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14 Abstract

15  Armed conflicts throughout the world can have substantial impacts on private and public
16  infrastructure and its people. Over the last two decades, the regional government of Tigray in
17  Ethiopia has invested extensively in developing surface and groundwater resources for water
18  supply leading to 61% of rural and 57% of urban populations having access to safe drinking
19  water by 2020. However, the Ethiopian Government and its allies’ invasion of Tigray in the
20 early November 2020 led to considerable damage and devastation of Tigray's water
21  infrastructure. This study assessed the damage to Tigray's water supply systems and determined
22 the impact on its people. The study, conducted between late 2021 and early 2022, found that
23 the destruction reduced the rural and urban water supply coverage of the region by over 50%
24 (i.e., reduced to 28% and 25%, respectively). The war exposed more than 3.7 million people in

25  Tigray to a shortage of drinking water supply and water-related risks, such as disease and food
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26  insecurity. Over the past 15 months of the war, the damage to the water supply infrastructures
27  in Tigray was considerably higher than in other regional conflicts, with the damage in Tigray
28  Dbeing 15% higher than the damage to Syria's drinking water supply infrastructures over 10
29  years of conflict and 6% higher than the damage to Yemen's water supply infrastructures over
30 seven years of conflict. This study shows the significant and long-term impacts armed conflict
31 can have on a developing country's water infrastructure and people. In future conflicts,
32 monitors and aid agencies must assess this more adequately to limit the impact on civilian

33 populations.

34
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37 1. Introduction

38  Water is not only an important element of life but also a central factor in the economic and
39  social development of countries. The United Nations described water as a vital resource for
40  reducing the global burden of disease and improving the health, welfare, and productivity of
41  populations, and is the heart of adaptation to climate change, serving as the crucial link between
42  the climate system, human society, and the environment (UN Water, 2015). Water carries
43  increasing importance for developing countries in the world, including countries in Sub-
44  Saharan Africa, the Middle East, and Central Asia. This is because of the limitedness of their
45  renewable resources’ development, urbanization, and rapid population growth (Tuncok et al.,
46 1999; UN Water, 2015). Further, the political instabilities — mostly in developing countries,
47  including armed conflicts, power asymmetry, the strength of institutions, and the interests of
48  stakeholders contribute to decision-making in water resources management and utilization,
49  which affects human lives both directly and indirectly (Wu et al., 2017). To overcome the
50 impacts of these and other factors on water resources development and management in
51  developing countries, a well-defined framework of policies and strategies are required. These
52  policies and strategies should include at least district-level water resources planning,

53  management, and utilization plans (Goyal et al., 2020).

54  The Tigray region of Northern Ethiopia has abundant surface and groundwater resources to
55  satisfy the region's domestic water supply, irrigation, and hydropower requirements (Haile et
56 al., 2018; Awulachew et al., 2007; Gebremicael et al., 2017). The region possesses three main
57 river basins (Tekeze, Danakil, and Mereb) with a total potential discharge of approximately
58 10.1 billion cubic meters per year (Awulachew et al., 2007). However, despite the large
59  potential, the region's capacity to exploit its water resources for water supply, sanitation, and
60  overall economic development has traditionally been hindered by environmental, technical,

61  economic, and institutional factors (Berhe et al., 2020; Haile et al., 2018; Gebrehiwot, 2006).
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62  Inthe last two decades, despite the extensive amount of available water resources, communities
63  had limited access to potable water, safe hygiene, and sanitation practices, even before the
64  Tigray war which started in late 2020 (Gebrehiwot et al., 2006; Shiferaw et al., 2018). The
65  water supply systems in Tigray mainly depend on sources including, groundwater (i.e., deep
66  and shallow wells, and springs), surface water systems including artificial structures such as
67 dams (Fig. 1), and other structures like roof water harvesting and ponds (Berhane et al., 2016;
68  Fagan, 2019; Shishaye et al., 2020). The Tigray government had invested extensively in
69  developing both the surface and groundwater resources for water supply and sanitation in urban
70  and rural areas (Woldearegay et al., 2018; Kifle et al., 2017, Haile et al., 2018; Tafesse, 2006).
71 This had been further supplemented by the Ethiopian central government and local and
72 international non-governmental organizations (Beriha et al., 2013; Admasu et al., 2011).
73 However, this whole effort has resulted in an improved regional average water supply access

74 for only 58% and sanitation for only 7.7% of the population (Azage et al., 2019).

