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Abstract

Urban flooding may impose substantial welfare costs without becoming a major disas-
ter. We estimate the causal effects of low-intensity flooding in Barishal, Bangladesh,
exploiting spatial spillovers generated by an expansion of the city’s drainage network.
Using a high-resolution hydrodynamic model, we isolate infrastructure-induced changes
in flood duration at locations not directly targeted by construction. We link this vari-
ation to a spatially representative survey of 2,640 ground-floor households. Each addi-
tional hour of model-predicted flooding increases work absences by 0.56 days over the
rainy season, raises the probability of reporting income losses by 2.4 percentage points,
and increases the time households are unable to leave home by 0.6 days. Flooding also
reduces transport availability and restricts access to food and drinking water, while
causing limited housing and asset damage. These results suggest that an important
share of the welfare costs of low-intensity urban flooding operates through disruptions
to everyday mobility rather than through the destruction of physical assets.
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1 Introduction
Urban flooding typically attracts the attention of policymakers, researchers, and the pub-
lic when a major disaster strikes. Yet, much urban flooding occurs outside such extreme
events. During ordinary rainy seasons, inundation can repeatedly make streets impassable,
interrupt work and school, and restrict access to basic services. These events rarely destroy
homes or displace large populations, but the resulting disruptions to everyday activity may
nevertheless generate substantial cumulative welfare losses.

This paper estimates the causal effects of low-intensity urban flooding on household
welfare.1 We focus on Barishal, a low-lying city in Bangladesh where rainfall routinely
causes waterlogging on streets and inside homes. For causal identification, we exploit an
upgrade to the drainage network that took place between 2023 and 2024. This intervention
consisted of building new drains in locations in the city characterized by high flood risk.
While the targeted placement of the new drains does not allow a simple comparison of
treated and untreated households, our research design exploits indirect spatial spillovers
to estimate the marginal effect of an exogenous change in flood exposure. The new drains
changed the movement of stormwater through the wider network, generating changes in flood
duration at locations not directly targeted by construction. We quantify these spillovers with
a two-dimensional hydrodynamic model that combines a high-resolution elevation model with
detailed data on buildings, water bodies, land cover, and the drainage network. We simulate
the same rainfall event under the pre- and post-intervention drainage configurations, holding
all other model inputs fixed. The difference between the two simulations therefore predicts
change in local flood duration induced by the drainage upgrades.

To measure effects on household welfare, we link these modeled changes to a spatially
representative survey of 2,640 ground-floor households conducted after the 2025 rainy season.
The survey collected information on households’ flood exposure and employment, income,
mobility, health, schooling, household finances, and mental health. We estimate the effect
of the drainage-induced changes in flood duration conditional on the flood risk households
faced before the intervention. Because our identification relies on spatial spillovers, we ex-
clude households adjacent to new drains, which were directly affected by the intervention.
Identification requires that the spatial spillovers are uncorrelated with other determinants
of household welfare. The empirical design supports this assumption, since the spillovers
are generated by interactions between the drainage expansion and small-scale topography
and hydraulic connectivity. Moreover, we show empirically that drainage-induced changes in
modeled exposure are uncorrelated with predetermined household characteristics measured

1We use “low-intensity flooding” to refer to recurrent urban inundation during otherwise ordinary rainy
seasons, in contrast to major flood disasters.
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before construction and with characteristics unlikely to have been affected by the interven-
tion.

Our findings demonstrate substantial adverse effects of higher exogenous exposure to
low-intensity flood across several dimensions of household welfare. Each additional hour
of model-predicted flooding increases work missed because of flooding by 0.56 work days
over the rainy season and the likelihood of reporting any income loss due to flooding by 2.4
percentage points. Work absences and income losses are accompanied by substantial mo-
bility disruptions: an additional hour of flooding increases the number of days households
are unable to leave their home by 0.6 days and reduces the availability of common modes
of transport. Flooding also disrupts households’ ability to meet basic needs, increasing the
probability of being unable to eat enough by 1.5 percentage points and of being unable to
cook by 1.6 percentage points per additional hour of model-predicted flood. We also find
some evidence of adverse effects on children: an additional hour of flooding increases the
share of children experiencing skin disease by 1.2 percentage points (weakly significant at the
10 percent level after adjusting for multiple hypothesis testing), and an increase of approxi-
mately 0.26 missed school days, although this does not remain statistically significant after
adjustment for multiple hypothesis testing. Taken together, these results show that recur-
rent, low-intensity urban flooding generates meaningful economic and social costs through
disruptions to work, mobility, and access to basic needs.

Our data also provide suggestive evidence on how households adapt to recurrent flooding
and on the limits of private adaptation. First, the adverse effects of flooding are generally
larger among households living in less durable dwellings, while households in more durable
structures experience smaller effects on several employment, income, and basic-needs out-
comes. Yet this protection is only partial: even households in durable or elevated dwellings
continue to experience significant disruptions to work, income, and essential consumption.
Second, comparing coefficients associated with long-standing baseline flood risk against those
associated with the exogenous drainage-induced changes in exposure suggests that house-
holds partly adjust over time. The adverse associations with employment, income, and basic
needs are generally smaller under long-standing exposure. By contrast, effects on trans-
port availability show little attenuation, and schooling disruptions remain sizable. Taken
together, these patterns suggest that households can adapt individually on some margins,
but have more limited scope to protect themselves against disruptions that depend on the
functioning of the wider urban environment.

Finally, we ask how economically meaningful the gains from public drainage infrastructure
are. To assess their aggregate magnitude, we combine our household-level causal estimates
with the modeled reduction in flood duration generated by the drainage upgrades across the
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study area. Monetizing avoided workdays and reported income losses yields two alternative
estimates of partial2 welfare gains: BDT 40.2 million (USD 327,000) and BDT 45.0 million
(USD 366,000), respectively, during the 2025 rainy season alone. These benefits compare
with a net expenditure of approximately USD 2.5 million for the expansion of the drainage
network in the study area.

This paper makes three main contributions. First, we show that even low-intensity ur-
ban flooding can impose substantial economic costs. We contribute to the growing empirical
literature on the economic consequences of natural disasters and flooding. Existing work
documents the effects of major disasters on local economic activity, employment, migration,
household finances, health, and human capital (Gallagher and Hartley, 2017; Deryugina
et al., 2018; Desmet et al., 2021; Escobar Carías et al., 2022; Jia et al., 2026). Empirical
economic research on urban flooding has likewise focused primarily on major events, exam-
ining, for example, their negative effects on economic activity and recovery (Kocornik-Mina
et al., 2020; Gandhi et al., 2022). We study a different type of flooding: households in our
setting experience several episodes of street inundation within a single rainy season, but
these episodes generally do not involve the mortality, displacement, or widespread physical
destruction associated with major disasters. Such events are poorly represented in conven-
tional disaster databases.3 We provide the first causal estimate of the welfare implications
of recurrent, low-intensity urban flooding. We show that inundation impairs mobility, in-
creases work absences, and raises income losses. Our findings therefore demonstrate that
economically meaningful welfare costs arise not only from rare catastrophic floods, but also
from recurrent inundation during otherwise ordinary rainy seasons.

Second, we estimate welfare effects at very fine spatial and temporal margins of flood
exposure. Recent studies increasingly move beyond binary flood indicators by incorporating
measures of inundation extent, duration, or event severity (Gandhi et al., 2022; Patel, 2025;
Balboni et al., 2026). These measures have substantially improved our understanding of the
consequences of major flood events, but are generally too coarse in space or time to capture
the short-lived and highly localized variation characterizing recurrent, low-intensity urban

2Our calculations capture only a subset of the documented benefits: they exclude improvements in mobil-
ity, food access, health, and schooling, as well as benefits accruing in subsequent rainy seasons. Consequently,
the total welfare benefits of the drainage investment are likely to exceed our estimates.

3Commonly used global event archives include the Emergency Events Database (EM-DAT) and the
Dartmouth Flood Observatory’s Global Active Archive of Large Flood Events (DFO). EM-DAT records
disasters meeting minimum thresholds based on reported mortality, affected populations, or official emer-
gency response, while DFO assembles records of large floods from news, governmental, instrumental, and
remote-sensing sources. Localized episodes of urban waterlogging are therefore unlikely to be systematically
recorded, particularly when they generate disruption without readily documented mortality, displacement,
or physical destruction (Delforge et al., 2025; UCLouvain and Centre for Research on the Epidemiology of
Disasters (CRED), 2026; Brakenridge, 2017).
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flooding. Our setting allows us to measure this variation directly using a high-resolution
hydrodynamic model that measures flood duration continuously at each household location.
Our results provide a direct estimate of how household welfare responds to marginal changes
in flood exposure, which is particularly relevant for evaluating adaptation infrastructure
that reduces the duration or severity of flooding without necessarily eliminating flood events
altogether.

Finally, we contribute to the literature on the economics of climate adaptation. While
a growing literature examines private responses to climate risk, evidence that can guide the
design and evaluation of public adaptation remains limited (Carleton et al., 2024). Using
a global panel of cities, Gandhi et al. (2022) show that the effects of major floods on eco-
nomic activity and mortality have declined over time and that cities with greater prior flood
exposure experience smaller impacts. However, adaptation has progressed more slowly in
low-income countries, resulting in a substantial protection gap. Existing work on protec-
tive infrastructure has concentrated primarily on coastal and riverine defenses. Corral and
Schling (2017) evaluate shoreline stabilization in Barbados, while Bradt and Aldy (2025)
estimate the benefits and flood risk spillovers of levee protection. Quantitative models study
the interaction between adaptation investment, federal disaster policy, and climate change
(Fried, 2022); the effects of public flood defenses on urban development and coastal moral
hazard (Hsiao, 2025); and the optimal design of levee systems under government commit-
ment constraints (Ouazad and Kahn, 2025). Related work examines how projected future
inundation changes the returns to infrastructure investment and its optimal spatial alloca-
tion (Balboni, 2025). By contrast, we provide the first causal evidence on the benefits of
urban drainage infrastructure on a broad range of household outcomes. Our findings suggest
that the benefits of public drainage infrastructure arise largely through preserving urban
connectivity, thereby supporting access to employment and income, in ways that private
adaptation cannot readily achieve.

2 Context
Bangladesh is among the world’s most climate-vulnerable countries. In 2024, it ranked
among the three countries with the largest number of people affected by extreme weather
events (Adil et al., 2025). Its low-lying deltaic geography exposes more than 60 percent
of the population to high flood risk (Rentschler et al., 2022). These conditions have made
urban flooding a persistent threat to economic activity and growth.

Barishal is Bangladesh’s tenth-most-populous city, with approximately 419,000 inhab-
itants (Bangladesh Bureau of Statistics, 2022). Located on the western bank of the Kir-
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tankhola River, the city faces growing flood risk due to both sea-level rise and increasingly
intense precipitation events (Ministry of Environment, Forest and Climate Change, 2022),
particularly during the rainy season, which typically lasts from June through September.4

The core area of the city is characterized by high population density, extensive commercial
activity, and a high share of impervious surface, all of which amplify local flood exposure.
Moreover, because the area is largely flat, rainwater drains slowly, and even small differences
in elevation and access to the drainage network can generate substantial spatial variation in
water accumulation. This fine-grained variation is central to our empirical design.

During intense rainfall, Barishal’s urban core heavily relies on its drainage network to
remove stormwater. Yet the capacity of this system is frequently exceeded, while high
water levels in the Kirtankhola River can further restrict gravity-based drainage. Rainwater
consequently accumulates on streets and around residential properties, producing recurrent
waterlogging and inundation.

Rainfall and Flooding Prevalence. The 2025 rainy season was close to normal in terms
of cumulative rainfall5, but included concentrated periods of heavy rainfall that generated
widespread localized flooding and drainage congestion6. Figure 1 illustrates the recurrent
nature of rainfall-driven flood exposure in Barishal. During the 2025 rainy season, eight days
met the Bangladesh Meteorological Department’s definition of heavy or very heavy rainfall.7

This is not exceptional, as the historical average of the past 30 years8 records 9 such days per
rainy season. The occurrence of several rainfall peaks throughout the season is consistent
with households’ reports of repeated inundation. In our September–October 2025 survey,
75 percent of households reported at least three episodes of street inundation, while 40
percent reported at least one episode of indoor flooding The most severe event experienced
by households was often substantial: among households reporting at least one episode of
street inundation, more than half reported water reaching knee level or higher, while over 40
percent reported that it took more than one day to recede. Appendix Figure A.1 presents
the full distributions of reported flood depth and duration.

4The Bangladesh Meteorological Department defines June through September as the summer monsoon
season, during which Bangladesh receives approximately 72 percent of its annual rainfall (Akhter et al., 2017;
Bangladesh Meteorological Department, 2016).

5Between June–September 2025, Barishal received 1,480 mm of rainfall, just 1.7 percent above the 30-year
reference period spanning 1991–2020, which records an average of 1,455 mm recorded at the city’s rainfall
station.

6Between 5 and 14 July, Barishal received 402 mm of rainfall, exceeding by 34 percent the Bangladesh
Water Development Board’s benchmark of 300 mm within ten consecutive days for conditions conducive to
drainage congestion and rainfall-driven flooding (Flood Forecasting and Warning Centre, 2021, p. 27)

7The Bangladesh Meteorological Department classifies daily rainfall totals of 44–88 mm as heavy rainfall
and totals above 88 mm as very heavy rainfall (Bangladesh Meteorological Department, 2017).

8This refers to the 30-year reference period spanning 1991–2020
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Figure 1: Daily rainfall in Barishal during the 2025 rainy season
Notes: Bars report daily rainfall at Bangladesh Water Development Board station CL258 in
Barishal. Blue bars indicate less-than-heavy rainfall (below 44 mm per day), while red bars
indicate heavy or very heavy rainfall (at least 44 mm per day), following the Bangladesh
Meteorological Department’s classification.

The drainage intervention. As part of a broader package of infrastructure upgrades,
the intervention constructed new drains designed to increase the capacity of the core city’s
drainage network and improve the conveyance of stormwater toward the surrounding canals.
Assessments conducted during project preparation identified several deficiencies in the ex-
isting network: many drains were too small, lacked sufficient slope or a clear direction of
flow toward an outlet, and in some cases terminated in ponds from which water could not be
discharged effectively. The new drains were designed to address these constraints. They are
substantially larger, averaging 0.95 m in width and 1.09 m in depth, compared with 0.55 m
for both dimensions in the pre-existing network, and incorporate slopes in order to maintain
the movement of water through the system.

The exact locations for the new drains were selected to address the most severe water-
logged hotspots, based on a combination of local knowledge and hydrological modeling of the
baseline flood hazard that existed before any of the new drains were constructed. From an
initial list of candidate sites, budget constraints required prioritization, resulting in a subset
of drains being financed and constructed. Figure 2 displays the final locations of the new
drains.
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Figure 2: Location of new drainage infrastructure in the core urban area of Barishal.
New drains are depicted in red.

3 Data

3.1 Baseline household survey

In June 2023, we collected an exploratory baseline survey of limited scope (N = 711). The
purpose of the survey was to get a first understanding of the exposure of households living
in the central area of Barishal to low-intensity floods and to test for a correlation between
flood exposure and exposure to the effects of the drainage upgrades with pre-intervention
household characteristics.9 As in the main survey, we targeted households living in the
wards of the central area of the city. To obtain a spatially representative sample of all
ground-floor households, we selected households using random spatial points drawn from a
population-weighted spatial distribution within the survey area. Enumerators then sampled
4 households within a diameter of 50 meters around each random spatial point, thereby lim-
iting the operational costs associated with precise GPS coordinate tracking in dense urban
environments. The survey collected information on household demographics, previous flood
exposure, wealth, physical health, mental health, and perceptions of drainage infrastruc-
ture. We also collected GPS coordinates and detailed tracking information for all surveyed
households.

9Although construction of some of the drains had already begun before June 2023, no rainy season had
occurred since the onset of the construction. As a result, households had not yet observed any changes in
flood risk that could be attributed to the new drains.
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3.2 Main household survey

Target population. To measure the socioeconomic costs of low-intensity flooding, we
surveyed households in the urban center of Barishal, where population density and economic
activity are most concentrated. The survey area covers 3.7 square kilometers and has an
estimated population of approximately 155,000 inhabitants (Schiavina et al., 2023). We
defined its boundary using the outer perimeter of the contiguous central wards that received
drainage improvements.

This area provides a useful setting for the empirical analysis. It is compact and highly
urbanized, and its residents share broadly similar access to markets, public services, and
urban amenities. Although lower-income households are interspersed throughout the area,
there is limited spatial sorting by socioeconomic characteristics relative to the variation in
flood exposure. This improves the comparability of households experiencing different levels
of flooding. Figure 3 presents the timing of the intervention and the survey waves. We focus
on households residing on the ground floor, as they are expected to face the highest costs
from street-level waterlogging and floodwater intrusion into dwellings.

Figure 3: Timeline of drainage upgrades and data collection

Notes: The timeline shows the survey period in red; red curly brackets indicate the corresponding recall
periods for each outcome.

Data collection. Our main survey (N = 2,640) was conducted between September and
October 2025. By that time, construction had been completed, such that two rainy sea-
sons had passed since the onset of construction and one rainy season since its completion.
Given the high population density in the survey area, selecting respondents via random
spatial points was infeasible without risking a high number of duplicates. We therefore
follow Qader et al. (2019) and construct predefined enumeration areas whose size varies
with population density. Whenever possible, natural boundaries such as streets are used
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to delineate enumeration areas, facilitating field implementation. For details of the spatial
sampling strategy, see Appendix D. We also conducted intensive tracking to re-interview
households surveyed at baseline and successfully tracked over one third of them. The final
sample therefore consists of 258 baseline households and 2,382 newly sampled households.

Main outcomes. In preparation for the main survey, we conducted 25 qualitative in-
terviews in December 2024 with households across the survey area.10 The semi-structured
interviews focused on identifying household-level outcomes most affected by recurrent low-
intensity flooding. Based on these interviews, we developed a survey covering six broad
families of potential outcomes: (i) Assets and finances, (ii) employment and income, (iii)
transportation and connectivity, (iv) physical health, (v) mental health, and (vi) child-
related outcomes.

Data processing. We follow our pre-registered exclusion criteria and drop variables with
zero variance, variables for which more than 30% of observations are missing, as well as
observations that are missing more than 20% of survey responses. In addition, we exclude
18 observations in the extreme tail of the exposure distribution, where treatment variation
is too limited for meaningful estimation and modeled flood duration is likely to be distorted
by boundary effects.11 To address concerns related to multiple hypothesis testing, we report
sharpened False Discovery Rate (FDR) q-values within each family of outcomes.

Sample characteristics. Respondents are, on average, 41 years old; 39 percent are male,
44 percent are household heads, and 90 percent report being able to read and write. The
average household has four members and approximately one child. Educational attainment
among household heads is broadly distributed: 63 percent completed at least secondary
school (SSC), including 29 percent with a bachelor’s degree or higher, while 10 percent never
attended school. Eighty-three percent of household heads are employed, while 31 percent
of household heads are employed in informal or precarious occupations. Forty percent of
households own their dwelling, 62 percent report that their dwelling is elevated, 87 percent
have a separate kitchen, and 45 percent live in pucca structures, defined as permanent,
durable buildings constructed mainly from materials such as brick, cement, concrete, or

10We purposively selected a mix of households that were located both close to and far from new drains,
as well as households spanning the distribution of predicted changes in flood risk.

