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Abstract

Typhoons and their accompanying flooding have destructive effects, including an

increase in the risk of waterborne disease in children. Using a spatial regression dis-

continuity design, I explore the immediate to short-term effects of flooding as a result

of Typhoon Labuyo on the incidence of diarrhea and acute respiratory infection in the

Philippines by comparing children living in a flooded barangay (town) to children liv-

ing just outside of the flooded area. I build on the existing literature by accounting for

both incidence and intensity of the typhoon’s flooding in my model. I construct this

new flooding measure using programming techniques and ArcGIS by manipulating data

collected by the University of Maryland’s Global Flood Monitoring System. This data

as well as health data from the 2013 Philippines National Demographic Health Surveys

were collected the day after Typhoon Labuyo left the Philippines, providing a unique

opportunity to explore the immediate impact of the typhoon on child health. Most of

my results are insignificant, but subgroup analyses show that the effect of flooding on

waterborne disease incidence is less impactful in the immediate term following a flood

and more impactful in the medium-term. This is important, because understanding

the detrimental health effects of flooding is of utmost importance, especially because

climate change will only increase the frequency and intensity of natural disasters.

JEL classification: I150, O120, O130, Q540

Keywords: Development, Waterborne disease, Child health, Typhoon, Flooding, Nat-

ural disasters, Climate change, Microeconomic Development, Environment
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1 Introduction

About 40-50 typhoons (also known as hurricanes in North America; all typhoons and hurri-

canes will be referred to as typhoons hereafter) hit the world each year, bringing floods and

fast winds: faster than 74 miles per hour (National Hurricane Center and Central Pacific

Hurricane Center, 2021; United States Geological Survey, 2021). In the past 20 years, they

have affected about 726 million people and have killed more than 12,000 people worldwide

(World Health Organization, 2021a). This statistic is also alarming because over the past

30 years, the proportion of the world’s population living near the coast in typhoon-endemic

regions has grown almost 200% (World Health Organization, 2021a). In the western Pacific

region of the world, typhoons are especially impactful as tropical storms are endemic to the

region. The Philippines is particularly vulnerable to typhoons due to its location at the

center of the Ring of Fire, an area in the Pacific Ocean in which 75% of typhoons originate

(Commission on Audit, 2014). The Philippines is hit by about 20-30 typhoons each year,

one-fourth of these with winds faster than 124 miles per hour (Commission on Audit, 2014).

These disasters will only worsen with time, as the incidence and severity of typhoons are ex-

pected to increase with rising global surface temperatures (United States Geological Survey,

2021).

From a health perspective, typhoons have both short- and long-term effects, primarily

due to the heavy flooding that occurs during the typhoon and in the subsequent weeks and

months following the event (Waddell et al., 2021). One such short-term effect is waterborne

disease incidence. Over 95% of cases of waterborne disease can be avoided through simple

investments in sanitation and access to clean water, yet these diseases continue to be a

leading cause of morbidity (incidence) and mortality (death), especially for children. Since

2001, over 3.4 million people die from a waterborne disease globally, and about 4,000 children

die per day from these preventable diseases (World Health Organization, 2021a). In the

Philippines, acute respiratory infection (ARI) and diarrhea are the first- and second-leading

cause of death among children (14.3 and 8.5 cases per 1,000 children) (Baltazar et al., 2002).
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Floodwater is often contaminated by raw sewage and in turn, floodwater often contaminates

food and clean water. Thus, consumption of contaminated food and water increases the

likelihood of children contracting a waterborne disease. This is especially concerning for

children whose water comes from a non-piped source, because these sources are particularly

susceptible to contamination. Children residing in developing countries like the Philippines

are especially vulnerable, as poor drainage and substandard sanitation facilities increase the

risk of exposure to waterborne disease pathogens.

To better understand the effect of flooding on child health, I will explore the immediate-

term impacts of flooding as a result of Typhoon Labuyo, a typhoon that hit the Philippines

on August 12, 2013. By estimating the causal impact of flooding in the Philippines on

waterborne disease incidence, I add to the existing literature on the human impacts of climate

change. I do this using satellite-based flooding data from the University of Maryland’s

NASA-funded Global Flood Monitoring System (GFMS), which measures both intensity of

flooding and incidence of flooding accurate to the 1/8th degree of latitude and longitude and

the 2013 Philippine National Demographic and Health Survey (NDHS). Both datasets are

at the town (barangay) level (the smallest geographical unit in the Philippines) and collect

data the day after the typhoon hit (Philippine Statistics Authority (PSA) [Philippines] &

ICF International, 2014; University of Maryland, 2018). By studying the impact of flooding

on one of the most vulnerable countries, this impact will provide insight on countries with a

high probability of facing multiple natural disasters each year.

2 Literature Review

The link between the effect of flooding on disease incidence is well established (Sajid & Bevis,

2021; Yonson, 2018). Sajid and Bevis (2021) explores the causal impact of flood exposure on

child health in Pakistan from 2003-2017. The authors use flood maps collected by NASA’s

Terra and Aqua satellites to create the first satellite-based measure of flooding with a spatial
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resolution of 250 meters (about 0.16 mile). Previous studies had used rainfall or self-reported

measures of flooding as a proxy for flood exposure. Sajid and Bevis use data from the 2006-

2007, 2012-2013, and 2017-2018 Pakistan NDHS to examine two channels of the effect of

flooding on child health: the communicable disease pathway and the agricultural pathway.

