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Abstract:

This study investigates the impact of Urban Rooftop Rainwater Harvesting (URWH) on water
availability and scarcity in Sana’a City, Yemen. Given the city’s chronic water shortages and irregular
municipal supply, households rely increasingly on alternative sources. This research employs a
qualitative exploratory approach to analyze the data collected through semi-structured interviews. A
sample of 33 residents was determined based on the principle of data saturation, where interviews
continued until no new themes or information emerged; the distribution (26 in Tahrir District and 7 in
Al-Sab'een District) reflects the higher population density and more acute water distress in the
traditional urban downtown of Tahrir. Additionally, 9 key stakeholders were selected using purposive
sampling to ensure a multi-dimensional perspective, representing government water authorities, NGOs,
and academia. Findings were derived through Inductive Thematic Analysis, involving systematic
coding of interview transcripts to identify recurring patterns and consensus among participants. The
results indicate that rainwater harvesting can significantly alleviate water scarcity during rainy months,
particularly for low-income households. However, the utilization of rainwater in the areas under study
is hindered by a host of barriers, including roof suitability, limited storage capacity, and lack of
institutional support. The study highlights the potential of URWH as a locally appropriate adaptation
strategy and emphasizes the need for targeted interventions, including the provision of storage tanks,
technical guidance, and policy support to maximize its impact.
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1. Introduction

Sana'a, the capital of Yemen, is
confronting one of the most acute urban
water crises across the globe, a situation
exacerbated by a confluence of chronic
groundwater over-extraction, rapid
population growth, and the ongoing
socio-political conflict (Aklan et al.,
2023). Decades of unsustainable
abstraction have led to critical depletion
of the Sana'a Basin's water table, with
estimates indicating a severe structural
deficit in supply (Haidera et al., 2011).
The reliability of municipal water
supply has deteriorated sharply, with its
often being irregular, inadequate, or
entirely absent in many districts,
pushing households to rely heavily on
expensive and often unregulated private
water trucking (Campisano et al.,
2017). This fragile context presents an
existential challenge to urban water
security, especially for vulnerable and
low-income populations.

In response to this institutional failure
and chronic scarcity, Urban Rooftop
Rainwater Harvesting (URWH) has
emerged as a vital, grassroots coping
mechanism. While traditionally
associated with rural areas, URWH is
increasingly adopted in densely
populated urban neighborhoods like Al-
Tahrir and Al-Sab'een, functioning as a
necessary adaptation strategy for
survival. This practice offers a
decentralized and climate-resilient
solution, capable of supplementing
household water needs and reducing the
physical and  financial  burden
associated with acquiring water from
commercial sources. The theoretical
framework for this study is grounded in
the  principles of  Sustainable
Development Theory (SDT), which
underscores the necessity of integrating
environmental sustainability, economic
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viability, and social equity in water
resource management (WCED, 1987).

Despite the evident proliferation of
these informal practices, a significant
gap remains in the academic
understanding of their actual impact.
Specifically, the extent to which
URWH successfully mitigates water
scarcity and enhances water availability
at the household level in a complex,
conflict-affected urban setting like
Sana'a remains largely unexplored.
Previous studies in similar arid contexts
confirm that RWH can meet a portion
of non-potable domestic demand
(Abdulla et al., 2009), but they often
neglect the specific social,
infrastructural, and institutional barriers
faced by Yemeni urban residents, such
as the initial economic cost, technical
limitations of roof structures, and
pervasive institutional neglect.

Therefore, this study aims to address
this critical knowledge gap. The
primary objective of this paper is to
evaluate the influence of rainwater
harvesting on water availability and
water scarcity in Sana'a City. By
analyzing qualitative data collected
from both residents and key
stakeholders, the research seeks to
quantify the perceived effectiveness of
URWH as an indigenous water
adaptation strategy and to identify the
major challenges limiting its scalability
and maximum  contribution to
household water security, thereby
providing an evidence base for linking
community-level resilience tactics with
formal, sustainable urban water policy,
in line with SDG 6 (Access to water and
sanitation for all).
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2. Problem Statement and Research
Questions

2.1.Problem Statement

Sana'a City, Yemen, is confronting one
of the most critical urban water scarcity
crises across the globe, with chronic
resource depletion exacerbated by
groundwater over-extraction and the
deterioration of water infrastructure due
to ongoing conflict (Aklan et al., 2023).
This situation has led to the unreliability
of  municipal supplies, forcing
households to increasingly rely on
costly and unsustainable alternative
sources, such as purchasing vended
water from trucks or alsabeel.

In this context, URWH has emerged as
a  pervasive, informal  coping
mechanism utilized by residents to
augment household water availability
and mitigate financial burdens.
However, despite the widespread
adoption of this practice, there remains
a critical knowledge gap regarding the
systematic assessment of its actual
impact.

The core of the problem lies in the
insufficient academic evidence that
quantifies and characterizes:

The extent to which URWH effectively
contributes to alleviating water scarcity
and increasing water availability at the
household level within the specified
urban districts of Sana'a.

The key structural, socio-economic, and
technical constraints (such as roof
suitability, storage capacity, trust in
quality, and the lack of institutional
support (such as technical standards,
financial  incentives, or  quality
monitoring) which relegates URWH to
a sub-optimal survival mechanism
rather than an integrated urban water
management strategy) that prevent
households from fully realizing the
benefits of rainwater as a sustainable
adaptation strategy.
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Understanding this gap is crucial for
transforming URWH from a mere
survival tactic to a scalable and
sustainable adaptation strategy,
necessitating informed policy and
structural interventions(Chen et al.,
2024).

2.2. Research Questions

The following research questions are
designed to exclusively address the
evaluation of the impact of URWH on
water availability, serving the study's
primary objective:

1. How does Urban Rooftop Rainwater
Harvesting (URWH) affect water
availability and adapt water scarcity
at the household level in Sana'a City?

2. What are the primary uses of
harvested rainwater, and to what
extent does this contribute to
reducing reliance on alternative
water sources (e.g., water trucks or
alsabeel)?

3. What are the main technical,
economic, and social barriers that
limit the effectiveness of URWH in
enhancing household water
availability in Sana'a?

3. Study Objectives

The study aimed to evaluate and
understand the impact of Urban
Rooftop  Rainwater  Harvesting
(URWH) on water challenges in
Sana'a, through the following:

1. To evaluate the URWH
contribution to enhancing water
availability and adapting water
scarcity at the household level in
Sana'a City, Yemen.

2. To identify the primary uses
of harvested rainwater and its
role in reducing household
reliance on costly alternative
water sources (such as water
trucks or alsabeel).
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3. To analyze the technical,
economic, and social barriers
that limit the effectiveness of
rainwater harvesting in
achieving maximum household
water security.

4. Study Significance

The significance of this study lies in its
attempt to fill a critical knowledge gap
and contribute to key applied and policy
areas:

1. Academic Contribution

o Enriching Urban Adaptation
Literature: The study
contributes to the literature on

grassroots adaptation
strategies in fragile and
conflict-affected contexts,

where field research oriented
toward practical solutions is
still insufficient.

e Providing Qualitative
Evidence: The research
provides an in-depth qualitative
analysis of data on the actual
and perceived impact of
URWH on the households
facing water scarcity, moving
beyond reliance on purely
theoretical hydrological models.

2. Applied and Policy Significance

e Supporting Decision-Makers:
The findings offer credible
evidence for policymakers,
humanitarian organizations, and
local authorities to transition
URWH from an individual
popular  practice into a
sustainable and  funded
strategy for enhancing urban
water security.

e Guiding Interventions: It
helps in guiding future
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interventions to be more
targeted and effective by
identifying the most critical
barriers (e.g., initial financing
and storage capacity), thus
ensuring that the provided
support would maximize its
impact on increasing water
availability for the most
vulnerable populations.

Alignment with Global Goals:
The study supports Yemen's
efforts toward achieving the
Sustainable Development Goals
(SDG 6) concerning access to
clean water for all, by
presenting decentralized and
climate-resilient solutions.

Study Boundaries and
Limitations

study was defined by the

following boundaries and limitations:

4

Topical/Thematic Boundaries

Major Focus: The study was
mainly confined to evaluating
the impact of URWH on water
availability and  scarcity
adaptation. Other potential
research objectives (such as
legislative ~ aspects)  were
excluded from the scope of this

paper.

Non-Potable Uses: The study
focuses primarily on rainwater's
contribution to meeting
household needs of non-potable
water (e.g. water for washing
and cleaning), thereby limiting
the assessment of URWH as a
comprehensive  solution for
overall water security.