11The hydrodynamic simulation requires a finite computational domain. Drainage beyond this domain
is represented through specified outflow boundary conditions and exit locations, which cannot perfectly
capture all real-world drainage pathways. In a small number of locations, this can produce artificial water
accumulation and implausibly long modeled flood durations.
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reinforced concrete12. Residential tenure varies considerably: 40 percent of households have
lived at their current place of residence for five years or less, while 39 percent have lived there
for more than 15 years, indicating that the sample includes both recent movers and long-
term residents. The sample is predominantly Muslim (86 percent), with Hindu households
accounting for 13 percent. For more details on household demographics, see Appendix Table
B.1.1.

3.3 Measuring Flood Exposure

Hydrodynamic Model. We derive a high-resolution, location-specific measure of flood
exposure using a two-dimensional unsteady hydrodynamic flood model. Generally, ap-
proaches to urban flood modeling include physical models, which explicitly represent the
hydrological and hydraulic processes that generate flooding, and data-driven models, which
learn relationships between flood outcomes and their determinants from observed or sim-
ulated data (Bulti and Abebe, 2020; Guo et al., 2021). Our model falls into the former
category. This class of models traces the evolution and recession of flooding over the course
of the rainfall event and is particularly well suited to assessing how drainage infrastructure
affects the spatial distribution and duration of inundation.13

Our primary measure of local flood exposure is the number of hours each location remains
inundated during the day with the highest rainfall recorded during the 2025 rainy season.
While flooding might have also affected households during other 2025 heavy-rainfall events,
we use the highest-rainfall event to construct our exposure measure because the spatial pat-
tern of drainage-induced changes in flood exposure is highly stable across rainfall scenarios.14

We focus on duration of flooding as the main dimension of exposure since welfare effects of
recurrent, low-intensity flooding depend mainly on how long inundation persists.15

Input data. The model combines a high-resolution digital elevation model (DEM) with
a spatial resolution of 5 m (Airbus, 2024); geospatial layers describing key surface features,

12While non-pucca structures are built wholly or partly from less durable materials, such as bamboo,
wood, corrugated metal, mud, or thatch.

13For an application of a data-driven hydrological model of urban flooding in the economics literature, see
Hsiao (2025).

14Comparing our reference event with an alternative lower-intensity precipitation event of half the intensity,
the modeled changes in flood duration have a Pearson correlation of 0.994 and a Spearman rank correlation
of 0.918 across household locations.

15Even relatively shallow water may impede mobility, restrict access to homes and services, and disrupt
economic activities when it takes too long to recede. Moreover, because drainage infrastructure is intended
to accelerate the removal of stormwater, its effects may be reflected most directly in the speed at which
floodwater recedes. Flood duration therefore closely captures both the nature of the hazard studied and the
mechanism through which the intervention operates.
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including building footprints and urban ponds; detailed representations of the drainage net-
work before and after the upgrade; and precipitation data from the storm event with the
highest cumulative rainfall recorded during the 2025 rainy season. Further details on the
construction of the model and its input data are reported in Appendix C.

Table 1: Validation of Modeled Flood Duration with Survey Measures

Survey measure Corr. OLS
coeff.

Mean SD N

(1) (2) (3) (4) (5) (6)

Panel A. Main survey (2025)
Street Recede time (scale 1–4) 0.294 0.015∗∗∗ 2.181 1.039 2,620

(0.003)

Recede time (hours) 0.257 0.498∗∗∗ 34.421 39.750 2,610
(0.125)

Flood height (scale 1–5) 0.136 0.005∗∗∗ 2.361 0.777 2,620
(0.002)

House Recede time (scale 1–4) 0.124 0.005∗∗∗ 1.530 0.907 2,601
(0.001)

Recede time (hours) 0.122 0.185∗∗∗ 15.118 31.067 2,593
(0.046)

Flood height (scale 1–5) 0.033 0.001 1.457 0.698 2,597
(0.001)

Panel B. Baseline survey (2023)
Street Recede time (scale 1–4) 0.182 0.008∗∗∗ 2.766 0.973 674

(0.002)

Flood height (scale 1–5) 0.191 0.004∗∗ 3.296 0.512 604
(0.002)

House Recede time (scale 1–4) 0.132 0.006 2.310 1.043 667
(0.004)

Flood height (scale 1–5) 0.123 0.005∗∗ 2.418 0.954 668
(0.002)

Notes: Column (1) lists the survey measure. Column (2) reports the Pearson correlation between each survey
measure and modeled flood duration at the respondent’s location. Column (3) reports the coefficient from a
separate regression of the indicated survey measure on modeled flood duration. Columns (4)–(6) report the
mean, standard deviation, and number of observations, respectively. Panel A uses the main survey conducted
in 2025 and flood duration modeled using the post-intervention drainage network. Survey measures refer
to the most severe flooding event of the 2025 rainy season, corresponding to the event simulated by the
hydrodynamic model. Panel B uses the baseline survey conducted in 2023 and flood duration modeled using
the pre-intervention drainage network. Survey measures refer to the most severe flooding event experienced
during the preceding five years. Conley spatial standard errors are reported in parentheses using a uniform
kernel with a bandwidth of 500 m. ∗p < 0.10, ∗∗p < 0.05, and ∗∗∗p < 0.01.
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Validation. Table 1 compares modeled flood duration with survey measures of experienced
flooding. Specifically, Panel A compares modeled flood duration for the storm event with the
highest cumulative rainfall recorded during the 2025 rainy season against households’ reports
of flooding during the event they recalled as the most severe that season. Provided that
respondents’ recollections refer to the same storm represented in the model, this comparison
provides an event-specific validation of the modeled flood measure.

Results show that modeled flood duration is highly predictive of the reported flood ex-
posure during the recalled event. This relationship is strongest for reported street-flood
duration, the survey measure most directly comparable to the modeled outcome: the Pear-
son correlation coefficient reported in column (1) is 0.294 for categorical recession time and
0.257 for continuous recession time. These correlations are substantial given that the mod-
eled and reported measures are constructed independently and that household reports are
subject to recall error and reference dependence (Guiteras et al., 2015; Bangalore et al.,
2026).16 The corresponding OLS estimates also imply economically meaningful magnitudes:
One additional hour of modeled flood duration is associated with approximately 0.5 addi-
tional reported hours of street flooding. Importantly, modeled flood duration is also posi-
tively associated with other dimensions of reported flood exposure. Modeled flood duration
is positively correlated with reported street-flood height and with both measures of indoor
flooding, although the correlations are smaller than for street-flood duration. The OLS
coefficients show the same pattern: longer modeled inundation is associated with greater
reported street-flood height and longer indoor flooding, while the coefficient for indoor-flood
height is positive but not statistically significant. The weaker correspondence with indoor
flooding is expected because whether and how severely water enters a dwelling also depends
on building-specific characteristics, such as floor elevation, that are not represented in the
hydrodynamic model.

Panel B compares modeled flooding under the pre-intervention drainage network – so
without the newly constructed drains – with reported flood exposure to the most severe
event experienced in the past 5 years. These reports were collected as part of our 2023
baseline survey, when households did not yet experience the drainage upgrades. Because
the modeled and reported measures do not refer to the same event, results in this context

16Agreement across independently constructed measures of flood exposure is often limited. Bangalore
et al. (2026), for example, report an average pairwise correlation of 0.19 across seven survey-based, satellite-
derived, and administrative measures of exposure to the same flood event. Guiteras et al. (2015) further
show that self-reported flood exposure may be shaped by reference dependence: households may evaluate
a given flood relative to the conditions they ordinarily experience, so households with different histories of
exposure may report the same physical conditions differently. This concern is particularly relevant in our
setting, where waterlogging is recurrent, and would tend to weaken the observed correspondence between
reported exposure and modeled flood duration. Against this background, the correlations we find indicate
substantial agreement between the two measures.
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primarily test whether the model correctly ranks locations according to their underlying
flood risk. Despite the differences in events and recall periods, Panel B yields a pattern
similar to the one in Panel A. The Pearson correlations remain positive for all four survey
measures and are strongest for street flooding, at 0.182 for categorical recession time and
0.191 for flood height. It is also positively associated with both measures of indoor flooding,
although these relationships are more modest. The corresponding OLS coefficients likewise
show positive relationships.

Overall, the results indicate that modeled flood duration meaningfully measures local
flood exposure and captures its spatial distribution. The consistency of the associations in
the baseline survey, which refers to flooding experienced over a different set of precipitation
events, suggests that the model captures underlying spatial differences in flood exposure
beyond the specific event simulated. Moreover, modeled flood duration is associated not
only with reported flood duration but also with other dimensions of flooding, including flood
height and indoor flooding. These dimensions are therefore not independent of modeled du-
ration, reducing the concern that focusing on a single, consistently measured flood-duration
metric omits important aspects of local flood exposure.

4 Estimation Strategy
Our empirical analysis has two steps. First, we document the cross-sectional relationship be-
tween prevailing flood exposure and household socioeconomic outcomes. Second, we estimate
the causal effects of an exogenous shock to local flood risk by exploiting spatial spillovers
generated by the drainage upgrades. The following subsections introduce each specification
and discuss their interpretation.

4.1 Flood Exposure Levels and Socioeconomic Outcomes

We begin by describing the cross-sectional relationship between current flood exposure and
household-level socioeconomic outcomes. For each outcome, we estimate:

yi = α + βD1
i + εi, (1)

where yi denotes an outcome for household i, and D1
i denotes modeled flood duration (in

hours) during the storm event with the highest cumulative rainfall recorded during the 2025
rainy season. We report Conley (1999) standard errors to account for spatial correlation in
the regression residuals.
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The coefficient β captures the cross-sectional gradient in socio-economic outcomes be-
tween locations with different levels of flood exposure. It describes the relationship observed
when simply comparing more and less flood-prone areas, which may shape how households
and policymakers perceive the consequences of flooding. At the same time, the coefficient
cannot be interpreted as the causal effect of low-intensity flooding on household welfare.
Flood exposure observed in 2025 reflects both recent changes in flood risk induced by the
drainage upgrade and pre-existing baseline flood risk. Because low-intensity flooding is re-
current and observable, households may have adapted to the baseline flood risk through
residential sorting, investments in protective measures, and behavioral adjustments. The
cross-sectional estimate therefore combines outcome differences shaped by long-standing
flood risk and endogenous adaptation with those associated with more recent changes in
exposure, to which households had relatively little time to adjust.

4.2 Exogenous Changes in Flood Exposure

In the second step of our analysis, we exploit spatial spillovers in flood exposure induced
by the drainage network upgrades to estimate the causal effects of low-intensity flooding on
household welfare.

Treatment variable. By altering the movement and removal of stormwater through the
drainage network, the upgrades affect flooding beyond the locations immediately adjacent
to the new drains. We leverage variation in these spatial spillovers to causally identify the
effect of changes in flood duration on household socioeconomic outcomes. Conditional on
baseline flood risk, the drainage-induced changes in flood exposure away from construction
sites are plausibly exogenous because they arise from the interaction of the drainage ex-
pansion with predetermined local topography and hydraulic connectivity, rather than from
household characteristics or behavior. To measure the precise location and magnitude of
these spatial spillovers, we use our hydrodynamic flood model to simulate he same reference
rainfall event under the pre- and post-intervention drainage-network configurations, while
holding rainfall, topography, land cover, and all other model input data fixed. Then, we de-
rive drainage-induced changes in flood exposure as the difference between these two modeled
flood durations. Algebraically, this corresponds to:

D1
i = D0

i +∆Di (2)

⇐⇒ ∆Di = D1
i −D0

i , (3)
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where ∆Di represents the drainage-induced variation in flood exposure, D1
i represents flood

exposure in 2025 after the drainage upgrades, and D0
i represents pre-existing flood exposure

at baseline under the pre-intervention scenario. Negative values of ∆Di indicate shorter
modeled flood duration under the upgraded network relative to the counterfactual network,
while positive values indicate longer modeled duration. A one-unit higher value of ∆Di

therefore corresponds to an additional modeled hour of flood duration under the upgraded
network relative to the counterfactual network in our reference scenario.

Exclusion of directly targeted households. Since our identification exploits spatial
spillovers of the drainage improvements, we exclude households situated immediately ad-
jacent to newly constructed drains which were directly affected by the intervention. We
therefore exclude from our estimation sample households living within 25 meters of the
newly built drains. The exclusion buffer size corresponds to the distance within which a
household can be considered as directly facing the drain. This leads to the exclusion of 205
households from our main regression sample. We show in Appendix B.4.1 that our main
results are robust to alternative buffer thresholds.

Controlling for non-random exposure. Even if the specific shocks to flood exposure
induced by the drainage upgrades are exogenous, locations experiencing larger changes may
have been systematically more likely to receive such changes due to their centrality in the
drainage network. To address this concern, we implement the recentering method proposed
by Borusyak and Hull (2023) for handling nonrandom exposure to exogenous shocks. We
construct an expected drainage-induced change in flood exposure using 100 counterfactual
drainage-upgrade scenarios. To identify plausible counterfactual locations for the drainage
upgrades, we combine the segments that were actually constructed with the list of priority
locations identified during the planning stage. In each scenario, we randomly select segments
from this set until their total length approximately matches that of the realized upgrades,
recompute flood duration, and average exposure across simulations. Subtracting baseline
exposure from this average yields the expected drainage-induced change in flood exposure,
which we include as an additional control in our main specification. We define the expected
drainage-induced change as

µi =
1

100

100∑
s=1

∆D
(s)
i , (4)

where ∆D
(s)
i denotes the drainage-induced change in flood duration at location i under

counterfactual scenario s. We include µi as an additional control to account for systematic
differences in exposure to drainage-induced shocks.
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Estimation. We estimate the effects of the spatial spillovers in flood exposure using the
following specification:

yi = α + β∆Di + γD0
i + δµi + εi, (5)

where yi denotes the outcome of interest for household i, ∆Di is exogenous variation in
flood duration induced by the drainage upgrades, D0

i is the baseline flood duration under
the counterfactual drainage network without the upgrade, and µi is the expected drainage-
induced change across the counterfactual upgrade scenarios. Consistent with the treatment
definition above, the estimation sample excludes households located within 25 meters of a
newly constructed drain. We conduct inference using Conley standard errors to account for
spatial correlation in the regression residuals.

Relevance of the treatment measure. To assess whether the modeled change in flood
duration meaningfully captures changes in flood exposure experienced by households, we
estimate equation 5 using reported flood duration during the most severe flooding event of
2025 as the outcome. While the validation exercise above shows that the hydrodynamic
model captures spatial variation in experienced flood exposure, this test asks more specif-
ically whether the model-predicted variation induced by the drainage upgrade is reflected
in the flooding households report. Columns (2) and (3) of Appendix Table B.2.1 mirror
our main specifications for estimating the effect of the exogenous change in modeled flood
exposure, while column (1) reports the association with modeled prevailing flood exposure
for comparison.

The results show a strong relationship between modeled drainage-induced changes in
flood duration and reported exposure. One additional modeled hour of flood duration is
associated with roughly 2.8 additional hours of reported street flooding, with all estimates
highly statistically significant. This supports the empirical relevance of our treatment mea-
sure.

Exogeneity of spillover exposure. Our identifying assumption is that conditional on
baseline flood exposure, drainage-induced spillover of flood exposure is unrelated to other
determinants of household outcomes. A first concern is that the spillovers could inherit the
non-random targeting of the drainage upgrades. Although we exclude households immedi-
ately adjacent to the new drains, the upgrades were targeted toward waterlogged hotspots.
If the identifying variation primarily reflected differences in proximity to these locations,
households experiencing larger spillovers could share socioeconomic characteristics with di-
rectly targeted households and differ systematically from households farther away. This
concern is limited by the fact that our treatment measure is only weakly correlated with
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Table 2: Covariate Balance (Baseline Sample)

Drainage-Induced Change
in Flood Exposure Descriptives

Characteristic Mean N
(1) (2) (3) (4)

Panel A: Assets & finances
Own television -0.009 -0.009 0.772 637

(0.008) (0.008)
Own iron -0.009 -0.010 0.435 637

(0.011) (0.011)
# of phones -0.015 -0.013 2.708 636

(0.021) (0.021)
Own refrigerator -0.007 -0.006 0.776 637

(0.008) (0.008)
Own sewing machine 0.012 0.013 0.330 636

(0.008) (0.008)
Own bicycle -0.013 -0.013 0.236 636

(0.009) (0.009)
Own scooter 0.005 0.004 0.162 635

(0.006) (0.006)
Own car 0.004 0.004 0.033 636

(0.004) (0.004)
Own water pump -0.021 -0.021 0.325 636

(0.016) (0.016)
Obtained a loan (past 12m) 0.009 0.009 0.322 636

(0.012) (0.012)
Panel B: Household health
Diarrhea: any adult (30d) 0.003 0.002 0.127 632

(0.012) (0.012)
Fever: any adult (30d) 0.002 0.003 0.254 634

(0.014) (0.014)
Panel C: Child health
Diarrhea: any child (30d) 0.006 0.006 0.071 423

(0.005) (0.005)
Fever: any child (30d) -0.002 -0.001 0.187 423

(0.008) (0.008)
Panel D: Mental health & well-being
Life satisfaction (now) -0.041 -0.040 5.810 637

(0.037) (0.038)
Life satisfaction (future) -0.048 -0.051 6.614 630

(0.044) (0.044)
Baseline flood exposure Yes Yes
Expected flood exposure change No Yes
Spillover sample (≥ 25 m from new drain) Yes Yes
Notes: This table tests balance in characteristics measured in the baseline survey. Columns (1) and (2) report the coefficient

on the drainage-induced change in flood exposure and use the spillover sample, excluding households within 25 m of a new
drain. Column (1) controls for baseline flood exposure, while column (2) additionally controls for the expected flood exposure
change. All specifications exclude households with modeled baseline flood duration above 80 hours. Conley (1999) spatial
standard errors using a 100 m bandwidth are reported in parentheses. Mean and N refer to the sample used in columns (1)-(2).
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table 3: Covariate Balance (Main Sample)

Drainage-Induced Change
in Flood Exposure Descriptives

Characteristic Mean N
(1) (2) (3) (4)

Panel A: Household characteristics
HH size 0.021 0.021 3.982 2434

(0.017) (0.017)
# of children 0.002 0.003 0.982 2443

(0.010) (0.010)
Household head is female -0.001 -0.002 0.140 2372

(0.003) (0.003)
Household head age (years) -0.095 -0.099 47.934 2369

(0.164) (0.164)
Head education: less than secondary 0.012∗∗∗ 0.013∗∗∗ 0.369 2420

(0.004) (0.004)
Head education: secondary -0.004 -0.004 0.337 2420

(0.004) (0.004)
Head education: tertiary -0.009 -0.009 0.294 2420

(0.006) (0.006)
Informal/precarious occupation 0.005 0.005 0.307 2351

(0.005) (0.005)
Panel B: Housing and tenure
Elevated house structure -0.006 -0.006 0.618 2434

(0.006) (0.006)
# of rooms -0.015 -0.015 3.428 2436

(0.014) (0.014)
Durable housing structure (pucca) -0.000 -0.001 0.452 2443

(0.007) (0.007)
Short-term residence (< 5 years) 0.004 0.005 0.398 2441

(0.004) (0.004)
Panel C: Connectivity
Log distance to nearest old drain -0.018 -0.015 3.178 2443

(0.017) (0.017)
Log distance to nearest marketplace -0.034 -0.035 6.615 2443

(0.034) (0.034)
Log distance to nearest health facility 0.016 0.016 5.711 2443

(0.034) (0.034)
Log distance to nearest school 0.023 0.021 5.569 2443

(0.016) (0.016)
Baseline flood exposure Yes Yes
Expected flood exposure change No Yes
Spillover sample (≥ 25 m from new drain) Yes Yes
Notes: This table tests balance in characteristics measured in the main survey that are unlikely to change in short time spans

due to treatment. Columns (1) and (2) report the coefficient on the drainage-induced change in flood exposure and use the
spillover sample, excluding households within 25 m of a new drain. Column (1) controls for baseline flood exposure, while column
(2) additionally controls for the expected flood exposure change. All specifications exclude households with modeled baseline
flood duration above 80 hours. Conley (1999) spatial standard errors using a 100 m bandwidth are reported in parentheses.
Mean and N refer to the sample used in columns (1)-(2). ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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distance to the nearest new drain, with a Pearson correlation of 0.086. Thus, the identifying
variation does not primarily reflect a simple distance gradient around the targeted locations.