For the first pathway, they argue that flooding negatively impacts child health through

incidence of waterborne illness. For the latter pathway, they argue that floodwater improves

the fertility of arable land, though flooding may worsen the land and destroy existing crops

if sufficiently intense. Thus, the quantity and quality of food may increase or decrease

depending on the severity of a flood, and therefore flooding may positively or negatively

impact child dietary health generally. The authors find that incidence of diarrhea increases

with flooding at the 1% confidence level when a flood event takes place more than 3 months

after the flood season and at the 5% confidence level when a flood event takes place within 1-3

months after the flood season. They also find that the quantity of food consumed (measured

using meal frequency) increases with flooding at the 5% level when a flood event takes place

more than 3 months after the flood season. Results from both the disease and agricultural

pathways are insignificant when a flood event takes place during the flood season. However,

these insignificant results may have been driven by the fact that the authors’ flood measure

only measured incidence of flooding, without accounting for intensity of flooding.

In a case study of Cagayan de Oro City in the Philippines, Yonson (2018) explores the

effect of flooding as a result of Tropical Storm Washi in 2011 on disease incidence. The

author also studies the effect of flooding on economic outcomes, but only for individuals

residing in urban households. In children under 5, the relationship between exposure to a

flood and incidences of diarrheal disease was insignificant. This insignificant result may have

been driven becuase of the focus on urban households. In contrast to urban households, it

is likely that rural households obtain their water from a non-piped source. Children living

in rural areas may therefore be more sensitive to floods in terms of contracting diarrhea.

Additionally, because the author examines the effects of a tropical storm in the Philippines,
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there is still an opportunity to explore other more severe (yet still prevalent) tropical cyclones

such as typhoons and their effect on incidences of diarrhea in children.

A growing body of literature has focused on the causal impact of flood exposure on child

health relating to rare natural events (Rosales-Rueda, 2018). Rosales-Rueda (2018) explores

the effect of flooding as a result of the 1997-1998 El Niño, a natural disaster event associated

with heavy rainfall and severe flooding in South America, on low-income children’s health

and human capital outcomes in Ecuador. By treating El Niño as a natural experiment and

exploiting variation in the number of months a child in utero is exposed to flooding, she

finds that children exposed to severe floods in utero are shorter in stature five and seven

years later at the 5% confidence level and have lower test scores on cognitive exams at the

10% confidence level. There is room to explore the effects of other natural disasters on child

health, particularly with respect to disease.

The link between access to protected water sources and waterborne disease incidence is

also well established (Capuno, Tan, & Fabella, 2015). Capuno, Tan, and Fabella (2015) use

propensity score matching on observables to measure the impact of access to piped water on

incidence of child (under 5 years old) diarrhea in rural households using data from the 1993,

1998, 2003, and 2008 Philippine NDHS. The authors run separate regressions for each of the

four surveys. However, their results are only significant for the 2008 survey. Additionally,

because the children in the study are balanced on observables, there is still a chance that

children in the control and treatment group are not balanced on unobservable characteristics,

potentially resulting in selection bias.

I contribute to the literature of natural disasters and child health by exploring the effect

of flooding (as a result of a typhoon) on child waterborne disease incidence. Typhoons are

not only more destructive and intense than higher-than-average rainfall or El Niño, but they

also sustain the length of time a flood persists in an area because they often destroy existing

infrastructure. Additionally, because the 2013 Philippine NDHS started its interviewing

process immediately after Typhoon Labuyo left the Philippines (August 12, 2013) and my
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measure for flooding captures the amount of flooding experienced 30 minutes after Typhoon

Labuyo left the Philippines, I am able to precisely measure both the incidence and intensity

of flooding experienced by children at the barangay level. Thus, Typhoon Labuyo hitting

the Philippines provides me a unique opportunity to examine a natural experiment.

3 Setting and Context

3.1 The Philippines

Like many developing countries, poor health is inextricably linked with poverty in the Philip-

pines. Illnesses and deaths from waterborne disease impact the most vulnerable: incidence

of waterborne disease severely affects infants and children under 5 years old (Philippines De-

partment of Health, 2019). Acute respiratory infection (ARI) and diarrhea are the first- and

second-leading cause of death among children (14.3 and 8.5 cases per 1,000 children) (Bal-

tazar et al., 2002). Moreover, diarrhea accounts for 9% of the total deaths among children

below 5 years old (Philippines Department of Health, 2019).

The Philippines is especially vulnerable to natural disasters, particularly typhoons (and

the floods that accompany them) due its location in the center of the Pacific Typhoon

Belt. This is an area in the western Pacific Ocean where 75% of the world’s typhoons form.

Typhoons and flooding comprised 80% of the natural disasters in the Philippines in the

past 50 years (CFE-DM, 2018). These disasters occur frequently: about 20 typhoons make

landfall in the Philippines each year, more than anywhere else in the world (PAGASA, 2022).

Flooding occurs most frequently from July through October (peak typhoon season), and 70%

of all the typhoons that hit the Philippines develop during this period (PAGASA, 2022).

Typhoons also occur with great intensity: damages from the typhoon season cost 4% of the

country’s real annual gross domestic product on average (National Disaster Risk Reduction

and Management Center, 2013). Quantifying the impact of flooding in the Philippines will

give insight into the effect of flooding on child health in countries most vulnerable to flooding
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along the Pacific Typhoon Belt.

The Philippine is divided into 17 administrative regions, 81 provinces; 167 cities, 1,495

municipalities and 42,008 barangays (towns) (Philippines Department of Health, 2019). This

analysis is conducted at the barangay level, the smallest geographical and governmental unit

in the Philippines.

3.2 Typhoon Labuyo

The specific flooding incident I examine is Typhoon Labuyo: the first Category 4 super

typhoon (winds of between 130-156 miles per hour) of the 2013 typhoon season (Riebeek,

2013). Typhoon Labuyo made landfall on August 11, 2013 at approximately 1900 UTC and

left on August 12, 2013 at approximately 1430 UTC (Riebeek, 2013). See Figure 1 for a

more detailed storm track map. The Philippine Atmospheric, Geophysical and Astronomical

Services Administration (PAGASA), the government agency responsible for informing and

protecting citizens from natural disasters, first categorized Typhoon Labuyo as a typhoon

on August 10, 2013 at 1500 UTC, just over 24 hours before the typhoon hit the Philippines

(Rappler.com, 2013). While this may or may not be a sufficient amount of time for a

household to evacuate, government reports after Typhoon Labuyo left the Philippines state

that households were only evacuated once the typhoon had already made landfall; that is, no

households were evacuated in anticipation of the typhoon (National Disaster Risk Reduction

and Management Center, 2013). Thus, Typhoon Labuyo can be treated as an unexpected

event.

