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The Philippines, one of the most typhoon-prone countries worldwide, faces serious risks to rural sanitation
systems. However, limited empirical evidence exists on how typhoons impact household sanitation access.
This study examined the effects of typhoons on household sanitation infrastructure and access in three rural
municipalities. We carried out a cross-sectional study involving 994 households, in collaboration with
community partners. One barangay (village) from each rural district was purposively chosen, and all
households were invited to participate. We used bivariate and multivariate logistic regression to identify
factors linked to typhoon damage (p < 0.05), and Cox proportional hazards model to assess facility
downtime. Before the typhoon event, 29% of households reported using basic sanitation, 42% limited, 22%
unimproved, and 7% practiced open defecation. Post-typhoon, basic sanitation coverage dropped to 16%,
while unimproved sanitation and open defecation increased to 30% and 15%, respectively. Nearly half of the
households using basic sanitation shifted to unimproved services. Typhoon-affected households were more
likely to practice open defecation (aOR = 1.60, 95% Cl: 1.11-2.29, p = 0.012) and more than twice as likely to
report diarrheal disease (aOR = 2.24, 95% Cl: 1.22-4.11, p = 0.009). Facilities located further from dwelling
areas were more vulnerable to damage (aOR = 3.32, 95% Cl: 2.27-4.86). Conversely, facilities with dedicated
cleaning staff (aOR = 0.23, 95% Cl: 0.15-0.36), repair and maintenance staff (@OR = 0.19, 95% Cl: 0.12-0.30),
or climate-adaptive measures (@OR = 0.08, 95% Cl: 0.05-0.13) showed greater resilience. Median downtime
for damaged facilities was two days, though recovery was slower among lower-income households and
those with older facilities. These findings demonstrate how typhoons can undo sanitation gains, forcing
households to fall back to lower service levels and worsening inequalities. Post-disaster responses should
aim to prevent slipping from basic to unsafe sanitation practices. Long-term strategies must incorporate
climate-resilient technologies, strengthen community capacity for repairs, and target vulnerable households
with support. While current data on the role of community groups in resilience is limited, this study
underscores the need for further research into how social support systems can improve sanitation outcomes.

In rural Philippines, where on-site sanitation predominates, typhoons can rapidly degrade sanitation infrastructure, pushing households from basic
sanitation toward unimproved options or open defecation, and increasing risks of fecal contamination of water resources. Affected households reported
higher open defecation and diarrhea. Climate-resilient designs, routine maintenance, and boosting repair capacity are essential in these and similar contexts.

Background

Southeast Asia, particularly the Philippines, is highly
vulnerable to climate-related risks, with an average of 20
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typhoons striking the region annuall.’” This vulnerability is
compounded by inadequate sanitation infrastructure, which
disproportionately affects rural and coastal communities and
amplifies public health risks during extreme weather events.
While countries such as Singapore and Malaysia have
achieved near-universal safely managed sanitation, many
areas in the Philippines continue to face significant
disparities in access and service quality.”” In this region,
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between 87-91% of households are estimated to rely on on-
site sanitation systems such as pit latrines and septic

Environ. Sci.. Water Res. Technol.


http://crossmark.crossref.org/dialog/?doi=10.1039/d5ew01155h&domain=pdf&date_stamp=2026-04-02
http://orcid.org/0000-0002-5618-3091
http://orcid.org/0000-0002-3317-7318
https://doi.org/10.1039/d5ew01155h
https://pubs.rsc.org/en/journals/journal/EW

Published on 07 April 2026. Downloaded by University of North Carolina at Chapel Hill on 4/14/2026 10:00:34 PM.

Paper

systems,”” leaving them particularly exposed to infrastructure
damage and service disruption from extreme weather
conditions.® As a result fecal contamination can be dispersed
by stormwaters to contaminate clean water sources™'® and
cause increased disease transmission.'>* These dynamics
highlight the urgent need to understand the impacts of
climate events on sanitation access, identify vulnerable
populations, and design interventions that enhance resilience
and prevent regression along the sanitation service ladder.

According to the Joint Monitoring Programme (JMP), the
official United Nations mechanism tracking global progress
towards Sustainable Development Goal (SDG) targets 6.1 and
6.2. On sanitation progress, more than 8 million people (44%
of the national population) in the Philippines still lack access
to safely managed sanitation services.® Safely managed
sanitation represents the highest level of service. It is
characterized by improved facilities—such as flush toilets,
septic systems, or ventilated latrines—that hygienically
separate human excreta from human contact, are not shared
with other households, and ensure that waste is safely treated
or disposed of either on-site or off-site. In many settings in
rural Philippines, systems frequently reported as “septic
tanks” frequently include non-standard prefabricated
structures (e.g. plastic tanks) or partially lined pits and soak
drains that do not meet national or international septic tank
design standards.”

