
per year. X/p; are household-level controls, and the other
variables are as introduced above.

Results and discussion
Summary statistics

Table S1 in the Supplementary Information presents sum-
mary statistics. It shows that 9.7% of individuals in the sam-
ple reported diarrheal illness in the past two weeks based on
pooled panel data (column 2) and 7.8% based on 2015/16
data (column 4). However, the percentage decreases to 1%
when extending the diarrheal illness observation period to
the four weeks preceding the survey (column 4). This might
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indicate that recall bias leads to omissions and underreport-
ing rather than exaggeration. A typical household spends
about 2 h per day on water collection. Rainfall and tem-
perature shocks have average values of 5.6 and 4.7 standard
deviations, respectively. Rainfall shocks range from a mini-
mum of 3.6 to a maximum of 6.4 and temperature shocks
range from 4.1 to 5.1. Roughly 57% of households meet
the fluoride standards, 49% satisfy the water hardness stan-
dards, and 51% comply with the electroconductivity stan-
dards. About 5.3% of individuals in the data acquired health
insurance in ESS-3 (column 4).

Empirical results
Water scarcity and likelihood of diarrheal iliness

Table 1 illustrates the association between water scarcity
and the probability of experiencing diarrheal illness. Col-
umns 1 through 6 account for various controls, village fixed
effects, and year fixed effects, based on the pooled panel
data with a two-week observation window. Columns 1 and
2 report OLS estimates for the full sample and under-seven
children, respectively, showing that higher water scarcity

Table 1 Water scarcity and the probability of diarrheal illness

is associated with an increased likelihood of diarrheal ill-
ness. Columns 3 and 4 portray the first-stage results for the
full sample and under-seven children, respectively. The
coefficients of temperature shocks indicate that a one stan-
dard deviation increase in temperature shocks results in a
13% and 27% average increase in water scarcity for the
respective sample groups. These findings corroborate past
research reporting temperature increases daily water collec-
tion times (Carr et al. 2024; Paulos et al. 2025). The study
by Carr et al. (2024) find that each 1 °C increase in tem-
perature corresponds to an approximate 4-min rise in daily
water collection time at a global level. A 1 °C increase in
temperature over a past year is also shown to be associated
with an increase in water-fetching walking time of 0.76 min
in Sub-Saharan Africa (Paulos et al. 2025).

The weak IV test (F-statistic) on excluded instruments
is used to check the relevance of the instrument throughout
the paper. The F-test results, displayed at the bottom of the
regression tables, consistently exceed 10, as suggested by
Staiger and Stock (1997) and Stock et al. (2002). In instances
where first-stage results are omitted to conserve space, the
statistical significance of the instrument at the first-stage is
reported at the bottom of each regression table to verify its
validity. The first-stage estimation results, conditional on the

Pooled panel based on two-week period

Second stage: falsificaiton tests based on
four-week period

First-stage: water

Second-stage Full sample Under-seven

scarcity
Full Under-seven  Full Under-seven  Full Under-seven Physical TB Physi- TB
sample sample Sample injuries cal
injuries
OLS OLS OLS OLS v v v v v v
&) @ 3) “ ) (©) () ® ®) 10
Temperature shocks 0.130%**  (0.271*%*
(0.042)  (0.065)
Water scarcity 0.018*** (.032*** 0.410% 0.237** -0.014 0.003  0.013  0.006
(IHSTA)
(0.006)  (0.008) (0.223) (0.115) (0.015) (0.006) (0.032) (0.013)
Observations 8,075 3,641 8,075 3,641 8,075 3,641 19,007 19,007 3,641 3,641
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Village FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes No No No No
Weak IV test 22.37 13.75 70.80 70.80 13.75 13.75
statistics
IV significance at 1% 1% 1% 1% 1% 1%
first stage