A second concern is that planners could themselves have anticipated the spatial spillovers
of the drainage upgrades and incorporated them into the placement of new drains. In our
context, this seems unlikely. In the planning stage of CCAUD’s works in Barishal, project
planners identified waterlogged hotspots and directed the construction of new drains toward
those locations, but did not explicitly model how the intervention would alter flood exposure
elsewhere in the city. However, urban flood dynamics depend on nonlinear interactions
among rainfall, topography, and connectivity within the wider drainage network and are
difficult to predict without quantitative hydrodynamic modeling. Since planners did not
explicitly model how the intervention would change flood exposure in adjacent, but non-
targeted locations, the spatial spillovers underlying our identification are unlikely to have
influenced the allocation of the new drains.

A final concern is residential sorting in response to anticipated or realized drainage im-
provements. If households with different socioeconomic characteristics moved into locations
experiencing different changes in flood exposure, the main-survey estimates could partly re-
flect changes in residential composition. Such sorting in response to the specific spillover
pattern is less likely because, as argued before, the location-specific effects were difficult to
anticipate ex ante.

To address these concerns empirically, we assess whether the drainage-induced variation
in flood exposure predicts socio-economic household characteristics by estimating Equa-
tion 5 on covariates from the baseline and main survey. Table 2 examines whether the
drainage-induced variation in flood exposure predicts pre-existing socioeconomic differences
in household assets and finances, adult and child health, and subjective well-being measured
in the 2023 baseline survey. Although construction had already begun, these measures were
collected before households had experienced a rainy season following the start of the works
and thus before they had observed the resulting changes in flooding. For each characteristic,
column (1) controls for baseline flood exposure, while column (2) additionally controls for
expected flood exposure change. None of the estimated associations is statistically significant
in either specification. These results provide no evidence that locations experiencing differ-
ent subsequent changes in flood exposure already differed along the measured dimensions of
household welfare. Table 3 provides complementary evidence from the larger main survey
on household characteristics that are unlikely to be immediately affected by the exogenous
changes in flood exposure during the last rainy season. We find no statistically significant
associations with household size, the number of children, the household head’s age or gender,
informal or precarious employment, or the reported housing characteristics. Importantly, we

20



also find no statistically significant association between the modeled exposure change and
short-term residence, implying no evidence of residential sorting in response to anticipated
or realized drainage improvements. Nor does the modeled exposure change significantly pre-
dict distance to existing drains, markets, health facilities, or schools. The latter results are
particularly relevant to the concern that spillover exposure distinguishes households with
systematically different access to infrastructure and urban amenities. One exception is edu-
cational attainment: a one-hour greater drainage-induced change in modeled flood duration
is associated with a 1.2–1.3 percentage-point higher probability that the household head has
less than secondary education. While this difference is numerically small, we address con-
cerns from omitted variable bias by replicating our main specifications while controlling for
the household head’s education and other household characteristics in Appendix Table B.4.3.

5 Results
Tables 4–7 present our main estimates. In each table, column (1) describes the associa-
tion between prevailing flood exposure and household outcomes in the full endline sample.
Columns (2) and (3) present our results on the drainage-induced changes in flood expo-
sure. Both specifications use the spillover sample, which excludes households located within
25 meters of a new drain. Column (2) conditions on baseline flood exposure, while col-
umn (3) additionally controls for the expected change in flood exposure implied by the 100
counterfactual drainage-upgrade scenarios and constitutes our preferred specification. Point
estimates are very similar across columns (2) and (3), providing little evidence that system-
atic differences in exposure to flood-risk changes confound our estimates.17 We now discuss
the results by outcome family, proceeding table by table.

5.1 Employment and Income

Our survey results document substantial adverse effects of low-intensity floods on income
and employment (Table 4). On average, respondents report 5.8 missed work days due to
flooding, and 7 percent report having to change jobs due to flooding. Our survey contained
two complementary measures for income loss: one subjective categorical variable on a five-
point scale (1 = no income loss; 5 = almost all income lost) and one continuous measure
in Bangladeshi Taka (BDT). According to the categorical measure, 57.3 percent report no

17The coefficients on the control variables included in these specifications are reported in Appendix Ta-
ble B.5.1. The coefficient on the expected change in flood exposure is statistically insignificant for most
outcomes. For the few outcomes for which it is statistically significant, including this control tends to
increase, rather than attenuate, the estimated effect of the drainage-induced change in flood exposure.
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Table 4: Employment and income

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Mean N
(1) (2) (3) (4) (5)

Days of work missed 0.036∗∗ 0.553∗∗∗ 0.561∗∗∗ 5.815 2418
(0.017) (0.199) (0.199)

[0.006] [0.005]
Changed job due to flooding 0.001∗∗∗ 0.008∗∗ 0.008∗∗ 0.073 2380

(0.000) (0.004) (0.004)
[0.018] [0.014]

Lost any income 0.001∗∗ 0.024∗∗∗ 0.024∗∗∗ 0.427 2410
(0.001) (0.003) (0.003)

[0.001] [0.001]
Income loss scale (1–5) 0.004∗∗ 0.050∗∗∗ 0.050∗∗∗ 1.943 2410

(0.002) (0.010) (0.010)
[0.001] [0.001]

Income loss amount (BDT) 28.227 612.338∗ 624.727∗ 6669.053 2410
(25.672) (349.290) (349.202)

[0.033] [0.031]
Baseline flood exposure No Yes Yes
Expected flood exposure change No No Yes
Spillover sample (≥ 25 m from new drain) No Yes Yes
Notes: Column (1) reports the coefficient on prevailing flood exposure, measured as modeled flood duration under the post-

intervention drainage network, without additional controls, and uses the full endline sample. Columns (2) and (3) report
the coefficient on the drainage-induced change in flood exposure and use the spillover sample, excluding households within
25 m of a new drain. Column (2) controls linearly for baseline flood exposure, while column (3) additionally controls for
the expected flood exposure change, calculated as the average flood-duration change across randomly drawn counterfactual
drainage-network scenarios. All columns exclude households with modeled baseline flood duration exceeding 80 hours (18 of
2640 endline households). Conley (1999) spatial standard errors use a uniform kernel with a 100 m cutoff and are reported in
parentheses. Mean and N describe the outcome in the restricted sample used in columns (2)–(3). Sharpened two-stage FDR
q-values are reported in square brackets and computed within the outcome family. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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income loss, 27.5 percent report only some or little income loss, and 15 percent report losing
a lot or almost all income. The average reported amount of lost income is BDT 6,669 for
the full regression sample including households without any income loss, and BDT 16,170
among households reporting a positive monetary loss.

Damages rise only modestly with prevailing flood exposure (column 1). The associations
are small across outcomes and particularly limited for monetary income losses: an additional
modeled hour of prevailing flood exposure is associated with only about BDT 28 in additional
reported income loss, and this estimate is not statistically significant.

In contrast, our regression results in columns (2) and (3) show sizeable effects of exogenous
changes in flood exposure on employment and income losses. Estimates suggest that every
additional hour of flooding in our reference scenario increases the number of work days
missed because of flooding by 0.55–0.56 days. Additional flood exposure also increases
the probability that respondents report having changed jobs because of flooding by 0.8
percentage points, around 11 percent relative to the sample mean of 7.3 percent.

Income losses respond similarly. Each additional hour of flooding increases the probability
of reporting any income loss by 2.4 percentage points. Consistent with this extensive-margin
effect, the categorical measure of income-loss severity increases by 0.05 points on a five-
point scale. Reported income losses in monetary terms rise by approximately BDT 610–
625 per additional hour of flooding, corresponding to about 9 percent of the sample mean,
although these estimates are less precisely estimated than those for the other income-loss
measures. Results are very similar across specifications and remain significant after adjusting
for multiple hypothesis testing.

5.2 Mobility and connectivity

Flooding substantially constrains household mobility (Table 5). More than two-thirds of
respondents (67.7 percent) report having been unable to leave their home at least once
because of flooding, and respondents were unable to leave their home for an average of 5 days
over the course of the rainy season. This is remarkably close to the 5.8 work days respondents
report missing because of flooding, suggesting that mobility restrictions may be an important
channel through which flooding disrupts employment. Access to common modes of transport
is also frequently impaired. We distinguish between e-rickshaws, which are battery-powered
three-wheelers, auto-rickshaws, which are motorized three-wheelers, and traditional pulled
rickshaws. During the rainy season, 22 percent of respondents report low availability of e-
rickshaws, 39 percent low availability of auto-rickshaws, 28 percent low availability of pulled
rickshaws, and 21 percent report restricted walking in the streets. These mobility constraints
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Table 5: Connectivity & mobility

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Mean N
(1) (2) (3) (4) (5)

E-rickshaw: availability (5-point scale) -0.013∗∗∗ -0.076∗∗∗ -0.079∗∗∗ 3.627 2392
(0.002) (0.021) (0.021)

[0.001] [0.001]
Auto-rickshaw: availability (5-point scale) -0.012∗∗∗ -0.065∗∗ -0.064∗∗ 3.091 2364

(0.003) (0.032) (0.032)
[0.014] [0.015]

Pulled rickshaw: availability (5-point scale) -0.011∗∗∗ -0.080∗∗∗ -0.083∗∗∗ 3.474 2431
(0.003) (0.021) (0.021)

[0.001] [0.001]
Walking: availability (5-point scale) -0.007∗∗∗ -0.045 -0.045 3.651 2440

(0.003) (0.037) (0.037)
[0.050] [0.054]

Frequency unable to leave house (5-point
scale)

0.005∗∗ 0.065∗∗∗ 0.065∗∗∗ 2.259 2439

(0.002) (0.007) (0.008)
[0.001] [0.001]

Nr days unable to leave house 0.025∗ 0.609∗∗∗ 0.605∗∗∗ 5.030 2396
(0.013) (0.200) (0.201)

[0.002] [0.003]
Important event missed 0.003∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 0.677 2439

(0.001) (0.006) (0.006)
[0.002] [0.002]

Baseline flood exposure No Yes Yes
Expected flood exposure change No No Yes
Spillover sample (≥ 25 m from new drain) No Yes Yes
Notes: Column (1) reports the coefficient on prevailing flood exposure, measured as modeled flood duration under the post-

intervention drainage network, without additional controls, and uses the full endline sample. Columns (2) and (3) report
the coefficient on the drainage-induced change in flood exposure and use the spillover sample, excluding households within
25 m of a new drain. Column (2) controls linearly for baseline flood exposure, while column (3) additionally controls for
the expected flood exposure change, calculated as the average flood-duration change across randomly drawn counterfactual
drainage-network scenarios. All columns exclude households with modeled baseline flood duration exceeding 80 hours (18 of
2640 endline households). Conley (1999) spatial standard errors use a uniform kernel with a 100 m cutoff and are reported in
parentheses. Mean and N describe the outcome in the restricted sample used in columns (2)–(3). Sharpened two-stage FDR
q-values are reported in square brackets and computed within the outcome family. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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interfere with a broad range of activities. Around half of respondents report having missed
a work or job-related occasion (51 percent) or a religious occasion (47 percent) because of
flooding, while 37 percent report having missed a health-related occasion.

Our regression results show sizeable effects of exogenous changes in flood exposure on
mobility. Each additional modeled hour of flood duration in the reference storm event reduces
the reported availability of e-rickshaws by approximately 0.08 points on the five-point scale.
Effects are similar for pulled rickshaws, at approximately 0.08 points per hour, and somewhat
smaller for auto-rickshaws, at approximately 0.06 points. Estimates for walking are also
negative, but not statistically significant.

Consistent with these reductions in transport availability, additional flood exposure sub-
stantially increases the extent to which households become physically isolated. Each addi-
tional hour of flooding in our reference scenario is associated with 0.6 additional days at
which respondents report being unable to leave their home. The categorical measure of how
frequently respondents are unable to leave their home shows the same pattern, increasing by
approximately 0.07 points on the five-point scale. Additional flood exposure also increases
the probability of missing an important event by 2 percentage points. These effects are highly
similar across specifications and remain statistically significant after adjusting for multiple
hypothesis testing.

These results contrast with the relatively small estimates on the prevailing flood exposure
in column (1). An additional modeled hour of prevailing flood exposure is associated with
0.025 additional days of being unable to leave the house, and the corresponding descriptive
estimates for transport availability are similarly modest.

5.3 Household Health

Health effects constitute a potentially important consequence of recurrent low-intensity ur-
ban flooding. These effects may arise through direct contact with contaminated or stagnant
floodwater, as well as through disruptions to water, food, and medication access. We mea-
sure health outcomes for the household head to keep the reference person consistent across
households and in order to focus on a person likely to have repeated exposure to flooded
streets. Results are reported in Table 6.

Prevailing flood exposure at the household’s residential location is only weakly associated
with health outcomes (column 1), with generally small coefficients across both reported illness
and basic-needs constraints.

Columns (2) and (3) provide some evidence that higher exogenous flood exposure affects
skin disease, an outcome plausibly associated with contact with stagnant or contaminated
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Table 6: Household health

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Mean N
(1) (2) (3) (4) (5)

Diarrhea (HH head) 0.001 -0.004 -0.004 0.155 2441
(0.000) (0.005) (0.005)

[0.257] [0.325]
Fever (HH head) 0.002∗ -0.007 -0.006 0.571 2441

(0.001) (0.005) (0.005)
[0.128] [0.211]

Skin disease (HH head) 0.001 0.012∗∗ 0.012∗∗ 0.480 2441
(0.001) (0.005) (0.005)

[0.034] [0.028]
Respiratory disease (HH head) 0.001 -0.007 -0.006 0.612 2441

(0.001) (0.010) (0.010)
[0.257] [0.325]

Vector-borne disease (HH head) -0.000 0.001 0.001 0.020 2441
(0.000) (0.001) (0.001)

[0.257] [0.325]
Unable to access medication 0.001 0.013 0.014 0.334 2407

(0.001) (0.009) (0.009)
[0.128] [0.121]

Unable to access drinking water 0.001 0.016∗∗∗ 0.017∗∗∗ 0.448 2438
(0.001) (0.004) (0.004)

[0.001] [0.001]
Unable to eat enough 0.002∗ 0.014∗∗∗ 0.015∗∗∗ 0.397 2441

(0.001) (0.005) (0.005)
[0.013] [0.010]

Unable to cook 0.001∗∗ 0.015∗∗∗ 0.016∗∗∗ 0.426 2430
(0.001) (0.004) (0.004)

[0.001] [0.001]
Baseline flood exposure No Yes Yes
Expected flood exposure change No No Yes
Spillover sample (≥ 25 m from new drain) No Yes Yes
Notes: Column (1) reports the coefficient on prevailing flood exposure, measured as modeled flood duration under the post-

intervention drainage network, without additional controls, and uses the full endline sample. Columns (2) and (3) report
the coefficient on the drainage-induced change in flood exposure and use the spillover sample, excluding households within
25 m of a new drain. Column (2) controls linearly for baseline flood exposure, while column (3) additionally controls for
the expected flood exposure change, calculated as the average flood-duration change across randomly drawn counterfactual
drainage-network scenarios. All columns exclude households with modeled baseline flood duration exceeding 80 hours (18 of
2640 endline households). Conley (1999) spatial standard errors use a uniform kernel with a 100 m cutoff and are reported in
parentheses. Mean and N describe the outcome in the restricted sample used in columns (2)–(3). Sharpened two-stage FDR
q-values are reported in square brackets and computed within the outcome family. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

26



floodwater. Each additional hour of modeled flooding increases the probability that the
household head reports skin disease by approximately 1.2 percentage points, and this effect
remains weakly significant in our preferred specification after adjusting for multiple hypoth-
esis testing. We find no statistically significant effects on diarrhea, fever, respiratory disease,
or vector-borne disease.

The effects are more pronounced for households’ ability to meet basic needs. Each addi-
tional hour of modeled flooding increases the probability of being unable to access drinking
water by 1.6–1.7 percentage points, being unable to eat enough by 1.4–1.5 percentage points,
and being unable to cook by 1.5–1.6 percentage points. These effects remain statistically sig-
nificant after multiple-testing adjustment, while the effect on access to medication is positive
but less precisely estimated.

A caveat of our analysis is that flood exposure is measured only at respondents’ residential
locations. The absence of strong effects on illness prevalence therefore does not imply that
flood exposure elsewhere in the city is inconsequential for health. Respondents may also be
exposed while traveling or spending time in other locations, which our residential exposure
measure does not capture. Our estimates should therefore be interpreted as the effect of flood
exposure at the place of residence, rather than of respondents’ total exposure to flooding
across the city.

5.4 Child-related outcomes

We next examine health and education outcomes among households with at least one child
living at home (Table 7). Health outcomes are measured as the share of children in the
household experiencing a given symptom. In general, health issues in the study area during
the rainy season are common, though not necessarily due to flooding: 57 percent of children
experienced fever over the course of the rainy season, 60 percent respiratory disease, and 44
percent skin disease. Educational disruption is measured as the average number of school
days missed because of flooding across children belonging to the same household. In this
sample, children miss an average of 5.7 school days due to flooding.

Prevailing flood exposure is only weakly associated with children’s health outcomes (col-
umn 1). The estimates based on exogenous variation in flood exposure (columns 2 and 3)
similarly show no systematic effects on diarrhea, fever, or respiratory disease. The exception
is skin disease: an additional hour of flooding increases the share of children experiencing
skin disease by approximately 1.0–1.2 percentage points, and this effect remains statistically
significant after adjusting for multiple hypothesis testing.