The total cost of damages amounted to P 932,338,896 ($19,212,092) (National Disaster

Risk Reduction and Management Center, 2013). One advantage of this setting is that

while Typhoon Labuyo was damaging, very few flood-related deaths occurred: there were 8

causalities, many of whom were middle aged and none of whom were children 2-4 years old.

Additionally, deaths were spread across municipalities, further reducing concern for potential

survivorship bias in the estimate.
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281,686 families were affected in 569 barangays of Regions I, II, III, V, and the Cordillera

Administrative Region (CAR) (National Disaster Risk Reduction and Management Center,

2013). Many individuals faced home damage and persistent flooding throughout the length

of Typhoon Labuyo. Another advantage of this setting is that more generally, typhoons

most frequently hit the northern regions of the country, making this setting appropriate in

studying the area most subject to flooding (Warren, 2014).

4 Econometric Specification

4.1 Logistic model

A logistic model of the effect of flooding on child waterborne disease incidence is specified

below:

yi = β0 + β1floodi + β2daysi + β3days
2
i + β4Xi + εi

In this equation, yi is an indicator for whether a child i contracted diarrhea or ARI.

floodi is a continuous measure of the flooding a child experiences, ranging from 0 to 325.1459

millimeters above the average water level over 13 years. Xi is a vector of child-, mother-, and

household-level control variables used in the summary statistics table (excluding diarrhea

and ARI, see Tables 3a and 3b). daysi is number of days between the child’s survey date

and the date of the typhoon, ranging from 0 to 49, and days2i is days squared. daysi and

days2i are included in the model because it is likely that the risk of contracting a waterborne

disease will peak at a certain point, particularly when there has been standing water for

some time. Moreover, the later the child is surveyed, the more likely floodwater will have

dispersed and less likely he/she will be at risk for contracting a waterborne disease. Dummy

variables for each child age (0-4) are included in the model rather than a continuous measure

of age, as disease incidence is likely to differ greatly by age of child, falling steadily with age.
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Standard errors are clustered at the barangay level. I do not consider barangay fixed effects

as the unit of observation for flooding is at the barangay level.

The coefficient on floodi measures the difference in the log odds of yi that a child will

contract a waterborne disease between children living in areas exposed and not exposed to

flooding. Children exposed to flooding will be more likely to contract a waterborne disease

than children who were not because the floodwater itself may be contaminated with raw

sewage and other pollutants, and the floodwater may contaminate existing sources of water

that children consume.

Though Typhoon Labuyo can be regarded as a natural experiment, the logistic model

does not solve the problem of endogeneity. For example, it is possible that the logistic

model is not accounting for omitted variable bias, and some variable is separately affecting

both flooding and disease (such as quality of drainage systems in a barangay). This issue

necessitates a model that can address this bias.

4.2 Spatial Regression Discontinuity Design

4.2.1 Background and Motivation

The spatial regression discontinuity design measures the impact of flooding on incidence of

waterborne disease by comparing children exposed to flooding to children who are not ex-

posed to flooding but live just outside of a flooded area1. For children living in households

that are near a flooded area but do not experience flooding, they do not get exposed to

flooding and will therefore have a lower chance of contracting a waterborne disease than

children living in the nearby flooded area. Because households did not anticipate exposure

to Typhoon Labuyo’s flooding, the probability that a child lives in a flooded or nonflooded

area is approximately the same. Consequently, these children can be regarded as identical,

balanced in observables and unobservables or “statistically exchangable” because they live

1A similar specification was used by Melissa Dell to compare outcomes between indigenous communities
in Peru across a border (Dell, 2010).
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very near to one another. By assuming that children who experience and who do not expe-

rience flooding are the same except for their place of residence (and therefore its proximity

to a flooded area), the only difference between these children is exposure to flooding. Addi-

tionally, by assuming that the only change occurring at the “flood border”, or the contour

separating a flooded area from a nonflooded area, is exposure or no exposure to flooding,

flooding is not endogenous to some other simultaneously occurring event. Thus, I can com-

pare incidence of waterborne disease among children living in flooded areas and children just

outside the flood border to identify the causal effect of flooding on incidence of waterborne

disease. I expect there to be a discontinuous jump right at the border because flooding (as

defined in my dataset) takes into account streamflow and inundation levels, so flooded areas

are well-defined (University of Maryland, 2018). This model addresses the aforementioned

endogeneity issue because children exposed or not exposed to flooding are assumed to be the

same in terms of baseline characteristics.

4.2.2 Linear Specification

My main specification is a local linear regression under a sharp spatial regression discontinu-

ity design. While a logistic regression is typically used when the outcome variable is binary,

traditional regression discontinuity designs and spatial regression discontinuity designs use

the local linear regression as the standard in the literature, in part because of their inter-

pretability (Lee & Lemieux, 2010). However, I later discuss the local logistic regression and

present results from this specification in the appendix. The linear specification is presented

below:

yi = β0 + β1distancei + β2floodi + β3distancei ∗ floodi + β4daysi + β5days
2
i + β6Xi + εi

In this equation, yi is an indicator for whether a child i contracted diarrhea or ARI.

distancei is a continuous measure of the distance a child lives from a flood border (negative

if a child lives in a nonflooded area and positive if a child lives in a flooded area). I choose

a linear specification because it is likely that incidence of waterborne disease increases the
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closer a child not exposed to flooding lives to the flood border and also increases (albeit

less) the farther a child exposed to flooding lives from a nonflooded area. floodi is either

a dummy indicating if a child lived in a barangay that experienced flooding in millimeters.