Note: Columns 1-2 report whether household members experienced diarrheal illness in the past two weeks for the full sample and children
under-seven, respectively. Columns 3—4 are the first-stage regressions and columns 5—6 the second-stage regressions for each group. Columns
7-10 show falsification tests on non-water-borne diseases four weeks before the survey: whether household members suffered physical injuries
(columns 7 and 9) and tuberculosis (TB) (columns 8 and 10). Columns 1-4 are linear probability models estimated with OLS, while columns 5
to 10 are IV/2SLS estimates. Controls include rainfall shocks, the proportion of household spending on water and water-related infrastructure
per month, its interaction with rainfall shocks, rural residency, male gender, age in years, log of real household consumption expenditure (along
with its square), household size, and educational levels of the household head. Columns 2, 4, 6, 9, and 10 additionally incorporate exclusive
breastfeeding and duration of breastfeeding in months. The authors apply IHSTA for water scarcity and the share of household monthly water
spending. Robust standard errors, clustered at the individual level, are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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set of controls, show the effectiveness of the instrument for
all regressions. The IV/2SLS results presented in columns 5
and 6 of Table 1 suggest that an increase in water scarcity
triggers the likelihood of experiencing diarrheal illness for
both the full sample and children under seven. Specifically,
a 1% rise in water scarcity corresponds to a 0.41 percentage
point increase in the probability of suffering from diarrheal
illness for the full sample. Given that the average probabil-
ity of experiencing diarrheal illness is approximately 9.7%
for this sample, the result implies a 4.2% increase in diar-
rheal illness following a 1% rise in water scarcity. The effect
remains robust in the under-seven subsample (Table 1, col-
umn 6). A 1% increase in water scarcity is linked to a 0.24
percentage point rise in the likelihood of diarrheal illness
among children under seven. About 6.1% of children in the
sample have reported experiencing diarrhea. This implies
that a 1% increase in water scarcity raises the probability
of diarrheal illness by approximately 3.9%, ceteris paribus.
The overall impact is comparable to related results in the
literature. Gamper-Rabindran et al. (2010), for example,
report that a one percentage point increase in the number
of households receiving piped water reduces IMR per thou-
sand live births by 1.25 at the 90th percentile of the condi-
tional IMR.

In addition to water scarcity, X/, Eq. (2) includes other
determinants of diarrheal illness. One key group of factors
relates to social status, such as household consumption and
the square thereof, the share of monthly spending on water
and water-related infrastructure, education level of house-
hold head, and household size. These findings are presented
in Table S2. These results indicate that larger households
are less likely to report cases of diarrheal illness in the full
sample. This may suggest that more household members
mean shared water-collection tasks, better water availabil-
ity, and reduced diarrheal illness. Nonetheless, this finding
is at odds with previous studies, which report that adding
an extra household member increases the risk of diarrheal
illness (Abadie et al. 2022; Bah et al. 2022). Contrary to
expectations, the results further show that more educated
household heads appear correlated with increased diarrheal
illness in under-seven children. This likely reflects the trade-
off for educated household heads, where participation in
income-generating activities could reduce their water collec-
tion time. Evidence from northern Ethiopia shows that chil-
dren in literate-headed households spend 50% more weekly
time collecting water, firewood, and fodder than those in
illiterate-headed households (Gebru and Bezu 2014). This
burden could trigger the risk of diarrheal disease in children,
as documented by Geere and Hunter (2020), likely due to
greater exposure to contaminated water sources.

Robustness checks and validity concerns on
diseases reporting

Several sensitivity analyses and validity tests concerning
diseases reporting are conducted to ensure the robustness
of the findings. First, the paper explores whether factors
associated with diarrheal illness prevention in children,
such as breastfeeding duration and exclusive breastfeeding,
might influence the interpretation of the results. The model
incorporates these diarrheal illness prevention mechanisms
into column 6 of Table 1, concluding that the effect of water
scarcity remains consistent. Second, the identifying assump-
tion that no time-varying omitted variables affect both water
scarcity and diarrheal outbreaks is examined. This is meant
to provide a consistent estimate of s in Eq. (4). Falsifi-
cation tests are undertaken to assess whether the degree of
water scarcity correlates with the likelihood of non-water-
borne diseases, such as physical injuries and tuberculosis
(TB), using data from ESS-3. The absence of any discern-
ible effect on non-water-borne diseases in columns 7-10
of Table 1 confirms that only diarrheal illness is driven by
water scarcity. These results reduce threats to identification
from omitted variables correlated with water scarcity and
other health problems.