National assessments further indicate that although more
than 87% of households report using septic tanks, most are
inadequately maintained, sludge treatment and disposal
capacity remains limited, and only 17.8% of the estimated
septage management demand is currently served, resulting in
widespread discharge of domestic wastewater without
effective treatment.”® These systems are often classified as
improved, yet in practice fail to meet expected service
standards because they do not reliably separate human waste
from human contact."* Extreme weather events such as
typhoons and floods further compound these risks,
destroying toilet superstructures,'” inundating containment
systems and cutting off supply chains that support fecal
sludge management and transportation of maintenance
supplies. When sanitation facilities are rendered inaccessible
or unusable, it often forces households to revert to
unimproved sanitation or open defecation.'®

The literature provides insights regarding the impact of
typhoons and floods on sanitation in the Philippines:
property damage, socio-economic impact such as income
loss, displacement and disruption of livelihoods,"” resilience
strategies,'® while others have focused on how to measure
vulnerability across different contexts.’*" following Typhoon
Rammasun (2014), sanitation systems in informal settlements
were rendered non-functional for several days due to
flooding, backflow of sewage, and water supply disruptions,
forcing residents to resort to open defecation and disposal of
fecal waste into floodwaters and contributing to outbreaks of
water- and skin-related diseases.>> Similarly, Super Typhoon
Odette (2021) affected approximately 4.9 million people
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across 11 regions and 38 provinces and was associated with a
marked increase in cases of acute infectious diarrhea.*
These disruptions disproportionately affect low-income
households and rural and coastal communities, exacerbating
inequalities in WASH access and threatening progress
towards universal, safely managed sanitation by 2030.

Despite widespread recognition of the risks posed by
typhoons, quantitative evidence on their household-level
impacts on sanitation access remains scarce. Most studies in
the region focus on water supply or public health outcomes
following disasters,”*>*> while research specifically examining
sanitation is largely qualitative or anecdotal. Some
investigations have addressed limited components of the
sanitation service chain, such as supply logistics,”® but few
have considered how households experience disruptions in
access. In the Philippines, no studies to date have rigorously
quantified the magnitude of sanitation service degradation,
documented shifts along the sanitation ladder, or estimated
the time households require to regain access to basic
sanitation services following typhoon-related damage. This
lack of empirical evidence constrains the ability to anticipate
needs, allocate resources efficiently, and plan for long-term
sanitation resilience in typhoon-prone regions. Addressing
this gap is therefore critical to inform evidence-based
interventions and strengthen the resilience of household
sanitation systems against extreme weather events.

This study evaluates the impacts of typhoons on
household sanitation infrastructure and access in three rural
municipalities of the Philippines. Specifically, it aims to: (1)
assess household sanitation access using the service ladder
framework and measure the proportion of households with
sanitation access before and after typhoon exposure; (2)
identify the direction and magnitude of shifts along the
sanitation ladder and examine predictors associated with
changes in sanitation access; and (3) estimate the average
duration of downtime without access to sanitation and
determine factors predicting prolonged periods of disrupted
access. By quantifying these effects, this study provides
empirical evidence to inform interventions that strengthen
the resilience of rural sanitation systems under climate-
related stressors.

Methods

Study setting

This study was conducted in three rural areas within
Milagros, Lupao, and Cordon Municipalities (Fig. 1). These
communities were chosen due to ongoing sanitation projects
and an established partnership with residents. Residents
primarily rely on on-site sanitation solutions, such as pit
latrines, septic systems, and shared toilets. Each area has
been affected by at least one major typhoon in the past two
years, with varying levels of governmental and NGO response.
Milagros, located in Masbate Province in the Bicol Region,
has a population of 44575 people in 8304 households and
experiences frequent flooding during the rainy season, which

This journal is © The Royal Society of Chemistry 2026
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Fig. 1 Map of surveyed locations in the Philippines.
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often compromises sanitation facilities. Lupao, located in
Nueva Ecija Province, has a population of 43742 people in
10080 households. It is a predominantly agricultural
community that experiences heavy monsoon rainfall and
localized flooding, affecting household access to safe
sanitation. Cordon, in Isabela Province within the Cagayan
Valley region, has a population of 46477 people and is
predominantly rural with agriculture as the main source of
livelihood. This region is prone to seasonal typhoons and
heavy rains, which often result in river overflows and
localized flooding.

Study design

The study utilized a cross-sectional survey design to evaluate
household sanitation conditions, infrastructure, and service
quality in the aftermath of typhoon events. Data collection
took place from October 2023 to April 2024 through
structured household surveys and observational assessments
of sanitation facilities. This period followed Typhoon Koinu,
a category 4-equivalent storm with winds up to 220 km h™
(140 mph), which struck the northernmost provinces between
September and October 2023, and caused widespread
impacts, including enhanced monsoon rains in other areas.
Sampling was conducted by purposively selecting one
barangay per rural district, leveraging familiarity with the
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community and its leaders. All households within the
selected barangay were invited to participate in the study.
Exclusions applied to households without an adult (18+ years
old) available to participate or those who did not provide
verbal consent.

The female head of household (or an adult representative,
if unavailable) was surveyed on household demographics,
asset ownership, sanitation infrastructure, access to
sanitation services, and changes in sanitation behaviors
following the typhoon. Female respondents were prioritized
where possible, as women and girls typically manage
household sanitation in the study context and are therefore
well positioned to report on facility use and maintenance.
Structured observations of sanitation facilities were also
conducted when available, evaluating facility type, structural
integrity, functionality, and evidence of typhoon-related
damage.

