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Abstract

Climate change threatens Water, Sanitation, and Hygiene (WASH) services globally, with post-conflict regions facing
compounded legacies of infrastructure damage and institutional erosion. Syria exemplifies this challenge, combining extreme
climate vulnerability with the enduring consequences of past conflict and economic collapse. This study assesses climate risks
to Syria's WASH sector using the GWP—-UNICEF Strategic Framework for Climate-Resilient WASH Development. We integrate
climate hazard analysis, infrastructure exposure assessment, and multidimensional vulnerability evaluation using IPCC risk
definitions (Risk = Hazard x Exposure x Vulnerability). Data are synthesised from international climate databases, UN reports,
and peer-reviewed literature. Syria has experienced accelerated warming (0.72°C/decade, 1991-2020), declining precipitation
(~12% per decade since 1990), and increasing hydroclimatic extremes. Under SSP5-8.5, temperatures could reach 24.7°C by
2100 (+5.7°C relative to baseline), while Euphrates River flow may decline by 73%. These hazards, combined with infrastructure
damaged during the past conflict, 7.2 million internally displaced persons (IDPs), and the legacy of governance fragmentation,
create extreme WASH risks culminating in the 2022 cholera outbreak. Climate-resilient WASH adaptation requires integrated
strategies: infrastructure rehabilitation, climate-informed water management, early warning systems, institutional
strengthening, and community-based adaptation. The framework is transferable to other post-conflict regions facing
comparable hydroclimatic challenges.

1. Introduction

Climate change has emerged as one of the most significant threats to the sustainability of water resources and WASH services
worldwide (IPCC, 2022). Rising temperatures, changing precipitation patterns, prolonged droughts, floods, storms, landslides,
and wildfires are increasingly disrupting water availability, damaging critical infrastructure, and compromising public health
(WMO, 2023; WHO, 2023). These impacts are particularly severe in regions recovering from conflict, where the legacies of
infrastructure destruction, economic instability, and weakened institutions substantially constrain adaptive capacity (Selby et
al., 2017; Gleick, 2014). Consequently, strengthening the climate resilience of WASH systems has become a global priority for
achieving sustainable development and safeguarding vulnerable communities (GWP & UNICEF, 2017; UN-Habitat, 2022).

Syria is among the most climate-vulnerable countries in the Eastern Mediterranean, where the lingering effects of past climate
trends and the aftermath of civil war interact to amplify water insecurity (Climate Centre, 2024; Naaouf & Torma, 2023). The
country experienced persistent warming, declining and increasingly variable precipitation, prolonged droughts, and more
frequent hydroclimatic extremes over recent decades (Climate Change Knowledge Portal, n.d.; Houmsi et al., 2019; Mathbout et
al., 2023). These climatic changes have intensified water scarcity through increased evaporation, reduced groundwater
recharge, and declining surface water availability (Ajjur & Al-Ghamdi, 2021; FAQ, 202). Simultaneously, the past armed conflict
severely damaged water supply systems, sanitation facilities, and supporting infrastructure, while eroding governance and
reducing institutional capacity for maintenance and investment (UN OCHA, 2023; USAID, 2023; World Bank Group & EU, 2022).
As a result, millions of Syrians continue to face limited access to safe drinking water and adequate sanitation, particularly
internally displaced and vulnerable rural communities, owing to the cumulative legacy of these intertwined crises (WHO/UNICEF
JMP, 2023; UNICEF, 2023; ICRC, 2021).

The interaction between climate hazards and the deteriorated WASH infrastructure inherited from the conflict has generated
complex and interconnected risks (Abbas et al. 2026; Fanack Water, 2023; UN Water, 2022). Rising temperatures and prolonged
droughts have reduced water availability, whereas floods and storms have further damaged treatment plants, pumping stations,
distribution networks, and sanitation facilities (Abd-Elhamid et al., 2024). These impacts have increased dependence on unsafe
water sources, reduced wastewater treatment capacity, and elevated the incidence of waterborne diseases (Tarnas et al., 2023;
Rayan et al., 2021). The economic decline and institutional fragility that followed the conflict further constrain the capacity of
communities and government agencies to respond effectively to climate-related hazards (Concern Worldwide, 2024; Bolton,
2020; UNDP, 2024).

Developing climate-resilient WASH systems in a post-conflict setting requires a comprehensive understanding of the
interactions among climate hazards, infrastructure exposure, and multidimensional vulnerability (Diickers et al., 2015). Although
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previous studies have investigated Syria's climate (Naaouf & Torma, 2023; Homsi et al., 2020), water resources (UN-Water,
2022; Drgham, 2020), and humanitarian conditions (UN OCHA, 2023; UNHCR, 2024), relatively few have integrated these
components within a comprehensive climate risk assessment specifically focused on the WASH sector in a post-conflict
context (World Bank, 2023; UN-Habitat, 2022). Accordingly, this study presents a comprehensive climate risk assessment of
Syria's WASH sector using the GWP-UNICEF framework (GWP & UNICEF, 2017). The assessment integrates analyses of climate
hazards, exposure, and vulnerability to evaluate the principal climate risks affecting water supply, sanitation, and hygiene
services, and identifies priority adaptation measures to support evidence-based, climate-resilient WASH recovery and planning.