Geographical Boundaries
Targeted Districts: Data
collection was confined solely
to residents and stakeholders in
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Al-Tahrir District and Al-
Sab'een District within Sana'a
City.

Urban Context Specificity:
The findings cannot be so
generalizable to include rural or
coastal arecas of Yemen, the
areas that differ significantly
from Sana’a City in terms of
hydrological conditions and
socio-economic infrastructure.

Methodological and Temporal
Limitations

Qualitative Method: The study
is intended to qualitatively
analyze data collected from
interviews with study
participants. This of course
precludes the possibility of
getting a precise quantitative
measurement of the actual
volume of rainwater harvested
by the participants, as well as of
conducting a large-scale Cost-
Benefit Analysis (CBA).

Reliance on Perceptions: The
results of data analysis should
be interpreted as the
participants' subjective
perceptions (Perceived Impact)
regarding the effect of URWH
on their lives and scarcity relief,
which may not always align
with actual  hydrological
measurements.

Temporal Constraint: Data
was collected within the period
of 2024-2025, which places
temporal constraints on the
specific political and economic
context informing the study.

Conceptual and Operational
Definitions

The terms used in the study
were defined conceptually and

2026 | 7| axdi | 5 aaall

Impact of Urban Rooftop Rainwater Harvesting on Water Security in Sana'a,
Yemen: Assessing Adaptation Strategies to Water Scarcity

operationally to serve the
research purposes, as follows:

e 1. Urban Rooftop Rainwater
Harvesting (URWH)

|Deﬁniti0n ||Descripti0n |

The process of collecting,
storing, and  distributing
rainfall runoff from wurban
building rooftops and other
Conceptual ||impervious surfaces for use in
Definition ||non-potable domestic
applications, aiming to reduce
pressure on centralized water
resources (Campisano et al.,
2017).

The actual practice
implemented by residents in
the Al-Tahrir and Al-Sab'een
districts of Sana'a, involving
the use of simple channels,
gutters, or pipes to divert
rainwater from rooftops into
ground-level or surface storage
tanks/barrels, and the
assessment of its contribution
to household use.

Operational
Definition

e 2. Water Security

|Deﬁniti0n ||Descripti0n

The capacity of a population to
safeguard sustainable access to
adequate quantities of]
acceptable quality water for
sustaining livelihoods, human
well-being, and socio-
economic development, while
ensuring protection against
waterborne  pollution  and
water-related disasters (Escap
UN-Water, 2013).

Operationally measured in this
study  through  household
perceptions regarding the
ability of harvested rainwater
Operational (|to increase domestic water,
Definition |[availability (Quantity),
improve quality (Trust in use),
and reduce the financial burden
of purchasing alternative
water.

Conceptual
Definition
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e 3. Water Scarcity

|Deﬁniti0n ||Descripti0n |

The inadequacy of fresh water
resources to satisfy standard
water demands in a given
region. It is  typically
categorized into  physical
scarcity ~ (insufficiency  of]
resources) and  economic
scarcity (lack of infrastructure
and financing to access
resources) (Falkenmark,
1989).

Measured in this study through
participants' perceptions
regarding the frequency and
duration of municipal supply
interruptions, their reliance on
costly  alternative  water
sources (water trucks), and the
efforts undertaken to cope with
this shortage using URWH.

Conceptual
Definition

Operational
Definition

8. Methodology and Procedures

The primary objective of this study is to
evaluate the impact of Urban Rooftop
Rainwater Harvesting (URWH) on
household water availability and
scarcity adaptation in Sana'a. Given the
nature of this objective, which explores
complex social perceptions, coping
mechanisms, and structural barriers, a
qualitative research design was
deemed most appropriate.

9 Research
Design

The study adopts a Pragmatic
Qualitative Approach (Kaushik &
Walsh, 2019). This approach allows the
researcher to focus on the 'what works'
solution to URWH in the challenging
context of Sana'a, integrating diverse
perspectives from residents and experts
to achieve a deeper understanding of the
phenomenon. The design is
exploratory and descriptive, aiming
to describe the phenomenon of URWH
adoption and to explore the factors
limiting its effectiveness.

Approach  and
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10 Study Area and Population

11 Study Area

The study population included
households practicing URWH within
the selected districts, as well as key
stakeholders involved in  water
management in Sana'a.

Sampling Strategy and Rationale:
The study employed a combination of
purposive and snowball sampling
techniques. Purposive sampling was
used to specifically target households
that already have functional storm-
water harvesting setups (barrels, tanks,
or roof-diversion systems).
Subsequently, snowball sampling was
utilized to access a wider range of
practitioners in neighborhoods where
official data was unavailable.

Sample Size and Data Saturation:
The final sample size of 42
participants was guided by the
principle of data saturation. The
distribution of the 33 household
residents is as follows:

e Al-Tahrir (n=26): Represents
78.8% of the resident sample.

e Al-Sab'een (n=7): Represents
21.2% of the resident sample.

Clarification on Percentages: It is
critical to clarify that these numbers
(n=26 and n=7) represent the
distribution of the study sample
(Frequency) and not a percentage of
the total district populations. In
qualitative research, the focus is on
"depth"  rather than  "statistical
generalization." The higher
representation  from  Al-Tahrir is
attributed to its status as a high-density,
traditional urban core where water
scarcity is most acute and URWH
practices are more deeply embedded in
the social fabric. In contrast, the sample
from  Al-Sab'een  provided a

20267 ] ssdl | 5 daa) JHS


https://journals.su.edu.ye/index.php/jhs

Noori Yasin Kaid Assad Taher and others

complementary perspective from a
more modern residential context.

e Key Stakeholders (N=9): To
ensure a multi-dimensional
analysis, nine experts were
interviewed (triangulation).

12 Data Collection Instrument
Data was primarily collected through
semi-structured interviews guided by
detailed questionnaires. This method
allowed for flexibility while ensuring
core  research  questions  were
systematically addressed. The
interviews were conducted as of
December 2024 through the end of
February 2025.

13 Interview Protocol

The interview protocol of semi-
structured interviews with and
questionnaires for household residents
was designed to gather detailed
accounts on:

1. Water Availability: Frequency
of municipal supply and the
reliance on alternative sources.

2. URWH Practice: Confirmation
of the participant's collection of
rainwater, how the system was
installed, that 1is, whether
professionally or with simple
tools, and the volume of
rainwater expected to be
collected.

3. Impact Assessment: The
extent to which collected
rainwater replaces expensive
vended well-water as well as
financial savings.

4. Barriers: Technical, economic,
and social challenges limiting
the effectiveness.

14 Data Analysis Procedure

The interview-collected data (in form of
transcripts) were analyzed using
Inductive Thematic Analysis (Braun

JHS 2026 | 7| aaadi | 5 alaal)
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& Clarke, 2006). This procedure
involved six phases:

1. Familiarization: Reading and
re-reading the transcripts to gain
a deep understanding.

2. Coding: Systematically
generating initial codes across
the entire dataset.

3. Theme Searching: Grouping
codes into potential sub-themes
and core themes.

4. Reviewing Themes: Checking
themes against the codes and the
entire dataset to ensure validity.

5. Defining and Naming
Themes: Developing clear
definitions and titles for the final
themes (e.g., "The Mitigation of
Financial Burden" or "Technical

Constraints on Storage
Capacity").
6. Producing the Report:

Relating the themes back to the
research questions and
generating the narrative for the
results section.

This rigorous analysis ensured that the
findings on the impact of URWH on
water availability and scarcity were
grounded directly in the participants'
experiences.

9. Results and Discussion

The inductive thematic qualitative
analysis of data collected from 33
residents and 9 key stakeholders yielded
three principal themes, addressing the
research questions regarding the
URWH impact on water availability
and scarcity in Sana'a. To support these
qualitative findings with empirical
weight, the following tables provide the
frequency distribution and percentages
of participant responses.
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16 The Impact of Rainwater
Harvesting on Water Availability

and Scarcity Adaptation (RQ 1)

Research Question 1: How does Urban
Harvesting
(URWH) affect water availability and
adapt water scarcity at the household
level in Sana'a City?