Xi is a vector of child-, mother-, and household-level control variables used in the summary

statistics table (excluding diarrhea and ARI, see Table 3a and 3b). daysi is the number

of days between the child’s survey date and the date of the typhoon and days2i is days

squared. Standard errors are clustered at the barangay level. I use a threshold of 10.371

miles (diarrhea) or 7.777 miles (ARI) from a flooded border, which is calculated using a

bandwidth selector developed by Calonico, Cattaneo, and Titiunik for a sharp regression

discontinuity design (Calonico et al., 2014)2.

The coefficient on floodi (β2) measures the additional impact of flooding on the average

likelihood a child will contract a waterborne disease between children living in areas exposed

and not exposed to flooding, or the discontinuity. The coefficient on distancei (β1) measures

the effect of distance or proximity from a flood border on the likelihood a child will contract

a waterborne disease. The coefficent on distancei ∗floodi (β3) measures the additional effect

of distance from a flood border on the likelihood a child contracts a waterborne disease

conditional on a child living in a flooded area.

I expect that β2 will be positive because it is likely that there will be a jump in the

likelihood of contracting a waterborne disease once a child lives in a flooded area. I expect

that β1 will be positive, as it is likely that for children living in a nonflooded area, as the

distance from a flood border becomes less negative (i.e., a child lives closer to the flood

border, when distancei = 0), the likelihood that a child will be exposed to flooding and

therefore the likelihood the child will contract a waterborne disease increases. At the same

time, for children living in a flooded area, as the distance from a flood border increases (i.e.,

the farther a child lives away from a nonflooded area), it is likely that they will be deeper in

2This method builds on previous methods of finding mean squared error-optimal bandwidth choices for
the regression discontinuity point estimator) by accounting for asymptotic bias, improving the probability
that an estimator is close to its “true value”.
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a flood zone, and thus the likelihood the child will contract a waterborne disease increases.

Last, I expect that β3 will be positive because the deeper a child lives in a flooded area,

the more likely he/she will be exposed to more severe flooding and contract a waterborne

disease.

See Figure 3a for a graphical representation of this model and the discontinuity.

4.2.3 Logistic Specification

My secondary specification is a local logit regression under a sharp spatial regression discon-

tinuity design3, described below:

Λ(yi) =
eβ0+β1distancei+β2floodi+β3distancei∗floodi

1 + eβ0+β1distancei+β2floodi+β3distancei∗floodi

The equation showing changes above and below the flooded border (distancei = 0) is

shown below:

Λ(yi) =


eβ0+β1distancei

1 + eβ0+β1distancei
if distancei < 0

eβ0+β1distancei+β2+β3distancei

1 + eβ0+β1distancei+β2+β3distancei
if distancei > 0

The coefficient on floodi (β2) measures the difference in the log odds of yi that a child

will contract a waterborne disease between children living in areas exposed and not exposed

to flooding and factors into the estimate of the “discontinuity”. The coefficient on distancei

(β1) measures the effect of distance from a flood border on the log odds of yi that a child

will contract a waterborne disease. The coefficent on distancei ∗ floodi (β3) measures the

additional effect of distance from a flood border on the log odds of yi conditional on a child

living in a flooded area.

See Figure 3b for a graphical representation of this model and the discontinuity.

3Outlined in Wooldridge’s Econometric Analysis of Cross Section and Panel Data (Wooldridge, 2011).
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4.2.4 Strengths and Limitations

The spatial regression discontinuity design addresses the endogeneity problem found in the

simple logit model by taking omitted variable bias into account. By considering children

living within some narrow bandwidth of a flood zone, the two groups of comparison are

virtually identical except for exposure to flooding (exchangability assumption). Because we

assume that children could not have responded in expectation of Typhoon Labuyo by moving

to a nonflooded area, “assignment” to a flooded or nonflooded area is (locally) randomized

(behavioral assumption). Additionally, we assume that any discontinuity in the probability

of contracting a waterborne disease is only a result of flooding (continuity assumption).

Thus, we can treat Typhoon Labuyo as a randomized experiment, estimating the effect of

flooding on child waterborne disease incidence by exploiting variation in the distance a child

lives from a flooded area, as these children are likely to have similar characteristics. The

spatial regression discontinuity design’s ability to control for confounding factors makes it a

significant improvement in identification compared to the logit model.

Having said that, the spatial regression discontinuity design is limited in its generaliz-

ability because it only considers children living within some threshold of a flood border, so

any effect of flooding is inherently a local one. Thus, this design can say little about children

living far from the flood border. This is particularly important for the children living in a

flooded area but far away from the flood border, as they are likely to experience the most

severe effects of flooding. It is probable that the local effect of flooding on health underes-

timates the general effect, and at worst, the local effect of flooding on health can be quite

different from the general population. Additionally, the design is only as good as we are able

to observe the distance a child lives from a flood border. We are only able to observe the

location of children at the barangay level, not at the household level.
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4.2.5 Validating the Design

The three assumptions I make in this design are the continuity, exchangability, and behav-

ioral assumption. Both the exchangability and behavioral assumptions are implied if the

continuity assumption holds, so this design can be validated if support for the continuity

assumption is reasonable.

The continuity assumption states that absent any flooding, incidence of waterborne dis-

ease would be a smooth function of distance. In other words, there does not exist any

discontinuity or jump at the flood border other than flooding. Omitted variable bias can

therefore be ruled out at the flood border. Generally, it is unlikely that the continuity as-

sumption would not hold in this setting because “assignment” to a flooded or nonflooded

barangay is determined by the typhoon.