2. Methodology
2.1 Study Framework

This study adopts the Strategic Framework for Climate-Resilient WASH Development developed by the Global Water
Partnership (GWP) and UNICEF (GWP & UNICEF, 2017). The framework provides a systematic approach for integrating climate
resilience into WASH planning by linking climate hazards, exposure, vulnerability, and adaptation within a structured decision-
making process. The framework follows four interconnected stages: (i) Understanding the Problem; (i) Identifying and
Appraising Adaptation Options; (iii) Delivering Climate-Resilient Solutions; and (iv) Monitoring and Continuous Improvement
(Fig. 1) (GWP & UNICEF, 2017; UNICEF, 2022).

FIGURE 1: Strategic Framework for Climate-Resilient WASH Development (GWP & UNICEF, 2017)]

The assessment follows the IPCC conceptual definition of climate risk, whereby risk results from the interaction of climate
hazards, exposure, and vulnerability (IPCC, 2022; Diickers et al., 2015). Accordingly, the overall climate risk to Syria's WASH
sector was evaluated through a sequential assessment of these three components (IPCC, 2022; GWP & UNICEF, 2017) (Fig. 2).

FIGURE 2: Analytical Framework — Interaction between Hazards, Exposure, and Vulnerability

2.2 Data Collection

The assessment is based on an extensive review and synthesis of secondary information from peer-reviewed literature,
international agency reports, national publications, and publicly available climate databases (Climate Change Knowledge Portal,
n.d.; UNDP, 2023; World Bank, 2023). Historical climate records were compiled from the Climate Change Knowledge Portal
(n.d.), IPCC Sixth Assessment Report (IPCC, 2022), UN-Water (2022), UN OCHA (2023), and USAID (2023). Additional
information on Syria's hydrology, socio-economic conditions, demographics, and WASH infrastructure was collected from
government reports (Syrian Arab Republic, 1996; MesImani, 2010) and international organisations (UN-Water, 2022;
WHO/UNICEF JMP, 2023; World Bank Group & EU, 2022). Information from multiple sources was cross-validated to improve
consistency and reliability (FAQ, 2021; UNESCW, 2023).

2.3 Climate Risk Assessment

2.3.1 Hazard Assessment

The hazard assessment identified principal climate hazards affecting Syria's WASH sector, including increasing temperatures,
droughts, floods, storms, landslides, wildfires, and changes in precipitation patterns (IPCC, 2022; Climate Centre, 2024). Each
hazard was characterised according to frequency, intensity, duration, geographical extent, and projected future trends (Naaouf &
Torma, 2023; Mathbout et al., 2023; Homsi et al., 2020), with a focus on hazards directly affecting water availability, water
quality, sanitation infrastructure, and public health (Abbas et al., 2026; WMO, 2023; WHO, 2023; Rayan et al., 2021).

2.3.2 Exposure Assessment

The exposure assessment evaluated the degree to which communities, water resources, and WASH infrastructure are subject
to climate hazards (IPCC, 2022; GWP & UNICEF, 2017). The analysis considered drinking water supply systems, wastewater
treatment facilities, pumping stations, water towers, groundwater resources, river basins, and vulnerable populations
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particularly internally displaced communities (UN-Water, 2022; ICRC, 2021; UNICEF, 2023). Spatial relationships between
climate hazards and critical infrastructure were examined to identify areas of elevated exposure (World Bank Group & EU, 2022;
UN-Habitat, 2022; World Bank, 2023), with particular attention to infrastructure damaged during the past conflict (PAX, 2023;
Doctors Without Borders, 2023).

2.3.3 Vulnerability Assessment

Vulnerability was assessed using six complementary dimensions: physical (condition and location of water infrastructure,
including conflict-related damage) (World Bank Group & EU, 2022; ICRC, 2021); social (poverty, displacement, and access to
services) (UNHCR, 2024; IDMC, n.d.; World Vision, n.d.); financial (economic limitations affecting operation and maintenance)
(Bolton, 2020; UNDP, 2024; World Bank, 2022); environmental (ecosystem degradation and declining water resources) (Global
Forest Watch, 2023; Atesoglu et al., 2020; Mohamed et al., 2020); human (institutional and technical capacity eroded during the
conflict) (Brookings Institution, n.d.; The Day After, 2022; PeaceRep, 2022); and political (governance constraints associated
with the legacy of instability) (Tarnas et al., 2023; PAX, 2023; Carnegie Endowment, 2024). Collectively, these dimensions
determine the adaptive capacity of WASH systems under changing climatic conditions (Diickers et al., 2015; Calverley &
Walther, 2022; UNESCW, 2023).

2.4 Climate Risk Integration

The final climate risk assessment integrated the results of the hazard, exposure, and vulnerability analyses to identify priority
climate risks affecting Syria's WASH sector (IPCC, 2022; GWP & UNICEF, 2017). The integrated assessment provides the basis
for prioritising adaptation measures, including infrastructure rehabilitation, climate-informed water resources management,
early warning systems, community-based adaptation, and strengthened institutional governance (UNDP, 2023; UNICEF, 2022;
UN-Habitat, 2022).