Rooftop

17 Findings: URWH as
Popular Scarcity Adaptation
Mechanism

The overwhelming majority of

participating households (63.6% of
residents) in the Al-Tahrir and Al-
Sab'een districts confirmed engaging in
some form of URWH to cope with the
severe and chronic deficit in municipal
supply. This practice is viewed as a first
informal

Rainwater

line of defense and an

survival strategy,
environmental or economic choice. As
shown in Table 1, 84.8% of residents
perceive this practice as "essential" for
their water security

rather than an

Table 1: Impact of URWH on Household
Water Availability (N=33 residents)

Noori Yasin Kaid Assad Taher and others

during P14,
outage P15,
P16,
P17,
P18,
P19,
P21,
P23,
P24,
P25,
P36, P38
Percepti 28 84.8% P1, P2,
on of P3, P4,
URWH PS5, P6,
as P7, P8,
"Essenti P9, P10,
al" for P11,
water P12,
security P13,
P14,
P15,
P16,
P17,
P18,
P19,
P20,
P21,
P22,
P23,
P24,
P25,
P36,

Indicator | Frequen | Percenta | Participa
cy ge (%) | nt Codes
Actively 21 63.6% P1, P3,
practicin P4, P6,
g P7, P8,
URWH P9, P10,
during P11,
rainy P12,
season P13,
P14,
P15,
P17,
P18,
P19,
P21,
P23,
P25,
P36, P38
Rely on 23 69.7% P1, P3,
URWH P4, Po,
asa P7, P8,
primary P9, P10,
survival P11,
source P12,
P13,
699

P38, P40
"Our taps are dry most of the time.
We wait for the rain to fill our
barrels. Without this water, we
would have to pay for trucked water
three times a week' (P19, a woman in
AL-Tabhrir district).

The results indicate that the additional
availability of harvested rainwater
provides direct material relief,
especially during the short rainy season.
It critically reduces the frequency with
which families must purchase water
from trucks, which is an expensive and
often quality-unassured source (Taher,
2014), or Al-Sabeel (which, while often
a free charitable source, involves much
physical labor and time).
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18 Discussion: Quantitative

Limitation and Qualitative Shift
This trend aligns with literature on
arid regions, which confirms that
URWH represents a popular
response to water crises (Amos et
al., 2018). While optimized URWH
systems can theoretically offset 80—
90% of non-potable water demands
sources (Abdulla et al., 2009;
GhaffarianHoseini et al., 2016), its
contribution in Sana'a remains
quantitatively limited and
insufficient to bridge the macro-
level deficit caused by extreme
groundwater depletion. However,
the greater impact is a qualitative
shift toward Climate Resilience,
where effective adaptation is
measured by the strengthening of
social capital and the preservation
of environmental assets (Owen,
2020). By offering a decentralized
water source, URWH gives families
a sense of "water sovereignty" and
reduces total reliance on a collapsed
municipal supply system, securing
basic access during peak scarcity.
Although this relief does not solve
the hydrological crisis at the basin
level, it critically minimizes
Household Vulnerability to supply
shocks and reduces the immediate
pressure on over-stressed aquifers,
which is vital for preserving the
city’s remaining environmental
capital (Chen et al., 2024; Musz-
Pomorska et al., 2024).

19 Uses and the Impact on
Reducing Financial Dependency (RQ
2)

Research Question 2: What are the
primary uses of harvested rainwater,
and to what extent does this contribute
to reducing reliance on alternative water
sources (e.g., water purchased from
trucks).
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20 Findings:  Adaptation of
Economic Burden

The results show that rainwater is used
almost exclusively for Non-potable
Uses, with laundry and house cleaning
(93.9%) and sanitation (81.8%) being
the primary drivers (Table 2). This
strategic allocation of resources serves
as a primary mechanism for economic
mitigation. The quantitative
distribution of these wuses among
participants is detailed below:

Table 2: Primary Domestic Uses of
Harvested Rainwater (N=33)

Use
Category

Frequ
ency

Percenta
ge

Participa
nt Codes

Laundry
and house
cleaning

31

93.9%

P1, P2,
P3, P4,
Ps, P6,

P7, P8,
P9, P10,
P11,
P12,
P13,
P14,
P15,
P16,
P17,
P18,
P19,
P20,
P21,
P22,
P23,
P24,
P25,
P26,
P36,
P37,
P38,
P40, P42
Sanitation 27 81.8% P1, P3,
(Toilet P4, P6,
flushing P7, P8,
P9, P10,
P11,
P12,
P13,
P14,
P15,
P17,
P18,
P19,
P21,
P22,
P23,
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P24,
P25,
P36,
P37,
P38,
P40,
P41, P42
Urban 12 36.4% P1, PS,
gardening/ P10,
Planting P11,
P18,
P23,
P24,
P36,
P37,
P38,
P40, P42
Cooking/D 6 18.2% P16,
rinking P22,
(only if P36,
filtered) P37,
P38, P42

This dedicated usage has a conspicuous
financial impact: instead of wasting
expensively purchased water for these
purposes, "free" rainwater is used.
Table 3 shows the perceived reduction
in dependency on paid alternatives:
75.8% of participants reported a
reduction in truck-fetched water
purchases, highlighting a significant
shift in household expenditure patterns.

Table 3: Reduction in Reliance on
Alternative Sources (N=33)

Financial/Re | Frequ | Perce | Participant
source ency | ntage Codes
Impact (%)

Reported 25 75.8 P1, P3,
reduction in % P4, P6,
Water Truck P7, P8,

(Tanker) P9, P10,

purchases P11, P12,

P13, P14,
P15, P17,
P18, P19,
P21, P22,
P23, P25,
P36, P37,
P38, P40,
P42

Reported 17 51.5 P1, P8,
reduction in % P9, P10,
time/labor at P11, P12,

Al-Sabeel P13, P14,

points P15, P17,
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P18, P19,
P20, P21,
P23, P25,
P36
Savings 22 66.7 P3, P4,
allocated to % P6, P7,
other P8, P9,
essential P10, P11,
needs P12, P13,
(Food/Medic P14, P15,
ine) P17, P18,
P19, P21,
P25, P36,
P37, P38,
P40, P42

Thematic Analysis and Qualitative
Evidence: The statistical data in Table
3, which shows that 75.8% of
participants reported a reduction in
truck-fetched water purchases, is
further validated by the qualitative
narratives of the respondents. The
participants’ feedback indicates that the
economic value of rainwater harvesting
is not merely in the "volume" of water
collected, but in the "strategic delay"
of high expenses.

This is explicitly captured in the
testimony of participant P04, whose
experience represents the broader
thematic pattern of financial relief
found across the Al-Tahrir district:

"The difference in price between truck-
fetched water and municipal water is
huge. When I collect rainwater, I can
postpone buying a truckful of water for
one or two weeks, which saves me a lot
of money" (P04, a woman in AL-Tahrir
district).

This qualitative insight explains the
causal link behind the high percentages
shown in Table 3; as reported by 66.7%
of the sample, the "postponement" of
water purchases acts as a critical
household  stabilization  strategy,
allowing families to reallocate their
limited financial resources to other
essential needs like food and medicine.
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21 Discussion: URWH and
Economic Water Security

The practice of using rainwater for non-
potable purposes underscores the
residents' commitment to hedging
against health risks, aligning with water
quality concerns noted in the literature
(Ranaee et al., 2021). Economically, the
reduction in water purchases alleviates
"Economic Scarcity" imposed by the
high prices of vended water. The results
indicate that 75.8% of participants
reported a significant reduction in
vended water purchases (Table 3). This
aligns with the theoretical framework of
Climate Resilience, where adaptation is
measured by the building of social and
economic resilience (Owen, 2020)
Qualitatively, the value of URWH in
Sana’a does not lie in its total volume
but in its ability to provide a "strategic
delay" of high expenses. As noted by
participant P04, postponing the
purchase of a truckful of water for two
weeks acts as a critical household
stabilization strategy.

This financial adaptation is consistent
with global literature confirming that
URWH provides a strong economic
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incentive in areas with high tariffs or
intermittent supply (Borgert & Ghisi,
2024). In the context of Sana’a, the
small physical contribution of rainwater
translates into significant Economic
Water Security, allowing 66.7% of
families to re-allocate savings toward
other basic needs like food and
medicine. This confirms that URWH,
while quantitatively modest, can
effectively alleviate the "Economic
Scarcity" imposed by the high prices of
vended water (Amos et al., 2018).

22 Barriers Limiting the
Effectiveness of URWH (RQ 3)
Research Question 3: What are the
main technical, economic, and social
barriers that limit the effectiveness of
URWH in enhancing household water
availability in Sana'a?