One possible violation of this assumption is if a child lives in a household that is a benefi-

ciary of Pantawid Pamilyang Pilipino Program (4Ps), a conditional cash transfer program in

the Philippines that aims to support poor families in an effort to escape the poverty trap by

promoting health, nutrition, and education (Department of Social Welfare and Development,

2021). Families who are within 110% of their provincial poverty threshold and have at least

one child or a pregnant member of their household qualify to receive 4Ps. In addition to

receiving a cash grant, families also receive nutrition counseling, access to services at health

centers to manage childhood diseases, and disaster preparedness counseling (Department of

Social Welfare and Development, 2021). Families who are beneficiaries of 4Ps might have

responded to warnings about Typhoon Labuyo differently from nonbeneficiaries. This is an

issue if there is some overlap between children living in households that qualify for 4Ps and

children living in nonflooded areas, because if nonflooded households have generally bet-

ter health habits, the discontinuity between children living in nonflooded and flooded areas

may be attributed to participation in 4Ps, rather than exposure to flooding. Therefore,

the estimate of the discontinuity between children living in nonflooded and flooded areas

would overestimate the true effect of flooding on the probability a child would contract a
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waterborne disease.

Cattaneo et al. (2019) create a test to check for possible manipulation at a cutoff by

examining the density distribution of the running variable (i.e., distancei), and look for a

discontinuity in the density function on either side of the cutoff absent of the treatment

(floodingi). The ideal scenario is that there is an equal distribution of children above and

below the cutoff (distancei = 0). Figure 4a shows the density tests for both diarrhea (10.371

mile threshold) and ARI (7.777 mile) using the method of Cattaneo et al. For diarrhea, the

difference in estimated densities at the flood border is -2.3014 with a p-value of 0.0214. For

ARI, the difference in estimated densities at the the flood border is -1.4097 with a p-value

of 0.1586. Further, Figure 4b shows the distribution of distancei in a histogram. Overall,

these tests reveal that the distribution of children living in barangays skews to the right,

implying that more children that are within some threshold of the flood border live in flooded

areas. However, this may be less of a concern because even though there are some barangays

who were not exposed to flooding as a result of the typhoon, it is more likely that more

barangays would be flooded rather than not, especially given that Typhoon Labuyo was a

super typhoon.

Additionally, I check for balance across children living in flooded and nonflooded areas,

Tables 5a and 5b report summary statistics at the corresponding thresholds for diarrhea

and ARI for various child, mother, household, and socioeconomic indicators using the 2013

Philippine NDHS data. It compares children who were living in barangays that experienced

(or did not experience) flooding. For the threshold for diarrhea (Table 5a), children living in

flooded areas were no more likely to contract diarrhea than children that were not exposed

to the flood. Additionally, children living in flooded areas have older mothers, are welathier,

are more rural, and have greater access to electricity at the 1-5% significance level. For the

threshold for ARI (Table 5b), children living in flooded areas were less likely than children

living in nonflooded areas to contract ARI at the 5% significance level. Comparisons across

children show that children living in flooded areas were wealthier, had more access to elec-
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tricity, and additionally have fewer children living in their household at the 1-5% significance

level. Overall, children in flooded areas were well-off on average compared to children living

in nonflooded areas.

5 Data and Measurement

5.1 Flooding Data

I match latitude and longitude data from the Philippine Statistics Authority to flood de-

tection/intensity estimates from the University of Maryland’s NASA-funded Global Flood

Monitoring System (GFMS) (University of Maryland, 2018). This system contains infor-

mation on flood detection/intensity estimates, collected during NASA’s Tropical Rainfall

Measuring Mission. These estimates are based on real-time precipitation sensors measured

via satellite and processed by NASA’s Multi-satellite Precipitation Analysis algorithm. The

data reflect the amount of flooding at 1 km resolution, with precision to the 1/8th (0.125)

degree of latitude and longitude.

Flooding intensity is defined as the depth in millimeters of the surface water above

the flood threshold over 13 years. The flood threshold is the 95th percentile value in the

distribution of water after identifying the natural surface water in an area over 13 years

(i.e., 95% of the time, the level of water is below that value) (University of Maryland, 2018).

Additionally, the flood threshold has to be above 3 millimeters and flooding is identified as

being a minimum of 10 millimeters above the flood threshold. This is so that small absolute

levels of water above the normal amount are not counted as flooding even though these levels

may be large relative to the typical levels of water in the area. From these data, I create a

visualization of global flooding experienced on August 12, 2013 at 1500 UTC (30 minutes

after Typhoon Labuyo left the Philippines) (see Figure 2a and 2b).

To construct my flooding measure, I first assign latitude and longitude values to every

child’s barangay in the Philippine NDHS. I create a location ID for each barangay in ac-

https://github.com/cheyennedq/typhoon_health_PH/blob/main/scripts/make_flooding_img.py
https://github.com/cheyennedq/typhoon_health_PH/blob/main/scripts/assign_barangay_lat_long.do
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cordance with the Unified Accounts Code Structure (UACS), the Philippine government’s

official location classification system (Unified Accounts Code Structure, 2014a). I then iden-

tify each barangay’s name by its UACS code (UACS data) and assign to it a latitude and

longitude value (at the barangay’s centroid, the representative center) in decimal coordinate

form (PhilAtlas, 2022).

After assigning a latitude and longitude to each barangay, I match the University of

Maryland’s flooding data to each barangay. The data report the amount of flooding for each

pixel (a distance of approximately 8 by 8 miles). I assign an upper and a lower latitude

and an upper and a lower longitude to each pixel to establish decimal coordinate boundaries

for a given pixel. This information is then matched to the latitude and longitude of each

barangay in the Philippine NDHS. Last, I assign the amount (in millimeters) of flooding

experienced to each barangay based on its corresponding pixel value to create my flooding

measure, variable flood.