3. Results
3.1 Study Area and Hydroclimatic Baseline

Syria occupies approximately 185,880 km? in Western Asia (Fig. 3) and exhibits considerable geographical diversity, ranging
from Mediterranean coastal plains to mountainous terrain, steppe landscapes, and extensive desert regions (Geo Ref, 2021;
Worldometer, 2024). More than half of the country's land area is classified as arid desert (FAQO, 2008; Climate Change
Knowledge Portal, n.d.). This physiographic diversity creates substantial spatial variability in climate, water availability, and
ecosystem characteristics, directly influencing the distribution and performance of WASH services (Houmsi et al., 2019;
Mathbout et al., 2023).

FIGURE 3: Geographical Map of Syria and Surrounding Regions (Open Street Map)

Population distribution is highly uneven (Fig. 4). Major urban centres Damascus, Aleppo, Homs, and Hama support the highest
population densities, whereas eastern and desert regions remain sparsely populated (Worldometer, 2024; Geo Ref, 2021). The
past conflict displaced more than half of Syria's pre-war population, resulting in approximately 6.8 million refugees and

7.2 million internally displaced persons (IDPs) (IDMC, n.d.; UNHCR, 2024; World Vision, n.d.). Rapid urban expansion has
increased pressure on water supply, sanitation, and wastewater systems in host communities, while service accessibility has
declined in regions most affected by the conflict (Wind & Ibrahim, 2020; Ibrahim & Novotny, 2018; UN-Habitat, 2022).

FIGURE 4: Population Density Distribution (2021) — Geo Ref, 2021

Economic indicators demonstrate severe deterioration (Fig. 5). Agriculture, historically one of the country's largest water-
consuming sectors, experienced substantial decline owing to the combined effects of the past conflict, water scarcity, and
environmental degradation (World Bank, 2022; WFP, 2023; Food Security Cluster, 2023). Similar contractions occurred in
industrial and service sectors, constraining investment in water infrastructure, operation, and maintenance (Bolton, 2020; UNDP,
2024; The Day After, 2022).
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FIGURE 5: Share of Economic Sectors in GDP (2004-2022) — World Bank, 2022

Between 2011 and 2022, drinking water supplies plummeted by 40%, with two-thirds of water treatment plants rendered
inoperable due to damage incurred during the conflict (Fig. 6) (ICRC, 2021; PAX, 2023; Doctors Without Borders, 2023).
Contaminated Euphrates water, frequently untreated, has left 40% of Syrians dependent on unsafe alternatives, including
polluted wells and untreated surface water (UN-Water, 2022; Fanack Water, 2023; Tarnas et al., 2023). This culminated in a
catastrophic cholera outbreak in 2022, with reported cases surging to 9,427 cases and 49 fatalities by late November
(underreporting is a critical concern, with only 14% of cases laboratory-confirmed) (WHO, 2023; UNICEF, 2022; Tarnas et al.,
2023). Gradual improvements in service coverage between 2015 and 2022 are largely attributable to humanitarian interventions
and early infrastructure rehabilitation efforts (WHO/UNICEF JMP, 2023; UNICEF, 2023; Humanitarian Action, 2025).

FIGURE 6: Rural and Urban Service Levels (2015-2022) — JMP, 2022

International financial assistance has been vital in the post-conflict recovery phase, peaking at approximately $72.5 million in
2022 (Fig. 7) (UN-Water, 2022; UNICEF Syria, 2022; KfW Entwicklungsbank, 2023).

Figure 7: Amount of water- and sanitation-related official development assistance received by Syrian Arab Republic in 2022, by
sub-sector. Source: UN Water, 2022

Water Resources Baseline

Syria's renewable water resources are estimated at approximately 16.8 billion m? yr-*, derived from rainfall, surface water, and
groundwater (UN-Water, 2022; Drgham, 2020). However, approximately 78% of annual precipitation is lost through evaporation
(Jamal et al., 2007; FAOQ, 2008). Surface water contributes approximately 4.29 billion m? yr-*, while groundwater supplies
approximately 5.64 billion m?® yr-7, although many aquifers are increasingly vulnerable to overexploitation and contamination
(Table 1)(UNESCW, 2023; UN-Water, 2022; FAQ, 2021).

Table 1
Key Water-Related Features (UN-Water, 2022)
Feature Value
Mean rainfall 252 mm/year

Renewable water resources  16.8 billion m3/year (2020)

Water withdrawals 16.75 billion m3/year (2020)

Environmental flow 4 billion m3/year (2020)

Water-use efficiency 2.8 USD / m?in 2020 (decreasing trend since 2000)
Water stress 124% (includes environmental flow)

Table 1: Key Water-Related Features (UN-Water, 2022)

Marked variations in topography further influence climatic and hydrological processes (Fig. 8) (Mathbout et al., 2023; Houmsi et
al., 2019). Mountainous regions in western and northern Syria receive relatively high precipitation and support greater
vegetation cover, whereas central and eastern lowlands experience predominantly arid conditions with limited rainfall and high
evaporation rates (Climate Change Knowledge Portal, n.d.; FAQ, 2008). These elevation gradients strongly control runoff
generation, groundwater recharge, and agricultural productivity (Naaouf & Torma, 2023; Houmsi et al., 2019).