Data collection

Primary data was collected between October 2023 and April
2024 in Cordon, Lupao and Milagros Municipalities using
a structured household survey and observational
assessments of sanitation facilities. The survey included
questions on household demographics; pre- and post-
typhoon sanitation facility type and functionality; shared
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versus private sanitation usage; latrine construction
materials and structural integrity; exposure to flooding or
wind damage; time taken to regain access to basic
sanitation status if lost; and presence of emergency savings
or disaster response support. Observational assessments
were conducted at each household to document the type,
condition, and structural integrity of sanitation facilities,
including evidence of typhoon-related damage such as
flooding, collapse, or contamination. Observations covered
the superstructure and user interface, as well as the
containment system where it was physically accessible (e.g.,
open pits without slabs, systems with access hatches, or
open drain fields). A subset of 10% of observed systems
were systematically selected for a nested sub-study, in
which slabs were opened to allow direct access to the
containment unit for further observation to further verify
system characteristics and corroborate household reports.
Enumerators were leaders from the respective communities
who were trained in ethical data collection, including
obtaining  informed consent, ensuring respondent
confidentiality, and administering the survey in a
standardized manner. The data collection instruments were
piloted with the leaders and members of the community,
and iterations were made. All data were recorded on
electronic mobile forms using KoBoToolbox, with quality
control measures including spot checks, supervisor review
of completed forms, and daily data uploads to ensure
completeness and accuracy.

Data analysis

For data analysis, sanitation access was classified using the
JMP service levels of basic, limited, unimproved, and open
defecation. Although the JMP framework also defines safely
managed services, our data captured only the user interface
and containment and relied on self-reported emptying
practices; downstream service chain components (transport,
treatment, and final disposal) were not assessed. Safely
managed sanitation could therefore not be reliably classified
in this study. Primary outcomes included: (1) change in
sanitation access pre- versus post-typhoon, (2) typhoon
damage, which was defined based on households' reports of
damage to sanitation facilities caused by previous typhoon
events, and (3) downtime, defined as the number of days
households lacked access to basic sanitation following
typhoon-related damage disruptions. Exposure to typhoons
was classified dichotomously (affected vs. not affected).
Typhoon-related sanitation damage was defined as structural
damage to, or functional disruption of, sanitation
infrastructure attributable to the event. This included loss of
service continuity, loss of access or wusability, or
environmental contamination (e.g., flooding or sewage
backflow) that rendered the system partially or completely
non-functional. Because the analysis focused on impacts
from a single typhoon event, further severity classification of
damage was not conducted.
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Descriptive statistics summarized household
characteristics, sanitation access, and exposure levels and
were presented as means and standard deviations (SD) for
continuous-type variables (years lived in current residence,
duration of downtime, and number of people sharing a
facility) and frequencies and percentages for categorical-type
variables (gender, years of education, study site, sanitation
service category, type of sanitation infrastructure, and
typhoon damage). We used the chi-square test to assess
changes in paired categorical sanitation data pre- and post-
typhoon. Logistic regression models were used to determine
the association between typhoon damage and household
vulnerability factors (e.g., socioeconomic status, sanitation
type, construction materials) and to estimate the impact of
typhoons on sanitation outcomes. All models were assessed
for effect modification by study site. Cox proportional
hazards model and Kaplan-Meier survival analysis were
applied to estimate time to recovery of access to basic
sanitation, with households censored if access had not been
restored by the end of the study period. Statistical
significance was set at p < 0.05.

Ethical statement

Ethical approval for this study was obtained from the
Institutional Review Board at the University of North Carolina
at Chapel Hill (Approval no. 25-2468) in accordance with the
principles of the Declaration of Helsinki. All procedures
involving human participants were conducted in accordance
with the ethical standards of the approving institution, the
Philippine National Ethical Guidelines for Health and
relevant national policies. In-country approval was also
obtained from elected government officials of the respective
municipalities covered by the study. Data collection was
conducted by community leaders who were trained in
research ethics, consent procedures, and data privacy. Prior
to enrollment, community leaders in the study areas were
provided with an information sheet written in the local
language describing the study procedures, and the research
team was available to respond to any questions. All
participants  provided informed consent prior to
participation. Study participants received no compensation
for their participation. Anonymity was ensured through the
use of household identification numbers, and no names or
personal identifiers were recorded.

Results
Characteristics of the study population

We surveyed 994 households across rural areas of three
municipalities (Cordon, n = 328; Lupao, n = 411; and Milagros,
n = 255) (Table 1). The mean household size was 4.2 persons
(SD = 2.0), with most households headed by men (81.9%) and
nearly half of the households having at least one member with
a high school education (47.2%). The majority owned their
homes (94.6%) and had lived there an average of 21 years.
One-third (32.8%) had a child under five, and 8.4% reported a

This journal is © The Royal Society of Chemistry 2026
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Table 1 Characteristics of 994 participants based on surveys conducted in Lupao, Cordon, and Milagros Municipalities, Philippines, October 2023-April