We also find suggestive evidence of educational disruption. An additional hour of modeled
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Table 7: Child outcomes (HH with children)

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Mean N
(1) (2) (3) (4) (5)

Share with diarrhea 0.001∗ -0.003 -0.003 0.142 1497
(0.001) (0.003) (0.003)

[0.406] [0.447]
Share with fever 0.001 -0.006 -0.004 0.572 1497

(0.001) (0.005) (0.005)
[0.280] [0.447]

Share with skin disease 0.001∗∗ 0.010∗∗ 0.012∗∗ 0.442 1497
(0.001) (0.005) (0.005)

[0.129] [0.063]
Share with respiratory disease 0.000 -0.004 -0.003 0.600 1497

(0.001) (0.007) (0.007)
[0.443] [0.590]

Avg days of school missed 0.043∗∗∗ 0.253∗ 0.257∗∗ 5.692 1416
(0.013) (0.131) (0.131)

[0.129] [0.110]
Baseline flood exposure No Yes Yes
Expected flood exposure change No No Yes
Spillover sample (≥ 25 m from new drain) No Yes Yes
Notes: Column (1) reports the coefficient on prevailing flood exposure, measured as modeled flood duration under the post-

intervention drainage network, without additional controls, and uses the full endline sample. Columns (2) and (3) report
the coefficient on the drainage-induced change in flood exposure and use the spillover sample, excluding households within
25 m of a new drain. Column (2) controls linearly for baseline flood exposure, while column (3) additionally controls for
the expected flood exposure change, calculated as the average flood-duration change across randomly drawn counterfactual
drainage-network scenarios. All columns exclude households with modeled baseline flood duration exceeding 80 hours (18 of
2640 endline households). Conley (1999) spatial standard errors use a uniform kernel with a 100 m cutoff and are reported in
parentheses. Mean and N describe the outcome in the restricted sample used in columns (2)–(3). The child-outcomes sample
is restricted to households with children. Sharpened two-stage FDR q-values are reported in square brackets and computed
within the outcome family. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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flood duration increases the average number of school days missed because of flooding by ap-
proximately 0.25-0.26 days. The magnitude is stable across specifications, but the estimates
do not remain significant after adjustment for multiple hypothesis testing. We therefore
interpret the result cautiously as suggestive evidence that flooding disrupts school atten-
dance. The corresponding association with prevailing flood exposure is smaller, at around
0.04 additional missed school days per hour of flooding and highly statistically significant.
Taken together, the results provide suggestive evidence that greater flood exposure disrupts
children’s school attendance, while the health estimates indicate an increase in reported
skin-related illnesses.

5.5 Additional results

Household finances and assets. We find only limited evidence that higher exposure to
low-intensity flooding is systematically associated with greater physical damage to house-
holds’ assets in our setting (Appendix Table B.3.1). We consider the house- and asset-damage
indices as being the most robust measures, because they record whether specific items or
parts of the dwelling were damaged, rather than requiring respondents to assign a monetary
value to those losses. Using the drainage-induced variation, we find somewhat greater house
damage at higher levels of flood exposure, but we find no clear effect on asset damage. Nei-
ther estimate remains statistically significant after adjusting for multiple hypothesis testing.
For the monetary measure of total damage, we find a weakly significant increase associated
with exogenous changes in flood exposure. This estimate also does not remain statistically
significant after multiple-testing adjustment and should be interpreted cautiously, as the
underlying variable shows signs of reporting error, including substantial heaping at round
values and a highly concentrated upper tail.

One possible explanation for these results is that households can protect movable assets
or adapt their dwellings to recurrent low-intensity flooding. The weak effects may also
reflect the limited severity of these floods or the imperfect correspondence between modeled
street-level exposure and flooding inside individual homes, which also depends on dwelling
characteristics such as floor elevation. These mechanisms could all attenuate the relationship
between modeled flood exposure and observed physical damage.

Mental Health. We also examine effects on mental health and subjective well-being (Ap-
pendix Table B.3.2). The results are mixed. Using the drainage-induced variation, higher
flood exposure is associated with higher anxiety and depression, with the index increasing
by approximately 0.02–0.03 points per additional hour of flooding; this effect remains statis-
tically significant after adjusting for multiple hypothesis testing. At the same time, greater
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flood exposure is also associated with slightly higher current life satisfaction, while the cor-
responding estimates for expected life satisfaction in two years are positive but less precisely
estimated. We find no effect on locus of control. Taken together, these results do not point
to a consistent deterioration in mental health and subjective well-being.

5.6 Robustness

We assess the sensitivity of our findings to alternative sample definitions, regression spec-
ifications, and methods of statistical inference. Appendix Table B.4.1 varies the exclusion
radius around newly constructed drains from our preferred 25 meters to 0, 50, and 100
meters. Including households directly adjacent to the new drains yields estimates similar
to those from the preferred spillover sample. Larger exclusion radii restrict the analysis to
households farther from the intervention and reduce the estimation sample, but leave most
findings qualitatively unchanged.

Appendix Table B.4.3 considers four alternative specifications. Columns (1) and (2)
add geographic and household controls, respectively, to assess sensitivity to potential con-
founding characteristics. Column (3) constructs both the drainage-induced change in flood
exposure and the corresponding baseline exposure using an alternative precipitation event
of approximately half the intensity. Column (4) retains the specification controlling only for
baseline flood exposure but excludes households that have lived at their current residence for
two years or less, addressing concerns about spatial sorting due to the drainage upgrades.

Finally, Appendix Table B.4.2 examines the sensitivity of inference to the variance esti-
mator. We compare heteroskedasticity-robust standard errors with Conley spatial standard
errors using bandwidths of 50, 100, 250, and 500 meters, relative to our preferred 100-meter
bandwidth. The estimation samples and point estimates are held fixed in this exercise; only
the estimated uncertainty changes.

Across these exercises, the estimates continue to support the central finding that low-
intensity flooding disrupts work, household mobility, and access to basic needs. Some in-
dividual outcomes are more sensitive. School absences show a smaller coefficient and lose
statistical significance when households with a tenure of 2 years or less are excluded. Esti-
mates of the monetary value of income losses remain positive but are no longer statistically
significant under the alternative specifications or at the 500-meter Conley bandwidth. Given
the inherent noise in self-reported monetary losses, we interpret this as indicating substan-
tial uncertainty about the precise magnitude of lost income rather than as evidence of an
absence of economically meaningful income effects. Importantly, the extensive margin of
income loss remains stable across specifications, as does the other, less noisy measure of
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the intensive margin of income loss elicited on a 5-point scale. Auto-rickshaw availability is
sensitive to both the exclusion radius and the spatial bandwidth: its estimated effect atten-
uates under wider distance exclusions, and it loses statistical significance at the 100-meter
exclusion radius and at Conley bandwidths of 250 meters or more. Statistical significance for
job changes and skin disease is also less consistent under wider distance exclusions. Taken
together, these checks support the broad pattern of disruptions to daily economic activity,
while indicating greater uncertainty about some individual outcomes.

5.7 What can we learn about adaptation?

Our data also provide suggestive evidence on how households adapt to recurrent low-intensity
flooding and on the limits of private adaptation. We examine two complementary pieces of
evidence. First, we test whether the effects of flooding differ across household characteristics
that may shape households’ ability to protect themselves. Second, we compare the effects
associated with long-standing baseline flood exposure, to which households have had time
to adjust, with those associated with more recent drainage-induced changes in exposure.

Heterogeneity in household vulnerability. We first test for heterogeneous treatment
effects by housing structure, house elevation, home ownership, and occupation in Appendix
Tables B.6.1 to B.6.4. The clearest result of differential vulnerability concerns the physical
characteristics of the dwelling, specifically the quality of housing: households living in non-
pucca structures experience significantly larger effects on several employment and income
outcomes, including missed work, job changes, and the monetary measure of lost income, as
well as greater disruptions in access to drinking water and food. By contrast, heterogeneity
by home elevation, home ownership, or occupation is more limited, with subgroup differences
in employment and income generally smaller and statistically insignificant. These patterns
could suggest that investments in more durable housing can provide some protection against
the welfare costs of recurrent flooding. At the same time, this protection is only partial. Even
among households living in pucca structures or elevated houses, additional flood exposure
continues to significantly increase missed work, the probability and severity of income losses,
and several disruptions to basic needs.

Adaptation to long-standing flood risk. We next compare the coefficients on long-
standing baseline flood exposure with those on the more recent drainage-induced change
in exposure. To allow for a simple comparison, one has to account for the fact that these
two modeled measures differ in their relationship with reported flooding, with one modeled
hour of baseline exposure corresponding to 0.645 reported hours of flooding, compared with
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2.796 hours for the drainage-induced change (Appendix Table B.5.1).18 We conduct a back-
of-the-envelope calculation by dividing the respective outcome coefficients by these factors,
expressing both per additional hour of reported street flooding.

The rescaled coefficients show partial adjustment on several margins that households can
plausibly influence individually. For missed work, income losses, and access to drinking water
and food, effects are roughly twice as large for exogenous drainage-induced changes as for
baseline exposure. By contrast, effects on transport availability are similar across the two
measures, while schooling disruptions remain sizeable under long-standing exposure. Since
access to school, like access to transport, depends on whether the surrounding street network
remains passable, the persistence of both effects is consistent with households having limited
scope to adapt privately to flood-related disruptions in urban connectivity.

Taken together, these results provide suggestive evidence on both the scope and the
limits of private adaptation. The adverse effects of flooding on employment, income, and
access to basic needs are attenuated but not eliminated among households living in more
protective dwellings, while their associations with long-standing baseline exposure are gen-
erally smaller than the effects of exogenous changes in exposure. By contrast, disruptions to
transport availability show little attenuation under long-standing exposure. Together, these
patterns suggest that households have more limited scope to adapt privately to consequences
of flooding that depend on the functioning of the wider urban environment.

6 Aggregate Welfare Implications
We use our empirical results to conduct a simple welfare analysis of the short-run benefits of
the drainage upgrades. We combine our estimated effects of flood exposure with the average
modeled reduction in flood duration generated by the drainage upgrade, and the number of
households in the study area. Because several affected outcomes cannot be readily monetized
and our estimates cover only one rainy season, we view the resulting estimates as a partial
accounting of the intervention’s aggregate value.

To quantify the monetary benefits of the improved drains in the study area, we start by
aggregating household-level effects across the full survey area using population and house-
hold counts derived from the GHS-POP gridded population product (Schiavina et al., 2023).
This yields a total population of 155,776 and 39,130 households, based on an average house-

18One potential explanation for this difference is that our assumption about drainage capacity was too
conservative. Since drains are frequently blocked with solid waste, the hydrodynamic model assumes drainage
capacity above the trash layer. If solid waste was removed shortly before the reported flood events, the
realized effect of the drains may have been larger than predicted by the model.
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hold size of 3.981 derived from our survey. We take the average drainage-induced reduction
in flood duration across all sampled households, corresponding to 1.840 hours, as the repre-
sentative treatment intensity under the reference rainfall scenario.19

We report a workday-based estimate and an income-loss-based estimate as two alternative
scenarios.20

Avoided losses from missed workdays. Our main estimate indicates that one addi-
tional hour of modeled flood duration increases work missed due to flooding by 0.561 days
over the rainy season. We value a missed workday using a daily-income proxy derived
from the average monthly household income in Barishal Division, as reported in the 2022
Household Income and Expenditure Survey (HIES) (Bangladesh Bureau of Statistics, 2023).
Dividing the average monthly household income of BDT 25,892 by 26 working days gives a
value of approximately BDT 996 per household working day.21 We calculate the correspond-
ing aggregate benefit as

Bwork = NHH × (−∆D)× β̂work × w, (6)

where NHH is the estimated number of households in the study area, −∆D is the repre-
sentative drainage-induced reduction in flood duration, β̂work is the estimated effect of one
additional hour of modeled flood duration on missed workdays, and w is the daily-income
proxy. Using 39,130 households, an average drainage-induced reduction in flood duration
of 1.840 hours, and the estimated effect of 0.561 missed workdays per hour, the drainage
upgrades are estimated to prevent approximately 40,392 missed workdays. Valued at the
daily-income proxy, this corresponds to an aggregate benefit of approximately BDT 40.2
million, or USD 327,000 at an exchange rate of BDT 122.95 per US dollar.22

19Our estimation sample comprises ground-floor households, whereas the aggregate household count in-
cludes households residing on upper floors. Extrapolating the workday effects therefore requires us to assume
that the marginal effect of modeled street-flood duration on workdays missed by the household head is the
same for ground-floor and upper-floor households. We also treat the average modeled reduction in flood
duration observed in our sample as representative of the reduction experienced by all households in the
study area.

20We do not sum the two measures because they are likely to capture overlapping labor-market disruptions:
someone missing a work day is also likely to incur income losses.

21Our survey measures workdays missed by the household head. HIES 2022 indicates that household heads
contribute 83.01 percent of urban household income and are earners in 82.61 percent of urban households.
Applying these proportions to average household income in Barishal Division implies daily earnings of BDT
1,001 per earning household head, closely matching the BDT 996 proxy used here.

22Exchange rate retrieved from the Bangladesh Bank’s official exchange-rate statistics on September 29,
2026; see https://www.bb.org.bd/en/index.php/econdata/exchangerate.
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Avoided reported income losses. Our second calculation uses households’ directly re-
ported monetary losses. Our preferred estimate indicates that one additional hour of modeled
flood duration increases reported income losses by approximately BDT 625 per household.23

This measure may capture not only forgone labor income, but also other economic disrup-
tions caused by flooding, such as lost business revenue or spoiled inventory.

The corresponding aggregate benefit is

Bincome = NHH × (−∆D)× β̂income, (7)

where β̂income is the estimated increase in reported monetary losses associated with one
additional hour of modeled flood duration. Using the estimate of BDT 625 per household
yields an aggregate benefit of approximately BDT 45.0 million, or USD 366,000 using the
same exchange rate as above. Since the underlying estimate is less precisely estimated
(statistically significant at the 10% level), this result should be interpreted with caution.

Aggregate short-run benefits. The two alternative valuation approaches imply that the
drainage upgrades generated approximately BDT 40.2–45.0 million (USD 327,000–366,000)
in avoided economic losses during the 2025 rainy season. These estimated benefits from a
single rainy season are equivalent to approximately 13–15 percent of the total intervention
cost of EUR 2.2 million (USD 2.49 million)24

7 Conclusion
This paper studies the welfare costs of recurrent, low-intensity urban flooding. We find that
even marginally higher flood exposure imposes substantial costs on households. Additional
hours of flooding reduce work and income, increase the number of days households are
unable to leave home, disrupt access to food and transport, and provide suggestive evidence
of increased school absences. At the same time, we find comparatively little evidence that
flooding causes substantial physical damage to homes or belongings. Taken together, these
results suggest that an important share of the welfare costs of recurrent urban flooding
operates through disruptions to everyday mobility rather than through the destruction of
physical assets.

23The monetary-loss outcome is coded as zero for households reporting no loss, so this estimate captures
changes in both the probability of experiencing an income loss and the amount lost.

24Conversion into US dollars using the European Central Bank’s reference exchange rate of USD 1.1355
per euro on September 29, 2026; see https://www.ecb.europa.eu/stats/policy_and_exchange_rates/
euro_reference_exchange_rates/html/index.en.html. This yields USD 2.4981 million, rounded to USD
2.50 million.
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This distinction also helps clarify the role of household adaptation. Households appear
better able to protect themselves on margins they can influence directly, such as safeguarding
belongings or adapting their homes, than against disruptions that depend on the functioning
of the wider urban environment. Access to work, transport, schools, and food cannot easily be
secured through household-level coping alone. Public drainage infrastructure can therefore
complement private adaptation by reducing exposure to precisely those disruptions that
households are least able to mitigate themselves.

The magnitude of these effects implies that the benefits of drainage improvements can
be economically meaningful. Our welfare calculations suggest that reductions in flood ex-
posure during a single rainy season from the drainage investments generate benefits of USD
327,000–366,000 in missed workdays or lost income alone. Because our calculations capture
only a subset of welfare gains, and households experience low-intensity flooding recurrently
during rainy seasons, the cumulative benefits of reduced exposure are likely to outweigh the
infrastructure’s costs within a short timespan.

More broadly, our findings point to an important gap in how urban flood risk is studied
and evaluated. Research and policy often focus on rare, destructive disasters, while frequent
episodes of recurrent, localized flooding that cause limited physical destruction receive much
less attention. Yet these events can generate meaningful cumulative economic losses in labor
supply, income, food access, and human capital even when physical damage is limited. Eval-
uating adaptation solely through avoided asset losses may therefore understate the benefits
of investments that help cities continue to function during recurrent flooding.
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Appendices
A Additional figures
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Figure A.1: Reported 2025 flood experiences.
Notes: Panel A shows duration of street flooding; Panel B shows depth of street flooding; Panel C
shows duration of indoor flooding; and Panel D shows depth of indoor flooding.
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B Additional tables

B.1 Descriptives

Table B.1.1: Household Demographics of Main Sample

Characteristic N Mean SD Min Max
Respondent is male 2442 0.385 0.487 0.000 1.000
Respondent age 2434 40.526 14.657 18.000 76.650
Respondent can read and write 2442 0.903 0.296 0.000 1.000
Respondent is household head 2442 0.435 0.496 0.000 1.000
Household head is female 2371 0.140 0.347 0.000 1.000
Household head age (years) 2368 47.927 13.951 18.000 90.000
HH size 2433 3.982 1.562 1.000 9.000
# of children 2442 0.982 0.967 0.000 4.000
# of children under 5 2442 0.233 0.472 0.000 2.000
Head education: less than secondary 2419 0.370 0.483 0.000 1.000
Head education: secondary 2419 0.337 0.473 0.000 1.000
Head education: tertiary 2419 0.294 0.456 0.000 1.000
Household head employed 2402 0.830 0.376 0.000 1.000
Informal/precarious occupation 2350 0.307 0.461 0.000 1.000
Household owns house 2439 0.398 0.490 0.000 1.000
Pucca housing 2442 45.209 49.780 0.000 100.000
Elevated house structure 2433 0.617 0.486 0.000 1.000
# of rooms 2435 3.428 1.345 1.000 7.000
Separate kitchen 2436 0.867 0.340 0.000 1.000
Short-term residence (< 5 years) 2440 0.398 0.490 0.000 1.000
Religion: Islam 2442 0.855 0.352 0.000 1.000
Religion: Hinduism 2442 0.131 0.338 0.000 1.000
Religion: other 2442 0.016 0.127 0.000 1.000
Notes: Sample restricted to households with distance to the nearest new drain of at least 25 m and baseline flood duration of

80 hours or less (N = 2442 of 2640 households in the raw endline sample); this matches the main estimation sample used in the
finalized regression tables. Informal/precarious occupation groups household heads’ job category into informal (day-laborer,
helping-hand, unemployed, student, other) versus formal (salaried, self-employed, employer).
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B.2 Validity test

Table B.2.1: Flood experience

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Mean N
(1) (2) (3) (4) (5)

Recede time street (hours) 0.501∗∗∗ 2.794∗∗∗ 2.796∗∗∗ 34.834 2417
(0.076) (0.566) (0.566)