75  The Tigray war began in early November 2020 by the allied forces, which includes the
76  Ethiopian National Defence Force (ENDF), the Eritrean National Defence Force (ErNDF), the
77  Ambhara militia, special police forces, and Fano (a group of separate armed forces who are not
78  under the control of the federal government of Ethiopia), and special police forces from other
79  Ethiopian regional states, and technical support, such as drone technologies and operators, from
80 the UAE, Turkey, Iran, Russia and China (Gesesew et al., 2021; Gebregziabher et al., 2022;
81  Demissie et al., 2022, Reuters, 2021a; Zelalem, 2021; Walsh and Dabhir, 2022). Before the war,
82  the regional government of Tigray including the Tigray Water Resources Bureau was actively
83  developing water supply systems in the region to achieve the goals laid out in the government's
84  Growth and Transformation Plan for safe water supply and improved hygiene and sanitation
85  (Tigray Water Resources Bureau, 2021; Berhane et al., 2018; Tafesse, 2006). The activities

86 and goals outlined in the plan showed that access to safe water and improved sanitation and
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87  hygiene are not separate pursuits and that coordinated efforts are required among governmental
88  agencies, civil society organizations, and private sectors. The Bureau recognized the fact that
89 results will only be sustainable if responsibilities are shared and resources are devolved, and
90 communities are empowered to manage their resources. This practice, therefore, had added
91 improvements in water, sanitation, and hygiene (WASH) infrastructure compared to practices
92  from previous decades (Admasu et al., 2011; Berhane et al., 2016). However, the ongoing war
93  in Tigray has reversed the progress made on water supply systems and caused the people to

94  face serious water shortages and water-related problems.

95  Other armed conflicts in the world have resulted in widespread and long-term damage to
96 critical water infrastructures. For example, the instability and prolonged war in Afghanistan
97 (2001 to 2014) have hit the water sector (Groninger et al. 2015), leaving 70% of violence-prone

98 locations with insecure water supplies (https://www.wionews.com/south-asia/afghan-crisis).

99  Similarly, from 2014 to the present (2022), the war in Yemen had a significant impact on the
100  quantity and quality of water and sanitation services, exposing the majority of the people of
101  Yemen to use untreated water, especially from 2013 to 2016 (Schillinger et al., 2020; Aklan et
102 al, 2019). The Yemen conflict constrained access to water for millions across the nation and
103  has contributed to recent cholera outbreaks and other waterborne diseases (Camacho et al.,
104  2018; Spiegel et al., 2019; UN, 2018). In Syria, the war, which started in March 2011 and is
105  still ongoing, resulted in extensive destruction of water infrastructure, with 40% of water
106  supply facilities destroyed (Faour and Fayad, 2014; ICRC, 2021). A greater understanding of
107  the scale of destruction and impact on water resources and their delivery during armed conflicts
108  in developing countries is crucial, as these services are essential to survival and quality of life

109  and can be impacted long after the conflict has ceased.

110  The impacts of war on water supply and other infrastructures are not well-studied worldwide

111 (Schillinger et al., 2020). The fact that the impacts of such wars on water supply infrastructures
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112 (and hence health, food security, etc.) are not well documented scientifically (not beyond
113 advocacy narrations and social media posts) as a result of which the understanding of the degree
114  of the impacts of war by the academic community and decision-making bodies is limited.
115  Therefore, this study will provide scientific evidence on the impacts of war on water supply
116  systems and infrastructures, which could be an important input to any comprehensive global
117  overview of the impacts of war on water and other infrastructures. Further, the study also shows
118  how much the current damage to the water supply infrastructures in Tigray drags the water
119  system of the region back in time. This will be done by comparing the pre-and post-war status
120  of the water supply systems. It also aims to compare the impacts of the war in Tigray with other
121 regional conflicts. This can provide a basis for post-war reconstruction and attain better socio-

122 economic development in the region.