Figure 8: Hypsometric map based on regionalized in-situ observations based on SRTM elevation data at spatial resolution of 30
s (~ 1 km?). Source: Mathbout et al., 2023

Syria encompasses three principal Koppen—Geiger climate zones: Mediterranean (Csa), semi-arid steppe (BSh), and hot desert
(BWh) (Climate Change Knowledge Portal, n.d.; Houmsi et al., 2019). Consequently, annual precipitation ranges from less than
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100 mm in the eastern desert to nearly 1,000 mm along the Mediterranean coast (FAQ, 2021; Climate Centre, 2024).
Approximately 60% of the country receives less than 250 mm of rainfall annually, contributing to widespread water scarcity and
strong regional differences in water resource availability (Fig. 9) (UN-Water, 2022; Mathbout et al., 2023).

Figure 9: Koppen-Geiger Climate Classification Map (1991-2020) with Climate Zone Codes. Source: Climate Change Knowledge
Portal, n.d.

Hydrometeorological conditions also exhibit considerable spatial variability (Houmsi et al., 2019; Climate Change Knowledge
Portal, n.d.). Mean temperatures exceed 30°C during summer across much of the country, while potential evaporation ranges
from approximately 1,300 mm yr-" in western Syria to nearly 3,000 mm yr-" in the eastern desert (Ajjur & Al-Ghamdi, 2021;
Jamal et al., 2007). Relative humidity declines markedly from the Mediterranean coast toward inland regions, accompanied by
decreasing wind speeds and frequent sandstorms that further increase atmospheric evaporative demand (Houmsi et al., 2019;
Al Zubi et al., 2024; Kurdistan24, 2024). Together, these climatic characteristics contribute to high levels of aridity and place
significant pressure on water resources and WASH infrastructure (Fig. 10 &11)(Climate Centre, 2024; UNESCW, 2023).

Figure 10: (Left) Spatial variability in daily mean temperature over Syria; (Middle) Annual Temperature and Precipitation
Variability: Monthly Averages and Extremes; (Right) Average total rainfall (1951-2010). Source: Climate Change Knowledge
Portal, n.d.

Figure 11: Geographical distribution of annual (d) relative humidity (%); and (f) wind speed (km/h) from 1951 to 2010. Source:
Houmsi et al., 2019

3.2 Observed Climate Trends (1951-2023)

Observed climate records demonstrate a pronounced warming trend. Mean annual air temperature increased by approximately
0.27°C decade" between 1950 and 2020, accelerating to 0.51°C decade~" after 1971 and 0.72°C decade~" during 1991-2020
(Climate Change Knowledge Portal, n.d.; Naaouf & Torma, 2023; Houmsi et al., 2019). These warming rates exceed the global
average, indicating that Syria has become a climate change hotspot in the Eastern Mediterranean (Fig. 12) (IPCC, 2022; Climate
Centre, 2024; Selby et al., 2017).

Figure 12: Annual Trends in Average Mean Surface Air Temperature in the Syrian Arab Republic (1951-2023): Significance of
Trend per Decade. Source: Climate Change Knowledge Portal, n.d., 2026

Rainfall records reveal an accelerating drying trend. Since 1990, annual precipitation has declined by approximately 12% per
decade, accompanied by delayed rainfall onset, shortened wet seasons, and increasing rainfall intensity (Climate Change
Knowledge Portal, n.d.; FAO, 2021; Mathbout et al., 2023). Approximately 30% of annual rainfall within the Euphrates Basin now
occurs during only 5-10 high-intensity events, increasing flash flood risk while reducing groundwater recharge (Fig. 13) (Abd-
Elhamid et al., 2024; Mueller et al., 2021; CSIS, 2023).

Figure 13: Annual Trends in Average Precipitation in the Syrian Arab Republic (1951-2023): Significance of Trend per Decade.
Source: Climate Change Knowledge Portal, n.d., 2026

Rising seasonal temperatures and reduced rainfall have sharply increased potential evapotranspiration (PET), accelerating soil
moisture depletion and intensifying hydrological drought (Fig. 14) (Ajjur & Al-Ghamdi, 2021; Houmsi et al., 2019; Naaouf &
Torma, 2023).

Figure 14: Anomaly in aridity and different meteorological variables over the study period (1951-2010). Source: Houmsi et al.,
2019

3.3 Future Climate Projections

3.3.1 Temperature Projections
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During the reference period (1995-2014), the country's average annual temperature ranged between 18.07°C and 18.94°C
(mean ~ 18.5°C) (Climate Change Knowledge Portal, n.d.; UNDP, 2023). Climate models project accelerating temperature rises
across all SSP scenarios (Table 2 & Fig. 15).

Table 2

Projected Average Mean Surface Air Temperature under SSP Scenarios
(Reference: 1995-2014 = ~ 18.5°C) Source: Climate Change Knowledge
Portal, n.d., 2026; UNDP, 2023.

Scenario 2020 (°C) 2040 (°C) 2060 (°C) 2080 (°C) 2100 (°C)

Historical 19.5 — — — —

SSP126 19.0 19.5 20.0 20.5 21.0
SSP24.5 19.0 19.5 20.0 20.5 21.8
SSP37.0 185 19.0 19.5 20.0 20.5
SSP58.5 19.5 20.0 21.0 21.5 24.7

Table 2: Projected Average Mean Surface Air Temperature under SSP Scenarios (Reference: 1995-2014 = ~ 18.5°C) Source:
Climate Change Knowledge Portal, n.d., 2026; UNDP, 2023.