5.2 Distance Data

To construct my distance measure, I plot each pixel of flooding using the latitude and

longitude data mentioned prior in ArcGIS Pro and find the distance from each barangay

centroid to the nearest flood border. Figure 6 shows visualizations of this process. The

top image shows a plot of a set of barangays and their corresponding centroids. I use an

algorithm on ArcGIS to calculate the shortest geodesic distance (the distance along the

curved surface of the Earth) from each centroid to a flooded area. This process is slightly

different for barangays that are flooded versus nonflooded. The bottom two pictures show

this process. For a barangay that is not flooded (i.e., A), I calculate the shortest distance

from its centroid to the nearest flooded area (solid pattern). For a barangay that is flooded

(i.e., B), I calcuate the shortest distance from its centroid to the nearest nonflooded area

(striped pattern). This effectively determines each barangay’s distance to the nearest flood

border.

https://github.com/cheyennedq/typhoon_health_PH/blob/main/scripts/assign_pixel_lat_long_and_match.py
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I then match the ArcGIS barangay data to every observation in the NDHS data, assigning

distance to each child. If a child is living in a nonflooded barangay, his/her corresponding

distance value is negative. If a child is living in a flooded barangay, his/her corresponding

distance value is positive so that the cutoff occurs when distance is 0 (at the flood border),

in accordance with the literature (Lee & Lemieux, 2010).

5.3 Health Data

Data relating to child health come from the 2013 Philippine NDHS and was collected from

August 12, 2013 to September 24, 2013 (Philippine Statistics Authority (PSA) [Philippines]

& ICF International, 2014a). This cross-sectional survey is designed to assess the demo-

graphic and health status of the Philippines, so it contains rich data from all barangays in

the country. Information at the barangay level allows me to directly compare child health

differences in flooded and nonflooded barangays. The Philippine NDHS is suited to analysis

of child health because it is collected at the household level, providing substantial informa-

tion on demographic information of mothers and their children, child health, and maternal

health. Households were sampled through a stratified two-stage sample design: using sys-

tematic random sampling, 800 enumeration areas were selected (distributed by region and

urban/rural residence) and 20 housing units were selected from each enumeration area. The

survey covered a national sample of about 13,000 households and 14,000 women 15 to 49

years old. In this study, I use two measures of child health: incidence of diarrhea and in-

cidence of acute respiratory illness (common waterborne diseases contracted after a flood

event) within the last two weeks of being interviewed. I do not consider children who are

not living (the cause and time of death is unspecified) and children who were interviewed

less than two weeks after Typhoon Labuyo hit.4.

4More detailed code of the specific methodologies to construct these variables can be found on the author’s
GitHub. Link: https://github.com/cheyennedq/typhoon_health_PH

https://github.com/cheyennedq/typhoon_health_PH
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6 Results

6.1 Logit Results

Table 7 reports the results of the logit model for diarrhea and ARI.

The coefficient on floodingi is insignificant for all of the equations. However, the coeffi-

cients on the controls that are significant align with the literature and with what we would

expect. In equations 2 and 3, the estimates for 3- and 4-year olds are negative and significant

at the 1-10% level, respectively. This implies that when a child is 3 years old, the odds of

incidence of diarrhea decreases by a factor of 0.558 (e−0.5833), and for 4-year olds, the odds

of incidence of diarrhea decreases by a factor of 0.262 (e−1.3384). This is aligned with the

literature previously mentioned: disease incidence falls with age, and young children are

especially vulnerable to disease. To note, the range in the age of children for this data is 0-4

years, so I am limited to exploring the relationship between diarrhea and age for this subset

of children.

In equation 3, the coefficient on household type is positive and significant at the 10%

significance level, implying that living in a rural area increases the odds of diarrhea by a factor

of 1.520 (e0.4186). This coefficient is only significant in the model with clustered standard

errors, which is reasonable because living in a rural or urban area may be correlated within

barangays but independent across barangays.

In equations 5 and 6, the coefficient on sex of child (i.e., if a child is female or not) is

significant at the 5% significance level. Interestingly, this implies that the odds that girls

contract ARI are significantly less than the odds compared to boys (or the odds for girls

decrease by a factor of 0.508 (e−0.6768).

Additionally, in equation 4, the estimate for 1-year olds is positive and significant at

the 10% significance level, implying that when a child is 1, the odds of incidence of ARI

increases by a factor of 2.049 (e0.7172), which is again aligned with the literature. Further,

in this equation, the coefficient for wealth is negative and significant at the 10% significance
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level, implying that as a child’s household increases in quintile, the odds of contracting ARI

decrease by a factor of 0.761 (e−0.2730).

The estimates for floodingi for all equations are also insignificant for the OLS model (see

Appendix Table A). For the variables that are significant, there is a simliar relationship as

in the logit model. More of the estimates for 1-year olds are significant and positive. There

is also a significant negative relationship between access to protected water and incidence

of disease, which is coherent because protected water sources decrease the likelihood of

contamination and thus reduce exposure to fecal consumption.

6.2 Spatial Regression Discontinuity Design Results

Table 8 reports the results of the spatial regression discontinuity design for diarrhea and

ARI.

The main estimate of interest (the coefficient on floodingi) is insignificant for all of the

equations. However, for diarrhea (equations 1-3), the estimates for the interaction of flooding

and distance are positive and significant. In equation 1, the estimate on the interaction

term is 0.0152 and significant at the 5% significance level., implying that children living

in flooded areas experience an additional 1.52 percentage point increase (24.01%) in the

likelihood of contracting diarrhea. For equations 2 and 3, the estimate is significant at the

1-5% significance level, and children experience an additional 1.78 percentage point increase

(5.38%) in the likelihood of contracting diarrhea.

Additionally, for equations 2 and 3, the coefficient on water source is negative and sign-

ficant at the 1-10% significance level, implying that children who have access to protected

water sources experience a 1.78 percentage point decrease (35.43%) in the likelihood of con-

tracting diarrhea, which is in alignment with the literature.