In both samples, omitted variables and strategic incen-
tives could introduce subjective judgements when respon-
dents report on time-bounded prevalence of diseases (Garg
2019). The analysis verifies the validity of the dependent
variables on disease prevalence in two ways. Firstly, it
shows that distance from household residence to nearest
population center with at least 20,000 inhabitants strongly
affects the prevalence of each disease type (Table S3, col-
umns 1 and 2). These results show that remote areas in Ethi-
opia are more prone to water- and non-water-borne diseases.
The falsification tests show that water scarcity has no effect
on other diseases but diarrheal illness. If water scarcity was
associated with subjectivity in disease reporting but not
with distance to urban centers, one would perhaps find a
significant relationship between water scarcity and at least
one of the non-water-borne diseases. Secondly, the concern
of strategic behavior in reporting (exaggerated) disease
prevalence to attract better medical support seems not evi-
dent for this context. Columns 3 and 4 of Table S3 confirm
water scarcity is not related to the likelihood of receiving
any medical assistance for both the full sample and children,
respectively.

Water scarcity and probability of purchasing health
insurance

Table 2 portrays the relationship between water scarcity
and the probability of having health insurance. All columns
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Table 2 Water scarcity and probability of health insurance ownership

First-stage: water scarcity

Second-stage

OLS OLS OLS OLS v v

@ @ “@ &) (O]
Temperature shocks 0.377%** 0.316%**

(0.025) (0.027)

Water scarcity (IHSTA) 0.001 0.002 0.106*** 0.133%**

(0.003) (0.003) (0.024) (0.033)
Observations 20,258 19,007 20,136 19,007 20,136 19,007
Controls No Yes No Yes No Yes
Village FE Yes Yes Yes Yes Yes Yes
Weak IV test statistics 62.90 70.80

Note: The dependent variable in columns 1 and 2 is whether household members purchased health insurance (1 if yes). Columns 3 and 4 present
the first- stage regressions, associated with columns 1 and 2, respectively. Columns 5 and 6 show second stage regressions in relation to columns
1 and 2, respectively. Columns 1-4 are linear probability models estimated with OLS, while columns 5—6 are IV/2SLS estimates. Controls
include rainfall shocks, the proportion of household spending on water and water-related infrastructure per month, its interaction with rainfall
shocks, rural residency, male gender, age in years, log of real household consumption expenditure (along with its square), household size, and
educational levels of the household head. The authors apply IHSTA for water scarcity and the share of household monthly water spending.
Robust standard errors, clustered at the individual level, are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1

account for village fixed effects. Columns 1, 3, and 5 do not
include additional control variables, while columns 2, 4, and
6 include those. Columns 1 and 2 present OLS estimates,
indicating no statistically significant association between
water scarcity and individual household member's decision
to purchase health insurance. However, these findings may
be biased due to endogenous water scarcity. This issue is
addressed by using an IV/2SLS approach, where water scar-
city is instrumented by temperature shocks.

The first-stage results provided in columns 3 and 4 of
Table 2 show that rises in temperature shocks worsen water
scarcity. An increase of one standard deviation in temper-
ature shocks leads to around a 32-38% increase in water
scarcity, holding all other factors constant. The IV/2SLS
results are reported in columns 5 and 6 of the same table.
Both results show that, after the IV/2SLS correction, water
scarcity has a significant, positive effect on the likelihood
of having health insurance. The model in column 6, with
its richer specification, represents the preferred estimate.
The analysis shows that for each 1% rise in water scarcity,
there is an approximate 0.13 percentage points increase in
the likelihood of purchasing health insurance. Given that
approximately 5.3% of the sample possesses health insur-
ance (see Table S1), this effect translates to a 2.5% increase.
The effect is robust to the exclusion of other controls. The
positive effect of water scarcity on having health insurance
is not surprising. Insurance reduces the need for borrow-
ing and high health care costs, and it increases access to
hospitalization services in Ethiopia (Yilma et al. 2015;
Shigute et al. 2020). Evidence from other middle-income
and developed countries further supports these findings. In
Germany, private health insurance reduces catastrophic and
impoverishing expenditures, providing financial risk protec-
tion (Hengel et al. 2024). Insurance functions as a shock