Baseline flood exposure No Yes Yes
Expected flood exposure change No No Yes
Spillover sample (≥ 25 m from new drain) No Yes Yes
Notes: Column (1) reports the coefficient on prevailing flood exposure, measured as modeled flood duration under the post-

intervention drainage network, without additional controls, and uses the full endline sample. Columns (2) and (3) report
the coefficient on the drainage-induced change in flood exposure and use the spillover sample, excluding households within
25 m of a new drain. Column (2) controls linearly for baseline flood exposure, while column (3) additionally controls for
the expected flood exposure change, calculated as the average flood-duration change across randomly drawn counterfactual
drainage-network scenarios. All columns exclude households with modeled baseline flood duration exceeding 80 hours (18 of
2640 endline households). Conley (1999) spatial standard errors use a uniform kernel with a 100 m cutoff and are reported
in parentheses. Mean and N describe the outcome in the restricted sample used in columns (2)–(3). ∗p < 0.10, ∗∗p < 0.05,
∗∗∗p < 0.01.
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B.3 Additional Results

Table B.3.1: House & asset damage

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Mean N
(1) (2) (3) (4) (5)

House damage index 0.001 0.025∗ 0.026∗ 0.000 2442
(0.002) (0.014) (0.014)

[0.225] [0.172]
Asset damage index 0.001 0.012 0.012 0.000 2374

(0.002) (0.014) (0.014)
[0.429] [0.384]

Total damage cost 26.744 994.786∗ 1031.665∗∗ 13640.769 2398
(40.103) (524.689) (524.647)

[0.225] [0.172]
HH took loan due to flood (5-point scale) 0.003∗∗ 0.010 0.011 1.320 2414

(0.001) (0.010) (0.010)
[0.429] [0.384]

HH experienced reductions in savings
(5-point scale)

0.001 0.008 0.009 1.681 2365

(0.002) (0.015) (0.015)
[0.552] [0.511]

Baseline flood exposure No Yes Yes
Expected flood exposure change No No Yes
Spillover sample (≥ 25 m from new
drain)

No Yes Yes

Notes: Column (1) reports the coefficient on prevailing flood exposure, measured as modeled flood duration under the post-
intervention drainage network, without additional controls, and uses the full endline sample. Columns (2) and (3) report
the coefficient on the drainage-induced change in flood exposure and use the spillover sample, excluding households within
25 m of a new drain. Column (2) controls linearly for baseline flood exposure, while column (3) additionally controls for
the expected flood exposure change, calculated as the average flood-duration change across randomly drawn counterfactual
drainage-network scenarios. All columns exclude households with modeled baseline flood duration exceeding 80 hours (18 of
2640 endline households). Conley (1999) spatial standard errors use a uniform kernel with a 100 m cutoff and are reported in
parentheses. Mean and N describe the outcome in the restricted sample used in columns (2)–(3). Sharpened two-stage FDR
q-values are reported in square brackets and computed within the outcome family. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table B.3.2: Mental health

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Mean N
(1) (2) (3) (4) (5)

Locus of control index 0.002 0.014 0.013 2.329 2430
(0.001) (0.010) (0.010)

[0.086] [0.096]
Anxiety-Depression index 0.003∗∗ 0.025∗∗∗ 0.024∗∗∗ 2.038 2411

(0.001) (0.007) (0.007)
[0.002] [0.003]

Life satisfaction (now) -0.004 0.052∗∗ 0.053∗∗ 5.505 2421
(0.005) (0.023) (0.023)

[0.032] [0.032]
Life satisfaction (2y) -0.005 0.054∗ 0.057∗ 7.727 2335

(0.004) (0.031) (0.031)
[0.060] [0.049]

Baseline flood exposure No Yes Yes
Expected flood exposure change No No Yes
Spillover sample (≥ 25 m from new drain) No Yes Yes
Notes: Column (1) reports the coefficient on prevailing flood exposure, measured as modeled flood duration under the post-

intervention drainage network, without additional controls, and uses the full endline sample. Columns (2) and (3) report
the coefficient on the drainage-induced change in flood exposure and use the spillover sample, excluding households within
25 m of a new drain. Column (2) controls linearly for baseline flood exposure, while column (3) additionally controls for
the expected flood exposure change, calculated as the average flood-duration change across randomly drawn counterfactual
drainage-network scenarios. All columns exclude households with modeled baseline flood duration exceeding 80 hours (18 of
2640 endline households). Conley (1999) spatial standard errors use a uniform kernel with a 100 m cutoff and are reported in
parentheses. Mean and N describe the outcome in the restricted sample used in columns (2)–(3). Sharpened two-stage FDR
q-values are reported in square brackets and computed within the outcome family. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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B.4 Robustness Results

Table B.4.1: Robustness to alternative distance cutoffs

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Distance N
(1) (2) (3) (4)

Panel A: Work & income
Days of work missed ≥ 0 m 0.036∗∗ 0.521∗∗∗ 0.531∗∗∗ 2596

(0.017) (0.181) (0.181)
≥ 25 m 0.033∗ 0.553∗∗∗ 0.561∗∗∗ 2418

(0.018) (0.199) (0.199)
≥ 50 m 0.035∗ 0.591∗∗∗ 0.596∗∗∗ 2251

(0.019) (0.227) (0.227)
≥ 100 m 0.035∗ 0.581∗∗ 0.584∗∗ 1971

(0.020) (0.270) (0.270)
Changed job due to flooding ≥ 0 m 0.001∗∗∗ 0.008∗∗ 0.008∗∗ 2555

(0.000) (0.003) (0.003)
≥ 25 m 0.001∗∗∗ 0.008∗∗ 0.008∗∗ 2380

(0.000) (0.004) (0.004)
≥ 50 m 0.001∗∗ 0.008∗ 0.008∗ 2214

(0.000) (0.004) (0.004)
≥ 100 m 0.001∗∗ 0.006 0.006 1938

(0.000) (0.005) (0.005)
Lost any income ≥ 0 m 0.001∗∗ 0.024∗∗∗ 0.024∗∗∗ 2586

(0.001) (0.003) (0.003)
≥ 25 m 0.001∗ 0.024∗∗∗ 0.024∗∗∗ 2410

(0.001) (0.003) (0.003)
≥ 50 m 0.001 0.025∗∗∗ 0.026∗∗∗ 2243

(0.001) (0.003) (0.003)
≥ 100 m 0.001∗ 0.023∗∗∗ 0.023∗∗∗ 1964

(0.001) (0.004) (0.004)
Income loss scale (1-5) ≥ 0 m 0.004∗∗ 0.052∗∗∗ 0.052∗∗∗ 2586

(0.002) (0.009) (0.009)
≥ 25 m 0.003∗ 0.050∗∗∗ 0.050∗∗∗ 2410

(0.002) (0.010) (0.010)
≥ 50 m 0.003 0.050∗∗∗ 0.049∗∗∗ 2243

(0.002) (0.012) (0.012)
≥ 100 m 0.004∗ 0.042∗∗∗ 0.041∗∗∗ 1964

(0.002) (0.013) (0.013)
Income loss amount (BDT) ≥ 0 m 28.227 614.630∗ 628.912∗∗ 2587

(25.672) (314.550) (314.800)
≥ 25 m 28.361 612.338∗ 624.727∗ 2410

(26.991) (349.290) (349.202)
≥ 50 m 25.070 775.287∗∗ 783.276∗∗ 2245

(28.249) (354.702) (354.696)
≥ 100 m 25.079 780.882∗ 787.624∗ 1964

(30.509) (417.554) (417.483)
Panel B: Connectivity & mobility
E-rickshaw: availability (5-point scale) ≥ 0 m -0.013∗∗∗ -0.078∗∗∗ -0.081∗∗∗ 2563

(0.002) (0.020) (0.020)
≥ 25 m -0.012∗∗∗ -0.076∗∗∗ -0.079∗∗∗ 2392

(0.003) (0.021) (0.021)
≥ 50 m -0.011∗∗∗ -0.072∗∗∗ -0.075∗∗∗ 2231

(0.003) (0.023) (0.023)
≥ 100 m -0.012∗∗∗ -0.065∗∗∗ -0.068∗∗∗ 1962

(0.003) (0.025) (0.025)
Auto-rickshaw: availability (5-point scale) ≥ 0 m -0.012∗∗∗ -0.072∗∗ -0.071∗∗ 2530

(0.003) (0.031) (0.031)
≥ 25 m -0.012∗∗∗ -0.065∗∗ -0.064∗∗ 2364

(0.003) (0.032) (0.032)
≥ 50 m -0.012∗∗∗ -0.051∗ -0.050 2206

(0.003) (0.031) (0.031)
≥ 100 m -0.013∗∗∗ -0.034 -0.033 1952

(0.003) (0.028) (0.028)
Pulled rickshaw: availability (5-point
scale)

≥ 0 m -0.011∗∗∗ -0.085∗∗∗ -0.088∗∗∗ 2610
(0.003) (0.020) (0.020)

≥ 25 m -0.010∗∗∗ -0.080∗∗∗ -0.083∗∗∗ 2431
(0.003) (0.021) (0.021)

≥ 50 m -0.010∗∗∗ -0.074∗∗∗ -0.076∗∗∗ 2266
(0.003) (0.022) (0.022)

≥ 100 m -0.010∗∗∗ -0.066∗∗∗ -0.069∗∗∗ 1982
(0.003) (0.022) (0.022)

Walking: availability (5-point scale) ≥ 0 m -0.007∗∗∗ -0.047 -0.047 2620
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Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Distance N
(1) (2) (3) (4)

(0.003) (0.034) (0.034)
≥ 25 m -0.007∗∗ -0.045 -0.045 2440

(0.003) (0.037) (0.037)
≥ 50 m -0.007∗∗ -0.065∗∗∗ -0.065∗∗∗ 2273

(0.003) (0.024) (0.024)
≥ 100 m -0.008∗∗∗ -0.090∗∗∗ -0.090∗∗∗ 1988

(0.003) (0.012) (0.012)
Frequency unable to leave house (5-point
scale)

≥ 0 m 0.005∗∗ 0.065∗∗∗ 0.065∗∗∗ 2619
(0.002) (0.008) (0.008)

≥ 25 m 0.005∗∗ 0.065∗∗∗ 0.065∗∗∗ 2439
(0.002) (0.007) (0.008)

≥ 50 m 0.005∗∗ 0.068∗∗∗ 0.068∗∗∗ 2273
(0.002) (0.009) (0.009)

≥ 100 m 0.006∗∗ 0.068∗∗∗ 0.067∗∗∗ 1989
(0.002) (0.010) (0.010)

Nr days unable to leave house ≥ 0 m 0.025∗ 0.571∗∗∗ 0.566∗∗∗ 2573
(0.013) (0.186) (0.187)

≥ 25 m 0.025∗ 0.609∗∗∗ 0.605∗∗∗ 2396
(0.014) (0.200) (0.201)

≥ 50 m 0.027∗ 0.708∗∗∗ 0.700∗∗∗ 2231
(0.014) (0.199) (0.199)

≥ 100 m 0.027∗ 0.775∗∗∗ 0.769∗∗∗ 1950
(0.016) (0.210) (0.211)

Important event missed ≥ 0 m 0.003∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 2619
(0.001) (0.006) (0.006)

≥ 25 m 0.003∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 2439
(0.001) (0.006) (0.006)

≥ 50 m 0.002∗∗∗ 0.020∗∗∗ 0.019∗∗∗ 2273
(0.001) (0.007) (0.007)

≥ 100 m 0.003∗∗∗ 0.017∗∗ 0.016∗∗ 1988
(0.001) (0.007) (0.007)

Panel C: Household health
Diarrhea (HH head) ≥ 0 m 0.001 -0.004 -0.004 2621

(0.000) (0.004) (0.004)
≥ 25 m 0.001 -0.004 -0.004 2441

(0.000) (0.005) (0.005)
≥ 50 m 0.001∗ 0.001 0.001 2274

(0.001) (0.003) (0.003)
≥ 100 m 0.001 0.001 0.001 1989

(0.001) (0.003) (0.003)
Fever (HH head) ≥ 0 m 0.002∗ -0.007 -0.006 2621

(0.001) (0.005) (0.005)
≥ 25 m 0.001 -0.007 -0.006 2441

(0.001) (0.005) (0.005)
≥ 50 m 0.001 -0.007 -0.006 2274

(0.001) (0.006) (0.006)
≥ 100 m 0.001 -0.007 -0.006 1989

(0.001) (0.007) (0.007)
Skin disease (HH head) ≥ 0 m 0.001 0.011∗∗ 0.012∗∗ 2621

(0.001) (0.005) (0.005)
≥ 25 m 0.001 0.012∗∗ 0.012∗∗ 2441

(0.001) (0.005) (0.005)
≥ 50 m 0.001 0.011∗ 0.012∗∗ 2274

(0.001) (0.006) (0.006)
≥ 100 m 0.001 0.010 0.011 1989

(0.001) (0.007) (0.007)
Respiratory disease (HH head) ≥ 0 m 0.001 -0.006 -0.006 2621

(0.001) (0.009) (0.009)
≥ 25 m 0.001 -0.007 -0.006 2441

(0.001) (0.010) (0.010)
≥ 50 m 0.001 -0.006 -0.005 2274

(0.001) (0.012) (0.012)
≥ 100 m 0.000 -0.005 -0.005 1989

(0.001) (0.015) (0.015)
Vector-borne disease (HH head) ≥ 0 m -0.000 0.000 0.000 2621

(0.000) (0.001) (0.001)
≥ 25 m -0.000 0.001 0.001 2441

(0.000) (0.001) (0.001)
≥ 50 m -0.000 0.000 0.000 2274

(0.000) (0.001) (0.001)
≥ 100 m -0.000 0.000 0.000 1989

(0.000) (0.001) (0.001)
Unable to access medication ≥ 0 m 0.001 0.014∗ 0.014∗ 2584
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Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure Descriptives

Outcome Distance N
(1) (2) (3) (4)

(0.001) (0.008) (0.008)
≥ 25 m 0.001 0.013 0.014 2407

(0.001) (0.009) (0.009)
≥ 50 m 0.001 0.016∗ 0.016∗ 2244

(0.001) (0.009) (0.009)
≥ 100 m 0.001 0.018 0.018 1962

(0.001) (0.011) (0.011)
Unable to access drinking water ≥ 0 m 0.001 0.016∗∗∗ 0.017∗∗∗ 2618

(0.001) (0.004) (0.004)
≥ 25 m 0.001 0.016∗∗∗ 0.017∗∗∗ 2438

(0.001) (0.004) (0.004)
≥ 50 m 0.001 0.015∗∗∗ 0.015∗∗∗ 2273

(0.001) (0.004) (0.004)
≥ 100 m 0.001 0.013∗∗∗ 0.013∗∗∗ 1988

(0.001) (0.005) (0.005)
Unable to eat enough ≥ 0 m 0.002∗ 0.017∗∗∗ 0.017∗∗∗ 2621

(0.001) (0.005) (0.005)
≥ 25 m 0.002∗ 0.014∗∗∗ 0.015∗∗∗ 2441

(0.001) (0.005) (0.005)
≥ 50 m 0.002∗ 0.013∗∗ 0.013∗∗ 2275

(0.001) (0.006) (0.006)
≥ 100 m 0.002∗ 0.014∗∗ 0.014∗∗ 1990

(0.001) (0.007) (0.007)
Unable to cook ≥ 0 m 0.001∗∗ 0.015∗∗∗ 0.016∗∗∗ 2608

(0.001) (0.005) (0.005)
≥ 25 m 0.002∗∗ 0.015∗∗∗ 0.016∗∗∗ 2430

(0.001) (0.004) (0.004)
≥ 50 m 0.002∗∗ 0.017∗∗∗ 0.018∗∗∗ 2264

(0.001) (0.004) (0.004)
≥ 100 m 0.002∗∗ 0.017∗∗∗ 0.018∗∗∗ 1980

(0.001) (0.005) (0.005)
Panel D: Child outcomes (HH with children)
Share with diarrhea ≥ 0 m 0.001∗ -0.003 -0.003 1604

(0.001) (0.003) (0.003)
≥ 25 m 0.001 -0.003 -0.003 1497

(0.001) (0.003) (0.003)
≥ 50 m 0.001∗ -0.001 -0.002 1394

(0.001) (0.004) (0.004)
≥ 100 m 0.001 -0.002 -0.002 1232

(0.001) (0.004) (0.004)
Share with fever ≥ 0 m 0.001 -0.006 -0.005 1604

(0.001) (0.004) (0.005)
≥ 25 m 0.000 -0.006 -0.004 1497

(0.001) (0.005) (0.005)
≥ 50 m 0.000 -0.004 -0.002 1394

(0.001) (0.005) (0.005)
≥ 100 m -0.000 -0.004 -0.003 1232

(0.001) (0.006) (0.006)
Share with skin disease ≥ 0 m 0.001∗∗ 0.010∗∗ 0.012∗∗∗ 1604

(0.001) (0.004) (0.004)
≥ 25 m 0.001∗∗ 0.010∗∗ 0.012∗∗ 1497

(0.001) (0.005) (0.005)
≥ 50 m 0.002∗∗∗ 0.007 0.008 1394

(0.001) (0.005) (0.005)
≥ 100 m 0.002∗∗∗ 0.008 0.010∗ 1232

(0.001) (0.006) (0.006)
Share with respiratory disease ≥ 0 m 0.000 -0.004 -0.003 1604

(0.001) (0.006) (0.006)
≥ 25 m -0.000 -0.004 -0.003 1497

(0.001) (0.007) (0.007)
≥ 50 m -0.000 -0.001 -0.000 1394

(0.001) (0.008) (0.008)
≥ 100 m -0.000 -0.002 -0.001 1232

(0.001) (0.009) (0.009)
Avg days of school missed ≥ 0 m 0.043∗∗∗ 0.220∗ 0.225∗ 1517

(0.013) (0.128) (0.128)
≥ 25 m 0.042∗∗∗ 0.253∗ 0.257∗∗ 1416

(0.014) (0.131) (0.131)
≥ 50 m 0.044∗∗∗ 0.294∗ 0.298∗ 1318

(0.014) (0.153) (0.153)
≥ 100 m 0.048∗∗∗ 0.318∗ 0.321∗ 1163

(0.015) (0.187) (0.188)
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Notes: Column (1) reports the coefficient from a regression of the indicated outcome on modelled flood duration after the intervention, with
no controls. Columns (2) and (3) report the coefficient from a regression of the indicated outcome on Flood Duration Change. Column (2)
controls linearly for baseline flood duration, modeled using the pre-intervention drainage network. Column (3) additionally controls for the average
counterfactual-scenario flood duration change (a Monte Carlo average across randomly drawn counterfactual drainage-network scenarios). All rows
exclude households with modelled baseline flood duration exceeding 80 hours (18 of 2640 endline households dropped), applied before the distance
cutoffs below – so even the ≥ 0 m row already excludes them. Each coefficient is estimated separately at four distance-to-new-drain sample cutoffs,
shown in stacked rows: households with distance to the new drain of at least 0m (the full sample), 25m, 50m, and 100m. Both the coefficient and
its SE are re-estimated at each cutoff, since the underlying sample changes. N is the outcome’s non-missing sample size at that cutoff. Standard
errors are reported in parentheses, using Conley (1999) spatial standard errors with a uniform kernel and a 100m cutoff. Panel F’s sample is further
restricted to households with children. *p<0.10, **p<0.05, and ***p<0.01.
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Table B.4.2: Robustness to Alternative Standard Errors

Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure

Outcome SE estimator
(1) (2) (3)

Panel A: Work & income
Days of work missed 0.036 0.553 0.561

Robust (0.010)∗∗∗ (0.128)∗∗∗ (0.128)∗∗∗

Conley (50m) (0.015)∗∗ (0.212)∗∗∗ (0.213)∗∗∗

Conley (100m) (0.017)∗∗ (0.199)∗∗∗ (0.199)∗∗∗

Conley (250m) (0.019)∗ (0.151)∗∗∗ (0.150)∗∗∗

Conley (500m) (0.022)∗ (0.155)∗∗∗ (0.155)∗∗∗

Changed job due to flooding 0.001 0.008 0.008
Robust (0.000)∗∗∗ (0.003)∗∗∗ (0.003)∗∗∗

Conley (50m) (0.000)∗∗∗ (0.004)∗ (0.004)∗∗

Conley (100m) (0.000)∗∗∗ (0.004)∗∗ (0.004)∗∗

Conley (250m) (0.000)∗∗∗ (0.002)∗∗∗ (0.002)∗∗∗

Conley (500m) (0.000)∗∗∗ (0.002)∗∗∗ (0.002)∗∗∗

Lost any income 0.001 0.024 0.024
Robust (0.000)∗∗∗ (0.004)∗∗∗ (0.004)∗∗∗

Conley (50m) (0.001)∗∗ (0.004)∗∗∗ (0.004)∗∗∗

Conley (100m) (0.001)∗∗ (0.003)∗∗∗ (0.003)∗∗∗

Conley (250m) (0.000)∗∗∗ (0.003)∗∗∗ (0.003)∗∗∗

Conley (500m) (0.001)∗∗ (0.003)∗∗∗ (0.003)∗∗∗

Income loss scale (1-5) 0.004 0.050 0.050
Robust (0.001)∗∗∗ (0.011)∗∗∗ (0.011)∗∗∗

Conley (50m) (0.002)∗∗ (0.010)∗∗∗ (0.010)∗∗∗

Conley (100m) (0.002)∗∗ (0.010)∗∗∗ (0.010)∗∗∗

Conley (250m) (0.002)∗∗ (0.010)∗∗∗ (0.010)∗∗∗

Conley (500m) (0.002)∗∗ (0.009)∗∗∗ (0.009)∗∗∗

Income loss amount (BDT) 28.227 612.338 624.727
Robust (16.774)∗ (264.921)∗∗ (265.479)∗∗

Conley (50m) (23.480) (345.558)∗ (345.772)∗

Conley (100m) (25.672) (349.290)∗ (349.202)∗

Conley (250m) (27.126) (369.928)∗ (369.590)∗

Conley (500m) (30.137) (387.200) (387.306)
Panel B: Connectivity & mobility
E-rickshaw: availability (5-point scale) -0.013 -0.076 -0.079

Robust (0.001)∗∗∗ (0.011)∗∗∗ (0.011)∗∗∗

Conley (50m) (0.002)∗∗∗ (0.017)∗∗∗ (0.017)∗∗∗

Conley (100m) (0.002)∗∗∗ (0.021)∗∗∗ (0.021)∗∗∗

Conley (250m) (0.003)∗∗∗ (0.024)∗∗∗ (0.024)∗∗∗

Conley (500m) (0.003)∗∗∗ (0.028)∗∗∗ (0.027)∗∗∗

Auto-rickshaw: availability (5-point scale) -0.012 -0.065 -0.064
Robust (0.001)∗∗∗ (0.015)∗∗∗ (0.015)∗∗∗

Conley (50m) (0.003)∗∗∗ (0.024)∗∗∗ (0.025)∗∗∗

Conley (100m) (0.003)∗∗∗ (0.032)∗∗ (0.032)∗∗

Conley (250m) (0.003)∗∗∗ (0.046) (0.047)
Conley (500m) (0.004)∗∗∗ (0.053) (0.053)

Pulled rickshaw: availability (5-point scale) -0.011 -0.080 -0.083
Robust (0.001)∗∗∗ (0.011)∗∗∗ (0.011)∗∗∗

Conley (50m) (0.002)∗∗∗ (0.017)∗∗∗ (0.017)∗∗∗

Conley (100m) (0.003)∗∗∗ (0.021)∗∗∗ (0.021)∗∗∗

Conley (250m) (0.003)∗∗∗ (0.026)∗∗∗ (0.026)∗∗∗

Conley (500m) (0.004)∗∗∗ (0.030)∗∗∗ (0.030)∗∗∗

Walking: availability (5-point scale) -0.007 -0.045 -0.045
Robust (0.001)∗∗∗ (0.015)∗∗∗ (0.015)∗∗∗

Conley (50m) (0.002)∗∗∗ (0.037) (0.037)
Conley (100m) (0.003)∗∗∗ (0.037) (0.037)
Conley (250m) (0.003)∗∗ (0.032) (0.032)
Conley (500m) (0.004)∗ (0.028) (0.028)

Frequency unable to leave house (5-point
scale)

0.005 0.065 0.065
Robust (0.001)∗∗∗ (0.008)∗∗∗ (0.008)∗∗∗

Conley (50m) (0.002)∗∗∗ (0.009)∗∗∗ (0.010)∗∗∗

Conley (100m) (0.002)∗∗ (0.007)∗∗∗ (0.008)∗∗∗

Conley (250m) (0.002)∗∗∗ (0.007)∗∗∗ (0.007)∗∗∗

Conley (500m) (0.002)∗∗∗ (0.009)∗∗∗ (0.011)∗∗∗

Nr days unable to leave house 0.025 0.609 0.605
Robust (0.007)∗∗∗ (0.099)∗∗∗ (0.100)∗∗∗

Conley (50m) (0.011)∗∗ (0.175)∗∗∗ (0.175)∗∗∗

Conley (100m) (0.013)∗ (0.200)∗∗∗ (0.201)∗∗∗

Conley (250m) (0.014)∗ (0.190)∗∗∗ (0.190)∗∗∗

Conley (500m) (0.015) (0.186)∗∗∗ (0.188)∗∗∗

49



Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure

Outcome SE estimator
(1) (2) (3)

Important event missed 0.003 0.020 0.020
Robust (0.000)∗∗∗ (0.004)∗∗∗ (0.004)∗∗∗

Conley (50m) (0.001)∗∗∗ (0.005)∗∗∗ (0.005)∗∗∗

Conley (100m) (0.001)∗∗∗ (0.006)∗∗∗ (0.006)∗∗∗

Conley (250m) (0.001)∗∗∗ (0.007)∗∗∗ (0.007)∗∗∗

Conley (500m) (0.001)∗∗∗ (0.007)∗∗∗ (0.007)∗∗∗

Panel C: Household health
Diarrhea (HH head) 0.001 -0.004 -0.004

Robust (0.000)∗ (0.004) (0.004)
Conley (50m) (0.000) (0.004) (0.004)
Conley (100m) (0.000) (0.005) (0.005)
Conley (250m) (0.000) (0.003) (0.003)
Conley (500m) (0.000) (0.003) (0.003)

Fever (HH head) 0.002 -0.007 -0.006
Robust (0.000)∗∗∗ (0.005) (0.005)
Conley (50m) (0.001)∗∗ (0.006) (0.006)
Conley (100m) (0.001)∗ (0.005) (0.005)
Conley (250m) (0.001)∗ (0.004)∗ (0.004)
Conley (500m) (0.001) (0.003)∗∗ (0.003)∗

Skin disease (HH head) 0.001 0.012 0.012
Robust (0.000)∗ (0.005)∗∗ (0.005)∗∗

Conley (50m) (0.001) (0.005)∗∗ (0.005)∗∗

Conley (100m) (0.001) (0.005)∗∗ (0.005)∗∗

Conley (250m) (0.001) (0.004)∗∗∗ (0.004)∗∗∗

Conley (500m) (0.001) (0.004)∗∗∗ (0.004)∗∗∗

Respiratory disease (HH head) 0.001 -0.007 -0.006
Robust (0.000) (0.005) (0.005)
Conley (50m) (0.001) (0.008) (0.008)
Conley (100m) (0.001) (0.010) (0.010)
Conley (250m) (0.001) (0.007) (0.007)
Conley (500m) (0.001) (0.007) (0.006)

Vector-borne disease (HH head) -0.000 0.001 0.001
Robust (0.000) (0.000) (0.000)
Conley (50m) (0.000) (0.001) (0.001)
Conley (100m) (0.000) (0.001) (0.001)
Conley (250m) (0.000) (0.001) (0.001)
Conley (500m) (0.000) (0.001) (0.001)

Unable to access medication 0.001 0.013 0.014
Robust (0.000) (0.005)∗∗∗ (0.005)∗∗∗

Conley (50m) (0.001) (0.007)∗∗ (0.007)∗∗

Conley (100m) (0.001) (0.009) (0.009)
Conley (250m) (0.001) (0.004)∗∗∗ (0.004)∗∗∗

Conley (500m) (0.000)∗∗∗ (0.003)∗∗∗ (0.003)∗∗∗

Unable to access drinking water 0.001 0.016 0.017
Robust (0.000)∗ (0.005)∗∗∗ (0.005)∗∗∗

Conley (50m) (0.001) (0.003)∗∗∗ (0.003)∗∗∗

Conley (100m) (0.001) (0.004)∗∗∗ (0.004)∗∗∗

Conley (250m) (0.001) (0.004)∗∗∗ (0.004)∗∗∗

Conley (500m) (0.000)∗∗ (0.004)∗∗∗ (0.004)∗∗∗

Unable to eat enough 0.002 0.014 0.015
Robust (0.000)∗∗∗ (0.005)∗∗∗ (0.005)∗∗∗

Conley (50m) (0.001)∗∗ (0.006)∗∗ (0.006)∗∗

Conley (100m) (0.001)∗ (0.005)∗∗∗ (0.005)∗∗∗

Conley (250m) (0.001)∗∗ (0.003)∗∗∗ (0.003)∗∗∗

Conley (500m) (0.001)∗ (0.003)∗∗∗ (0.004)∗∗∗

Unable to cook 0.001 0.015 0.016
Robust (0.000)∗∗∗ (0.005)∗∗∗ (0.005)∗∗∗

Conley (50m) (0.001)∗∗ (0.006)∗∗ (0.006)∗∗∗

Conley (100m) (0.001)∗∗ (0.004)∗∗∗ (0.004)∗∗∗

Conley (250m) (0.000)∗∗∗ (0.004)∗∗∗ (0.004)∗∗∗

Conley (500m) (0.001)∗∗ (0.003)∗∗∗ (0.003)∗∗∗

Panel D: Child outcomes (HH with children)
Share with diarrhea 0.001 -0.003 -0.003

Robust (0.000)∗∗ (0.004) (0.004)
Conley (50m) (0.001)∗ (0.004) (0.004)
Conley (100m) (0.001)∗ (0.003) (0.003)
Conley (250m) (0.001) (0.003) (0.003)
Conley (500m) (0.001) (0.002) (0.002)
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Prevailing Flood
Exposure

Drainage-Induced Change
in Flood Exposure

Outcome SE estimator
(1) (2) (3)

Share with fever 0.001 -0.006 -0.004
Robust (0.001) (0.006) (0.006)
Conley (50m) (0.001) (0.004) (0.005)
Conley (100m) (0.001) (0.005) (0.005)
Conley (250m) (0.001) (0.005) (0.005)
Conley (500m) (0.001) (0.004) (0.004)

Share with skin disease 0.001 0.010 0.012
Robust (0.001)∗∗ (0.006)∗ (0.006)∗∗

Conley (50m) (0.001)∗∗ (0.005)∗∗ (0.005)∗∗

Conley (100m) (0.001)∗∗ (0.005)∗∗ (0.005)∗∗

Conley (250m) (0.001)∗∗ (0.005)∗∗ (0.005)∗∗

Conley (500m) (0.001)∗ (0.003)∗∗∗ (0.003)∗∗∗

Share with respiratory disease 0.000 -0.004 -0.003
Robust (0.001) (0.006) (0.006)
Conley (50m) (0.001) (0.007) (0.008)
Conley (100m) (0.001) (0.007) (0.007)
Conley (250m) (0.001) (0.005) (0.005)
Conley (500m) (0.001) (0.004) (0.003)

Avg days of school missed 0.043 0.253 0.257
Robust (0.009)∗∗∗ (0.104)∗∗ (0.104)∗∗

Conley (50m) (0.012)∗∗∗ (0.149)∗ (0.150)∗

Conley (100m) (0.013)∗∗∗ (0.131)∗ (0.131)∗∗

Conley (250m) (0.015)∗∗∗ (0.049)∗∗∗ (0.048)∗∗∗

Conley (500m) (0.011)∗∗∗ (0.036)∗∗∗ (0.035)∗∗∗

Notes: Column (1) reports the coefficient from a regression of the indicated outcome on modelled flood duration after the intervention, with no
controls. Column (1) uses the full endline sample. Columns (2) and (3) report the coefficient from a regression of the indicated outcome on Flood
Duration Change. Columns (2)-(3) use the sample of households with distance to any new drain of at least 25m. Column (2) controls linearly
for baseline flood duration, modeled using the pre-intervention drainage network. Column (3) additionally controls for the average counterfactual-
scenario flood duration change (a Monte Carlo average across randomly drawn counterfactual drainage-network scenarios). All columns exclude
households with modelled baseline flood duration exceeding 80 hours (18 of 2640 endline households dropped). Each coefficient is followed by five
alternative standard errors, in parentheses: heteroskedasticity-robust (Robust), and Conley (1999) spatial standard errors using a uniform kernel
at 50m, 100m, 250m and 500m cutoffs. The point estimate does not change across SE types; only the variance estimator does. Panel F’s sample
is further restricted to households with children. *p<0.10, **p<0.05, and ***p<0.01, evaluated separately for each SE type.
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Table B.4.3: Alternative specifications

Additional Controls Alternative Flood Model Alternative Sample

Outcome
Geographic

Controls
Household
Controls

Exclude Recent
Movers

(1) (2) (3) (4)

Panel A: Employment and income
Days of work missed 0.523∗∗ 0.444∗∗ 0.519∗∗ 0.644∗∗

(0.213) (0.178) (0.202) (0.262)
Changed job due to flooding 0.007∗ 0.005∗ 0.006∗ 0.011∗∗

(0.004) (0.003) (0.003) (0.004)
Lost any income 0.024∗∗∗ 0.018∗∗∗ 0.024∗∗∗ 0.024∗∗∗

(0.003) (0.002) (0.003) (0.005)
Income loss scale (1–5) 0.045∗∗∗ 0.032∗∗∗ 0.050∗∗∗ 0.051∗∗∗

(0.010) (0.007) (0.009) (0.012)
Income loss amount (BDT) 574.297 551.804 560.013 558.327

(372.979) (337.122) (355.530) (404.045)
Panel B: Mobility and connectivity
E-rickshaw: availability (5-point scale) -0.089∗∗∗ -0.078∗∗∗ -0.067∗∗∗ -0.076∗∗∗

(0.021) (0.019) (0.020) (0.022)
Auto-rickshaw: availability (5-point
scale)

-0.079∗∗ -0.059∗∗ -0.059∗ -0.059∗

(0.034) (0.029) (0.031) (0.035)
Pulled rickshaw: availability (5-point
scale)

-0.093∗∗∗ -0.086∗∗∗ -0.070∗∗∗ -0.081∗∗∗

(0.023) (0.020) (0.021) (0.023)
Walking: availability (5-point scale) -0.045 -0.044 -0.044 -0.036

(0.036) (0.035) (0.038) (0.045)
Frequency unable to leave house (5-point
scale)

0.063∗∗∗ 0.059∗∗∗ 0.065∗∗∗ 0.069∗∗∗

(0.008) (0.005) (0.007) (0.010)
Nr days unable to leave house 0.584∗∗∗ 0.528∗∗∗ 0.601∗∗∗ 0.727∗∗∗

(0.203) (0.188) (0.202) (0.268)
Important event missed 0.021∗∗∗ 0.019∗∗∗ 0.018∗∗∗ 0.018∗∗

(0.006) (0.005) (0.006) (0.008)
Panel C: Household health
Diarrhea (HH head) -0.003 -0.003 -0.004 -0.004

(0.005) (0.005) (0.005) (0.004)
Fever (HH head) -0.009∗ -0.008 -0.008∗ -0.003

(0.005) (0.005) (0.004) (0.006)
Skin disease (HH head) 0.013∗∗ 0.009∗∗ 0.011∗∗ 0.021∗∗∗

(0.005) (0.005) (0.005) (0.004)
Respiratory disease (HH head) -0.008 -0.008 -0.006 -0.001

(0.010) (0.009) (0.010) (0.010)
Vector-borne disease (HH head) 0.001 0.000 0.000 0.001

(0.001) (0.001) (0.001) (0.001)
Unable to access medication 0.017∗∗ 0.013∗ 0.013 0.014

(0.008) (0.008) (0.009) (0.010)
Unable to access drinking water 0.016∗∗∗ 0.012∗∗∗ 0.016∗∗∗ 0.020∗∗∗

(0.004) (0.004) (0.004) (0.004)
Unable to eat enough 0.017∗∗∗ 0.009∗∗ 0.014∗∗∗ 0.016∗∗

(0.005) (0.004) (0.005) (0.006)
Unable to cook 0.016∗∗∗ 0.009∗∗∗ 0.014∗∗∗ 0.019∗∗∗

(0.004) (0.003) (0.004) (0.005)
Panel D: Child outcomes
Share with diarrhea -0.003 -0.002 -0.003 -0.006∗

(0.003) (0.003) (0.003) (0.003)
Share with fever -0.006 -0.003 -0.007 -0.006

(0.004) (0.004) (0.005) (0.008)
Share with skin disease 0.011∗∗ 0.010∗∗ 0.011∗∗ 0.016∗∗∗

(0.005) (0.005) (0.005) (0.006)
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Additional Controls Alternative Flood Model Alternative Sample

Outcome
Geographic

Controls
Household
Controls

Exclude Recent
Movers

(1) (2) (3) (4)

Share with respiratory disease -0.005 -0.003 -0.004 -0.006
(0.007) (0.006) (0.007) (0.011)

Avg days of school missed 0.227∗ 0.245∗ 0.281∗∗ 0.191
(0.133) (0.148) (0.132) (0.119)

N 2437 2311 2437 1930

Notes: All columns report the coefficient on the drainage-induced change in flood exposure and restrict the sample to households at least 25

m from a new drain. Columns (1), (2), and (4) control for baseline flood duration and average counterfactual-scenario flood duration change,
a Monte Carlo average across randomly drawn counterfactual drainage-network scenarios. Column (1) additionally adds geographic controls for
log distance to the nearest new drain, log distance to the nearest old drain, and a connectivity index measuring distance to health, education,
marketplace, and financial amenities. Column (2) additionally adds controls for the household head’s education, house ownership, age bracket,
years of residence, occupation category, and water source. Column (3) replaces the main flood model with flood exposure based on an alternative
storm event of approximately half the intensity of the main rainfall scenario and controls for the corresponding baseline flood duration. Column
(4) excludes households that have lived in their current house for two years or less; households with missing residence duration are retained. All
specifications exclude households with modeled baseline flood duration above 80 hours. The child-outcomes panel is restricted to households with
children. Conley (1999) spatial standard errors use a uniform kernel with a 100m cutoff and are reported in parentheses. ∗p < 0.10, ∗∗p < 0.05,
and ∗∗∗p < 0.01.
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B.5 Main Tables reporting control coefficients