Figure 15: Projected Average Mean Surface Air Temperature in the Syrian Arab Republic: Multi-Model Ensemble Analysis
(Reference Period: 1995-2014). Source: Climate Change Knowledge Portal, n.d.

3.3.2 Extreme Heat

The warming trend will dramatically increase the frequency and intensity of extreme heat (Climate Change Knowledge Portal,
n.d.; UNDP, 2023) (Fig. 16). By mid-century, the annual number of days exceeding 35°C is projected to rise from 99.15 days
(2014 baseline) to 122.13 days, surging to 156.87 days by 2100 under SSP5-8.5 (Fig. 17) (Climate Change Knowledge Portal,
n.d.; UNDP, 2023). Such prolonged heatwaves will strain energy grids, disrupt agriculture, and render outdoor labour unsafe,
disproportionately impacting rural and displaced populations (Climate Centre, 2024; WFP, 2023; UNHCR, 2024).

Figure 16: Annual Trends of number of days with heat index > 35°C in the Syrian Arab Republic (1951-2023): Significance of
Trend per Decade. Source: Climate Change Knowledge Portal, n.d., 2026

Figure 17: Projected number of hot days by mid and end of the century (Tmax > 35°C). Source: UNDP, 2023

Spatially, eastern governorates Al-Hasakah, Deir ez-Zor, Ar-Raqqga, and Aleppo experience the highest extreme heat hazard
levels, with projected rises of 3—-4°C above pre-industrial levels by 2100 under high-emission scenarios (Figs. 18 & 19)
(ThinkHazard, n.d.; UNDP, 2023; Naaouf & Torma, 2023).

Figure 18: Spatial Distribution of maximum extreme heat hazard level. Source: thinkhazard, n.d., 2026

Figure 19: Projected changes (relative to the 1989-2008 reference period) in mean temperature under RCP4.5 and RCP8.5
scenarios. Source: Naaouf and Torma, 2023

3.3.3 Precipitation Projections

Under all SSP scenarios, precipitation is projected to decrease throughout the 21st century (Climate Change Knowledge Portal,
n.d.; Homsi et al., 2020; Mathbout et al., 2023). While average precipitation during the reference period (1995-2014) was
208.94 mm, it is projected to decline to 199.58 mm by mid-century and further to 182.94 mm by 2100 under SSP5-8.5 (Fig. 20)
(Climate Change Knowledge Portal, n.d.; FAQ, 2021; UNDP, 2023).

Figure 20: Projected Precipitation Trends in the Syrian Arab Republic: Multi-Model Ensemble Analysis (Reference Period: 1995-
2014). Source: Climate Change Knowledge Portal, n.d.
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Spatially, precipitation patterns will remain highly uneven across coastal, inland, and eastern regions (Fig. 21) (Naaouf & Torma,
2023; Homsi et al., 2020; Houmsi, 2020):

¢ Coastal Areas: Northwest and southwest zones are projected to experience severe declines in precipitation under higher-
emission scenarios (RCPs 4.5, 6.0, 8.5), with reductions ranging from 30% to 85.2% (Naaouf & Torma, 2023; Houmsi, 2020).
Low-emission scenarios (RCP 2.6) show milder declines (0.0% to - 30%) (Climate Change Knowledge Portal, n.d.; UNDP,
2023).

¢ Inland Areas: Regions immediately inland from the coast may see precipitation increases of 6% to 87.3%, potentially due to
shifts in storm tracks, localized rainfall intensification, or topographic influences (Naaouf & Torma, 2023; Homsi et al.,
2020; Houmsi, 2020).

e Eastern Regions: Widespread drying is expected, though isolated patches linked to microclimates or mountainous terrain
could see increases of up to 18% (Climate Change Knowledge Portal, n.d.; FAQ, 2021; Mathbout et al., 2023).

Figure 21: Projected changes (relative to the 1989-2008 reference period) in precipitation under RCP4.5 and RCP8.5 scenarios.
Source: Homsi, 2020

3.3.4 Evapotranspiration and River Flow Impacts

Regional PET projections under SSP2-4.5 show annual PET climbing from 340 mm (1981-2021 average) to 355 mm by mid-
century and 386 mm by 2100 an acceleration from 0.375 mm/year to 0.51 mm/year after 2050 (Ajjur & Al-Ghamdi, 2021;
Houmsi et al., 2019; Houmsi, 2020).

Critically (IPCC, 2022; CSIS, 2023; Mueller et al., 2021):

e The IPCC warns that Euphrates River flow could decrease by 73% due to regional climate changes.

e The Yarmouk River is projected to lose 37.7% to 58% of its annual flow by 2070-2099 (Abdulla & Al-Shurafat, 2020;
Rajsekhar & Gorelick, 2017).

3.4 Climate Risk Assessment of the WASH Sector

The climate risk assessment demonstrates that Syria's WASH sector is exposed to multiple interacting climate hazards. Among
these, prolonged drought and increasing temperatures represent the most significant threats owing to their widespread impacts
on water availability, groundwater recharge, and drinking water supply (WMO, 2023; UN Water, n.d.; Climate Centre, 2024).
Floods and storms pose localised but severe risks by damaging water treatment facilities, pumping stations, pipelines, and
sanitation infrastructure risks that are amplified by the fragile condition of infrastructure inherited from the past conflict (Abd-
Elhamid et al., 2024; Toprak et al., 2025). Exposure analysis indicates that critical WASH infrastructure treatment plants,
pumping stations, water towers, river basins, and densely populated urban centres is highly vulnerable to climate hazards
(World Bank Group & EU, 2022; ICRC, 2021; UN-Habitat, 2022). Exposure is particularly elevated in regions with high population
density, extensive displacement, and dependence on climate-sensitive water resources (UNHCR, 2024; Wind & Ibrahim, 2020).