For ARI, the coefficients on the interaction term are negative and significant for equations

4-6. In equation 4, the estimate on the interaction term is 0.0177 and significant at the 10%

significance level., implying that children living in flooded areas experience an additional
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1.77 percentage point decrease (16.75%) in the likelihood of contracting ARI. For equations

5 and 6, the estimate is significant at the 10% significance level, and children experience

an additional 1.84 percentage point decrease (37.70%) in the likelihood of contracting ARI.

This relationship is the opposite relationship observed for diarrhea. This may be because if

a child lives deeper in a flood zone, the effect of distance (or proximity away from a flood

border) may have less of an effect on incidence of ARI.

In equations 5 and 6, the coefficient on sex of child (i.e., if a child is female or not)

is significant at the 5% significance level. Again, this implies that the likelihood that girls

contract ARI is significantly less than boys. This brings up the question of gender differences

in disease incidence, a potential area to explore in future work. Last, for equation 6, the

coefficient on participation in 4Ps is negative and significant at the 5% significance level,

which is in alignment with my previous predictions.

The estimates for floodingi for all equations are also insignificant for the local logit re-

gression model (see Appendix Table B). The contrasting relationship between the coefficients

on the interaction term for diarrhea versus ARI is also observed. For the variables that are

significant, there is a simliar relationship as in the logit model. More of the participation

in 4Ps are significant and negative. There is also a significant positive relationship between

access to protected water and incidence of disease.

7 Discussion

Overall, my main results were not significant. This may be because of a variety of factors.

To start, the thresholds of 10.731 and 7.777 miles are around the same size as the resolution

of my flood measure (8 miles). Thus, there is only so much precision that I have in detecting

an effect. This is one of the challenges of using a spatial design because it relies on the

precision of the satellite data. While the University of Maryland’s NASA data is one of the

best sources for this information, there is limited precision that the satellite has. Thus, to
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improve this analysis, it requires better satellite data or survey data on the ground that

reports flood levels at the barangay level.

Additionally, my measure of distance may have some imprecision because I used the

shortest distance to the nearest flood border. However, we can imagine a scenario where a

child lives in a barangay surrounded by many flooded areas. For this scenario, a child is

probably more likely to experience more intense flooding, but my measure does not differen-

tiate between this hypothetical child and another child who lives the same distance from a

flooded border but is not around more flooded areas. Additionally, because the traditional

spatial model requires flooding to be binary, I do not consider intensity of flooding in my

design.

An external factor not considered in this model is evacuation. Households may have

responded in anticipation to the flood by evacuating to a nonflood area and thus, did not

experience flooding though they live in a flooded area. As mentioned earlier, though, gov-

ernment reports do not show that households evacuated until the typhoon hit.

Last, I only consider time trends by controlling for the number of days between a child’s

survey date and when Typhoon Labuyo hit. However, ideally I would want to examine the

effect of flooding on child health at once instance of time. Additionally, it is possible that the

relationship between flooding and waterborne disease incidence is less prominent during the

immediate period following a flood. Thus, the effect of flooding might take longer to see and

the relationship between flooding and waterborne disease incidence may be more impactful in

the medium term following a flood. Figures 9a and 9b show a subgroup analysis, comparing

samples of children who were surveyed 2-4 weeks after a flood (short-term) and children who

were surveyed more than 4 weeks after a flood (medium-term). I use time thresholds defined

in the medical literature (Joshi et al., 2011).

For diarrhea, we see that the main coefficients of interest are insignificant for the short-

term and are signifcant at the 0.1-10% significance level for the medium-term.
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8 Conclusion

My study builds on the existing literature of the effects of climate change on human outcomes

by examining the effect of flooding as a result of natural disasters on child health. By using

a spatial regression discontinuity design, my analysis exploits variation in the distance from

a flooded area to where a child lives to substantiate the claim that flooding (as a result

of a natural disaster event) increases incidence of waterborne disease. Though my results

are insignificant, I find signficance when conducting subgroup analyses by days after the

flood. I also contribute a previously unused data source in the literature: the University of

Maryland’s Global Flood Monitoring System, which measures both incidence and intensity

of flooding. I document new methods for future researchers to access and manipulate this

data, as it is contained on a rather difficult to process format. I identify the relationship

between flooding and child incidence of waterborne disease through 3 models: an OLS, logit,

and spatial regression discontinuity design.

These results are especially important given the rise of natural disasters, including ty-

phoons, around the world as weather patterns change. For countries like the Philippines

that are especially vulnerable to natural disaster events, these effects can be devastating on

both children and individuals in general. The development of models that explore different

ways to define distance from a flooded area is a particularly central area for future research,

as well as gender differences in contracting disease.
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Appendix

Figure 1: NASA visualization of the accumulated rainfall in the Philippines on August 12,

2013 at 1500 UTC, 30 minutes after Typhoon Labuyo left the Philippines (NASA’s Goddard

Space Flight Center, 2013)



28

Figure 2a: Visualization of global flooding constructed from the University of Maryland’s

flooding data (generated by the author using ArcGIS)
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Figure 2b: Visualization of global flooding constructed from the University of Maryland’s

flooding data (author’s code)

Legend: 0 millimeters (mm): black, 0.1 mm: light yellow, 10 mm: yellow, 20 mm: gold, 50

mm: light blue, 100 mm: cyan, 200 mm: navy
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Figure 3a: Graph of the local linear regression under a sharp spatial regression disconti-

nuity design

The value of the discontinuity is β2. Intuitively, this represents the jump in the probability

that a child will contract a waterborne disease when he/she is living in a flooded area.
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Figure 3b: Graph of the local logit regression under a sharp spatial regression disconti-

nuity design

The value of the discontinuity is the difference between the subfunctions evaluated at

distancei = 0:

eβ0+β2

1 + eβ0+β2
− eβ0

1 + eβ0

Intuitively, this represents the jump in the probability that a child will contract a water-

borne disease when he/she is living in a flooded area.
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Figure 4a: Density discontinuity test for diarrhea and ARI (Cattaneo et al., 2019)
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Figure 4b: Distribution of distancei
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Table 5a: Summary statistics of 2013 child outcome means for children living in barangays

that do not experience flooding and do experience flooding (10.371 mile threshold [diarrhea])