123 2. The Tigray region of Ethiopia

124  The Tigray regional state, with a total population of approximately 7.1 million (CSA, 2007), is
125  situated in the northern part of Ethiopia which extends from 12°15’ to 14°50'N and between
126 36° 27' to 39° 59'E (Fig. 1). Tigray is bordered by Eritrea and Sudan to the north and west,
127  respectively. Other Ethiopian regions include the Amhara region which borders Tigray from
128  south to southwestern and the Afar region from east to south-eastern. The total area of the
129  region is approximately 54,000 km? and is divided into six administrative zones: Western,
130  North-Western, Central, Eastern, South-Eastern, Southern, and one administrative capital city,
131 Mekelle (Fig. 1). The majority of the region is characterized by undulating terrains and steep
132 slopes with a fragile environment — mainly fragile soils, erratic distribution of rainfall, and
133 sparse vegetation cover.

134
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136 Figure 1. Study area and water supply infrastructure locations, Tigray, Ethiopia.

137  The Tigray region is mainly characterized by semi-arid and semi-humid climates, with
138  distinctive, long-term dry (October to May) and wet (June to September) seasons (Gebremicael
139  etal, 2017). Average rainfall over the region ranges from below 500 mm/year in the northeast
140 lowlands to more than 1200 mm/year in the southwestern highlands (Gebremicael et al.,
141 2019c). More than 70% of the annual rainfall occurs between July and August. The annual
142 discharge of the rivers in the region follows the pattern of rainfall, with 80% of river flows
143  occurring in the wetter months. River flow largely ceases during the dry season from October
144  to May and consequently, the habitat in the region is vulnerable to water shortage during dry
145  seasons. Intense and long-term recurrent drought has considerably impacted the region with
146  droughts, including one of its worst in history from 1984 to 1985 (Gebrehiwot et al., 2011;

147  Haile et al., 2018).
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148 3. Methods

149  Data for this study were collected through field surveys and observations from five of the six
150 administrative zones of the region. Data collection in the Western zone was not possible
151  because it is still occupied by the invading allied forces. Secondary data were gathered from
152  peer-reviewed articles, regional and national governments, and international non-governmental

153  organizations’ reports.

154  3.1. Pre-war assessment

155  The condition of the water supply infrastructures and the overall water supply coverage of the
156  region before the war were reviewed from the existing official government reports and
157  published articles. The 2019, 2020 and 2021 official annual reports of the Tigray Water
158  Resources Bureau were mainly used to review the pre-war coverage and functionality of the
159  water supply infrastructure in the region. However, existing published papers were also
160  reviewed, although they were limited in number.

161  3.2. On-site assessment and measurements

162  Data were collected by two assessment teams commissioned by the Tigray Water Bureau in
163 each zone between September 2021 to January 2022. One of the teams incorporated
164  electromechanical experts to assess damage to the water supply infrastructures. The second
165 team consisted of multi-discipline experts and was responsible for the assessment of water
166  supply facilities including buildings, office equipment, and loss of human resources. The site
167  visits were accompanied by utility, district, and zonal coordinators and
168  beneficiaries/community representatives. In total, 17,080 of the 18,481 water supply schemes

169 in the five zones were assessed.