2024
Total Cordon Lupao Milagros
(N =994) (N = 328) (N =411) (N = 255)
Characteristics n (%) n (%) n (%) n (%)
Household size, mean (SD) 4.2 (2.0) 3.9(1.8) 4.4 (2.0) 4.3 (2.3)
Gender
Female 175 (18.1) 56 (17.1) 97 (23.6) 22 (9.7)
Male 790 (81.9) 272 (82.9) 314 (76.4) 204 (90.3)
Education
Elementary 361 (37.4) 89 (27.1) 123 (29.9) 149 (65.9)
High school 455 (47.2) 181 (55.2) 214 (52.1) 60 (26.6)
College 139 (14.4) 57 (17.4) 72 (17.5) 10 (4.4)
No formal education 10 (1.0) 1(0.3) 2 (0.5) 7 (3.1)
Owns residence
Yes - owner 940 (94.6) 315 (96.0) 402 (97.8) 223 (87.5)
No - renter 54 (5.4) 13 (4.0) 9 (2.2) 32 (12.5)
Number of years lived in current residence, mean (SD) 21 (16.7) 17 (12.3) 23 (17.5) 24 (19.0)
Household has child under 5 years
Yes 326 (32.8) 86 (26.2) 140 (34.1) 100 (39.2)
No 668 (67.2) 242 (73.8) 271 (65.9) 155 (60.8)
Household has person(s) with disability
Yes 83 (8.3) 17 (5.2) 41 (10.0) 25 (9.8)
No 911 (91.7) 311 (94.8) 370 (90.0) 230 (90.2)
Drinking water source
Piped water into dwelling/yard 182 (18.9) 29 (8.8) 128 (31.1) 25 (11.1)
Public tap/standpipe/tubewell/borehole 166 (17.2) 130 (39.6) 24 (5.8) 12 (5.3)
Protected dug well/spring 197 (20.4) 0 (0.0) 68 (16.6) 129 (57.1)
Unprotected dug well/spring 26 (2.7) 0 (0.0) 14 (3.4) 12 (5.3)
Rainwater 1(0.1) 0 (0.0) 0 (0.0) 1 (0.4)
Bottled water 393 (40.7) 169 (51.5) 177 (43.1) 47 (20.8)
Drinking water service quality
Basic 683 (99.7) 290 (100.0) 179 (98.9) 214 (100.0)
Limited 2(0.3) 0 (0.0) 0 (0.0) 0 (0.0)
Unimproved 26 (2.7) 0 (0.0) 14 (3.4) 12 (5.3)
Time (minutes) taken to walk to water source, mean (SD) 4.2 (7.1) 3.4 (3.5) 4.2 (12.1) 5.4 (3.8)
Reliability of water source
Always available 760 (76.5) 305 (93.0) 310 (75.4) 145 (56.9)
Sometimes available 181 (18.2) 20 (6.1) 85 (20.7) 76 (29.8)
Rarely/never available 53 (5.3) 3(0.9) 16 (3.9) 34 (13.3)
Sanitation infrastructure
Flush/pour-flush to piped sewer system 8(0.8) 8 (2.5) 0 (0.0) 0 (0.0)
Flush/pour-flush to pit latrine 119 (12.3) 69 (21.1) 13 (3.2) 37 (16.4)
Flush/pour/flush to septic 395 (41.0) 186 (56.9) 33 (8.0) 176 (77.9)
Pit latrine with slab 374 (38.8) 25 (7.7) 349 (84.9) 0 (0.0)
No facility/open defecation/flush to field 68 (7.1) 39 (11.9) 16 (3.9) 13 (5.8)
Sanitation service quality
Basic 287 (28.9) 32 (9.8) 21 (5.1) 89 (39.6)
Limited 420 (42.3) 230 (70.6) 25 (6.1) 123 (54.7)
Unimproved 219 (22.0) 25 (7.7) 349 (84.9) 0 (0.0)
Open defecation 68 (7.1) 39 (11.9) 16 (3.9) 13 (5.8)
Location of sanitation facility
Inside dwelling 570 (59.1) 131 (40.0) 289 (70.3) 150 (66.4)
Inside yard or compound 331 (34.3) 164 (50.2) 107 (26.0) 60 (26.6)
Outside yard or compound/neighbor's yard 63 (6.5) 32 (9.8) 15 (3.7) 16 (7.0)
Child feces disposal
Thrown in a toilet/latrine 22 (9.7) 2 (2.3) 20 (14.3)
Buried 100 (44.3) 50 (58.1) 50 (58.1)
Thrown into garbage 75 (33.2) 20 (23.3) 55 (39.3)
Left in the open 3(1.3) 1(1.2) 2 (1.4)
Other 26 (1.2) 13 (1.5) 13 (9.3)
Menstrual hygiene management
Facility has disposal facility 843 (87.4) 296 (90.2) 336 (81.8) 211 (93.4)
No disposal facility 122 (12.6) 32 (9.8) 75 (18.2) 15 (6.6)
Sanitation facility has been affected by heavy rains or typhoons in the past
Yes 187 (19.4) 67 (20.4) 45 (11.0) 75 (33.2)
No 778 (80.6) 261 (79.6) 366 (89.0) 151 (66.8)
This journal is © The Royal Society of Chemistry 2026 Environ. Sci.. Water Res. Technol.
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Total Cordon Lupao Milagros
(N =994) (N =328) (N =411) (N = 255)
Characteristics n (%) n (%) n (%) n (%)
Sanitation access to primary facility is maintained during heavy rains or typhoons
Yes 882 (91.4) 294 (89.6) 391 (95.1) 197 (87.2)
No 83 (8.6) 34 (10.4) 20 (4.9) 29 (12.8)
Alternative means of sanitation after heavy rains or typhoons
Use a neighbor's facility 28 (51.9) 17 (50.0) 11 (55.0)
No facility/open defecation 26 (48.2) 17 (50.0) 9 (45.0)
Sanitation facilities that have been emptied in the past (fecal sludge management)
Yes 16 (1.7) 0 (0.0) 14 3.4) 2 (0.9)
No 949 (98.3) 328 (100.0) 397 (96.6) 224 (99.1)
Time (minutes) taken to walk to the sanitation facility, mean (SD) 4.1 (4.7) 3.1(2.6) 5.9 (6.4) 3.1(2.6)
Age (years) of sanitation facility, mean (SD) 11.2 (10.6) 8.5 (9.0) 15.3 (12.9) 7.9 (4.8)
Households using shared sanitation facilities
Yes 654 (67.9) 278 (85.0) 243 (59.1) 133 (59.1)
No 309 (2.1) 49 (15.0) 168 (40.9) 92 (40.9)
Number of households sharing one sanitation facility, mean (SD) 3.2 (3.0) 4.2 (3.5) 2.1 (1.6) 0.0 (0.0)
Sanitation facilities with cleaning staff
Yes 749 (85.9) 277 (84.5) 347 (84.4) 125 (94.0)
No 123 (14.1) 51 (15.5) 64 (15.6) 8 (6.0)
Sanitation facilities with a paid caretaker
Yes 32 (3.7) 10 (3.1) 19 (4.6) 3 (2.3)
No 840 (96.3) 318 (96.9) 392 (95.4) 130 (97.7)
Sanitation facilities with repair and maintenance staff
Yes 757 (86.8) 285 (86.9) 349 (84.9) 123 (92.5)
No 115 (13.2) 43 (13.1) 62 (15.1) 10 (7.5)
Diarrhea in a child under 5 years
Yes 11 (4.9) 2 (2.3) 9 (6.4)
No 215 (95.1) 84 (97.7) 131 (93.6)

