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Abstract

This study aims to assess the impact of the October 2023 Gaza War on water and sanitation
systems and propose actionable solutions for effective management. The study adopted
a mixed-methods approach (quantitative and qualitative). Primary data were collected
through semi-structured interviews, targeted questionnaires, and direct field observa-
tions. Secondary data were gathered from reports by international organizations (UNRWA,
OCHA, WHO), Palestinian authorities, academic research, in addition to satellite imagery
and Geographic Information System (GIS) data for damage assessment. The results showed
that the institutional level of emergency preparedness before the war varied significantly.
Despite the existence of pre-developed emergency plans (mean score 3.26, relative weight
65.28%, p = 0.0355), there were significant shortcomings in practical staff training (mean
score 2.64, relative weight 52.83%, p = 0.006), logistical readiness, and the activation of inter-
national partnerships. The study also revealed major challenges faced in providing water
and sanitation services during the war, including fuel and resource shortages, safety risks
for field teams, weak coordination with security agencies, lack of materials and equipment,
insufficient emergency funding, coordination gaps, staff displacement, communication
breakdowns, difficulty accessing water sources, area division and blockade, and loss of
personnel. Specifically, the inability to access water sources was a critical challenge (mean
score 4.30, relative weight 86.04%, p < 0.0001), as was indiscriminate shelling impacting
field team safety (mean score 4.19, relative weight 83.77%, p < 0.0001) and lack of materials
and equipment (mean score 4.15, relative weight 83.02%, p < 0.0001). Residents reported
water availability only every 10–15 days, and over 70% of water and sanitation systems
were damaged. While funding proposals were being prepared (mean score 3.26, relative
weight 65.28%, p = 0.02), weaknesses in reporting systems and coordination of roles were
observed (mean score 2.55, relative weight 50.94%, p < 0.0001). The research contributes to
guiding local and international efforts towards reconstruction, enhancing resilience, and
ensuring the provision of safe drinking water and adequate sanitation for the affected
population, thereby reducing the risks of waterborne diseases and improving public health.

Keywords: sanitation; Gaza; 2023 War Crises; WASH cluster; emergency response;
reconstruction; displacement; humanitarian crisis

1. Introduction
The water and sanitation system in the Gaza Strip has many problems that keep

happening. These problems get worse because there are too many people, damage to the
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environment, and political problems. Before the war, Gaza usually got its water from a
natural underground source called the Coastal Aquifer, found along the eastern coast of the
Mediterranean Sea. For many years, overwhelming the groundwater led to sea intrusion
and increases chloride (Figure 1). Reports from relevant Palestinian institutions indicated
that 97% of its water was not safe for drinking [1]. Because of this, the area depended a lot
on desalination plants.

 

Figure 1. Interpolated map of chloride concentration (The map scale is marked at 0, 2.5, 10, and
15 km). Source: Palestinian water Authority [2].

Gaza used desalination plants to obtain safe drinking water. These plants are small-
to medium-sized and were funded by donors from other countries. These plants were
meant to provide people with clean drinking water, but they had a lot of problems that
made it hard to work well. They often lost power, did get enough repairs and spare parts,
which made it difficult to operate regularly. The largest desalination plant is located in
Deir al-Balah, but it does run at full capacity because it does have enough power and fuel
during the war [3].

Gaza’s water and sanitation sector was already affected by longstanding, multiple
issues that severely degraded the quantity and quality of resources even before the war. The
Coastal Aquifer became highly contaminated as a consequence of the substantial untreated
sewage discharge, seawater intrusion, and agricultural runoff. What little remained of the
aquifer’s water showed dangerously high levels of salinity and nitrates, creating serious
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health risks to those who drank this water. Some areas reported nitrate levels several
times higher than the World Health Organization guidelines, contributing to a rise in the
incidence of waterborne diseases, especially in children [4].