Vulnerability Assessment

Six interacting dimensions physical, social, financial, environmental, human, and political collectively reduce the adaptive
capacity of Syria's WASH sector (Table 3) (Diickers et al., 2015; Calverley & Walther, 2022; UNESCW, 2023). The vulnerability
profile is heavily influenced by the legacies of the past conflict (Selby et al., 2017; Gleick, 2014; PeaceRep, 2022).
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Table 3
Key Vulnerability Dimensions and Underlying Drivers Affecting WASH Services in Syria

Dimension Current Status Key Driver

Physical 60—%0% of infrastructure damaged or destroyed during the Legacy of conflict related destruction
conflict

Social 6.8M refugees, 7.2M IDPs; limited access to services Displacement following the conflict

Financial GDP collapsed; O&M funding severely constrained Economic aftermath of the conflict

Environmental  Declining water resources; aquifer depletion; land degradation ~ Climate change + over extraction

Human Brain drain; limited technical capacity and training Erosion of human capital during the
conflict
Political Fragmented governance; weak institutional coordination Legacy of institutional disruption

Table 3: Key Vulnerability Dimensions and Underlying Drivers Affecting WASH Services in Syria

The integrated assessment confirms that climate risk within Syria's WASH sector is driven not only by increasing hydroclimatic
hazards but also by the interaction between infrastructure exposure (exacerbated by past damage) and multidimensional
vulnerability (rooted in the conflict's aftermath) (IPCC, 2022; GWP & UNICEF, 2017; World Bank, 2023). These findings
emphasise the need for integrated adaptation strategies that address both climate resilience and post-conflict recovery
(UNICEF, 2022; UNDP, 2023; UN-Habitat, 2022).

4. Discussion

This study provides one of the first integrated climate risk assessments specifically focused on Syria's WASH sector in a post-
conflict context using the GWP-UNICEF framework (GWP & UNICEF, 2017; World Bank, 2023; UN-Habitat, 2022). The findings
demonstrate that climate change is not an isolated driver of water insecurity but acts as a risk multiplier, exacerbating the
enduring impacts of infrastructure damage, economic decline, and institutional fragility inherited from the past conflict (Selby et
al., 2017; Gleick, 2014; Tarnas et al., 2023; Abbas et al., 2016). The interaction of these stressors has significantly reduced the
resilience of Syria's WASH sector and increased the vulnerability of communities to climate-related disruptions (Concern
Worldwide, 2024; Fanack Water, 2023; UN OCHA, 2023).

The observed warming trend, accelerating from 0.27°C decade~" to 0.72°C decade~" during 1991-2020, is consistent with
regional assessments for the Eastern Mediterranean, where warming rates exceed the global average (IPCC, 2022; Naaouf &
Torma, 2023; Climate Centre, 2024). Rising temperatures have increased evaporative demand, reduced soil moisture, and
intensified hydrological drought, thereby reducing both surface water availability and groundwater recharge (Ajjur & Al-Ghamdi,
2021; Houmsi et al., 2019; Mathbout et al., 2023). Given that approximately 78% of annual precipitation is lost through
evaporation (Jamal et al., 2007; FAQ, 2008), even relatively small reductions in precipitation produce disproportionately large
declines in effective water availability (UN-Water, 2022; Drgham, 2020).

Changes in precipitation characteristics are equally important. The shift from prolonged, moderate rainfall to fewer high-
intensity storm events reduces infiltration and groundwater recharge while increasing flash flood risk and soil erosion (Abd-
Elhamid et al., 2024; Mueller et al., 2021). Such hydroclimatic shifts present a dual challenge for the WASH sector
simultaneously reducing water availability during dry periods and increasing infrastructure damage during extreme rainfall
events, with the latter posing particular risks to systems already weakened by past conflict damage (Toprak et al., 2025).

A comprehensive climate risk assessment underscores that the severity of impacts on water, sanitation, and hygiene (WASH)
services is not solely a function of the physical intensity of climate hazards. Instead, it is critically mediated by how exposed the
infrastructure is to these hazards and the inherent social vulnerability of the populations relying on these services (IPCC, 2022;
GWP & UNICEF, 2017; Diickers et al., 2015). Notably, drought and extreme heat emerge as the foremost, extreme-priority
concerns due to their pervasive and prolonged effects, whereas floods and storms, while posing substantial threats, are
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characterized by high to moderate risks that are typically confined to specific localities (Climate Centre, 2024; ThinkHazard, n.d.;
UNDP, 2023). However, these climatic threats are compounded by a significant underlying factor: the enduring repercussions of
past conflicts. The conflict period has systematically degraded the resilience of WASH systems by interrupting regular
maintenance schedules, stalling crucial rehabilitation efforts, and severely limiting operational redundancies that would
normally provide a buffer during crises (World Bank Group & EU, 2022; ICRC, 2021; PAX, 2023). As a result, the current
infrastructure possesses a diminished capacity to withstand climatic extremes, making these already-prioritized hazards even
more dangerous for vulnerable communities.