“ Values are presented as n (%), unless stated otherwise.

member with a disability. Drinking water sources varied, with
40.7% relying on bottled water, 20.4% on protected dug wells
or springs, 18.9% on piped water, and 17.2% on public taps,
though 82.7% reported reliable availability. Sanitation was
predominantly septic systems (41.0%) and pit latrines with
slabs (38.8%), while 7.0% practiced open defecation. Facilities
were usually located inside dwellings (59.1%) or compounds
(34.3%), and two-thirds (67.9%) were shared, averaging 3.2
households per facility within the shared or community
facilities. While most facilities had a designated cleaner
(85.9%) or repair person (86.8%), and only 3.7% reported a
paid caretaker. Desludging was uncommon due to limited
access to professionalized fecal sludge management services
(1.7%). When containment structures were filled, households
most often covered the pit and excavated a new one (66.3%).
In households with children under five, child feces were most
commonly buried (44.3%), thrown in the garbage (33.2%), or
disposed of in toilets (9.7%). Menstrual health product
disposal amenities were present in 87.4% of facilities, while
12.6% lacked such provisions. Almost one-fifth (19.4%)
reported sanitation damage caused by typhoons, with notable
differences among municipalities: Cordon and Milagros
households, which rely primarily on septic systems, sustained
more damage from typhoons (35.8% and 40.1%, respectively;
Lupao households mostly use pit latrines with slabs and
experienced less damage (24.1%).

Environ. Sci.. Water Res. Technol.

Mobility along the sanitation service ladder

Sanitation service levels are presented according to the four
JMP categories—basic, limited, unimproved, and open
defecation (Fig. 2). Estimates are based on household reports
of facility conditions before and after a typhoon event rather
than direct pre- and post-event measurements. Prior to the
typhoon, 31% of households used basic sanitation, 36%
limited, 27% unimproved, and 6% practiced open defecation.
Post-typhoon, the proportion with basic services declined to
17%, while unimproved sanitation and open defecation
increased by 42% and 13%, respectively. Nearly half of
households previously using basic sanitation shifted to lower
service levels, most commonly to the unimproved sanitation
category, while about one quarter of those with limited
services transitioned to lower rungs of unimproved service or
open defecation. Few households reported improvements,
indicating that the typhoon largely drove downward shifts
toward less safe sanitation options. There was no indication
of upward movement post-typhoon.

Impact on sanitation outcomes

Typhoon exposure was associated with significant disruptions
to sanitation access and practices (Table 2). Overall,
households affected by typhoon damage were less likely to
maintain basic sanitation and more likely to report shifts

This journal is © The Royal Society of Chemistry 2026
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Fig. 2 Transitions in household sanitation service levels before and after typhoon impacts. The Sankey plot presents flows colored by source
category (basic sanitation - green, limited sanitation - lighter green, unimproved sanitation - orange, open defecation - red). Node labels show the
share of households using sanitation before and after typhoons; OD = open defecation.

toward unimproved facilities. Impacts were also observed in
toilet sharing, open defecation, child feces disposal, and
menstrual hygiene management. These disruptions were
further linked to increased reports of diarrheal disease.
Specifically, households affected by typhoons were
significantly less likely to have higher forms of sanitation
access (aOR = 0.52, 95% CI: 0.29-0.93, p = 0.027), indicating
a shift from basic to unimproved facilities. We examined the
impact of typhoon damage on toilet sharing among
households across the three communities. Overall, 19.4% of
households affected by typhoon damage reported sharing
toilets as a coping strategy. Typhoon damage was associated
with greater likelihood of sharing toilets, as households that
were less affected by typhoons were less likely to share (OR =
0.47, 95% CI: 0.27-0.80). We examined the association
between the number of people sharing a toilet and the
likelihood of experiencing typhoon impact. In unadjusted

logistic regression, each additional person sharing a toilet
was associated with 0.84% higher odds of typhoon impact
(OR = 0.84, 95% CI: 0.67-1.01). After adjusting for household
income, age, and gender, the association remained
significant (adjusted OR = 0.72, 95% CI: 0.26-0.89).
Interaction terms indicated that the effect differed by
community, with Cordon experiencing a larger increase than
Lupao and Milagros (p = 0.010).