Table B.5.1: Main Results with Control Coefficients

Specification 1 Specification 2 Specification 3 N

Outcome
Prevailing
exposure

Flood
change

Baseline
exposure

Flood
change

Baseline
exposure

Expected
change

(1) (2) (3) (4) (5) (6) (7)

Panel A: Impact on recede time
Recede time street (hours) 0.501∗∗∗ 2.794∗∗∗ 0.645∗∗∗ 2.796∗∗∗ 0.645∗∗∗ -0.009 2417

(0.076) (0.566) (0.085) (0.566) (0.086) (0.150)
[0.001] [0.001] [0.001] [0.001] [0.001] [1.000]

Panel B: Employment and income
Days of work missed 0.036∗∗ 0.553∗∗∗ 0.068∗∗∗ 0.561∗∗∗ 0.065∗∗∗ -0.035 2418

(0.017) (0.199) (0.022) (0.199) (0.023) (0.033)
[0.048] [0.006] [0.002] [0.005] [0.003] [0.433]

Changed job due to flooding 0.001∗∗∗ 0.008∗∗ 0.002∗∗∗ 0.008∗∗ 0.001∗∗∗ -0.001∗∗∗ 2380
(0.000) (0.004) (0.000) (0.004) (0.000) (0.000)
[0.017] [0.018] [0.001] [0.014] [0.002] [0.001]

Lost any income 0.001∗∗ 0.024∗∗∗ 0.003∗∗∗ 0.024∗∗∗ 0.003∗∗∗ -0.002 2410
(0.001) (0.003) (0.001) (0.003) (0.001) (0.003)
[0.048] [0.001] [0.001] [0.001] [0.001] [0.441]

Income loss scale (1-5) 0.004∗∗ 0.050∗∗∗ 0.006∗∗∗ 0.050∗∗∗ 0.006∗∗∗ 0.002 2410
(0.002) (0.010) (0.002) (0.010) (0.002) (0.009)
[0.048] [0.001] [0.001] [0.001] [0.001] [0.920]

Income loss amount (BDT) 28.227 612.338∗ 66.684∗ 624.727∗ 62.959∗ -52.799 2410
(25.672) (349.290) (36.437) (349.202) (36.480) (34.009)
[0.061] [0.033] [0.014] [0.031] [0.018] [0.319]

Panel C: Mobility and connectivity
E-rickshaw: availability (5-point
scale)

-0.013∗∗∗ -0.076∗∗∗ -0.016∗∗∗ -0.079∗∗∗ -0.015∗∗∗ 0.013∗∗∗ 2392
(0.002) (0.021) (0.003) (0.021) (0.003) (0.005)
[0.001] [0.001] [0.001] [0.001] [0.001] [0.022]

Auto-rickshaw: availability (5-point
scale)

-0.012∗∗∗ -0.065∗∗ -0.016∗∗∗ -0.064∗∗ -0.016∗∗∗ -0.003 2364
(0.003) (0.032) (0.004) (0.032) (0.004) (0.010)
[0.001] [0.014] [0.001] [0.015] [0.001] [1.000]

Pulled rickshaw: availability (5-point
scale)

-0.011∗∗∗ -0.080∗∗∗ -0.015∗∗∗ -0.083∗∗∗ -0.014∗∗∗ 0.013∗∗∗ 2431
(0.003) (0.021) (0.003) (0.021) (0.003) (0.005)
[0.001] [0.001] [0.001] [0.001] [0.001] [0.022]

Walking: availability (5-point scale) -0.007∗∗∗ -0.045 -0.009∗∗∗ -0.045 -0.009∗∗∗ 0.000 2440
(0.003) (0.037) (0.004) (0.037) (0.004) (0.010)
[0.005] [0.050] [0.002] [0.054] [0.002] [1.000]

Frequency unable to leave house
(5-point scale)

0.005∗∗ 0.065∗∗∗ 0.009∗∗∗ 0.065∗∗∗ 0.009∗∗∗ -0.000 2439
(0.002) (0.007) (0.002) (0.008) (0.002) (0.007)
[0.007] [0.001] [0.001] [0.001] [0.001] [1.000]

Nr days unable to leave house 0.025∗ 0.609∗∗∗ 0.063∗∗∗ 0.605∗∗∗ 0.064∗∗∗ 0.018 2396
(0.013) (0.200) (0.019) (0.201) (0.020) (0.043)
[0.015] [0.002] [0.001] [0.003] [0.001] [1.000]

Important event missed 0.003∗∗∗ 0.020∗∗∗ 0.004∗∗∗ 0.020∗∗∗ 0.004∗∗∗ 0.001 2439
(0.001) (0.006) (0.001) (0.006) (0.001) (0.003)
[0.001] [0.002] [0.001] [0.002] [0.001] [1.000]

Panel D: Household health
Diarrhea (HH head) 0.001 -0.004 0.000 -0.004 0.000 -0.001 2441

(0.000) (0.005) (0.001) (0.005) (0.001) (0.001)
[0.302] [0.257] [0.508] [0.325] [0.796] [0.295]

Fever (HH head) 0.002∗ -0.007 0.001 -0.006 0.000 -0.004∗ 2441
(0.001) (0.005) (0.001) (0.005) (0.001) (0.002)
[0.270] [0.128] [0.508] [0.211] [0.796] [0.254]

Skin disease (HH head) 0.001 0.012∗∗ 0.002∗∗ 0.012∗∗ 0.001∗ -0.002 2441
(0.001) (0.005) (0.001) (0.005) (0.001) (0.001)
[0.302] [0.034] [0.052] [0.028] [0.096] [0.295]

Respiratory disease (HH head) 0.001 -0.007 0.000 -0.006 -0.000 -0.002 2441
(0.001) (0.010) (0.001) (0.010) (0.001) (0.002)
[0.429] [0.257] [0.742] [0.325] [0.796] [0.295]

Vector-borne disease (HH head) -0.000 0.001 0.000 0.001 0.000 -0.000∗∗∗ 2441
(0.000) (0.001) (0.000) (0.001) (0.000) (0.000)
[0.534] [0.257] [0.742] [0.325] [0.796] [0.001]

Unable to access medication 0.001 0.013 0.001 0.014 0.001 -0.002 2407
(0.001) (0.009) (0.001) (0.009) (0.001) (0.002)
[0.534] [0.128] [0.231] [0.121] [0.290] [0.388]

Unable to access drinking water 0.001 0.016∗∗∗ 0.002∗∗ 0.017∗∗∗ 0.002∗∗ -0.001 2438
(0.001) (0.004) (0.001) (0.004) (0.001) (0.001)
[0.302] [0.001] [0.036] [0.001] [0.057] [0.388]
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Specification 1 Specification 2 Specification 3 N

Outcome
Prevailing
exposure

Flood
change

Baseline
exposure

Flood
change

Baseline
exposure

Expected
change

(1) (2) (3) (4) (5) (6) (7)

Unable to eat enough 0.002∗ 0.014∗∗∗ 0.002∗∗∗ 0.015∗∗∗ 0.002∗∗ -0.002 2441
(0.001) (0.005) (0.001) (0.005) (0.001) (0.002)
[0.270] [0.013] [0.028] [0.010] [0.051] [0.388]

Unable to cook 0.001∗∗ 0.015∗∗∗ 0.002∗∗∗ 0.016∗∗∗ 0.002∗∗∗ -0.003∗ 2430
(0.001) (0.004) (0.001) (0.004) (0.001) (0.002)
[0.270] [0.001] [0.009] [0.001] [0.032] [0.254]

Panel E: Child outcomes (HH with children)
Share with diarrhea 0.001∗ -0.003 0.001 -0.003 0.001 0.000 1497

(0.001) (0.003) (0.001) (0.003) (0.001) (0.001)
[0.106] [0.406] [0.389] [0.447] [0.417] [0.660]

Share with fever 0.001 -0.006 -0.000 -0.004 -0.001 -0.008∗∗∗ 1497
(0.001) (0.005) (0.001) (0.005) (0.001) (0.002)
[0.218] [0.280] [0.875] [0.447] [0.456] [0.001]

Share with skin disease 0.001∗∗ 0.010∗∗ 0.002∗∗∗ 0.012∗∗ 0.002∗∗ -0.005∗∗∗ 1497
(0.001) (0.005) (0.001) (0.005) (0.001) (0.002)
[0.053] [0.129] [0.005] [0.063] [0.040] [0.003]

Share with respiratory disease 0.000 -0.004 -0.000 -0.003 -0.001 -0.004 1497
(0.001) (0.007) (0.001) (0.007) (0.001) (0.003)
[0.538] [0.443] [0.875] [0.590] [0.456] [0.208]

Avg days of school missed 0.043∗∗∗ 0.253∗ 0.056∗∗∗ 0.257∗∗ 0.055∗∗∗ -0.018 1416
(0.013) (0.131) (0.017) (0.131) (0.016) (0.021)
[0.005] [0.129] [0.004] [0.110] [0.005] [0.401]

Notes: This table reports results from three different specifications. Specification 1 reports the association with prevailing flood exposure and uses
the full endline sample. Specification 2 regresses each outcome on the drainage-induced change in flood exposure (”Flood change”) and baseline
flood exposure. Specification 3 additionally controls for the expected flood exposure change from all counterfactual drainage upgrade scenarios.
Specifications 2 and 3 use the spillover sample, excluding households within 25 m of a new drain. All columns exclude households with modelled
baseline flood duration exceeding 80 hours (18 of 2640 endline households dropped). Conley (1999) spatial standard errors use a uniform kernel
with a 100 m cutoff and are reported in parentheses. N reports the number of observations in Specifications 2 and 3. Sharpened two-stage FDR
q-values are reported in square brackets and computed separately within each panel and column. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

55



B.6 Heterogeneity Results

Table B.6.1: Heterogeneity by Home Ownership

Drainage-Induced Change in Flood Exposure Descriptives

Outcome Non-owner Owner
Difference
(2)–(1) Mean N (1) N (2) N (3)

(1) (2) (3) (4) (5) (6) (7)

Panel A: Work & income
Days of work missed 0.550∗∗ 0.509∗∗∗ -0.041 5.815 1,450 960 2,410

(0.227) (0.124) (0.074)
Changed job due to flooding 0.007 0.008∗ 0.000 0.073 1,424 948 2,372

(0.005) (0.004) (0.007)
Lost any income 0.026∗∗∗ 0.017∗ -0.008 0.427 1,447 955 2,402

(0.006) (0.009) (0.014)
Income loss scale (1-5) 0.054∗∗∗ 0.036∗ -0.018 1.943 1,447 955 2,402

(0.017) (0.021) (0.031)
Income loss amount (BDT) 790.468 262.079 -528.389 6669.053 1,445 957 2,402

(549.580) (178.870) (682.540)
Panel B: Connectivity & mobility
E-rickshaw: availability (5-point scale) -0.068∗∗∗ -0.100∗∗∗ -0.032∗∗ 3.627 1,434 950 2,384

(0.021) (0.019) (0.016)
Auto-rickshaw: availability (5-point scale) -0.050 -0.096∗∗∗ -0.046∗∗ 3.091 1,419 937 2,356

(0.032) (0.028) (0.020)
Pulled rickshaw: availability (5-point scale) -0.072∗∗∗ -0.104∗∗∗ -0.032∗ 3.474 1,456 967 2,423

(0.021) (0.020) (0.018)
Walking: availability (5-point scale) -0.075∗∗∗ 0.009 0.083∗∗ 3.651 1,464 968 2,432

(0.021) (0.057) (0.041)
Frequency unable to leave house (5-point
scale)

0.061∗∗∗ 0.075∗∗∗ 0.014 2.259 1,464 967 2,431
(0.009) (0.015) (0.018)

Nr days unable to leave house 0.659∗∗∗ 0.516∗∗ -0.143∗∗ 5.030 1,441 947 2,388
(0.192) (0.202) (0.067)

Important event missed 0.014∗∗ 0.033∗∗∗ 0.019∗∗ 0.677 1,465 966 2,431
(0.006) (0.009) (0.009)

Panel C: Household health
Diarrhea (HH head) -0.006 -0.000 0.006 0.155 1,465 968 2,433

(0.008) (0.005) (0.010)
Fever (HH head) -0.011∗ 0.001 0.013∗ 0.571 1,465 968 2,433

(0.006) (0.006) (0.007)
Skin disease (HH head) 0.009 0.017∗∗ 0.007 0.480 1,465 968 2,433

(0.007) (0.007) (0.011)
Respiratory disease (HH head) -0.008 -0.003 0.005 0.612 1,465 968 2,433

(0.013) (0.007) (0.013)
Vector-borne disease (HH head) 0.000 0.001 0.001 0.020 1,465 968 2,433

(0.001) (0.001) (0.001)
Unable to access medication 0.015 0.012∗∗ -0.003 0.334 1,445 954 2,399

(0.011) (0.006) (0.009)
Unable to access drinking water 0.011∗ 0.027∗∗∗ 0.016 0.448 1,462 968 2,430

(0.006) (0.007) (0.010)
Unable to eat enough 0.016∗∗∗ 0.011 -0.004 0.397 1,465 968 2,433

(0.006) (0.007) (0.007)
Unable to cook 0.013∗∗ 0.017∗∗ 0.004 0.426 1,457 965 2,422

(0.005) (0.008) (0.010)
Panel D: Child outcomes (HH with children)
Share with diarrhea -0.006 0.003 0.009 0.142 963 531 1,494

(0.005) (0.005) (0.008)
Share with fever -0.012∗∗ 0.009 0.020∗∗ 0.572 963 531 1,494

(0.005) (0.008) (0.009)
Share with skin disease 0.012∗∗ 0.011 -0.001 0.442 963 531 1,494

(0.006) (0.008) (0.010)
Share with respiratory disease -0.007 -0.001 0.006 0.600 963 531 1,494

(0.006) (0.011) (0.009)
Avg days of school missed 0.226 0.352∗∗∗ 0.126 5.692 914 499 1,413

(0.172) (0.112) (0.180)

Notes: Columns (1)-(2) each regress the indicated outcome on drainage-induced change in flood duration, controlling for baseline flood duration,
as separate subsample regressions, allowing group-specific intercepts and coefficients. Column (3) tests the difference between coefficients. Column
(4) reports the variable mean in the pooled sample. Columns (5), (6), and (7) report the observation numbers of the estimations in columns (1),
(2), and (3). Conley (1999) spatial standard errors in parentheses (uniform kernel, 100m cutoff). *p<0.10, **p<0.05, and ***p<0.01.
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Table B.6.2: Heterogeneity by House Structure

Drainage-Induced Change in Flood Exposure Descriptives

Outcome Non-pucca Pucca
Difference
(2)–(1) Mean N (1) N (2) N (3)

(1) (2) (3) (4) (5) (6) (7)

Panel A: Work & income
Days of work missed 0.886∗∗∗ 0.240∗∗ -0.646∗∗ 5.815 1,328 1,085 2,413

(0.296) (0.115) (0.275)
Changed job due to flooding 0.014∗∗∗ 0.001 -0.013∗∗∗ 0.073 1,302 1,073 2,375

(0.004) (0.003) (0.005)
Lost any income 0.030∗∗∗ 0.018∗∗∗ -0.012 0.427 1,323 1,082 2,405

(0.003) (0.005) (0.008)
Income loss scale (1-5) 0.074∗∗∗ 0.028∗∗ -0.046∗∗ 1.943 1,323 1,082 2,405

(0.011) (0.013) (0.019)
Income loss amount (BDT) 1279.159∗∗ -9.127 -1288.286∗∗ 6669.053 1,325 1,080 2,405

(584.940) (273.531) (629.293)
Panel B: Connectivity & mobility
E-rickshaw: availability (5-point scale) -0.081∗∗∗ -0.071∗∗ 0.010 3.627 1,312 1,075 2,387

(0.027) (0.028) (0.038)
Auto-rickshaw: availability (5-point scale) -0.063 -0.067∗∗ -0.005 3.091 1,292 1,067 2,359

(0.044) (0.033) (0.045)
Pulled rickshaw: availability (5-point scale) -0.077∗∗ -0.083∗∗∗ -0.006 3.474 1,331 1,095 2,426

(0.031) (0.023) (0.034)
Walking: availability (5-point scale) -0.021 -0.065∗∗∗ -0.044 3.651 1,335 1,100 2,435

(0.057) (0.019) (0.040)
Frequency unable to leave house (5-point
scale)

0.074∗∗∗ 0.056∗∗∗ -0.018 2.259 1,335 1,099 2,434
(0.013) (0.003) (0.013)

Nr days unable to leave house 0.740∗∗∗ 0.481∗∗∗ -0.260 5.030 1,303 1,088 2,391
(0.277) (0.156) (0.220)

Important event missed 0.022∗∗∗ 0.019∗∗ -0.003 0.677 1,333 1,101 2,434
(0.006) (0.007) (0.007)

Panel C: Household health
Diarrhea (HH head) -0.007∗ -0.001 0.006 0.155 1,335 1,101 2,436

(0.004) (0.009) (0.011)
Fever (HH head) -0.011 -0.003 0.009 0.571 1,335 1,101 2,436

(0.009) (0.007) (0.013)
Skin disease (HH head) 0.011 0.012∗∗∗ 0.002 0.480 1,335 1,101 2,436

(0.008) (0.004) (0.009)
Respiratory disease (HH head) -0.007 -0.006 0.002 0.612 1,335 1,101 2,436

(0.013) (0.011) (0.013)
Vector-borne disease (HH head) -0.000 0.001 0.001∗ 0.020 1,335 1,101 2,436

(0.001) (0.001) (0.001)
Unable to access medication 0.019∗ 0.009 -0.011 0.334 1,313 1,089 2,402

(0.011) (0.009) (0.013)
Unable to access drinking water 0.027∗∗∗ 0.007∗ -0.020∗∗ 0.448 1,332 1,101 2,433

(0.007) (0.004) (0.008)
Unable to eat enough 0.020∗∗∗ 0.010∗∗∗ -0.010∗∗ 0.397 1,335 1,101 2,436

(0.006) (0.002) (0.005)
Unable to cook 0.014∗∗ 0.015∗∗∗ 0.001 0.426 1,332 1,093 2,425

(0.007) (0.002) (0.008)
Panel D: Child outcomes (HH with children)
Share with diarrhea -0.006 -0.001 0.005 0.142 855 639 1,494

(0.006) (0.004) (0.008)
Share with fever -0.012∗∗ 0.002 0.014 0.572 855 639 1,494

(0.006) (0.008) (0.010)
Share with skin disease 0.004 0.017∗∗ 0.013 0.442 855 639 1,494

(0.005) (0.008) (0.009)
Share with respiratory disease -0.006 -0.002 0.004 0.600 855 639 1,494