23 Findings: Structural and
Social Constraints

Despite the economic benefits, the
transition of URWH from a "coping
mechanism" to a "sustainable strategy"
is hindered by three primary structural
barriers identified by residents and

stakeholders (Table 4).

Table 4: Ranking of Barriers to URWH Adoption (N=42 Total Participants)

Barrier Category Mentioned by

Residents

by Stakeholders Codes

Mentioned Total % Participant
(Residents &

Klls)

High Cost of 21
Tanks/Materials

7 66.7% Residents: P1,
P3, P4, P6, P8,
P9, P10, P11,
P12, P13, P14,
P15, P17, P25,
P36, P37, P40,
P41, P42, P16,
P21

KlIs: KII1,
K112, K113,
K14, K117,
KII8, K119

Roof Condition 18
(Unsuitable/Earth)

5 54.8% Residents: P1,
P2, P6, P7, P8,
P10, P13, P15,
P18, P19, P20,

P24, P26, P36,
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P38, P39, P41,
P42

Klls: KII1,
KII4, KIIS,
KII7, KII9

Lack of Institutional/Gov 14
Support

52.4% Residents: P1,
P2, P3, P12,
P14, P16, P18,
P20, P21, P22,
P23, P37, P40,
P42

KllIs: KII1,

KII2, KII3,

K114, KII6,
K117, KII8, KII9

Social Stigma/Privacy 9
Concerns

26.2% Residents: P2,
P3, P9, P14,
P15, P17, P22,
P28, P40

KlIs: KII2,
K116

a. Economic Barrier (Capital
Investment): The upfront cost of
infrastructure emerged as the most
significant obstacle, being cited by
66.7% (n=28) of the total sample. This
indicates a high level of consensus
among both residents and stakeholders
that financial constraints are the
primary deterrent. This mirrors global
trends where RWH viability is often
tied to the lack of economic incentives
to shorten the payback period (Daza
& Ismail, 2024; Lepcha et al., 2024).
The qualitative analysis of the data
provides a deeper understanding of this
barrier; for instance, Participant P09 (a
woman in AL-Tahrir district) points out
that the problem is not the "technology"
itself, but the "scale" of storage, stating:
"The barrel we use is very small. If T had
a bigger tank, I could collect an amount
of rainwater enough for two months,
but its price is extremely high." This
confirms that the economic burden has
a direct impact on the storage
efficiency of URWH systems.
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b. Technical Barrier (Infrastructure
Suitability): Technical limitations,
specifically regarding roof conditions,
were validated by 54.8% (n=23) of
participants. This consensus highlights
a structural challenge to URWH in
Sana'a, where earth-covered or uneven
rooftops in areas with traditionally
constructed houses impede efficient
collection of rainwater. As noted by
P38 (a woman in AL-Sab'een district),
these physical constraints increase
contamination fears, thereby reducing
the "perceived trust" in the harvested
water quality, which explains the high
percentage of non-potable water use
recorded in earlier studies, explaining
why only 18.2% of respondents use it
for cooking/drinking. This confirms
that RWH reliability is tied to quality
control and physical infrastructure
suitability (Ranaee et al., 2021); Carus
& Paltéan, 2024).

c. Institutional and Social Barriers:
The study identified a critical gap in
official support, with 52.4% (n=22) of
respondents emphasizing institutional
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neglect. This finding is particularly
significant as it aligns with the
experiences of the Social Fund for
Development (SFD), which has noted
that without standardized subsidies or
technical guidelines (which it is already
working on to publish in a booklet),
URWH remains a marginalized
practice.

e Furthermore, a Social Stigma was
identified by 26.2% (n=11) of the
participants. While this percentage is
lower than that of reporting on
economic barriers, it provides a crucial
socio-psychological explanation for
why some households avoid URWH.
This is not merely an isolated opinion
but a documented social phenomenon
where harvesting rain is perceived as a
"sign of poverty." What Participant
P28 (a woman in AL-Sab'een district)
said exemplifies this social pressure:
"People don't want the neighbors to see
them collecting rain. They want to show
that they have enough money to buy
well water." This qualitative evidence
illustrates how social "prestige" can
override environmental and economic
logic in urban water management. This
reflects a failure in formal governance
to promote URWH as a sustainable
urban practice (SDG 6).

24 Discussion: The Need for Targeted
Intervention

These constraints suggest that URWH, despite
its usefulness, cannot move beyond being a
temporary solution unless these structural
limitations are addressed. These findings
concur with the literature that points to a lack
of financial and political support as the biggest
impediment to scaling URWH into a
sustainable adaptation strategy (Portal Carus &
Paltan, 2024; Ssekyanzi et al., 2024). The
social stigma reflects the failure of formal
actors to promote URWH as a smart,
sustainable practice rather than merely a
"solution for the poor." This necessitates
targeted interventions that not only offer
financial assistance but also integrate URWH
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into building codes and public awareness
campaigns to foster quality assurance, like
successful models implemented in Jordan and
Brazil (Abdulla et al., 2009; Castier & de
Barros Barreto, 2023).

Conclusion of Discussion: The barriers
identified suggest that for URWH to address
the core problem of water scarcity in Sana'a
(RQ 1), it must move beyond private,
grassroots efforts. Addressing the high initial
costs and institutional neglect is vital for
preserving the city’s environmental capital and
moving toward a self-sufficient urban water
supply (Musz-Pomorska et al., 2024); Jha et al.,
2014).

10. Conclusions and Recommendations

26 Conclusions

This study aimed to evaluate the impact of
Urban Rooftop Rainwater Harvesting (URWH)
on enhancing water availability and mitigating
water scarcity at the household level in Sana'a
City, Yemen, within a context defined by
chronic institutional failure and resource
depletion.

The findings lead to the following key
conclusions:

« URWH as a Vital Adaptation Tactic:
URWH is established as a critical
grassroots coping mechanism, actively
practiced by the majority of residents
(63.6%, n=21) to overcome the severe
limitations of unreliable municipal
water supply. Furthermore, 84.8%
(n=28) of participants perceive URWH
as "Essential" for their survival (Table
1). Its primary effect is qualitative and
economic, significantly reducing the
vulnerability of households to supply
shocks.

e Adaptation of Economic Scarcity:
The practice directly contributes to
financial relief by replacing expensive,
truck-fetched water—used for essential
non-potable purposes—with a free
alternative. Data shows that 93.9%
(n=31) use rainwater for laundry and
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cleaning, and 81.8% (n=27) for
sanitation (Table 2). This translates into
a significant reduction in water tanker
purchases for 75.8% of the sample
(n=25), allowing 66.7% (n=22) to re-
allocate savings to other basic needs
like food and medicine (Table 3).

e Structural Barriers Limit
Scalability: The potential of URWH to
fully mitigate water scarcity is severely
constrained by three primary structural
barriers identified by 66.7% of the total
sample (residents and stakeholders
combined) in Table4:

1. High Initial Cost: Identified as
the top barrier (66.7%, n=28),
focusing on the prohibitive
expense of adequate storage
tanks and filtration systems.

2.  Technical Limitations: Over
half of the participants (54.8%,
n=23) cited the unsuitability of
old/uneven rooftops and limited
space as critical constraints to
efficient harvesting.

3. Institutional Neglect and
Social Stigma: A total absence
of formal support was noted by
52.4% (n=22) of participants,
including 88%  of the
interviewed  experts  (KIIs).
Additionally, a social stigma
remains a barrier for 26.2%

(n=11) of respondents,
hindering wider public
adoption.

In summation, URWH successfully functions
as a survival tactic but currently fails to
transition 1into a scalable, sustainable
adaptation strategy due to a lack of targeted
institutional and financial intervention.

11. Recommendations

Based on these findings, the following
recommendations are proposed to enhance the
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effectiveness of URWH in improving water
availability and mitigating water scarcity in
Sana'a:

1. Targeted Financial and Technical
Support

e Provide In-Kind Subsidies: Instead of
cash, donors and local authorities
should provide subsidized or free
water tanks with adequate capacity
and basic filtration Kits to vulnerable
households. This directly addresses the
most significant barriers: high initial
cost and limited storage capacity (P09,

P18).
e Offer Technical Guidance: Establish
accessible community training

programs to educate residents on basic
rooftop preparation and the proper
installation of debris screens and simple
filtration systems to ensure water
quality (P32).

