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27 Abstract
28 Building a resilient water, sanitation, and hygiene (WASH) system is more important than ever 
29 since climate change threatens WASH, particularly in low- and middle-income countries. The 
30 Government of Ethiopia stresses climate-resilient WASH through its One WASH National 
31 Program, albeit it may be challenging to ascertain the resilience due to the absence of an easy-to-
32 use monitoring tool. The “How tough is WASH” framework is a recently developed framework to 
33 monitor the community-managed rural water supply resilience to climate change. We investigated 
34 whether this framework might be used to assess the resilience of small-town water utilities by 
35 choosing 10 communities in eastern Ethiopia. The How Tough is WASH framework considers 
36 resilience along six domains: supply chain, institutional support, management and governance, 
37 community role and feedback, infrastructure, and catchment using a five-scale measurement. Due 
38 to its complexity to apply using a five-scale measure, we modified the framework into a simpler 
39 3-point scale —low, medium, and high—to assess the climate change resilience of urban water 
40 utilities. Accordingly, the town water utilities rated moderately resilient, with primary failures 
41 including insufficient government support, a lack of flood protection, seasonal variation in yield, 
42 and leakage in the distribution system. Fixing the identified failures is essential for resilient 
43 services in the study towns. The current finding using the How Tough is WASH framework 
44 revealed the framework’s versatility in determining the climate resilience of WASH, therefore, 
45 should be included and integrated into a WASH monitoring tool.

46 Keywords: Climate vulnerability, how tough is WASH, institutional support, piped water, 
47 professionalized water supply 
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59 Introduction 
60 Climate change poses severe challenges, which have been on the international agenda in recent 

61 years [1]. Its impacts are expected to be relatively severe in the developing world, given its urban 

62 societies are densely populated, and exposed to natural disasters with limited capabilities to tackle 

63 the impacts [2, 3]. Most impacts are experienced through more droughts, floods, and less 

64 predictable rainfall and water flows [4]. 

65 Water and sanitation are expected to be affected by climate change. A growing body of evidence 

66 shows that water supplies are experiencing the impacts of climate change (availability and quality), 

67 while the sustainable management of water resources remains crucial for urban climate 

68 resilience[5, 6]. Intense rainfall, severe storms, dry spells, extremely hot days, and storm surges, 

69 damage or destroy water supply infrastructure, reduce the availability of water resources and 

70 decrease the quality of water used for consumption [5, 6]. 

71 Water management with climate change adaptation is becoming increasingly relevant for the 

72 design, construction, and maintenance of water sector infrastructure for the provision of adequate 

73 and safe water. Creating sustainable improvements in water and sanitation services requires a 

74 holistic approach that addresses sector governance, finance, service provider performance, and 

75 water resources management [7]. Strategies for drinking water safety management that address 

76 risks related to climate variability and change are needed to deliver safely managed water supply 

77 in developing countries[8]. 

78 Integrating climate resilience into existing risk management approaches, such as water safety 

79 plans, is likely to be one approach to manage climate risks to drinking water supply but may be 

80 insufficient on its own [5]. To cope with the existing and future negative effects of climate change, 

81 it is strongly advised to build resilient water, sanitation and hygiene (WASH) infrastructure and 

82 incorporate resilience into drinking-water and sanitation management [5, 9]. The knowledge of 

83 elements that will need improvement to increase the sector's resilience to climate change in low- 

84 and middle-income countries is expanding. This includes the requirement to evaluate threats from 

85 existing climate variability and keep track of adaptation measures [10]. 

86 Ethiopia is one of the most vulnerable countries to climate variability and climate change due to 

87 its low adaptive capacity to deal with these expected changes[11-13]. Climate related risks are 
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88 already apparent in the country, with evidence indicating that existing climate variability, along 

89 with rising demand for water, is already stressing systems and services[14, 15].  