(0.011) (0.005) (0.012)
Avg days of school missed 0.152 0.385∗ 0.233 5.692 804 609 1,413

(0.111) (0.219) (0.217)

Notes: Columns (1)-(2) each regress the indicated outcome on drainage-induced change in flood duration, controlling for baseline flood duration,
as separate subsample regressions, allowing group-specific intercepts and coefficients. Column (3) tests the difference between coefficients. Column
(4) reports the variable mean in the pooled sample. Columns (5), (6), and (7) report the observation numbers of the estimations in columns (1),
(2), and (3). Conley (1999) spatial standard errors in parentheses (uniform kernel, 100m cutoff). *p<0.10, **p<0.05, and ***p<0.01.
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Table B.6.3: Heterogeneity by House Elevation

Drainage-Induced Change in Flood Exposure Descriptives

Outcome Non-elevated Elevated
Difference
(2)–(1) Mean N (1) N (2) N (3)

(1) (2) (3) (4) (5) (6) (7)

Panel A: Work & income
Days of work missed 0.814∗∗ 0.413∗∗∗ -0.401 5.815 924 1,480 2,404

(0.352) (0.074) (0.268)
Changed job due to flooding 0.008∗∗ 0.008∗∗ -0.000 0.073 912 1,454 2,366

(0.003) (0.004) (0.001)
Lost any income 0.030∗∗∗ 0.020∗∗∗ -0.010 0.427 919 1,477 2,396

(0.004) (0.005) (0.008)
Income loss scale (1-5) 0.067∗∗∗ 0.039∗∗∗ -0.028∗ 1.943 919 1,477 2,396

(0.014) (0.010) (0.016)
Income loss amount (BDT) 1304.458∗ 277.261 -1027.198 6669.053 924 1,472 2,396

(705.492) (191.264) (691.351)
Panel B: Connectivity & mobility
E-rickshaw: availability (5-point scale) -0.070∗∗ -0.077∗∗∗ -0.006 3.627 911 1,467 2,378

(0.032) (0.022) (0.034)
Auto-rickshaw: availability (5-point scale) -0.048 -0.070∗∗ -0.022 3.091 900 1,450 2,350

(0.047) (0.028) (0.038)
Pulled rickshaw: availability (5-point scale) -0.063∗ -0.088∗∗∗ -0.025 3.474 923 1,494 2,417

(0.035) (0.018) (0.031)
Walking: availability (5-point scale) -0.056 -0.036 0.020 3.651 928 1,498 2,426

(0.034) (0.040) (0.019)
Frequency unable to leave house (5-point
scale)

0.078∗∗∗ 0.056∗∗∗ -0.021 2.259 929 1,496 2,425
(0.012) (0.009) (0.017)

Nr days unable to leave house 1.063∗∗∗ 0.384∗∗∗ -0.678∗∗ 5.030 919 1,463 2,382
(0.356) (0.091) (0.311)

Important event missed 0.012∗ 0.023∗∗∗ 0.011∗∗∗ 0.677 928 1,497 2,425
(0.007) (0.006) (0.003)

Panel C: Household health
Diarrhea (HH head) -0.006 -0.003 0.002 0.155 929 1,498 2,427

(0.004) (0.007) (0.008)
Fever (HH head) -0.008 -0.007 0.001 0.571 929 1,498 2,427

(0.010) (0.007) (0.014)
Skin disease (HH head) 0.015∗∗ 0.010∗ -0.005 0.480 929 1,498 2,427

(0.006) (0.006) (0.007)
Respiratory disease (HH head) -0.002 -0.009 -0.007 0.612 929 1,498 2,427

(0.018) (0.009) (0.015)
Vector-borne disease (HH head) -0.001 0.001 0.002 0.020 929 1,498 2,427

(0.001) (0.001) (0.002)
Unable to access medication 0.028∗∗∗ 0.006 -0.023∗∗∗ 0.334 920 1,473 2,393

(0.010) (0.006) (0.006)
Unable to access drinking water 0.021∗∗∗ 0.013∗∗∗ -0.007 0.448 927 1,497 2,424

(0.006) (0.005) (0.009)
Unable to eat enough 0.023∗∗ 0.009 -0.014 0.397 929 1,498 2,427

(0.010) (0.006) (0.014)
Unable to cook 0.017∗ 0.012∗∗∗ -0.005 0.426 927 1,489 2,416

(0.010) (0.003) (0.010)
Panel D: Child outcomes (HH with children)
Share with diarrhea -0.008 -0.000 0.007 0.142 588 900 1,488

(0.005) (0.003) (0.005)
Share with fever -0.009 -0.003 0.006 0.572 588 900 1,488

(0.008) (0.005) (0.009)
Share with skin disease -0.001 0.017∗∗ 0.018 0.442 588 900 1,488

(0.013) (0.008) (0.016)
Share with respiratory disease -0.007 -0.002 0.005 0.600 588 900 1,488

(0.009) (0.005) (0.005)
Avg days of school missed -0.077 0.441∗∗∗ 0.518∗∗∗ 5.692 562 845 1,407

(0.141) (0.171) (0.184)

Notes: Columns (1)-(2) each regress the indicated outcome on drainage-induced change in flood duration, controlling for baseline flood duration,
as separate subsample regressions, allowing group-specific intercepts and coefficients. Column (3) tests the difference between coefficients. Column
(4) reports the variable mean in the pooled sample. Columns (5), (6), and (7) report the observation numbers of the estimations in columns (1),
(2), and (3). Conley (1999) spatial standard errors in parentheses (uniform kernel, 100m cutoff). *p<0.10, **p<0.05, and ***p<0.01.
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Table B.6.4: Heterogeneity by Household Head Occupation

Drainage-Induced Change in Flood Exposure Descriptives

Outcome Formal/stable Informal/precarious
Difference
(2)–(1) Mean N (1) N (2) N (3)

(1) (2) (3) (4) (5) (6) (7)

Panel A: Work & income
Days of work missed 0.625∗∗∗ 0.343 -0.282 5.815 1,622 710 2,332

(0.229) (0.246) (0.245)
Changed job due to flooding 0.007∗∗ 0.009∗ 0.002 0.073 1,601 694 2,295

(0.003) (0.005) (0.003)
Lost any income 0.025∗∗∗ 0.019∗∗ -0.006 0.427 1,617 709 2,326

(0.004) (0.009) (0.013)
Income loss scale (1-5) 0.051∗∗∗ 0.040 -0.011 1.943 1,617 709 2,326

(0.009) (0.026) (0.029)
Income loss amount (BDT) 618.329 598.827 -19.502 6669.053 1,611 712 2,323

(383.710) (401.815) (361.861)
Panel B: Connectivity & mobility
E-rickshaw: availability (5-point scale) -0.072∗∗∗ -0.088∗∗∗ -0.015 3.627 1,588 707 2,295

(0.023) (0.022) (0.022)
Auto-rickshaw: availability (5-point scale) -0.071∗∗ -0.053 0.018 3.091 1,570 697 2,267

(0.034) (0.033) (0.030)
Pulled rickshaw: availability (5-point scale) -0.079∗∗∗ -0.094∗∗∗ -0.016 3.474 1,621 713 2,334

(0.023) (0.025) (0.024)
Walking: availability (5-point scale) -0.026 -0.086∗∗∗ -0.060∗ 3.651 1,625 718 2,343

(0.045) (0.022) (0.032)
Frequency unable to leave house (5-point
scale)

0.061∗∗∗ 0.069∗∗∗ 0.009 2.259 1,625 717 2,342
(0.010) (0.014) (0.018)

Nr days unable to leave house 0.534∗∗ 0.638∗∗∗ 0.104 5.030 1,596 704 2,300
(0.238) (0.192) (0.191)

Important event missed 0.017∗∗∗ 0.027∗∗∗ 0.010∗ 0.677 1,626 716 2,342
(0.005) (0.008) (0.006)

Panel C: Household health
Diarrhea (HH head) -0.005 -0.004 0.001 0.155 1,625 719 2,344

(0.008) (0.006) (0.013)
Fever (HH head) -0.005∗ -0.017 -0.012 0.571 1,625 719 2,344

(0.003) (0.010) (0.009)
Skin disease (HH head) 0.010∗∗ 0.008 -0.002 0.480 1,625 719 2,344

(0.005) (0.007) (0.007)
Respiratory disease (HH head) -0.007 -0.013 -0.006 0.612 1,625 719 2,344

(0.008) (0.014) (0.009)
Vector-borne disease (HH head) 0.001 0.000 -0.001 0.020 1,625 719 2,344

(0.001) (0.001) (0.001)
Unable to access medication 0.010 0.021∗∗∗ 0.012 0.334 1,607 706 2,313

(0.010) (0.006) (0.010)
Unable to access drinking water 0.016∗∗∗ 0.012 -0.005 0.448 1,624 717 2,341

(0.004) (0.009) (0.010)
Unable to eat enough 0.011∗∗ 0.016∗ 0.005 0.397 1,626 718 2,344

(0.005) (0.008) (0.007)
Unable to cook 0.015∗∗ 0.010 -0.005 0.426 1,619 715 2,334

(0.007) (0.008) (0.013)
Panel D: Child outcomes (HH with children)
Share with diarrhea -0.001 -0.009 -0.008 0.142 1,041 416 1,457

(0.005) (0.006) (0.009)
Share with fever -0.004 -0.009∗ -0.005 0.572 1,041 416 1,457

(0.006) (0.005) (0.007)
Share with skin disease 0.017∗∗∗ -0.005 -0.022∗ 0.442 1,041 416 1,457

(0.006) (0.008) (0.012)
Share with respiratory disease -0.008 0.002 0.010 0.600 1,041 416 1,457

(0.008) (0.009) (0.011)
Avg days of school missed 0.142 0.491∗∗∗ 0.349∗∗∗ 5.692 989 388 1,377

(0.126) (0.173) (0.121)

Notes: Columns (1)-(2) each regress the indicated outcome on drainage-induced change in flood duration, controlling for baseline flood duration,
as separate subsample regressions, allowing group-specific intercepts and coefficients. Column (3) tests the difference between coefficients. Column
(4) reports the variable mean in the pooled sample. Columns (5), (6), and (7) report the observation numbers of the estimations in columns (1),
(2), and (3). Conley (1999) spatial standard errors in parentheses (uniform kernel, 100m cutoff). *p<0.10, **p<0.05, and ***p<0.01.
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C Flood Hazard Model
To model flood risk at Barishal during the 2025 rainy season, we use a two-dimensional
unsteady flow model developed using HEC-RAS (see Figure C.1). The model integrates
geospatial, hydrological, and meteorological data to simulate flood depth and duration at
high spatial and temporal resolution. To isolate the effect of the drainage infrastructure up-
grades, we model flood conditions under scenarios both with and without the implementation
of new drainage infrastructure.

The terrain input for the flood model was derived from a high-resolution Digital Elevation
Model (DEM) provided by AIRBUS (Airbus, 2024), with a spatial resolution of 5 × 5
meters for the central urban area of Barishal. We modified the DEM to represent surface
features that materially affect overland flow, including the khal system, ponds, buildings, and
drainage channels (Geofabrik GmbH, 2024). Water-conveyance features were incorporated by
lowering their elevations in the terrain layer, a procedure commonly referred to as “burning”
in hydrological modeling, while buildings were represented as elevated obstructions to surface
flow. Based on the KfW feasibility study (Ecorys, 2015), pond elevations were lowered
by 0.3 meters relative to the surrounding terrain. Khal channels were burned section by
section using the depth information reported at successive hydrographic survey stations in
the feasibility study Atlas (Ecorys, 2016). Buildings were raised by 10 meters above the
underlying terrain to ensure that simulated surface water flowed around, rather than over,
building footprints.

The drainage network was modeled as a system of depressions burned directly into the
terrain. We constructed two drainage configurations. The first represents the pre-upgrade
network and includes only the existing old drains. The second retains the old network and
adds the newly constructed or upgraded drainage segments using their measured geometries.
The dimensions of newly constructed and upgraded drains were provided by KfW. For ex-
isting drains, whose dimensions vary substantially across the city and between streets, the
width and depth of each drainage segment were assigned based on drain-specific measure-
ments collected in the field. Because solid-waste accumulation and clogging constitute a
major problem in Barishal’s drainage system, effective drain depth was measured from the
top of the accumulated waste layer to the drain bed. All other terrain, rainfall, land-cover,
roughness, and model parameters were held fixed across the two configurations. The result-
ing difference in simulated inundation therefore reflects changes in surface-water conveyance
generated by the drainage upgrades.

To represent flow within the drainage network more precisely, the two-dimensional com-
putational mesh was refined to a resolution of 0.5 meter along the drainage channels, 1 meter
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in the immediately surrounding areas, and 3 meters in the next surrounding zone. A 5-meter
mesh, corresponding to the DEM resolution, was retained elsewhere. This variable-resolution
mesh provides a finer representation of the burned drainage geometry while limiting com-
putational requirements across the wider floodplain.

Precipitation inputs were generated based on a Rainfall Depth–Duration–Frequency
(DDF) analysis, derived from the maximum observed rainfall event during the 2025 rainy
season. We converted this total rainfall into effective rainfall using the following loss as-
sumption:

ER = [(0.49× Total rainfall)− 8mm] + [(0.51× Total rainfall)− (4mm/hour × 3 hours)]

A constant evaporation rate of 0.1 mm/hr was applied throughout the simulation period to
account for atmospheric losses, reflecting typical low evapotranspiration conditions during
storm events in the Barishal region. Additionally, land cover data in the form of raster
imagery was integrated into the model (Zanaga et al., 2022). We assigned each land cover
category (e.g. built-up, grassland, tree cover, wetlands, etc) to respective hydraulic properties
using the Manning’s roughness coefficient Chow (1959) to provide a realistic representation
of surface roughness and flow resistance across the 2D flow area. This approach ensures that
different types of land use are accurately factored into the flood simulation.

Figure C.1: Flowchart for developing the flood duration map

Source: Authors’ own illustration.
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Following input preparation and model setup in HEC-RAS, flood simulations (i.e. un-
steady flow analyses) were conducted for a 297-hour event under two scenarios: one including
only the old drainage system and the other incorporating both the old and the newly up-
graded/constructed drains. In both scenarios, rainfall was applied only during the first 3
hours of the simulation, after which the model was allowed to continue without additional
rainfall to capture the subsequent drainage and recession of floodwaters. The 297-hour
simulation duration was selected to capture the prolonged flooding situation in Barishal’s
low-lying terrain, where a short-duration rainfall event can result in floodwaters persisting
for over ten days. Shorter simulation periods were found to limit the variability in flood
extent and depth across the study area. Therefore, an extended simulation period was used
to better reflect real-world flood dynamics.

Flood duration was calculated at the grid-cell level using a water-depth threshold of 5
centimeter 25. A cell was classified as flooded whenever its simulated water depth exceeded
this threshold, and flood duration was defined as the total number of hours for which the
threshold was exceeded during the 297-hour simulation. Cells with simulated water depths
of 5 centimeter or less were treated as unflooded.

In general, rain-on-grid simulations model effective rainfall to assess how surface runoff
interacts with urban infrastructure, thereby capturing the influence of drainage systems on
flood dynamics from a broad perspective. In this study, two flood duration maps were
generated—one based on the existing drainage network and the other incorporating both
existing and newly constructed drains—providing the basis for the following analysis.

25A 5-centimeter threshold has been commonly applied in hydrodynamic modeling studies of urban flooding
(Wijaya et al., 2023; Mercier et al., 2026).
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D Sampling method
To organize household enumeration for the endline survey, we divided the study area into
230 spatial enumeration areas (EAs). The procedure was adapted from spatially explicit
methods for constructing survey sampling frames from gridded population data in settings
where a sufficiently detailed and current census-based frame is unavailable (Qader et al.,
2019, 2020). The objective was to produce contiguous and operationally manageable areas
with approximately balanced estimated populations, while aligning EA boundaries with
recognizable features.

The spatial inputs consisted of the endline study-area boundary, ward boundaries, a road
network (Geofabrik GmbH, 2024), and the 2020 Global Human Settlement Layer popula-
tion grid (GHS-POP) (Schiavina et al., 2023) at 100 m resolution. All spatial layers were
transformed to the Bangladesh Transverse Mercator projected coordinate reference system
(BTM; ESRI:102953), which expresses coordinates in meters and therefore permits metric
calculations of distance and area.

Roads were used as the principal observable boundaries for the EAs. Road segments
shorter than 20 m were removed to limit fragmentation caused by very small features. The
resulting road network was then reviewed against satellite imagery, and gaps were filled to
ensure that the lines formed closed blocks. Roads that were absent from the dataset but
clearly visible in the satellite imagery were also added manually. The study-area polygon was
then split by the cleaned road network, producing an initial set of contiguous road-bounded
spatial units.

For each initial spatial unit, we estimated population by summing the GHS-POP raster
values falling within its boundary. Contributions from raster cells intersected by a polygon
boundary were allocated according to the proportion of the cell covered by the polygon.
The target population per EA was based on the total raster-estimated population within the
study area and the intended number of EAs.

The EAs were formed through a two-stage split-and-merge procedure. First, road-
bounded units whose estimated population exceeded the target were divided into smaller
subareas. The number of subdivisions was based on the unit’s estimated population relative
to the target population per EA. Specifically, within each oversized unit, k-means clustering
was applied to the gridded population data to identify a set of spatial center points. Each
populated grid cell was assigned to its nearest center, and cells assigned to the same center
were combined to form a subarea. Consequently, more populous road blocks were divided
into a greater number of smaller areas, while nearby populated locations were kept together.

Second, spatial units with estimated populations below the target were combined using
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a bottom-up, adjacency-constrained merging procedure. Adjacency was defined using queen
contiguity, under which polygons were considered neighbors when they shared either an
edge or a vertex. Beginning with the unit having the smallest estimated population, the
procedure identified its currently available neighbors and selected the neighbor with the
smallest population. The two polygons were merged if their combined estimated population
did not exceed the target; otherwise, the smaller polygon was retained without a merge during
that iteration. Neighborhood relationships were recalculated after each accepted merge.
Restricting merges to adjacent polygons maintained spatial contiguity, while the use of road-
bounded starting units preserved recognizable boundaries wherever the available road data
permitted. Figure D.1 presents the final 230 EAs by estimated population and illustrates,
for a selected EA, how its boundary aligns with visible features on satellite imagery.

Figure D.1: Enumeration Areas

The 230 EAs were used to organize endline fieldwork. Each enumerator was randomly
assigned to one EA per working day and instructed to interview 10 households distributed
throughout the area to achieve broad spatial coverage. Although the EA delineation proce-
dure was designed to produce areas with approximately similar estimated populations, some
EAs contained populations above or below the target. These differences partly reflected local
land-use and building patterns, particularly in university areas and locations dominated by
multistory buildings, where modeled population did not necessarily correspond to the num-
ber of distinct and accessible ground-level households. In such locations, EA boundaries were
intentionally kept sufficiently large to ensure that enumerators could identify enough eligi-
ble households to meet the interview target. Population balance was therefore treated as an
approximate objective and was considered alongside the operational feasibility of household
enumeration.
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