2. Institutional Integration and Regulatory
Frameworks

e Mandatory Inclusion in Building
Codes: Local authorities should
integrate a mandatory requirement
for rainwater collection and storage
capacity in all permits for new urban
construction or major renovations,
mirroring successful strategies in
Jordan (Abdulla et al., 2009) .

e Promote URWH as a Smart
Strategy: Launch public awareness
campaigns (P28) that position URWH
as a climate-smart, sustainable
practice rather than a solution for
poverty, thereby eliminating the social
stigma and encouraging adoption across
all income levels.

12. Future Research

e Quantitative Cost-Benefit Analysis
(CBA): Future studies  should
undertake a quantitative CBA to
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13.

(1]

(2]

(3]

(4]

(3]

(6]

determine the actual financial return on
investment for URWH systems under
Sana'a’s specific water tariff and
trucking cost structure.

Water Quality Assessment: Conduct a
comprehensive water quality analysis
of harvested rainwater to definitively
determine the health risks and establish
minimum standards for filtration and
safe use.

References

Abdulla, F. A., & Al-Shareef, A. W. (2009).
Roof rainwater harvesting systems for
household water supply in
Jordan. Desalination, 243(1-3), 195-207. URL:
https://www.sciencedirect.com/science/article/
abs/pii/S0011916409002677 .

Aklan, M., Al-Komaim, M., & De Fraiture, C.
(2023). Site suitability analysis of indigenous
rainwater harvesting systems in arid and
data-poor environments: A case study of
Sana’a Basin, Yemen. Environment,
Development and Sustainability, 25(8), 8319-
8342. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://link.springer.com/content/pd{/10.1007/
s10668-022-02402-7.pdf

Amos, C. C., Rahman, A., & Gathenya, J. M.
(2018). Economic analysis of rainwater
harvesting systems comparing developing
and developed countries: A case study of
Australia and Kenya. Journal of cleaner
production, 172, 196-207. URL:
https://www.sciencedirect.com/science/article/
abs/pii/S0959652617324137

Borgert, A. E., & Ghisi, E. (2024). The impact
of the water tariff on the economic feasibility
of rainwater harvesting for use in residential
buildings. Water, 16(7), 1058. URL:
https://www.mdpi.com/2073-
4441/16/7/10587utm_campaign=releaseissue_
waterutm_medium=emailutm_source=releasei
ssueutm_term=titlelink91 .

Braun, V., & Clarke, V. (2006). Using thematic
analysis in psychology. Qualitative research in
psychology, 3(2), 77-101.

a. URL:https://uwe-
repository.worktribe.com/index.php/p
review/1043068/thematic_analysis_re
vised_-_final.pdf

Campisano, A., Butler, D., Ward, S., Burns, M.
J., Friedler, E., DeBusk, K., ... & Han, M.
(2017). Urban rainwater harvesting systems:
Research, implementation and future
perspectives. Water research, 115, 195-2009.

JHS 2026 | 7| 2l | 5 alaall

[7]

[8]

a. URL: chrome-
extension://efaidnbmnnnibpcajpcglcle
findmkaj/https://d1wqtxts1xzle7.clou
dfront.net/56423565/1-s2.0-
S0043135417301483-main-
libre.pdf?1524731247=&response-
content-
disposition=inline%3B+filename%3D
rainwater havesting.pdf&Expires=17
65132582& Signature=bRPxQu0zBC
FGzuirlgkx4pT2e8Du~0eqF1dbq9Xx
u0akRROPSZXm74SLyVD7GT9A~z
F5dDYB5qiH4IUiPMoAVamK6h9-
TUKpj59KV4Y Awi9M92uyPZa9iZD
RT056sn18b9VinnEUIEHUONO9V 6
MGhJIQEgpJSQcKu-
wNKZG54uJRAQ4Zqg0QwOqaluzvlH

7v]JzzPlINr1sqSmdnwCC604H4JZ ¢
UPiCt~luDEgRDXFKIZUW-
legtruYoR-
mcjqqVFztQeTiypbjSM70tU75Q4B
qqPiZbvq9iwnvQLFO19evSH~AfGi
E08sUiSbPCTEn2dJOCpCiSd9vnhN1
d6oHbr2BNQ __ &Key-Pair-
Id&=APKAJLOHF5GGSLRBV4ZA.
Carts, M. P., & Paltan, H. (2024). Financing
diversified water strategies for megacities:
the case of Mexico City and rainwater
harvesting. Environmental Research
Letters, 19(11), 114052. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://iopscience.iop.org/article/10.1088/174
8-9326/ad77e8/pdf.
Castier, M., & de Barros Barreto, P. (2023).
Economic attractiveness of domestic
rainwater harvesting in Brazilian
cities. Discover Water, 3(1), 9. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://link.springer.com/content/pdf/10.1007/
s43832-023-00033-1.pdf .
Chen, Y., Wong, K., Rudy, E., Patifio, A. D. L.,
Liedo, M., Hofmann, R., & Bilton, A. (2024).
Decentralized water infrastructure and peri-
urban water security: policy challenges and
opportunities in rainwater harvesting
initiatives in Mexico City. Journal of City
Climate Policy and Economy, 2(3), 372-399.
URL: chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://utppublishing.com/doi/pdf/10.3138/jcc

pe-2023-0015 .

[10]Daza, Y. D., & Ismail, Y. (2024). Climate

Change: Effect of Climate change on Water
Resources and Adaptation. Journal of
Religion and Environmental Humanities, 1(1),
35-43. URL: https://journal-
iasssf.com/index.php/JREH/article/view/958 .

[11]Dos Santos, S. M., & de Farias, M. M. M.

(2017). Potential for rainwater harvesting in
a dry climate: Assessments in a semiarid

706


https://journals.su.edu.ye/index.php/jhs
https://www.sciencedirect.com/science/article/abs/pii/S0011916409002677
https://www.sciencedirect.com/science/article/abs/pii/S0011916409002677
https://journal-iasssf.com/index.php/JREH/article/view/958
https://journal-iasssf.com/index.php/JREH/article/view/958

region in northeast Brazil. Journal of Cleaner
Production, 164, 1007-1015. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://d1wqtxts1xzle7.cloudfront.net/103626
272/i.iclepro.2017.06.25120230621-1-f]9 1nc-
libre.pdf?1687382435=&response-content-
disposition=inline%3B+filename%3DPotential
_for_rainwater harvesting_in_a.pdf&Expires=
1765523334 &Signature=aMo-
1SA86kAqwCpSF2VE--
gFhqgVUfM5Bd~~BpkBG1jD~QYvy4yD-
1eThJeodLcUmrSfL8bID~CZ56DJyCOvwC5
xpPVXa6i0LsAyso60Xyl7TmQDS61Qgjl0ap
NP6ncmLL7Sg~kFKxyHK{fu2iMNoc8ABgYk
GrZCPd8v8e0HdOnbNTHiIKHLSc6LmPFY3U
PITY90Sg45UlJpT~FTmZxYJ5IxXbVLjc~ne
IEFhKIjHEpXV067mHcyldzdleSiZvhoT53gY
fEs4L KPjX8scz8kgx 1mJgitlIGFNpdX8CHYeB
GRKVF7UalkyYeDGJ6RDrz361TeXP5By6S
8jb60l4mMSCEoVhQ &Key-Pair-
1d=APKAJLOHF5GGSLRBV4ZA .

[12]Falkenmark, M. (1989). The massive water

scarcity now threatening Africa: Why isn't it
being addressed? Ambio, 18(2), 112-118.URL
: https://www.jstor.org/stable/4313541.

[13] GhaffarianHoseini, A., Tookey, 1.,

GhaffarianHoseini, A., Yusoff, S. M., &
Hassan, N. B. (2016). State of the art of
rainwater harvesting systems towards
promoting green built environments: a
review. Desalination and Water
Treatment, 57(1), 95-104. URL:
https://www.sciencedirect.com/science/article/
pii/S1944398624023245/pdf?md5=f6aacda044
d96a520d3fe3c3825b0ff2&pid=1-s2.0-
S1944398624023245-main.pdf.

[14]Goémez, Y. D., & Teixeira, L. G. (2017).

Residential rainwater harvesting: Effects of
incentive policies and water consumption
over economic feasibility. Resources,
Conservation and Recycling, 127, 56-67. URL:
https://www.sciencedirect.com/science/article/
abs/pii/S0921344917302549.