90 The number of small and medium towns in Ethiopia has significantly increased over the past few 

91 decades, and urbanization has increased quickly in the country[16, 17]. In these towns, water and 

92 sanitation services have been difficult to maintain because of weak institutional capabilities, 

93 insufficient economies of scale, difficulties with cost recovery, rapid population increase, and 

94 increasing demand [18]. Recognizing the challenges, the Government of Ethiopia launched the 

95 One WASH National Program in 2013 with the aim to achieve universal, sustainable, climate 

96 resilient and equitable access[19]. Complementary to this, the ONEWASH Plus is being 

97 implemented to improve the sustainable WASH services in such small towns [19]. The country 

98 developed a sustainability check employing a framework of financial, institutional, environmental, 

99 technical, and social factors, commonly known as FIETS, in the WASH projects being 

100 implemented with development partners to ensure better service delivery [20]. The sustainability 

101 checks revealed low levels of service reliability, cost recovery and technical capacity in small town 

102 utility-managed water supplies[21].

103 Even though climate resilient WASH is one of the top priorities of the government under the One 

104 WASH National Program, a lack of simple and easily applicable tools makes it difficult to measure 

105 the resilience of existing WASH facilities in the country. Haramaya University in collaboration 

106 with the University of Bristol has developed a framework that could be used in low-income 

107 countries to enhance decision-making climate resilient WASH [22]. The framework was tested on 

108 20 community-managed water sources in Ethiopia, which is typical of rural sub-Saharan Africa 

109 but is linked to low service levels and a high vulnerability to climate changes [22]. The finding 

110 showed that the water infrastructure in selected rural towns had low to moderate resilience to 

111 climate change due to inadequate sanitary protection of water infrastructure and technical capacity 

112 of community-managers[23]. In urban setting, assessing the WASH resilience with a tool that 

113 should capture its complex nature can foster a more informed decision-making process [24].  

114 The current research aimed at assessing the resilience of town water utilities to climate change as 

115 well as to identify the strengths and weaknesses of the How Tough is WASH framework in order 

116 to be improved and implemented nationally. The research team applied the framework to the water 
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117 supplies of 10 towns in eastern Ethiopia to address the lack of evidence on climate resilience from 

118 towns in the country with government-managed water supplies.

119 Materials and methods 

120 Study settings
121 We conducted this study in ten towns of east Hararghe Zone of Oromia region and Fafen Zone of 

122 Somali region, Eastern Ethiopia (

123 Figure 1). Oromia and Somali regions are the two of the most vulnerable regions in the country to 

124 climate change impacts [25, 26]. East Hararghe zone is one of the drought prone areas in Oromia 

125 region. The zone is classified into three agro-ecological zones. Dega (highland) covers 7.67%, 

126 Woinadega (mid altitude) 24.5% and the remaining 67.76% of the Zone represents Kolla 

127 (lowland). The zone is frequently affected by extreme drought affecting people and animals and 

128 leads to thousands of people being displaced [27]. In the zone, 8.27% of the population are urban 

129 inhabitants, 1.11% is pastoralist, 17% agro-pastoralists, and the rest are agriculturalists (74%). 

130 Somali region, from where the two towns selected, is one of the mostly affected regions in the 

131 country[28]. Two towns are located in the Fafen zone of the region. This zone is located in Wahit 

132 Shebelle River Basin, which comprises the drainage of the seasonal rivers of Fafan, Jerar, and 

133 Dakhato. In Fafen zone, seasonal rivers play a significant role as a water resource and the most 

134 successful boreholes are locate. 

135
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143

144

145

146

147 Figure 1: Study towns (Aweday, Babile, Bombas, Chalanko, Fafen, Kersa, Kullubi, Haramaya, 
148 Lange, and Woter), Eastern Ethiopia, 2022

149

150 The town with a high percentage of households having piped water coverage is Chalanko (85%), 

151 and the town with a low percentage is Awedaya (20%), according to the data we received from 

152 each town as indicated in Table 1. Moreover, towns that chlorinate water on the regular basis are 

153 Bombas, Haramaya, Kersa, Kulubi, and Woter.

154 Table 1: Study towns, population and sample households in east Haraghe and Fafen zones, 
155 Eastern Ethiopia, 2022

S. no Town name Sample households for survey 
1. Aweday 54
2. Babile 108
3. Bombas 60
4. Chalanko 141
5. Fafen 12
6. Haramaya 171
7. Kersa 34
8. Kulubi 15
9. Lange 14
10. Woter 21