170 At each site, general infrastructure damage was first inspected visually to check if it had been

171  destroyed or removed (Table 1). The remaining infrastructure was then classified as
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172 “functional” if it is giving services, and “partially damaged” if the damage is
173  maintainable/repairable but not functional for a time being. For example, water wells with
174  totally damaged submersible pumps and production casings were classed as ‘“completely
175 damaged”, while wells with their pumps either missing or damaged, but with a fully
176  functioning production casing, were considered as “partially damaged”. When classifying the
177  functionality status of the water supply systems in the region, the completely destroyed and
178  partially damaged infrastructures were classified as “non-functional”, while the active water
179  supply infrastructures were classified as “functional”. This was because maintenance is still
180 impossible, as there is no possibility to import spare parts due to the complete siege and
181  blockade. Further, in urban areas, the damages were classified as either “functional” or “non-
182  functional”, as the infrastructures were either completely damaged or looted, and as they were

183  close to the roads and easy for the invaders to transport them to the area of their interest.

184  Table 1. Type of infrastructures inspected, and data gathered. The category ‘Others’ includes

185  pipes and fittings, welding machines, water quality testing kits, chemicals, and tools.

Data type Evaluation method
Borehole damage Inspection & measurement
Dam damage Inspection & measurement
Spring damage Inspection & measurement
Generators & surface pumps Inspection & testing
Switchboards Inspection & testing
Transport Inspection

Office, office furniture & Laboratories Inspection

Others Inspection

Property value Market values

186
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187 4. Results and Discussion

188  4.1. Pre-war assessment results

189  More than 80% of the population in Tigray lives in rural areas where sources of water supply
190 are mainly shallow wells, open water sources, springs, and some deeper wells. Water supply
191  in urban areas is mainly dependent on dams and deep wells (Oyedotun, 2017; Tigray Water
192 Resources Bureau, 2020). The regional water consumption standards in Tigray were set to 25
193  L/c/d (Liter per capita per day) at a 1 km radius (on spot schemes) for rural areas, and 40 to 80
194  L/c/d (based on population sizes) for urban areas (Tigray Water Resources Bureau, 2020; 2021;
195  Admasu et al., 2019). The standards range from 40 L/c/d for population size less than 20,000:
196 50 L/c/d for 20,000 to 50,000, 60 L/c/d for 50,000 to 100,000, and 80 L/c/d for 100,000 to
197 1,000,000 population sizes. Accordingly, access to water supply by August 2020 (2 months
198  before the war) was 61% for rural and 57% for urban populations, with a regional average of
199  58%. Before the war, the Tigray region had 19,421 active water schemes that were fully
200 functioning (Tigray Water Resources Bureau, 2021). This includes 7,541 hand-dug wells
201 (HDW), 299 deep wells (DW), 6 dams, 1,775 SPD (spring water development), 65 RF (roof
202  water harvesting) structures, 29 ponds, 718 institutional WASH, 201 RPS (rural pipe system),
203  and other 9,279 on the spot schemes like shallow hand-dug wells (SHWs) (Fig. 1; Tigray Water

204  Resources Bureau, 2021).

205  4.2. Overall damages to the water supply systems of Tigray

206  This study found that the war in Tigray has resulted in damage to about 55% of the overall
207  water supply systems of the region (as of January 2022) (Fig. 2). Before the war, the average
208  water supply coverage in the region (rural and urban water supply) was approximately 58%,

209  with a non-functionality rate of 7.1% (Tigray Water Resources Bureau 2021; Azage et al.,
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210  2020). As of this assessment, the total damage in rural (54.4%) and urban (56%) areas (Fig. 2),
211 increased the non-functionality rate to more than 64%. This has resulted in approximately 3.7
212 million people (2.3 million in rural and 1.4 million people in urban areas) without water supply
213 services. This implies that the damage to the water supply infrastructures in Tigray has led to
214 food insecurity for >50% of the population (3.7 million of the total 7.1 million), as water
215  insecurity directly means food insecurity (WFP, 2022). The destruction of the water points and
216  lack of basic health care services resulting from the war exacerbated the situation in the region
217 and has already led to emergency levels of acute malnutrition (WFP, 2022). Further, the
218  systematic damages to the water supply infrastructures have affected the health system of the
219  region, with 86.8% of the water supply systems of the health facilities in the central zone,
220  91.6% in the Eastern, 76.3 % in the North-west, and 80% in South-east zones were damaged
221 by the Ethiopian and Eritrean forces (Debeb, 2022). The hospitals and clinics in Tigray can
222 neither process blood for transfusion nor store it for later use due to the lack of water and power,
223 asaresult of the damage to the infrastructures due to the war (Yemane et al., 2022). The people
224  of Tigray are also exposed to waterborne diseases such as cholera because the damage to the
225  water supply infrastructure has exposed the public to fetch water from open and untreated water
226  sources like rivers and lakes (Zwizwai, 2022). Importantly, these crises consider only the
227  damages incurred until January 2022, and locations bordering Eritrea and the whole Western