[15]Haidera, M., Alhakimi, S. A., Noaman, A., Al

Kebsi, A., Noaman, A., Fencl, A., ... & Swartz,
C. (2011). Water scarcity and climate change
adaptation for Yemen's vulnerable
communities. Local Environment, 16(5), 473-
488. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://d1wqtxts1xzle7.cloudfront.net/509090
31/Water_scarcity_and_climate change_adapt
a20161215-29607-z8nn96-
libre.pdf?1481845144=&response-content-
disposition=inline%3B+filename%3DWater_s
carcity and climate change adapta.pdf&Expi
res=1765522192&Signature=ZFwH~j1JaoQD
uARulGTAHmMM-
oy2P2ukYeJMeZ1ShkooDWINSQWrJwRL3N

707

Attitudes of the Tenth Grade Learners Towards the Use of Infographics in Hodeida Governorate Shadha Tariq Mohammed Tarish Alabsi

K88~LWyD4iwtIsB4TDzKr5DhP1WaiMicy6
INQKZRKIiLpK4skPclyySaXAF7nyW61621t
mjuPmtjliPCijXCmvikFek03uSpidgejG5cY2e0
VKXSU2bHx6VAejBNKfEzfN-
1i13BCryq2JCVbQ-TwigGfwdL~70uG-
rKIO2ruOx060mbtm16Y5XGUNfueqFZkhG
VM2ITbTgJUk8kal5jlelfe~dNe53iYv2we~0o0
e~45a51jLsxC8dcyOhOPgm4aY 5JCgnuezOK
5zFxtZCMMImKJumR38fMw__ &Key-Pair-
Id=APKAJLOHF5GGSIL.RBV4ZA.

[I6]IPCC. (2014). Climate Change 2014:

Impacts, Adaptation, and Vulnerability.
Part A: Global and Sectoral Aspects.
Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental
Panel on Climate Change. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://archive.ipcc.ch/pdf/assessment-
report/arS/wg2/WGIHARS-
FrontMatterA_FINAL.pdf

[17]Jha, M. K., Chowdary, V. M., Kulkarni, Y., &

Mal, B. C. (2014). Rainwater harvesting
planning using geospatial techniques and
multicriteria decision analysis. Resources,
Conservation and Recycling, 83, 96-111.

[18]URL: chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://d1wqtxts1xzle7.cloudfront.net/118639
987/j.resconrec.2013.12.00320241004-1-
hg3pgw-libre.pdf?1728035685=&response-
content-

disposition=inline%3B+filename%3DRainwat
er_harvesting_planning_using_geos.pdf&Expi
res=1765519210&Signature=XK39pb8100Hu
5¢ZbGsu9FJej-
tAOPRo~rMI1Qdyi5~tCO~xN6bdNf~E800QiCT
CITmLGYMXNG-xamX~09ZxfdbUeF-vv-
83¢cCnlpb6gTXenNuHDAEpTbcxSPpqLCmV
Yh~IH7rLBKkLglVpsGsZFOaKPWU0eKGkIqi
EWOM306194t89Nuy-
8D]Wypwl9Imkbw{4iurvENVITwWSIKeN~VQ
RIORfxuflzOnA7DcwjBCPpv~NepAO7YM6n
B2kBKKMRwJez830cWaZPWyxNgX7Biul9n
4EM2nW{1sGoa0AmAsegYpp~9qowSdYjR2E
j71uEoPLpta0U~ic1U96ct0ITCyvI XQhemw_
&Key-Pair-
Id=APKAJLOHF5GGSLRBV4ZA .

[19]Lepcha, R., Patra, S. K., Ray, R., Thapa, S.,

Baral, D., & Saha, S. (2024). Rooftop
rainwater harvesting a solution to water
scarcity: A review. Groundwater  for
Sustainable Development, 26, 101305. URL:
https://www.sciencedirect.com/science/article/
abs/pii/S2352801X24002285

[20]Musz-Pomorska, A., Widomski, M. K., &

Golebiowska, J. (2024). Financial Aspects of
Sustainable Rainwater Management in
Small-Scale Urban Housing

2026 | 7] axdi | 5 saal)  JHS


https://journals.su.edu.ye/index.php/jhs
https://www.jstor.org/stable/4313541
https://www.sciencedirect.com/science/article/pii/S1944398624023245/pdf?md5=f6aacda044d96a520d3fe3c3825b0ff2&pid=1-s2.0-S1944398624023245-main.pdf
https://www.sciencedirect.com/science/article/pii/S1944398624023245/pdf?md5=f6aacda044d96a520d3fe3c3825b0ff2&pid=1-s2.0-S1944398624023245-main.pdf
https://www.sciencedirect.com/science/article/pii/S1944398624023245/pdf?md5=f6aacda044d96a520d3fe3c3825b0ff2&pid=1-s2.0-S1944398624023245-main.pdf
https://www.sciencedirect.com/science/article/pii/S1944398624023245/pdf?md5=f6aacda044d96a520d3fe3c3825b0ff2&pid=1-s2.0-S1944398624023245-main.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2352801X24002285
https://www.sciencedirect.com/science/article/abs/pii/S2352801X24002285

Noori Yasin Kaid Assad Taher and others Impact of Urban Rooftop Rainwater Harvesting on Water Security in Sana'a,
Yemen: Assessing Adaptation Strategies to Water Scarcity

Communities. Sustainability, 16(2), 780.URL:
https://www.mdpi.com/2071-1050/16/2/780 .

[21]Owen, G. (2020). What makes climate change
adaptation effective? A systematic review of
the literature. Global Environmental Change,
62, 102071.URL:
https://www.sciencedirect.com/science/article/
abs/pii/S0959378019312026

[22]Ranaee, E., Abbasi, A. A., Tabatabaee Yazdi,
J., & Ziyaee, M. (2021). Feasibility of
rainwater harvesting and consumption in a
middle eastern semiarid urban
area. Water, 13(15), 2130.URL:
https://www.mdpi.com/2073-4441/13/15/2130

[23]Ssekyanzi, G., Ahmad, M. J., & Choi, K. S.
(2024). Sustainable solutions for mitigating
water scarcity in developing countries: a
comprehensive review of innovative
rainwater storage systems. Water, 16(17),
2394 URL: https://www.mdpi.com/2073-
4441/16/17/2394.

[24] Taher, T. M. (2014). Quantity and quality
considerations of rooftop rainwater
harvesting as a substantial resource to face
water supply shortages. Int. J. Water Resour.
Arid Environ, 3, 1-10. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkayj
/https://www.psipw.org/attachments/article/34
7/1e.pdf .

[25]UN-Water. (2013). Water Security & the
Global Water Agenda: A UN-Water
Analytical Brief. UN-Water, Hamilton,
Canada. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj
/https://repository.unescap.org/server/api/core/
bitstreams/b8398596-67a7-47¢6-9cbb-
ac8e543a6a49/content

[26]Zhang, S., Zhang, J., Yue, T., & Jing, X. (2019).
Impacts of climate change on urban
rainwater harvesting systems. Science of the
Total Environment, 665, 262-274. URL:
https://www.sciencedirect.com/science/article/
abs/pii/S0048969719306230.

JHS 2026 | 7| a8l | 5 alaal 708


https://journals.su.edu.ye/index.php/jhs
https://www.mdpi.com/2071-1050/16/2/780

Attitudes of the Tenth Grade Learners Towards the Use of Infographics in Hodeida Governorate

Appendices

14. Appendix A: Interview Questions

the interview questions for each group of participants,
designed to address your sub-questions and main
research question.

1.

1.1.

ORI BR WD —

10.
1.2.

For Policymakers in Water Management
(Especially Those Aware of Sustainability
Goals), Experts in Environmental Science,
Water Resources, and Sustainable Development
and Representatives from NGOs and
Community Organizations Concerned with
Water Issues

First Axis: Demographic Characteristics

Name of Organization

Date of Interview

Phone Number (Optional)

Name of Interviewee (Optional)

Gender of Interviewee

Age

Education Level

Position

Number of Years of Experience in this Position or
Job? Or Generally in the Field of Expertise?
What is your role in the organization?

Second Axis: Introductory/General Questions

1. In your opinion, how much water does the
Sana'a Water and Sanitation Corporation
currently provide to the residents of Al-
Tahrir District (how often per week,
month, or other period, and how long in
hours? in liters per person per
week/month)? Are you aware of this data?

2. Inyour opinion, is this supply sufficient for
the residents of Al-Tahrir District and Al-
Sab'een District?

3. In your opinion, have you noticed
rainwater harvesting from rooftops in Al-
Tahrir District and Al-Sab'een District? If
so, how did these practices emerge, and
why do you think they have been adopted
or not adopted?