Israeli invasions have severely damaged vital infrastructure, especially water and
sewage systems. Many of Gaza’s water facilities, like wells, pumping stations, sewage
plants, and desalination plants, were destroyed or stopped working due to bombings,
shelling, and ground war. Reports say that more than 70% of the water and sanitation
systems in Gaza have been damaged since the recent war began [5]. This includes the
damage of central wastewater treatment plants that were already running on limited
resources because they did not have enough funding even before the war [2]. Because there
are not enough treatment plants and the infrastructure is not suitable, untreated or partly
treated sewage is dumped straight into the Mediterranean Sea. This pollutes the coast and
makes the available water quality worse.

Also, the damage to water and sanitation systems has stopped basic services from
being provided to many communities. Such problems with getting clean drinking water and
proper bathrooms increase the chance of getting ill and make the public health situation
even worse. International organizations such as UNICEF have reported that there are
increasing health problems because many people do not have clean water and proper
sanitation, especially in camps and crowded places where many displaced residents of
Gaza are living [6].

Over 90% of the people in Gaza have been forced to leave their homes and are now
living in small spaces or temporary shelters [7]. Basic water and sanitation facilities are
often missing in these shelters, putting extra stress on systems that are already struggling.
A big problem has occurred because many people are forced to seek refuge in temporary
shelters. There is not enough clean water, bathrooms, or waste disposal systems, and this
has caused a huge increase in the need for these services.

2. Methodology
The study used a mixed-methods approach [7] because it is hard to assess water

and sanitation systems in places affected by war. The quantitative part looks at numbers
related to how dirty the water is, how often people get sick from water, and how frequently
there are problems with water services. This is done by using information from collected
data, surveys, and reports from humanitarian organizations. The qualitative part involves
in-depth interviews with key people, such as officials from the Palestinian Water Authority,
members of the Gaza Municipality, workers from humanitarian organizations like UNICEF,
UNRWA, ICRC, and OCHA, as well as local residents who are impacted.

Quantitative Data: A structured questionnaire (IBM SPSS Statistics version 29, 2023
analysis) was administered to 53 key stakeholders from the Palestinian Water Authority,
Gaza Municipality, and humanitarian organizations.

Qualitative Data: In-depth, semi-structured interviews were conducted with officials
and community leaders to capture nuanced operational challenges.

Comparative Analysis: Lessons were drawn from water, sanitation, and hygiene
cluster (Water, Sanitation, and Hygiene-WASH) management in other war zones, such as
Syria and Yemen, to contextualize the Gazan experience.

3. Results and Discussion
3.1. Pre-War Prepardness

The findings indicated a moderate level of institutional emergency preparedness prior
to the war. While “Emergency plans were pre-developed in the institution before the war”
showed the highest mean score (3.26) and relative weight (65.28%, p = 0.0355), suggesting
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adequate pre-planning, other critical aspects were found to be deficient. “Established part-
nerships with international organizations for rapid response” (mean = 2.98, 59.62%) lacked
statistical significance (p = 0.8867), implying limited practical effectiveness. Furthermore,
crucial areas such as “Staff were trained on emergency plans in advance” (mean = 2.64,
52.83%, p = 0.006), “Availability of reserve materials (spare parts, tools, backup fuel)”
(mean = 2.36, 47.17%, p = 0.0002), and “Simulation drills were conducted to prepare for
crises” (mean = 2.21, 44.15%, p = 0.0001) scored below average. This suggests that while a
theoretical framework for emergency planning existed, there were substantial shortcomings
in practical implementation, particularly concerning human resource development, logisti-
cal stockpiling, and operational readiness exercises. The data clearly indicates a critical gap
between theoretical emergency planning and practical readiness. The questionnaire high-
lighted a lack of staff training, insufficient reserve materials, and ineffective international
partnerships. Interviews corroborated these deficiencies by demonstrating the immediate
and severe consequences, such as the inability to maintain services due to fuel and spare
parts shortages. This suggests that preparedness efforts were either superficial or lacked
the necessary resources and operationalization to withstand the shocks of war. A key take-
away is that preparedness must extend beyond mere documentation to include tangible
investments in human capacity, logistical stockpiles, and robust, actionable partnerships.