@ Springer

absorber in China, helping people avoid the financial conse-
quences of health shocks (Liu et al. 2022).

Other controls also predict health insurance uptake
(Table S2, column 3). The results show that rural residents
are more likely to be uninsured than their counterparts. This
finding is in line with recent evidence from the United States
(Admon et al. 2023). However, it contrasts with Merga et
al. (2022), who reported higher insurance coverage among
rural residents in Ethiopia. Households with a large number
of members are less likely to own health insurance. This
aligns with Adjei-Mantey and Horioka (2023), who report
a 0.5 percentage point drop in enrollment per additional
household member. Consumption expenditure itself does
not have an effect. However, there is a clear nonlinear nega-
tive relationship between consumption and health insurance
uptake. Specifically, as household consumption expenditure
increases, the likelihood of having health insurance declines
after some point. Prior evidence suggests insurance enroll-
ment rises with income but falls beyond a certain level
(Dillingh et al. 2016).

Furthermore, individuals in households with better-
educated household heads are more likely to have health
insurance than those with illiterate heads. This agrees with
evidence reported from Ghana (Adjei-Mantey et al. 2023),
Ethiopia (Moyehodie et al. 2022), and Nepal (Bhusal and
Sapkota 2021).

Additional robustness checks

Three additional robustness checks validate the conclusions.
First, the paper tests whether the results in Tables 1 and 2
remain robust when controlling for households’ water dis-
infection habits (e.g., water boiling practices before drink-
ing). Second, it accounts for both water boiling habits and
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water sources during rainy season. Household water source
choice (e.g., taps versus rivers) can serve as an imperfect
indicator of perceived water quality. It reflects a preference
for sources considered safe and reliable. The conclusions
remain consistent as shown in columns 1-3 and 4-6 of
Table S4, respectively. Third, it checks the sensitivity of the
water scarcity coefficient in relation to changes in the defini-
tion of weather shocks by modifying Eq. (1) into:

Shockwht = ln (tht) — 11’1 (Ywhtfl) (6)

The models are estimated based on both alternative shock
definitions and use other nonlinear probit estimators. Over-
all, the conclusions remain robust to those shown in Table
S4.

Heterogeneity

The second specific objective examines the heterogeneous
effects of water scarcity based on whether households
purify their drinking water and whether they have access
to handwashing facilities with water. The findings of this
analysis are detailed in columns 1-4 and 5-8 of Table 3,
respectively. Table 3 starts by examining water purification
habits as a crucial factor in predicting health outcomes. In
households without water purification practices, individu-
als are more prone to diarrheal illness (column 1) and are
more likely to purchase health insurance (column 3). How-
ever, households with water purification habits do not show
a higher likelihood of diarrheal illness (column 2), but they
are more inclined to have health insurance (column 4). This
could indicate that households with water purification hab-
its are more risk-averse. Differences in the availability of

Table 3 Heterogeneity effects

handwashing facilities with water could also explain the
heterogeneous responses. The absence of a handwashing
plot with water increases both the likelihood of diarrheal
illness (column 5) and the probability of purchasing health
insurance (column 7). However, there is no effect on health
outcomes based on the availability of handwashing facili-
ties, as indicated in columns 6 and 8.