Households affected by typhoon damage showed higher
odds of open defecation in unadjusted models, though this
association was not significant after adjustment (aOR =
1.13, 95% CI: 0.76-1.68, p = 0.534). Households affected by
typhoon damage were less likely to be disposing child feces
safely, but these results were not statistically significant
(aOR = 0.31, 95% CI: 0.04-2.30, p = 0.249). Typhoon-
affected households were also less likely to have proper
facilities for disposal of menstrual products (aOR = 0.15,

Table 2 Regression analysis of sanitation-related outcomes associated with typhoon impacts with unadjusted and adjusted estimates

Unadjusted model

Adjusted model”

Predictor OR 95% CI P OR 95% CI )4
Service level (improved vs. unimproved) 0.87 0.62, 0.93 0.417 0.52 0.29, 0.93 0.027*
Toilet shared (yes vs. no) 0.47 0.27, 0.80 0.006** 0.84 0.58, 1.22 0.370
Child feces disposal (safe vs. unsafe) 0.28 0.04, 2.17 0.224 0.31 0.04, 2.30 0.249
Open defecation (yes vs. no) 1.60 1.11, 2.29 0.012%* 1.13 0.76, 1.68 0.534
Menstruation facility disposal (available vs. unavailable) 0.24 0.16, 0.35 0.000%** 0.15 0.09, 0.23 0.000%**
Diarrhea” (yes vs. no) 1.75 0.97, 3.15 0.061 2.24 1.22, 4.11 0.009%**

Abbreviation: CI, confidence interval. p-Value is presented as p < 0.05%, p < 0.01**, and p < 0.001***. “ Regression model adjusted for gender,
education, household size, community, home ownership, and number of years lived in current residence. b Diarrhea was defined as three or
more loose or watery stools per day, or blood in stool, self-reported). The interaction between typhoon impact and each categorical descriptive

characteristic was tested.
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Table 3 Unadjusted and adjusted associations between typhoon damage and household sanitation characteristics

Unadjusted model

Adjusted model”

Predictor OR 95% CI P OR 95% CI P
Facility location (outside vs. inside dwelling) 3.14 2.21, 4.48 0.000%** 3.32 2.27, 4.86 0.000%**
Age of facility (<10 years vs. 10+ years) 0.51 0.25, 0.74 0.000%** 0.67 0.44, 1.00 0.050%*
Age of facility (years)” 0.98 0.96, 0.99 0.010%* 0.99 0.96, 1.01 0.435
Disability status (yes vs. no) 1.17 0.68, 2.02 0.578 1.14 0.64, 2.03 0.657
Emptied in the past (yes vs. no) 1.92 0.66, 5.58 0.234 3.59 0.99, 12.94 0.051
Cleaning personnel (yes vs. no) 0.30 0.20, 0.46 0.000%** 0.23 0.15, 0.36 0.000%**
Paid caretaker (yes vs. no) 0.14 0.02, 1.05 0.056 0.19 0.03, 1.46 0.112
Designated repairman (yes vs. no) 0.27 0.17, 0.41 0.000%** 0.19 0.12, 0.30 0.000%***
Climate adaptation (present vs. absent) 0.09 0.06, 0.14 0.000%** 0.08 0.05, 0.13 0.000%**

Notes: OR = odds ratio; CI = confidence interval. Reference group = “no damage”. p-Value is presented as p < 0.05%, p < 0.01** and p <
0.001***,  Adjusted models were controlled for gender, education, household size, community, home ownership, and number of years lived in
current residence. ? Logistic regression coefficients (5) are presented for continuous independent variables. N = 994 households.

95% CI: 0.09-0.23, p < 0.001). Diarrheal disease was also
significantly linked to typhoon damage, with typhoon-
affected households being more than twice as likely to
report cases compared with unaffected households (aOR =
2.24, 95% CI: 1.22-4.11, p = 0.009).