A thorough assessment of vulnerabilities across physical, social, financial, and political dimensions reveals that all of these
areas are critically elevated, representing the highest order of concern (UNHCR, 2024; IDMC, n.d.; Bolton, 2020). This finding
carries a crucial implication: achieving climate-resilient WASH services requires more than just upgrading pipes, pumps, and
treatment plants. Strengthening governance frameworks, enhancing institutional coordination across sectors, and building
robust financial capacity are equally—if not more—essential to long-term resilience (PeaceRep, 2022; The Day After, 2022; UNDP,
2024). The legacy of past conflict has deeply entrenched these non-physical vulnerabilities, creating systemic weaknesses that
cannot be resolved through engineering fixes alone. Consequently, any infrastructure investment that fails to simultaneously
tackle these governance and financial deficits will ultimately fall short of delivering climate-resilient outcomes, as the
underlying fragility will continue to undermine even the most technically sound interventions (UNICEF, 2022; UN-Habitat, 2022;
GWP & UNICEF, 2017). On a more hopeful note, the ongoing rebuilding process presents a pivotal window of opportunity. Rather
than hastily reconstructing the same vulnerable systems that existed before the conflict—which were already ill-equipped to
handle climate extremes—decision-makers can deliberately embed climate adaptation principles into every stage of recovery.
This strategic approach can break the cycle of reinstating fragility and instead forge a more durable, adaptive, and equitable
WASH infrastructure for the future (World Bank, 2023; UNESCW, 2023; UNDP, 2023).

From a policy perspective, the results demonstrate that traditional engineering solutions alone will be insufficient (GWP &
UNICEF, 2017; UN Water, n.d.; IPCC, 2022). Adaptation strategies should integrate climate-informed water resources planning,
rehabilitation of damaged infrastructure, diversification of water supplies, demand management, groundwater protection, early
warning systems, nature-based solutions, and institutional strengthening (UNDP, 2023; UNICEF, 2022; UN-Habitat, 2022).
Prioritising investments in high-risk areas identified through integrated climate risk assessments can improve resource
allocation and enhance long-term resilience under increasing climatic uncertainty (World Bank, 2023; Carnegie Endowment,
2024; INFORM, 2023).

Study Limitations

Several limitations should be acknowledged. The assessment primarily relies on secondary data from national and international
sources, reflecting the limited availability of long-term field observations due to the disruption caused by the past conflict (UN
OCHA, 2023; USAID, 2023; World Bank, 2023). In addition, the analysis focuses on current and historical climate risks and does
not explicitly quantify future risks under probabilistic scenario ensembles (IPCC, 2022; Naaouf & Torma, 2023). Future research
should incorporate regional climate model projections, hydrological modelling, geospatial risk mapping, and quantitative multi-
criteria decision analysis to evaluate adaptation pathways and support long-term investment planning (Mathbout et al., 2023;
Homsi et al., 2020; Abd-Elhamid et al., 2024). Despite these limitations, the study establishes a robust evidence base for
climate-resilient WASH planning in post-conflict Syria and provides a transferable methodological framework for other fragile
and conflict-affected countries undergoing recovery (GWP & UNICEF, 2017; UN-Habitat, 2022; World Bank, 2023).

5. Policy Implications

The findings have important implications for climate adaptation planning and sustainable WASH management in Syria's post-
conflict recovery phase (Table 4) (UNDP, 2023; UNICEF, 2022; UN-Habitat, 2022). The integrated climate risk assessment
demonstrates that future water security will depend not only on infrastructure rehabilitation but also on incorporating climate
risk considerations into national planning, investment, and institutional decision-making transforming recovery into an
opportunity for resilience-building (GWP & UNICEF, 2017; World Bank, 2023; Carnegie Endowment, 2024).
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Table 4

Actionable Policy Recommendations for Climate-Resilient WASH in Post-Conflict Syria.

Recommendation Specific Action Implementing Actor(s) Timeframe
Climate-resilient Install solar-powered water treatment and pumping MoWR +INGOs 2025-
infrastructure systems in 5 high-priority governorates (Aleppo, Deir (UNICEF, UNDP) 2027
ez-Zor, Ar-Raqqa, Al-Hasakah, Homs) to replace
systems damaged during the conflict.
Integrated Water Implement a national groundwater monitoring MoWR + FAO + UN- 2025-
Resources Management  network in Damascus, Aleppo, and Homs basins; Water 2028
(IWRM) reduce distribution losses by 15% by 2030.
Earl warning and climate  Deploy a drought/flood forecasting system for the MoWR + WMO + Syria 2026-
information Euphrates and Yarmouk basins; link to municipal Meteorological 2027
emergency protocols. Department
Institutional Train 500 WASH engineers and technicians in climate-  UNICEF + MoWR + 2025-
strengthening & capacity resilient design, 0&M, and risk assessment to rebuild local universities 2028
building human capital eroded during the conflict.
6. Climate risk screening  Mandate systematic climate risk screening for allnew ~ MoWR + MoPD + 2025-
integration WASH projects and major rehabilitation works by donors 2026
2026.