Threats to instrument validity

The key concern for the validity of the instrument is that
temperature shocks could have a direct impact on the health
outcomes. One way could be by lowering the water qual-
ity (Fukushima et al. 2000). Therefore, this paper uses the
WQT data to examine the relationship between temperature
shocks and water quality, considering microbiological and
chemical indicators, as discussed in the data section.

First, the study examines the link between tempera-
ture shocks and the risk of E. coli contamination in water
samples collected from both households and water sources.
The results show that temperature shocks do not necessarily
increase the risk of E. coli contamination in water samples
taken from households (columns 1-3) and water points (col-
umns 4-6) of Table S6. Second, chemical analyses provide
measures of the fluoride levels, water hardness, and elec-
troconductivity as indicators of water quality. Columns 7-9
confirm that temperature shocks do not significantly affect
these measures of water quality in the data. The columns 1-9
of Table S6 jointly show that temperature shocks have no
association with lower water quality. It is therefore believed
that other channels are likely to be of minor importance.

Third, temperature shocks could affect health out-
comes through an effect on nutrient intake and agricultural

Water purifying habit? Availability of handwashing plot with water?

Diarrheal illness Health insurance Diarrheal illness Health insurance

No Yes No Yes No Yes No Yes

Q) @) 3) “ (&) (6) ) (®)
Water scarcity (IHSTA) 0.568%* —3.634 0.071%* 0.299%** 0.339%* 0.072 0.134%** 0.066

0.277) (13.269) (0.034) (0.109) (0.132) (0.096) (0.033) (0.041)
Observations 7,205 851 16,418 2,535 4,162 515 17,916 2,358
Weak IV test statistics 18.69 11.49 62.59 22.86 14.04 12.97 65.50 32.44
IV significance at first stage 1% 1% 1% 1% 1% 1% 1% 1%
Common covariates
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Village FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes No No Yes Yes No No

Notes: This table explores the heterogeneity effects based on households' water purifying habits (columns 1-4) and the availability of hand-
washing plots with water on it (columns 5—8). Controls include rainfall shocks, the proportion of household spending on water and water-related
infrastructure per month, its interaction with rainfall shocks, rural residency, male gender, age in years, log of real household consumption
expenditure (along with its square), household size, and educational levels of the household head. The authors apply IHSTA for water scarcity
and the share of household monthly water spending. Robust standard errors, clustered at the individual level, are presented in parentheses. ***

p<0.01, ** p<0.05, * p<0.1
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Water scarcity (IHSTA)

Fig. 2 Mechanisms. It shows whether a household uses each water
source (panel A) and sanitation facility (panel B) in response to an
increasing water scarcity. The answers are coded 1 if yes and 0 other-
wise. Panel C is the amount of total medical expenses incurred by each
household member within the preceding 12 months in Ethiopian Birr.
Controls include rainfall shocks, the proportion of household spend-
ing on water and water-related infrastructure per month, its interac-

production. For instance, Huang et al. (2020) show that for
every 1 °C increase in temperature, the time devoted to
farm work decreases by 7%. This could have major wel-
fare effects by limiting agricultural production and nutri-
tion. Following Strauss and Thomas (2007), the robustness
exercise tests the potential effect of temperature shocks on
children’s nutritional status using z-scores: height-for-age
(HAZ), weight-for-age (WAZ), weight-for-height (WHZ),
and body mass index (BMI). The results reported in col-
umns 1-4 of Table S7 conclude that temperature shocks do
not affect children's nutritional outcomes. The fact that the
models control for wealth and its square further alleviates
the concern regarding the temperature—nutrition channel.

Lastly, agents can use technologies (e.g., air condition-
ers, sun-protective clothing, better building designs, cooling
centers, and fans) to mediate the adverse effects of temper-
ature (Deschénes et al. 2009). But practically all of these
services are inaccessible in rural Ethiopia, where 90% of
this sample is drawn from. The authors cannot, however,
conclusively rule out the direct possibility that temperature
shocks could have some impact on health outcomes beyond
the effect working through water scarcity.