3.2. Operational Challenges During the War

During the war, the emergency plans for the water and sanitation sector exhibited
a mixed level of comprehensiveness and effectiveness. The development of plans with
the “participation of multiple sectors concerned with water and sanitation” was highly
rated (mean = 3.30, 66.04%, p = 0.02), indicating strong multi-sectoral engagement at the
design stage. However, key elements for robust implementation were weak. Items such
as “The plan allowed for the continuation of minimum water and sanitation services”
(mean = 2.74, 54.72%, p = 0.04) and “The plan included a risk assessment and identified
worst-case scenarios” (mean = 2.72, 54.34%, p = 0.04) revealed deficiencies in ensuring
operational continuity and proactive risk management. Similarly, “The plan included
the existence of spare parts warehouses” (mean = 2.57, 51.32%, p = 0.02) and “Previous
wars were utilized as lessons in preparing the emergency plan” (mean = 2.64, 52.83%,
p = 0.01) scored low, highlighting inadequate logistical preparedness and insufficient
integration of past experiences. This indicates a gap between planning and effective
execution during crises, particularly in maintaining essential services and learning from
historical events. While multi-sectoral engagement in plan development was positive, the
plans themselves proved inadequate in ensuring operational continuity and integrating
risk assessment. The statistical findings on the lack of minimum service continuation
and risk assessment were vividly illustrated by interviewees describing widespread water
shortages and infrastructure damage. This points to a fundamental flaw in emergency
planning: a failure to translate strategic intent into resilient operational frameworks capable
of functioning under extreme duress. The emphasis on coordination in interviews, despite
the questionnaire showing its weakness, suggests a recognized need that was not effectively
met in practice.

The questionnaire unequivocally demonstrated that operational challenges during the
war were severe and multifaceted, significantly impeding the delivery of WASH services.
The most critical constraints identified were “Inability to access water sources such as wells
and main pipelines in occupied and dangerous areas” (mean = 4.30, 86.04%, p < 0.0001),
“Indiscriminate shelling impacted the safety of field teams” (mean = 4.19, 83.77%, p < 0.0001),
and “Lack of materials and equipment delayed water network repairs” (mean = 4.15,
83.02%, p < 0.0001). These findings underscore the extreme physical and security-related
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obstacles. Other highly impactful factors included “Division and siege of areas hindered
field teams’ access” (mean = 4.13, 82.64%, p < 0.0001), “Poor communication between staff
due to frequent communication outages” (mean = 4.09, 81.89%, p < 0.0001), and “Fuel and
resource shortages affected operational capacity” (mean = 4.06, 81.13%, p < 0.0001). These
results collectively highlight a compounded effect of logistical breakdowns, insecurity,
and human resource disruptions, further exacerbated by critical institutional and systemic
weaknesses such as “Absence of emergency funding” (mean = 3.89, 77.74%, p < 0.0001) and
“Weak coordination with relevant authorities” (mean = 3.87, 77.36%, p < 0.0001).

3.3. Evaluation of the Effectiveness of the Current Response and Post-War Recovery

The assessment of post-crisis response and recovery mechanisms revealed general
weaknesses within the water and sanitation sector during the war. While “Funding pro-
posals are being prepared” (mean = 3.26, 65.28%, p = 0.02) showed some proactive efforts
towards securing future resources, most other aspects of effective response scored below
average. Significant deficiencies were noted in “Emergency incidents are responded to
effectively” (mean = 2.66, 53.21%, p = 0.01), “The plan included a clear component for
recovery and reactivation” (mean = 2.66, 53.21%, p = 0.00), and “Damages are assessed
regularly and urgently” (mean = 2.74, 54.72%, p = 0.01). The weakest dimensions were
related to institutional coordination and operational follow-up, specifically “There is a
reporting system and coordination of roles among the involved parties” (mean = 2.55,
50.94%, p < 0.0001) and “Regular follow-up is conducted on the status of pumping and
treatment stations” (mean = 2.62, 52.45%, p = 0.00). These findings suggest that the sector’s
emergency response was largely reactive and fragmented, with substantial shortcomings
in inter-agency collaboration, monitoring, and comprehensive recovery planning, despite
some efforts towards future funding and partial crisis management. Both the questionnaire
and interviews painted a picture of a largely reactive and fragmented response, with sig-
nificant shortcomings in coordination, monitoring, and comprehensive recovery planning.
While efforts to secure funding were noted, the practical impact on the ground, as described
by residents, was minimal. This suggests a disconnect between resource mobilization and
effective service delivery. The emphasis by humanitarian organizations on the need for bet-
ter coordination and flexible funding underscores the systemic nature of these weaknesses.
Recovery efforts appear to be ad hoc rather than part of a cohesive, long-term strategy.