Determinants of household vulnerability to typhoon impacts

We assessed sanitation-related factors associated with
household reporting typhoon damage. Predictors included
facility location, age, maintenance practices, and presence of
climate adaptation measures. Climate adaptation measures
were defined as household- or facility-level modifications
intended to reduce vulnerability of sanitation infrastructure
to typhoon-related damage. These included measures such as
elevating the toilet platform above expected flood levels,
reinforcing containment structures, installing drainage or
diversion channels to redirect stormwater, or siting facilities
on higher ground where feasible. In the unadjusted logistic
regression models, several facility characteristics were
significantly associated with reported typhoon damage
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Fig. 3 Cox baseline survival (blue) and Kaplan-Meier survival curves
for time until toilet usability following a typhoon, with Kaplan-Meier
estimate (green) and Greenwood 95% confidence band (light green).
The dashed line indicates the restricted mean survival time (mean
days).
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(Table 3). Facilities located outside dwellings had higher odds
of experiencing damage compared with those located outside
(OR = 3.14, 95% CI: 2.21-4.48, p < 0.001). Newer facilities
that were less than 10 years old were less likely to report
damage than older facilities (OR = 0.51, 95% CI: 0.25-0.74, p
< 0.001), and each additional year of facility age was
associated with slightly higher odds of damage (OR = 0.98,
95% CI: 0.96-0.99, p = 0.01). Households faced less typhoon
damage if they reported having cleaning personnel (OR =
0.30, 95% CI: 0.20-0.46, p < 0.001), a skilled repairman (OR
=0.27, 95% CI: 0.17-0.41, p < 0.001), or having implemented
climate adaptation measures (OR = 0.09, 95% CI: 0.06-0.14, p
< 0.001). Contrary to our hypothesis, having recently emptied
the facility (OR = 1.92, 95% CI: 0.66-5.58, p = 0.234) and
having a paid caretaker (OR = 0.14, 95% CI: 0.02-1.05, p =
0.056) were not substantially linked to typhoon damage. After
adjusting for relevant covariates, these associations remained
consistent. The analysis further shows that people with
disability (OR = 1.14, 95% CI: 0.64-2.03, p = 0.657) and those
with limited mobility were disproportionately affected by
typhoons, although the results were inconclusive. Although
most surveys were completed by male respondents due to
availability at the time of data collection, sensitivity analyses
disaggregated by respondent gender did not indicate
systematic differences in key study outcomes and reported
sanitation characteristics.

Downtime and repair

Time-to-repair was evaluated using a Cox proportional
hazards model. Among households reporting typhoon-related
sanitation damage (n = 41), the median downtime was 2 days
(IQR: 1-3). According to Kaplan-Meier survival analysis
(Fig. 3), approximately 95% of damaged households repaired
their facilities within one week, while 2% were restored
within one month. At the time of the survey, 3% of
households reported that their toilets remained unrepaired.
We assessed factors associated with the recovery of
household sanitation facilities following typhoon damage
(Table 4). Households that reported severe toilet damage
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showed slower recovery, with a 40% lower hazard ratio (HR)
of repair compared to those with minor or no damage (HR =
0.60, 95% CI: 0.42-0.86). In adjusted models, households in
the highest income quintile repaired faster (HR = 1.75, 95%
CI: 1.20-2.55, p = 0.004) than those in the lowest quintile.
Larger households with more than six members (HR = 1.30
(95% CI: 1.01-1.70, p = 0.044)); facilities with a skilled
repairman (HR = 1.60 (95% CIL: 1.05-2.45, p = 0.030));
facilities located within dwellings (HR = 1.75 (95% CI: 1.10-
2.78, p = 0.018)); presence of cleaning personnel (HR = 1.40
(95% CI: 0.90-2.18, p = 0.140)); implementing climate
adaptation measures (HR = 1.50 (95% CIL: 0.95-2.36, p =
0.080), and having a paid caretaker (HR = 1.05 (95% CI: 0.60-
1.85, p = 0.870)) reported lower downtimes and faster repairs.
In contrast, aged facilities (=10 years) (HR = 0.85 (95% CI:
0.60-1.21, p = 0.360)) took longer to repair.

Discussion

This study highlights the significant impact of typhoons on
household sanitation access, practices, and recovery in
affected communities. Typhoon exposure disrupted sanitation
services, with households experiencing damage more likely to
shift from basic service to using unimproved facilities, share
toilets, or face challenges in fecal sludge management,
disposal of child feces, and menstrual hygiene management.
These disruptions were also associated with higher odds of
reported diarrheal disease, underscoring the broader public
health implications of extreme weather events. Our findings
align with prior research showing that climate impacts can
reverse gains in sanitation coverage and exacerbate the risk of
waterborne diseases in vulnerable populations. Hubbard
et al.>” demonstrated that seasonal climate patterns associated
with heavy precipitation can weaken WASH infrastructure,
reduce compliance, and heighten diarrhea risks, making
existing interventions less effective under climate stressors.
Other studies have investigated how climate impacts various
dimensions of sanitation, such as infrastructure quality,*®
repairs and maintenance,'® and open defecation.>”

Analysis of sanitation service levels before and after
typhoon events revealed substantial downward mobility
among households. The results indicate that typhoons led
to both severe slippage, reflected in increased open
defecation, and moderate slippage, marked by transitions
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from basic to limited or unimproved sanitation. Before
typhoons, 29% of households reported using basic sanitation,
42% limited, 22% unimproved, and 7% practiced open
defecation. After typhoons, the proportion of households with
basic sanitation dropped to 16%, while unimproved and open
defecation increased to 30% and 15%, respectively. Nearly
half of households with basic sanitation shifted to lower
service levels, most commonly to unimproved facilities, while
approximately one in four households with limited sanitation
moved to unimproved or open defecation. Persistence at the
lower rungs of the service ladder (unimproved and open
defecation) was high, with no evidence of upward movement,
indicating that typhoon events primarily pushed households
toward less safe sanitation options. These patterns suggest
that typhoon events likely disproportionately compromised
access to safe sanitation among households previously at
higher service levels, while offering little evidence of rapid
recovery or improvement for those already at lower service
levels. Climate change is projected to affect sanitation access,
but concrete evidence of its impact on WASH services remains
scarce. Research indicates that poorer and more severely
affected  households  experience longer downtimes,
highlighting disparities in the recovery of sanitation services
after typhoons. Current infrastructure is not designed to cope
with increasingly intense weather patterns, emphasizing the
need for better sanitation, community engagement, and
effective repair strategies.