Total 630
156

157 Description about the town water utility in Ethiopia
158 According to national guidelines for urban water supply and sewerage services [29], the water 

159 supply is managed by town water utility, established by the town administration, with a water 

160 board. The town Water Utility manager is responsible for organizing, directing and administering 

161 the activities of the utility and its staff within the different sections (human resources development, 

162 finance and property administration, operation and maintenance, etc.). The town water board is 

163 composed of representatives from the town administration, pertinent local government offices 

164 (such as the water office, health office, finance and economic development office, and education 

165 office), and customers. 
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166

167

168 Study approach  
169 We carried out a cross-sectional study employing both quantitative and qualitative methods in two 

170 rounds in August and December 2022. The study's objective was to assess how resilient the utility-

171 managed urban water supply services were in selected district towns. For quantitative survey, we 

172 interviewed a representative sample of households. We estimated 630 households using a single 

173 population proportion formula with the assumption of 50% resilience, 4% margin of error, 95% 

174 CI and 10% non-response rate. In order to investigate how the framework might be applied, we 

175 purposefully chose ten towns from two of Ethiopia's regions, Oromia and Somali. All households 

176 within town using a piped water were identified based on the information gathered from each town 

177 water utility. We then distributed the sample proportionally to each study town (Table 1). We used 

178 simple random technique to select households from each town. Household selection was made 

179 after obtaining the list of households from the town water utility. 

180 For qualitative data collection, all the operators and managers of the water utility in each town 

181 were included. We also interviewed one community representative, who is a board member of 

182 water utility, from each town to explore the community role in the water utility. All the water 

183 supply sources and reservoirs in each town were assessed to explore its quality and potential risks 

184 including being flooded and inundation with rivers. 

185 Method of data collection
186 A survey form was developed based on previous field application of the “How tough is 

187 WASH?”[22] framework to collect data from household heads or representatives. We used the set 

188 of indicators or domains in the How tough is WASH  framework [22] to evaluate the government-

189 managed urban water supplies to provide comparable data and allow for more transparent trade-

190 off analysis. The survey was designed to collect household data on socio-demographic 

191 characteristics, water supply characteristics, household awareness on climate change impacts, the 

192 frequency and duration of climate hazards experienced, the extent to which climate hazards disrupt 

193 water supply service or access, and household responses to expected and experienced exposure 

194 to climate hazards. Additionally, an observational checklist, based on the World Health 

195 Organization’s sanitary inspection forms[30] was used by enumerators to record threats in the 
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196 environment around the water infrastructure or in its immediate vicinity that may make them 

197 susceptible to climate threats. The tools (survey and observational checklist) were developed in 

198 English, translated to the local languages Oromiffa and Somali, and then translated back to English 

199 to ensure consistency before being administered digitally using portable devices. The data were 

200 stored using Kobo Toolbox (Kobo collect version v2022.1.2) for easy storage and sharing. 

201 Qualitative data were collected using a semi-structured interview developed with technicians, 

202 person in charge of managing the water utility, and community representatives in each town. Topic 

203 guides were developed to gather information on institutional and operational aspects of the water supply, 

204 to enable us to score these domains. Ten technicians operating the water supply service were 

205 interviewed about the existing water supply services, changes in water quality and quantity due to 

206 climate change, challenges associated with operation and maintenance of water infrastructure, and 

207 coping mechanisms of climate change impacts on water supply. The water utility manager from 

208 each town were interviewed regarding the existing support and training provided by local and 

209 regional authorities, and challenges. Interview topic guides were prepared in English and translated 

210 to Oromiffa and Somali. The key informant interviews were carried out in the local languages. The 

211 sessions were taped, transcribed, and translated into English.