4. Conclusions
The findings unequivocally demonstrate that while foundational elements of prepared-

ness and planning were nominally present, their practical implementation and inherent
resilience were severely undermined by the harsh realities of war. Key deficiencies consis-
tently identified across both data modalities include critical shortcomings in staff training,
logistical readiness, operational continuity, and effective coordination. These internal vul-
nerabilities were profoundly exacerbated by overwhelming external barriers, such as severe
access restrictions, pervasive insecurity, and acute resource shortages.

The strong convergence between the statistical evidence derived from the question-
naire and the lived experiences articulated by diverse stakeholders, including the Coastal
Municipal Water Utility (CMWU), Gaza Municipality representatives, humanitarian or-
ganizations (UNICEF), and local residents/community leaders, underscores the critical
urgency of addressing these systemic weaknesses. The analysis reveals that the prevailing
response mechanisms within the WASH sector have been largely reactive and fragmented,
consistently failing to provide consistent and adequate services to the affected population.
This reactive posture has led to a perpetual state of crisis management rather than proactive
resilience building.
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Specifically, the study highlights that pre-war preparedness efforts, though docu-
mented, lacked tangible investment in human capacity, logistical stockpiles, and actionable
partnerships. Emergency plans, while developed with multi-sectoral engagement, proved
inadequate in ensuring operational continuity and integrating robust risk assessment, lead-
ing to widespread service disruptions. The overwhelming operational barriers, primarily
driven by war dynamics, consistently impeded the delivery of essential WASH services,
demonstrating that internal improvements alone are insufficient without addressing the
external environment. Furthermore, the assessment of response and recovery mechanisms
revealed significant shortcomings in coordination, monitoring, and comprehensive long-
term planning, with a notable disconnect between resource mobilization and effective
service delivery on the ground.

In essence, the research confirms that the WASH sector in Gaza operates within a
highly vulnerable and constrained environment, where pre-existing fragilities are amplified
by war. The current state necessitates a fundamental paradigm shift from theoretical
planning to tangible, actionable preparedness, coupled with the development of resilient
emergency plans that prioritize operational continuity and integrated risk management.

5. Recommendations
Based on the integrated analysis and the critical findings, the following scientifically

sound and actionable recommendations are put forth to enhance the resilience, effectiveness,
and sustainability of WASH services in war-affected areas like the Gaza Strip. These
recommendations are structured to address the immediate humanitarian needs:

• Strengthening Practical Preparedness and Operational Readiness

Strategic Stockpiling and Decentralized Warehousing: Establish and maintain secure,
strategically located, and decentralized warehouses for essential spare parts, critical equip-
ment, water treatment chemicals, and emergency fuel. This pre-positioning of resources is
crucial to mitigate supply chain disruptions during wars and blockades, ensuring rapid
access to necessary materials for repairs and operations. Inventory management systems
should be robust to track and replenish these stocks efficiently.

Development of Actionable and Adaptive Partnerships: Foster and regularly test
partnerships with a diverse range of stakeholders, including international humanitarian
organizations, local NGOs, governmental bodies, and private sector entities. These part-
nerships must be formalized with clear roles, responsibilities, and pre-agreed protocols
for rapid response, resource sharing, and joint needs assessments. The focus should be on
building trust and interoperability to enhance practical effectiveness during crises.

• Addressing Overarching Operational Barriers and External Impediments

Sustained Advocacy for Unimpeded Access and Protection: International and local
actors must engage in continuous and robust advocacy efforts to ensure unimpeded access
for WASH personnel, supplies, and equipment into and within war zones. Furthermore,
strong advocacy is needed for the protection of critical WASH infrastructure and field
teams under international humanitarian law, preventing their targeting or destruction
during hostilities.
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