Table 4: Actionable Policy Recommendations for Climate-Resilient WASH in Post-Conflict Syria.

Overall, enhancing climate resilience within Syria's WASH sector requires a transition from emergency response toward long-
term, risk-informed water governance (GWP & UNICEF, 2017; UN Water, n.d.; UNDP, 2023). Integrating climate science into

infrastructure planning, strengthening institutional capacity, and prioritising investments based on climate risk will improve the
sustainability of WASH services under future climatic uncertainty (IPCC, 2022; World Bank, 2023; UNESCW, 2023). The post-
conflict reconstruction phase offers a unique window to embed climate resilience rather than replicate previous vulnerabilities
(UN-Habitat, 2022; PeaceRep, 2022; Carnegie Endowment, 2024). The framework applied in this study also provides a practical
approach that can be adapted to other post-conflict and water-scarce countries seeking to mainstream climate resilience into
national WASH strategies (GWP & UNICEF, 2017; UNICEF, 2022; Ali & Shahreen, 2024).

6. Conclusions

This study presents a comprehensive climate risk assessment of Syria's WASH sector using the GWP-UNICEF framework. The
findings demonstrate that climate change acts as a risk multiplier, exacerbating infrastructure damage, economic decline, and
institutional fragility inherited from the past conflict.

Syria has experienced accelerated warming (0.72°C/decade since 1991) and declining precipitation (~ 12% per decade since
1990). Under SSP5-8.5, temperatures could reach 24.7°C by 2100, with hot days surging from 99 to 157 annually. Euphrates
River flow may decline by 73%, while water stress already exceeds 124% of renewable resources.

The integrated risk assessment identified drought and extreme heat as the dominant hazards. Vulnerability across physical,
social, financial, and political dimensions remains critically elevated, driven by infrastructure destruction (60-70% damaged),
mass displacement (7.2 million IDPs), economic collapse, and governance fragmentation.

Enhancing resilience requires coordinated investments in climate-resilient infrastructure, water resources management, early
warning systems, institutional strengthening, and community-based adaptation. The post-conflict reconstruction phase offers a
unique opportunity to embed climate resilience rather than replicate previous vulnerabilities.

The methodological framework is transferable to other post-conflict and water-scarce regions. Future research should
incorporate climate projections, hydrological modeling, and spatial decision-support tools to evaluate adaptation pathways and
strengthen long-term water security in fragile states.
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FIGURE 3: Geographical Map of Syria and Surrounding Regions (Open Street Map)
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See image above for figure legend.
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Figure 8: Hypsometric map based on regionalized in-situ observations based on SRTM
elevation data at spatial resolution of 30 s (~1 km?). Source: Mathbout et al., 2023
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Figure 8

See image above for figure legend.
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Figure 9: Koppen-Geiger Climate Classification Map (1991-2020) with Climate Zone
Codes. Source: Climate Change Knowledge Portal, n.d.

Figure 9

See image above for figure legend.
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Figure 10: (Left) Spatial variability in daily mean temperature over Syria; (Middle) Annual
Temperature and Precipitation Variability: Monthly Averages and Extremes; (Right) Average
total rainfall (1951-2010). Source: Climate Change Knowledge Portal, n.d.

Figure 10

See image above for figure legend.
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Figure 11: Geographical distribution of annual (d) relative humidity (%); and (f) wind speed
(km/h) from 1951 to 2010. Source: Houmsi et al., 2019

Figure 11

See image above for figure legend.
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Figure 12: Annual Trends in Average Mean Surface Air Temperature in the Syrian Arab
Republic (1951-2023): Significance of Trend per Decade. Source: Climate Change
Knowledge Portal, n.d., 2026
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See image above for figure legend.
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Figure 13: Annual Trends in Average Precipitation in the Syrian Arab Republic (1951-
2023): Significance of Trend per Decade. Source: Climate Change Knowledge Portal, n.d.,
2026

Figure 13

See image above for figure legend.
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Figure 14: Anomaly in aridity and different meteorological variables over the study period
(1951-2010). Source: Houmsi et al., 2019

Figure 14

See image above for figure legend.
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Figure 16: Annual Trends of number of days with heat index >35°C in the Syrian Arab
Republic (1951-2023): Significance of Trend per Decade. Source: Climate Change
Knowledge Portal, n.d., 2026

Figure 16

See image above for figure legend.
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Figure 17: Projected number of hot days by mid and end of the century (Tmax >35°C).
Source: UNDP, 2023

Figure 17

See image above for figure legend.
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Figure 18: Spatial Distribution of maximum extreme heat hazard level. Source:

nd., 2026

Figure 18

See image above for figure legend.
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Figure 19: Projected changes (relative to the 19895—2008 reference period) in mean
temperature under RCP4.5 and RCP8.5 scenarios. Source: Naaouf and Torma, 2023

Figure 19

See image above for figure legend.
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Figure 20: Projected Precipitation Trends in the Syrian Arab Republic: Multi-Model

Ensemble Analysis (Reference Period: 1995-2014). Source: Climate Change Knowledge
Portal, n.d

Figure 20

See image above for figure legend.
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Figure 21: Projected changes (relative to the 1989-2008 reference period) in precipitation
under RCP4.5 and RCPR8.5 scenarios. Source: Homsi, 2020
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See image above for figure legend.
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