Facility characteristics played a critical role in household
vulnerability to typhoon damage. Facilities located within
dwellings had higher odds of damage, whereas newer
facilities, those with cleaning personnel, designated repair
personnel, or climate adaptation measures were less likely
to be affected. These results emphasize the importance of
maintenance, structural resilience, and adaptation strategies
in reducing disaster-related sanitation disruptions, and are
consistent with previous studies."®*** On the other hand,
insights regarding inequitable impacts of typhoons were
revealed. Households with members requiring assistance to
use toilets (e.g., people with disabilities, the elderly, and
children) appeared more affected by typhoons, although the
association was not statistically significant. Nevertheless,
this does not preclude disproportionate impacts on
vulnerable household members; further research is needed
to better understand these potential inequities.

Table 4 Cox proportional hazards regression results for time to repair household sanitation facilities following typhoon damage

Predictor Hazard ratio (HR) 95% CI p-Value
Household income (highest vs. lowest quintile) 1.75 1.20-2.55 0.004%**
Household size (>6 vs. <6 members) 1.30 1.01-1.70 0.044*
Designated repairman (yes vs. no) 1.60 1.05-2.45 0.030*
Facility location (in dwelling vs. outside) 1.75 1.10-2.78 0.018*
Cleaning personnel (yes vs. no) 1.40 0.90-2.18 0.140
Climate adaptation measures (present vs. absent) 1.50 0.95-2.36 0.080*
Facility age (<10 vs. =10 years) 0.85 0.60-1.21 0.360
Paid caretaker (yes vs. no) 1.05 0.60-1.85 0.870

p-Value is presented as p < 0.05* and p < 0.01%*,
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Our analysis of downtime and repair dynamics revealed
that overall, households regained toilet usability relatively
quickly following typhoon events, and indicators such as
containment not being full or overflowing, and continued
access at night improved resilience. Households reporting
severe toilet damage experienced slower recovery, while
higher-income and larger households repaired facilities
faster. The presence of a designated repairman and facilities
located within dwellings was associated with quicker
restoration. These results highlight the role of both
socioeconomic  capacity for resilience and facility
management in accelerating recovery. Comparable patterns
have been observed in post-disaster sanitation recovery
studies, suggesting that social and financial capital, as well
as institutional support, are key determinants of
resilience.’”** In this study, we were invited to collaborate
with community groups who identified prevailing sanitation
conditions and sought to understand them as a foundation
for designing community-level interventions. Data collection
was led by the community groups, demonstrating the
important role communities can play in generating evidence.
While we lack data on this aspect, the findings suggest the
need for follow-up inquiries to explore how social support
systems, such as community groups, contribute to resilience.

Altogether, our findings suggest that typhoon impacts on
sanitation are multidimensional, affecting not only
infrastructure but also service quality and health outcomes.
Interventions to enhance disaster-resilient sanitation should
consider both structural adaptations (e.g., reinforced
facilities, climate adaptation features) and social support
(e.g., cleaning personnel, designated repair personnel),
particularly for lower-income and smaller households who
may face greater recovery challenges. In the short term,
emergency WASH responses should focus on preventing
slippage from basic or limited service to unimproved or open
defecation through rapid rehabilitation of key facilities and
supply chains. Households already relying on unimproved or
open defecation require targeted support, as persistence at
these levels was strongest and upward mobility was rarely
observed. Regular post-typhoon follow-up is also needed to
track recovery trajectories, prioritize restoration of basic
services. Sanitation programs and households could benefit
from strengthening routine pit and septic system
maintenance and ensuring safe, reliable access, including at
night, for shared facilities to help reduce downtime. Future
studies should examine longer-term effects on hygiene
practices and health, and test cost-effective resilience
strategies, accounting for factors such as typhoon intensity,
drainage conditions, and desludging lead times to better
identify high-impact interventions.

Study findings may be interpreted cautiously because
communities were surveyed at different intervals after the
typhoon (1-2 months vs. ~5 months), suggesting that recall
bias may have influenced responses. However, comparisons
across survey waves showed no statistically significant
differences in key outcomes.

Environ. Sci.. Water Res. Technol.
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Conclusion

This study provides household-level evidence of how
typhoons disrupt sanitation in rural Southeast Asia, showing
not only the extent of service loss but also the slow and
uneven recovery that follows. The results point to specific
risks, including increased open defecation, persistence at
unimproved service levels, and delayed repairs among poorer
households, all of which can reverse progress on safe
sanitation.  Addressing  these  challenges  requires
preparedness measures that safeguard basic access, targeted
emergency support for the most vulnerable households, and
longer-term investment in facilities designed to withstand
flooding and extreme rainfall. Considering the increased
frequency and severity of typhoons under climate change,
these findings highlight the urgency of taking action to
prevent backsliding, safeguard public health, and sustain
progress towards universal sanitation.
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global overview of sanitation service levels as defined by the
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