228  Zone were not included as the armed conflict continues in this region.

229  The findings of this study showed that the war in Tigray has significantly exacerbated the
230  existing water shortage problems in the region. The United Nations (UN) recommends that
231  personal and domestic water consumption should be between 50 and 100 L per day (UN Water,
232 2015). Further, the UN’s recommendation states that the water must be safe, adequate, and
233 affordable (a maximum of 3% of household income) and be within 1 kilometer of a person's

234 home (UN Water, 2015). With the pre-war water supply in Tigray being about 50% of the
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235 recommended standard, already below the UN’s recommendation, the war in Tigray further

236 reduced it by 55%, which brought the water supply coverage in the region down to under 25%.

H Rural = Urban

Percentage
(8]
S

237 Functional Damaged
238  Figure 2. Overall percentages of damaged and functional water supply schemes in Tigray, after

239 15 months of the war.

240  4.2. Damages to the rural water supply systems

241 The war in Tigray resulted in damages to 54.4% of the rural water supply systems (Fig. 3)
242 reducing the water supply coverage to approximately 28%. Shallow wells were the most widely
243 used water source in the rural parts of the region, followed by hand-dug wells and springs (Fig.
244 1). The extent of the damages presented in our damage assessment results showed the invaders
245  targeted public infrastructures such as the water supply systems (Figs. 4a, b). This infers that
246  the damage and destructions were not random, rather they were deliberately executed based on
247  their predesigned purposes, which was also clearly stated by the deputy chief of staff of
248  Ethiopia — General Abebaw Tadesse (Supplementary Videol). Further, the deliberate
249  destruction of water infrastructures and looting of equipment were reported by international
250 media and humanitarian institutions. For example, Action Against Hunger (ACF, 2021)
251 indicated that water supply infrastructures including water pumps have been destroyed and
252  equipment were looted by the Ethiopian and Eritrean forces and the Amhara special forces and

253  militia, as a result, people throughout the region remained with no access to drinking water.

10



http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

254  Zones with the highest numbers of wells (Central zone, followed by the Eastern and North-

255  Eastern zones; Figure 1) suffered high instances of damage (Fig. 4b).

256

257 Figure 3. Percentage of damage to the rural water supply systems in Tigray.

258  The findings show that the invaders have also destroyed other infrastructures including roof
259  water harvesting schemes, rainwater collection ponds, and structures that were limited in
260 number in the region (Figure 4a). This is also another piece of evidence suggesting that the war
261  was intended to destroy the livelihood of the people of Tigray through starvation and thirst.
262  Destroying the public water infrastructures with such invasions simply means using starvation
263  and thirst as a weapon of war that can effectively shoot at each and every household (Zeitoun
264  and Talhami, 2016), as no one could survive. Destructions of public infrastructures like water
265  supply systems can, in fact, be an unfortunate side-effect of conflict and political oppression
266  (Schillinger and Heldeweg, 2022). However, acts that create conditions of mass starvation
267  through targeted destruction and looting of public infrastructures like water supply systems are
268  considered violations of international humanitarian law which are prohibited by the Geneva
269  Convention and its Protocols (Pertile and Faccio, 2020; Gleick, 2019b; Weinthal and Sowers,
270  2019; Zeitoun et al., 2014). Further, such acts are also considered as against international
271  humanitarian law, as they disrupt access to clean water leading to conditions ripe for outbreaks
272 of normally preventable diseases such as cholera, malaria, and measles (Talhami and Zeitoun,