4. Do you believe that rainwater harvesting is
necessary to address water scarcity?

5. From your perspective, how can your
organization support these practices?

6. What support mechanisms can you provide
to ensure the continuation and success of
people's rainwater harvesting practices?

7. Do you have a specific policy in place? If
so, how is it implemented?
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Third Axis: The Impact of Rainwater Harvesting
on Water Availability or Scarcity in Sana'a

1. In your opinion, what are the potential benefits
and impacts of rainwater harvesting on
improving water availability?

2. In your opinion, what factors make rainwater
harvesting effective or ineffective in Al-Tahrir
and Al-Sabeen districts?

3. In your opinion, who benefits most from
rainwater harvesting in Al-Tahrir and Al-
Sabeen districts? Why? (For example, low-
income families, women, or marginalized
communities)

4. Inyour opinion, what challenges and risks do or
is likely to be faced by rainwater harvesting in
urban areas in terms of: -

*Cost
*Construction/Maintenance

*Lack of resources/Technical
support

*Quality of harvested water
*Unsuitability of homes

*Due to limited space

*Due to the condition of roofs

*Due to the lack of someone
interested in and monitoring the
harvesting process

5. From your perspective, what are the possible
solutions to address these challenges?

For Residents with Experience or Knowledge of
Local Rainwater Harvesting Practices

First Axis: Demographic Characteristics of
Residents and Housing

1. Location of the Interview (Neighborhood
Name)

Date of Interview

Respondent's Name (Optional)
Telephone Number (Optional)
Respondent's Gender

Age

Monthly Income (Salary)

Education Level

Number of People Living in the House
Type of Housing

Family Type

— S0 XN LA LN

—_— O
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12. Number of Floors in the Current House 2. If you were given a filter to purify the

13. Is it Possible to Use the Roof for Rainwater harvested rainwater, what would you use it
Harvesting? What is the Area? for?

2.2.  Second Axis: Introductory/General Questions 3. In your opinion, what are the potential
benefits and impacts of rainwater
- harvesting?

1. In your opumon, h?w much wat‘er does t‘he 4. In your o%)inion, who benefits/would benefit
Water‘ and Sanitation 'Corporatlon provide most from rainwater harvesting? And why?
you with (how many times a week does the (For example, low-income families, women,
water come, and for how- many hours?) or marginalized communities).

2. Whatis th? t-ank's capacity? . . 5. In your opinion, what are the challenges and

3. In your opinion, are these supplies sufficient risks that rainwater harvesting in urban
for you? If the answer is no, what do you do U . §

. . areas faces, or is likely to face, in terms of:
when they are insufficient? e Cost

4. In your opinion, have you noticed any . .

. . . e Construction/Maintenance
rainwater harvesting practices from .
rooftops in Al-Tahrir District | Al-Sabeen * Lack of resources/Technical
District? If so, how did these practices supp?rt
emerge, and why do you think they have *  Quality of harvested water
been adopted or not adopted? e Lack of preparedness of homes

5. To the best of your knowledge, what do ¢ Due to limited space
people use the water they harvest? e Due to the condition of roofs

2.3.  Third Axis: The Impact of Rainwater Harvesting ¢ Pue to th.e absence O_f someone

on Water Availability or Scarcity in Sana'a 1nterest.ed in and monitoring  the
harvesting process"

. 6. From your perspective, what are the possible

1. Doyou harvest.ramwater? . solutions to address these challenges?

If the answer is no, we will ask all of the
following questions: If the answer is yes, we 27 Appendix B
will begin with the second question (If you 28 Demographic Data in excel sheet of AL-Tahrir
were given a filter...) . . District Residents
Assuming you have been provided with Table 1. Demographic Data in excel sheet of AL-Tahrir
gutters and tanks, what would you use the District Residents
harvested water for?
Participant’ = Age Gender Educati = Housing Number Number  of | Family Monthly
s ID on level | type of floors people living | type income
in the house (salary)
P1 56 Female Reading | Owned Four 6 adults and 4 | Extended | My son is
and house. Floors children = 10 | family the
Writing people provider.
(Fourth
grade).
P2 48 Female Univers | Rented Apartmen | 3 adults Nuclear low-income
ity house. t family families.
Graduat
e.
P3 53 Male Busines | Rented Apartmen | 5 adults Nuclear Being
] house. t family conservativ
Admini e about
stration monthly
Diplom salary.
a
graduat
e.
P4 26 Female High Owned Two 11 adults and | Extended | Daily wage
School | house. Floors 4 children = | family income.
Graduat 15
e.
PS 42 Male Reading | Owned Apartmen | 7 adults and 6 | Extended | We had a
and house. t children =13 | family salary and
Writing
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P6

P7

P8

P9

P10

P11

P12

P13

P14

P15

P16

P17

P18

711

38

73

29

28

30

70

37

45

40

42

38

57

52

Male

Male

Female

Female

Male

Male

Male

Female

Male

Female

Female

Male

Female

(Fourth
grade).
High
school
graduat
e.
reading
and
writing
(Sixth
grade).

First-
year
middle
school
graduat
es.
High
school
graduat
e.
Illiterate

Illiterate

Postgra
duate
studies.
Postgra
duate
studies.

High
school
graduat
e.

High
school
graduat
e

High
school
graduat
e
Univers
ity
Graduat
e.
Univers
ity

Owned
house.

Owned
house.

Owned
house.

Rented
house.

My father's
property.

Rented
house.
Rented
house.

My father's
property.

Owned
house.

Rented
house.

Owned
house.

Owned
house.

Owned
house.

Two
floors

Four
Floors

Two
Floors

Apartmen
t

Apartmen
t

Apartmen
t
One Floor

Two
Floors

One Floor

Fourth
floor
apartment
on the
roof of a
house
Two
Floors

One Floor

Two
Floors

2 adults and 5
children =7

22 adults and
6 children
=28

7 adults and 3
children =10

2 adults, 2
girls, 1 boy =
5 people

2 adults and 4
children= 6

5 adults and 3
children =7
6 adults and 3
children =9

6 adults =6

4 adults and 2
children =6
1 adult and 8
children =9
6 adults and a

child =7

3 adults

4 adults

Nuclear
family

Extended
family

Extended
family

Nuclear
family

Nuclear
family

Extended
family
Extended
family

Extended
family

Nuclear
family

Nuclear

family

Extended

family

Nuclear
family

Nuclear
family
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now it is not
paid
Salary more
than 50000
YR.

I don't have
a salary, but
I have
50,000 YR
for  house
rent.

Daily wage
income
2000YR

Daily wage
income

Monthly
salary is
15000 YR
or 20000
YR.

My son is
the provider
Salary more
than 50000
YR

being
conservativ
e about
monthly
salary
Salary more
than 100000
YR

My son is
the
provider.
Daily wage
income

Salary more
than 100000
YR

Salary more
than 100000
YR

being

conservativ
e about
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Graduat monthly
e. salary

P19 64 Female High Owned One Floor | 4 adults 1 | Nuclear Daily
school house. child =5 family wage
graduat income.

e (bake bread
and sell)

P20 67 Male Postgra | Owned Two 4 adults and a | Extended | The savings
duate house. Floors child=5 family I
diploma accumulate

d before I
retired.

P21 34 Male Univers | Rented Apartmen | 2 adults and a | Nuclear Salary more
ity house. t child=3 family than 100000
Graduat YR
e.

P22 50 Female A Owned Four 7 adults =7 Extended | Salary more
female | house. Floors family than 100000
professo YR
r at the
universi
ty.

P23 32 Male Univers | Owned 4 floors, 8 | 12 adults and, | Extended | Salary more
ity house. apartment | 18 children = | family than 100000
Graduat s 30 YR
e.

P24 66 Female reading | Owned Three 5 adults =5 Extended | Salary more
and house. floors family than 50000
writing YR and less

than 100000
YR

P25 36 Male High Rented Apartmen | 2 adults =2 Nuclear Salary more
school house. t family than 100000
graduat YR
e

P26 she is | Female reading | Owned Three 5 adults =5 Extended | being

an old and house. floors family conservativ
woma writing e about
n (she monthly
don’t salary

know)

29 Demographic Data in excel sheet of Stakeholders
Table 2. Demographic Data in excel sheet of

Stakeholders
Participant's ID Age Gender Education Name of the Type of entity Years of
level institution experienc
e
KII1 48 Female University Environmental Government 19 years
Graduate. Protection agency  (public-
Agency sector authority)
KII2 50 Male Postgraduate Sana’a  Water | Government 8 years
studies Resources agency  (public-
Authority sector authority)
KII3 Unknow | Male Postgraduate Water and | University of | 18 years
n but studies Environmental Sana’a
looks to Center (academic research
be in his center)
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K114

KIIS

KII6

KII7

KII8

KII19

early
fifties
53

60

46

40

34

45

Male

Male

Male

Male

Male

Male

University
Graduate.