Mechanisms
The third specific objective is to analyze the mechanisms
behind the main results. It starts by examining the link

between water scarcity and reliance on unimproved water
sources. Figure 2, panel A portrays a positive association
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tion with rainfall shocks, the sources of water during the rainy sea-
son, rural residency, male gender, age in years, log of real household
consumption expenditure (along with its square), household size, and
educational levels of the household head. The authors apply IHSTA
for water scarcity and the share of household monthly water spending.
Robust standard errors clustered at the individual level are used

between water scarcity and reliance on unprotected surface
water during rainy season, surface water during dry season,
and spring water during dry season. Earlier studies also cor-
roborate this finding that interruptions in improved water
supply drive households to collect water from unprotected
sources (Chalchisa et al. 2017; Gebremichael et al. 2021).

In relation to sanitation facility choices, panel B illus-
trates that increasing water scarcity negatively impacts the
use of improved sanitation facilities and is positively asso-
ciated with the use of unimproved sanitation facilities. This
aligns with prior studies showing that reduced water avail-
ability leads to increased open defecation (Dickinson et al.
2015; Coftey et al. 2017; Cameron et al. 2019), posing sani-
tation and health challenges (Spears 2020). Dependence on
unimproved water and sanitation facilities in turn increases
exposure to WASH-related diseases. Panel C of the same
figure suggests that there is a positive and statistically sig-
nificant relationship between water scarcity and annual
medical expenses. This is consistent with results in Mebra-
tie et al. (2019), where it is documented that participating
in a CBHIS in Ethiopia reduces the cost per visit by at least
56% and boosts outpatient care utilization at public health
facilities. Zhang et al. (2017) reach similar conclusions in
the Chinese context.
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Conclusions

This paper analyzes the association between water scarcity
and health outcomes—diarrheal illness and health insurance
ownership—using temperature shocks as an instrument for
water scarcity. The findings show that:

e Water scarcity increases the likelihood of diarrheal ill-
ness in both adults and children under-seven as well as
the probability of having health insurance.

e The associations are statistically significant in house-
holds lacking water purifying habits and handwashing
facilities.

e Reliance on unimproved water sources, increased use
of unimproved sanitation facilities, and higher medical
spending drive the results.

From a public policy standpoint, the findings suggest the
need to improve water supply and sanitation as well as
strengthen health infrastructure in Ethiopia to reduce diar-
rheal illness. The results also suggest that water scarcity
might prompt individuals to seek health insurance, which
shows the importance of designing accessible and adaptive
health insurance schemes that protect vulnerable house-
holds from climate-related health risks.

While the statistical tests support the credibility of the IV
strategy, there are some methodological limitations. High
temperature might directly affect individual health out-
comes by deteriorating water quality, which could violate
the exclusion restriction. Using microbiological and chemi-
cal WQT measures, it is tested whether temperature shocks
increase E. coli contamination, which is a primary cause of
diarrhea. This test shows no strong evidence of such validity
problems. However, temperature could still influence other
pathogens, such as Vibrio cholerae, for which no measure
was available. Further, temperature increases have been
shown to exacerbate preterm births, low birthweight (Cil
and Kim 2022) and depression (Hua et al. 2023). Such direct
health effects could affect the demand for health insurance,
potentially violating the exclusion restriction. Therefore,
while the evidence supports the exclusion restriction, the
analysis cannot fully rule out the potential direct effects of
temperature shocks on health. Similarly, self-reported dis-
ease prevalence could be subject to strategic incentives and
subjective judgments, potentially biasing reporting within
the designated time range. While empirical tests show no
evidence of this, the authors cannot pretend that the problem
does not exist.

Unobserved factors (e.g., health risk preferences) could
also correlate with both perceived water scarcity and health
insurance uptake. For example, risk-averse individuals can
perceive water scarcity as more serious and are also more

likely to enroll in health insurance. This could limit the
causal interpretation of the estimated relationship. While
the IV estimates may reduce bias, they cannot fully address
it if the instrument itself is correlated with unobserved con-
founders. Therefore, the estimates should be interpreted
with caution.
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