No flooding Flooded T-test

Age of child 2.022 2.000 0.020
(-1.427) (-1.465) [-0.17]

Sex of child (1=female) 0.496 0.477 0.019
(-0.501) (-0.500) [-0.49]

Age of mother (years) 30.580 29.550 1.051∗

(-6.559) (-6.754) [-1.98]
Education of mother (years) 10.440 10.190 0.274

(-3.390) (-3.047) [-1.08]
Oral rehydration knowledgea 0.918 0.889 0.029

(-0.275) (-0.315) [-1.21]
Wealth (quintiles)b 2.735 3.026 −0.280∗∗

(-1.293) (-1.299) [-2.72]
Number of children in household 3.168 2.782 0.379∗∗

(-1.988) (-1.711) [-2.61]
Household typec 0.198 0.290 −0.091∗∗

(-0.399) (-0.454) [-2.65]
Has elecricity 0.851 0.909 −0.054∗

(-0.357) (-0.288) [-2.11]
Water sourced 0.944 0.935 0.009

(-0.230) (-0.246) [-0.46]
Toilet facility typee 0.037 0.026 0.011

(-0.190) (-0.159) [-0.84]
Beneficiary of 4Pf 0.276 0.308 -0.031

(-0.448) (-0.892) [-0.52]
Diarrheag 0.060 0.080 -0.020

(-0.237) (-0.272) [-0.99]

Observations 268 388 656

t-statistics are in brackets. +p<0.1; *p<0.05; **p<0.01; ***p<0.001

a Recoded Philippines NDHS data from 0: have not heard of oral rehydration, 1: used oral rehydration,
2: heard of oral rehydration to 0: have not heard of oral rehydration, 1: used or heard of oral rehydration.
b Wealth index by quintile (1 = Poorest, 2 = Poorer, 3 = Middle, 4 = Richer, 5 = Richest). This is a
DHS measure constructed by weighting data on household assets such as televisions, transportation,
and other household characteristics.
c Urban (0), rural (1)
d Recoded data from various water source categories to protected and non-protected water sources as
defined by the DHS (World Health Organization, 2021b).
e Is a beneficiary of Pantawid Pamilyang Pilipino Program (4Ps) (1) or not (0)
f Recoded data from various toilet facility types to improved and not improved toilet facilities as
defined by the DHS (World Health Organization, 2021b).
g Recoded data from 0: child did not have diarrhea, 2: child had diarrhea in the last 24 hours to 0:
child did not have diarrhea, 1: child had diarrhea in the last 2 weeks.

1/1



35

Table 5b: Summary statistics of 2013 child outcome means for children living in barangays

that do not experience flooding and do experience flooding (7.777 mile threshold [ARI])

No flooding Flooded T-test

Age of child 2.000 2.039 -0.041
(-1.440) (-1.470) [-0.31]

Sex of child (1=female) 0.458 0.481 -0.022
(-0.500) (-0.500) [-0.50]

Age of mother (years) 30.240 29.470 0.794
(-6.370) (-6.823) [-1.32]

Education of mother (years) 10.240 10.120 0.153
(-3.320) (-3.019) [-0.54]

Oral rehydration knowledgea 0.901 0.884 0.016
(-0.299) (-0.320) [-0.57]

Wealth (quintiles)b 2.620 2.985 −0.354∗∗

(-1.309) (-1.271) [-3.04]
Number of children in household 3.115 2.783 0.324∗

(-1.933) (-1.718) [-2.00]
Household typec 0.203 0.276 -0.071

(-0.403) (-0.448) [-1.83]
Has elecricity 0.812 0.896 −0.078∗

(-0.391) (-0.306) [-2.53]
Water sourced 0.932 0.932 0.001

(-0.252) (-0.253) [-0.02]
Toilet facility typee 0.047 0.030 0.017

(-0.212) (-0.170) [-1.03]
Beneficiary of 4Pf 0.260 0.320 -0.058

(-0.440) (-0.941) [-0.81]
ARIg 0.078 0.039 0.040∗

(-0.269) (-0.193) [-1.97]

Observations 192 339 531

t-statistics are in brackets. +p<0.1; *p<0.05; **p<0.01; ***p<0.001

a Recoded Philippines NDHS data from 0: have not heard of oral rehydration, 1: used oral rehydration,
2: heard of oral rehydration to 0: have not heard of oral rehydration, 1: used or heard of oral rehydration.
b Wealth index by quintile (1 = Poorest, 2 = Poorer, 3 = Middle, 4 = Richer, 5 = Richest). This is a
DHS measure constructed by weighting data on household assets such as televisions, transportation,
and other household characteristics.
c Urban (0), rural (1)
d Recoded data from various water source categories to protected and non-protected water sources as
defined by the DHS (World Health Organization, 2021b).
e Is a beneficiary of Pantawid Pamilyang Pilipino Program (4Ps) (1) or not (0)
f Recoded data from various toilet facility types to improved and not improved toilet facilities as
defined by the DHS (World Health Organization, 2021b).
g Recoded data from 0: child did not have ARI, 1: child had ARI in the last 2 weeks as defined by
the DHS (Demographic and Health Surveys Program, 2021).

1/1



36

Figure 6: Visualizations of the ArcGIS plot used to find the distance (mi) from a barangay

to a flooded area (generated by the author using ArcGIS).
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