Postgraduate
studies

Postgraduate
studies

Postgraduate
studies

Master’s
Project
Management

Postgraduate
studies

Public Water
Corporation

Water &
Environmental
Researcher and
Consultant

Amanat Al-
Asimah  Water
Resources
Authority

Water and
Environmental
Center

Social Fund for
Development
Center

Technical
Advisor —
Water &
Environmen
tal
Sanitation

Shadha Tariq Mohammed Tarish Alabsi

The Public Water
Corporation is a
state-owned
enterprise (a
government utility
company
University of
Sana’a

(academic research
center)

Government
agency  (public-
sector authority)

Technician
(Technical
Specialist)
Technician
(Technical
Specialist) + The
Social Fund for
Development
Center is a semi-
autonomous
government
agency — a public
development
finance institution
that funds and
supports
community-based
projects.

Technician
(Technical
Specialist) + non-
governmental
organization (non-
profit research
institute)
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20 years

20 years

20 years

8 years

7 years

16 years
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30 Demographic Data in excel sheet of AL-Sab'een
District Residents

Table 3. Demographic Data in excel sheet

Sab'een District Residents

of AL-

Impact of Urban Rooftop Rainwater Harvesting on Water Security in Sana'a,

Yemen: Assessing Adaptation Strategies to Water Scarcity

Participant's = Age Gender = Educati = Housing Number of Number of Family type = Monthly
ID on level | type floors people income
living in the (salary)
house
P36 35 Male Univers | Owned Three 5 adults and | Extended More than
ity house. Floors 2 children = | family 100000
Graduat 7 people
e.
P37 33 Female | Univers | Owned Five Floors | 6 adults and | Extended her father
ity house. 11 children | family and her
Graduat =17 people brothers
e. work
P38 53 Female | Univers | Owned Two Floors | 6 adults and | Extended Being
ity house. 1 children = | family conservativ
Graduat 7 people e about
e. monthly
salary.
P39 23 Female | Univers | Owned Two Floors | 3 adults and | Extended Daily wage
ity house. 11 children | family income.
Graduat =14
e.
P40 42 Female | Univers | Owned Two Floors | 7 adults and | Extended We had a
ity house. 6 children = | family salary and
Graduat 13 now it is not
e. paid
P41 65 Male Postgra | Owned Two Floors | 4 adults and | Extended The savings
duate house. 2 children = | family I
diploma 6 accumulate
d before I
retired.
P42 50 Male Univers | Rented Apartment | 5 adults Nuclear Being
ity house. family conservativ
Graduat e about
e. monthly
salary.
15. Appendix Interview  Protocol for Section Key Question / Prompt  Research Aim

Household Residents

The following semi-structured questions were used to
guide the interviews with the 33 participating households
in the Al-Tahrir and Al-Sab'een districts, focusing on
water availability, URWH practice, and its perceived
impact (Objective 1).

Research Aim

Section Key Question / Prompt

I. Water How

Scarcity
Context

often do you
currently receive
municipal water supply,
and for how long?

To establish the
baseline severity
of water scarcity.

What are your primary

alternative sources of To quantify
water when the municipal reliance on
supply is unavailable? expensive

(e.g., water trucks, alternatives.
neighbors, wells)

JHS 2026 | 7| 2l | 5 alaall

Do you currently collect To assess the

rainwater from  your prevalence and
{)Ill'aligc‘:,H rooftop? If so, how? technical level of
(Describe the system: URWH
barrels, tanks, pipes). adoption.
For how long (in
days/weeks) does the Tl?ant?tsastei:\S/Se the
collected rainwater 1o oot
typically last in your contribution o
e YO availability.
1L For what purposes do you
Impact r what purp YU 10 identify uses
primarily use the .
and Uses . and potential
RQ 1 & harvested rainwater? health caution
2) (Potable/Non-potable) ’

Has collecting rainwater To assess the
helped you to reduce the impact on
frequency of buying scarcity
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Section Key Question / Prompt  Research Aim SOUPPOTt
water from trucks, and by mitigation and (S/O 1Of
how much? financial ample)

) SavIngs. P1  "Ourtaps House @URWH as a 69.7%
What are the biggest 1. identify 9 are dry hold first line of (n=23)

Iv. challenges you face in . . =" 4 most of Reside defense (RQ of

Barriers co.llectmg more = mic the time. nt 1. resident

RQ3) rainwater? (e.g., roof consiraints. We wait S
type, space, cost of tanks) for the identify
Do you receive any rain  to URWH
support (financial or To assess the fill  our as their
technical) from any party role of barrels. primary
(local council, NGOs, institutional Without survival
etc.) to install or maintain support. this source
your system? water, during
Is there any stigma or we municip
social issue related to To assess social would al
collecting rainwater in barriers. have  to outages
your neighborhood? pay for (See

trucked Table
16. Appendix D: Interview Protocol for Key water D
Stakeholders three
These questions were used with the 9 experts (from water tmes " a
corporations, NGOs, and academia) to understand the week. e
policy and structural environment. P0  "The House  Mitigation of 75.8%
. . 4 differenc  hold Economic (n=25)

# Question Research Aim e in price Reside Burden (RQ of

From your perspective, what between  nt 2). particip
is the role of informal To assess the official trucked ants

1. practices like URWH in perception of the water confirm

mitigating water scarcity in practice. and ed a
Sana'a? municipa signific
What are the main I water is ant
institutional or legal barriers To identify official huge. reductio

2. (e.g., building codes, policy) policy/regulatory When I n in

that prevent the scaling up of constraints. collect water
URWH? rainwater tanker
What financial mechanism » 1 can depende
(if any) could make URWH . postpone ncy and
3. systems more accessible to To explore golutlo.ns to buying a costs
vulnerable urban the economic barrier. water (See
lations? truck for Table
popu . . one or 3).
How can public trust in the To address two
4 quality and . safety of techmcal/somal weeks,
harvested rainwater  be barrllers related to and that
increased? quality. saves me
a lot of
money."
17. Appendix E: Key Quotations and Statistical PO "The House  Economic 66.7%
Evidence Log 9 barrel we hold Barrier (High (n=28)

The following quotations provide qualitative depth to the use is Reside Upfront of total

themes derived from the analysis. To ensure scientific very nt Cost) (RQ 3). particip

rigor, each quotation is mapped to the corresponding small. If1 ants
quantitative data from the participant questionnaires had a (Reside

(N=33) and expert meetings (N=9). bigger nts &

Co Quotatio Source Theme/RQ Statistic tank, I KlIs)
de n al could ranked
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collect
enough
for two
months,
but its
price is
extremel
y high."
P2 "People
8 don't
want the
neighbor
S to see
them
collectin
g rain.
They
want  to
show that
they have
enough
money to
buy
water."

House
hold
Reside
nt

Social
Stigma

high
hardwar
e costs
as the #1
barrier
(See
Table 4)

26.2%
(n=11)

(Institutional/ of  the

Social

sample

Barrier) (RQ reported

3).

social or
privacy-
related
barriers
affectin
g public
adoptio
n (See
Table
4).

Impact of Urban Rooftop Rainwater Harvesting on Water Security in Sana'a,

Yemen: Assessing Adaptation Strategies to Water Scarcity

P3  "The old,

8 uneven
roofs in
this
neighbor
hood
mean
most of
the water
runs off
the walls
and into
the
street,
not into
the pipe."

House
hold
Reside
nt

Technical

Barrier (Roof

Suitability)
(RQ 3).

31 Summary of Survey Averages for RQ

Validation

54.8%
(n=23)
of the
total
sample
identifie
d roof
unsuitab
ility as a
major
physical
constrai
nt (See
Table 4)

To further support the qualitative results, the following
table summarizes the averages and consensus levels
from the questionnaires and stakeholder meetings:
Table 5: Quantitative Validation Summary (N=42

Total)

Research Indicator

Average Agreement / Frequency

Consensus Level

Adoption Rate (Residents) 63.6% High (Grassroots trend)
Economic Benefit Perception 75.8% Very High (Economic Driver)
Willingness to Expand URWH 87.9% Critical (High Demand)
Institutional Support Gap 52.4% Significant (Policy Failure)
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