273 2021). The damages to the water supply systems in Tigray forced local communities, and the

11
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274 people of Tigray as a whole, to consume water from open and unprotected sources and were
275  therefore exposed to different types of water-borne diseases (Gessessew et al., 2021). Further,
276  in areas where open and unprotected sources of water are not available, people have to travel
277  up to tens of kilometers to fetch water to survive. This kind of purposeful destruction of water
278  supply infrastructures in armed conflicts is considered as weaponizing water and water
279  infrastructures, which breaches international humanitarian law (Pertile and Faccio, 2020;

280  Schillinger et al., 2020; Gleick, 2019a; Gleick, 2019b).
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282  Figure 4. Assessment of the rural water supply damage in Tigray. “Other” includes roof water
283  harvesting and ponds. 92.4% of the pre-war infrastructure in the five zones was assessed in this

284 study.

285  4.2. Damages to the urban water supply systems

286  The damage to urban water supply infrastructure was extensive, with about 40% of boreholes,
287  45% of hand pumps, and 50% of dams completely damaged (Fig. 5), and 90% of
288 electromechanical equipment was either missing or destroyed (Figure 6). This equates to 56%
289  of the urban water supply being completely damaged resulting in only 25% of urban water
290  supply coverage. Within the urban water supply schemes, the highest number of boreholes

291  damaged were in the Eastern zone, followed by the Central and Southern zones (Fig. 7; Table

12
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292 S1). The ongoing siege, the shortage of money/budget in the whole region, and the extent of

293 the damages make maintenance of the damaged wells very difficult.
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295  Figure 5. Damages to urban water supply infrastructure
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297  Figure 6. Urban electro-mechanical water infrastructure damages. The X-axis is logarithmic.

298  ‘Others’ include pipes, fittings, tools, lab kits, and machines.
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300 Figure 7. Functional and non-functional numbers of urban water supply infrastructure in

301  Tigray, based on administrative zones.

302  The USD400 million Giba Dam development in Mekelle was also destroyed and any of the
303  movable equipment were looted. The dam had a potential storage capacity of 430 billion cubic
304  meters, to supply water to more than 800,000 residents of Mekelle, the capital city of the region
305 (Fig. S1). During the invasion, all heavy-duty machinery, construction materials, and
306  equipment, belonging to the dam project were looted by the invading forces (Reuters, 2021b).
307  Making the impact on the water supply worse, power to the region was cut off by the Ethiopian
308 government in June 2021 (Davies, 2022; HRW, 2021; Reuters, 2021¢). To compensate for this,
309 the Tigray government worked to provide power from the Tekeze hydropower plant. However,
310 after a few days of service, this was destroyed by targeted airstrikes (HRCD, 2021; Geopioneer,
311 2021; Reuters, 2021d; Fig. 8). Further, the complete siege and blockade of every route leading
312 to Tigray by the allied forces caused the water supply systems in Mekelle city and other very

313  few areas, which survived the war, to stop working, due to lack of maintenance, spare parts,
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314 and water treatment chemicals. These compounding damages resulted in more than seven

315  million people in the region with no access to a safe drinking water supply.

316 \

317  Figure 8. Destroyed hydropower station of Tekeze dam by the allied forces on November 31,

318 2021.
319 5. Comparison to other regional conflicts

320 The damage to the drinking water supply infrastructures in Tigray, over the 15 months of the
321  war, and still ongoing, was 15% greater than the damage to Syria's water supply systems
322 (ICRC, 2021) during the 10 years-long crisis, and 6% higher than the 7 years long, and ongoing,
323 Yemeni's conflict (Fig. 9). For simplicity and meaningful comparisons, the extents of damages
324  to the Syrian and Yemeni’s water supply infrastructures that were considered in this analysis
325  were the counts before maintenance. This was because maintenance of the damaged water
326  supply infrastructures was possible in some areas during the wars in Syria and Yemen, while
327 it has been completely impossible in the case of Tigray as a result of the complete siege and

328  blockade.

329  Before the 10 years-long war in Syria, 98% of the people in urban areas and 92% of people in
330 rural communities had reliable access to safe water. Today, across Syria only 50% of water and

331  sanitation systems function properly (ICRC, 2021), with 40% of the water supply infrastructure
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332 being completely damaged during the war. However, within 15 months of the war, the water
333 supply systems in Tigray were reduced by 55% less than it was before the war. Before the
334 ongoing war in Yemen, experts were reporting that the country was facing the most serious
335  water shortages and warned that its groundwater would be depleted by 2017 (Al-Kamali, 2016).
336 However, even with these natural factors, the seven years-long, ongoing, armed conflict in
337  Yemen reduced the country’s water supply by 49%. This implies how shattering the ongoing
338  war in Tigray is, and if it continues as long as the wars in Yemen and Syria, the damages to the

339  water supply systems would be inconceivable.

Syria

‘War torn areas

Yemen [ S S

Tigray

=1

10 20 30 40 50 60
340 Percent of damages to the water supply System

341  Figure 9. Comparisons between the damages to the water supply systems in Tigray, Syria, and

342 Yemen.

343  Armed conflict can significantly disrupt water supply both in terms of the physical structure
344  and water governance (Sowers and Erika 2021). Armed conflicts in Iraq, Yemen, Syria, Libya,
345  Gaza strip, have all resulted in damage to civilian infrastructures including water supply and
346  sanitation systems (Sowers and Erikam 2021; CMWUm 2014; Abu-Lohom et al., 2018;
347  Schillinger, 2020). The damages to water supply systems can be both direct (i.e., looting and
348  physical destruction) or indirect (i.e., shelling and airstrikes). The damages to the Tigray water
349  supply infrastructure were also both direct and indirect. Any movable water supply

350 infrastructures and equipment that were in the Tigray water supply system such as pumps,
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351  generators, pipes, switchboards, etc were looted, while those that were not easy to transport
352 were destroyed in situ (Figs. 10 - 13). Further, even though they are not specifically quantified
353  yet because of the complete siege and blockade, large water supply and hydropower structures
354  like the Tekeze hydropower dam were bombarded by airstrikes, and major parts of the dam
355  were destroyed (Fig. S2). Similar damages to water supply infrastructures have been seen in
356  different war-torn countries like Yemen and Syria. For example, indiscriminate shelling and
357  airstrike on public infrastructure by the Saudi-led coalition in Yemen damaged approximately

358 4% of water supply systems (Sowers and Erika, 2021).

359

360 Figure 10. Damages to a) the water supply tank in Edaga Hamus (Eastern Zone), with b)

361  evidence of bullets shot into the reservoir, ¢) generators and d) the switchboard (control panel).
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362

363  Figure 11. Damages to a) water supply points and facilities, b) Booter pumps in Gereb-Segen
364  water supply points, ¢) boreholes, and d) powerhouse and borehole (with damaged casing) in

365  Southern Tigray.

366  Another form of damage to water supply systems is the forced movement of the population and
367  disruption of water supply governance (Schillinger et al. 2020). Increased internally displaced
368  people within a war zone can put additional pressure on the hosting communities’ water supply
369  systems and their governance. Mekelle, Adwa, Shire, Abi’adi, and Axum cities are amongst
370 the hardest hit with regard to water supply crises in the Tigray Region because of inflow of the
371  sheer size of internally displaced people (MSF, 2021; OCHA, 2022a). In addition to the
372 physical damages, the provision of water services, maintenance, and operations of the
373  remaining functional water points is challenging as administration systems could collapse and
374  water supply technicians would flee to safer places. This had been seen in different previous
375  conflict-stricken areas, such as Syria, Yemen, and Libya (ICRC, 2021; Abu-Lohom et al., 2018,
376  Schillinger, 2020). Similarly, most of the experts and members of the management team,
377 including the head, of the Tigray water bureau joined the Tigray Defense Forces from

378  November 2020 to June 2021, which caused a significant gap in the administration system.
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