212 The WHO sanitary inspection form and microbial and free residual chlorine testing procedures 

213 were used to assess the water quality and its health risk. Both free residual chlorine and microbial 

214 testing of the water quality were conducted during the two rounds of data collection. The microbial 

215 test was done on the water samples collected from each water source using a membrane filtration 

216 technique [30]. Free residual chlorine was measured from the sample of water source and point-

217 of-use of households claimed to treat prior to drinking. The residual chlorine measurement was 

218 done by Palintest DPD chlorine method by taking a 10 ml sample of water stored in the house and 

219 reservoirs, adding it to the viewing tubes and reading the mark after DPD free chlorine reagent 

220 table (DPD-1). Free chlorine reacts with diethyl-p-phenylene diamine (DPD) in buffered solution 

221 to produce a pink color. The concentration of free residual chlorine was recorded by comparing 

222 the mark reading of a pink color to a color comparator.

223 Water utilities resilience measurement
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224 The outcome variable in this study was the resilience of the local government managed piped 
225 water supply to climate change. The measurement was based on data gathered from water user 
226 survey, technical evaluations of infrastructure, risk analysis in catchments, and in-depth 
227 interviews of town water utilities (operators and managers), and community knowledge about 
228 climate change impact and measures they take. The data from user surveys were checked for 
229 completeness and sent to main server, downloaded in excel form and analyzed descriptively to 
230 determine the user’s role for resilience of water supply services. Environmental risks around the 
231 communities such as elevation, slope and land cover/land use were mapped on ARCGIS and the 
232 risk proneness of the water sources were determined using Digital Elevation Modeling. For the 
233 interviews, digital recordings of technicians, managers, and community representatives were 
234 transcribed and coded deductively based on the predefined list of codes. Codes based on the 
235 indicator criteria were developed to ensure that the data from the interviews could be used to 
236 compare the town water utilities to the indicator criteria and offer a valid score (Table). 
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237 Table 2: Domains and respective metrics for government managed town water utilities Resilience to Climate change (adapted from 
238 How tough is WASH) [22]

No Domains Metrics Assessment method 
Protective measures against risk of damage and 
inundation

Inspection

Change in the water yield during extreme events Technicians and managers interviews 
Water quality Water quality test, Technicians and 

managers interviews
Sanitary risks at source and within distribution 
system

Inspection using the WHO checklist 

1. Infrastructure/water source

Damage and leaks in the distribution network Inspection
Location of the water source Inspection and delineation using 

Digital Elevation Modeling 
Inundation with a river and flood protection measures Inspection 
Population settlement and practices, pit latrines risk 
of inundation

Inspection 

2. Catchment

Impact of other water use on water availability Inspection
Management and action of town water utility Community representatives, 

Technicians and managers interviews
Understanding of climate adaptive management Technicians and managers interview
Risk assessments Technicians and managers interviews 

3. Water utility Management  

Training Technicians and managers interviews 
Awareness on climate change impact Household survey 
Response to service provider Household survey, community KII 

4. Community awareness and feedback 

Coping mechanisms at household level Household survey
Risk management programme Technicians and managers interviews 
Support to the water supply technicians, operators 
and managers to develop adaptive measures

Technicians and managers interviews 
5. Institutional support 

Emergency response Technicians and managers interviews 
Source of consumables and spare parts Technicians and managers interviews 
Routes to access spare parts, treatment chemicals Technicians and managers interviews 
Status of infrastructure Technicians and managers interviews 

6. Supply-chain

Storage of spare parts and consumables Technicians and managers interviews
239

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.license EarthArXiv

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


240 Town water resilience assessment using the How Tough is WASH 

241 framework
242 The research team evaluated the applicability of a previously created methodology that employed 

243 six resilience domains on a five-point scale (Very low, low, intermediate, high, and very high). 

244 The team discovered that local WASH experts found it challenging to distinguish between high 

245 and very high, as well as low and very low on an objective basis. For instance, in the infrastructure 

246 domain, protective and comprehensive protective measures against risk of damage were rated as 

247 high and very high resilient, respectively, while limited and partial protective measures were rated 

248 as low and very low resilient. Distinction between these two scales (High versus very High, and 

249 low versus very low) could be difficult for local assessors. As a result, we refined the framework 

250 and developed a three-point resilience scale to score water along three categories—low, moderate, 

251 and high by combining high and very high to produce high, and very low and low to form low 

252 (Table 3). Each of the three levels contains criteria to score the resilience of water supplies. The 

253 criteria describe conditions to indicate what that level of resilience may look like. The resilience 

254 of each metric was scored based on which level described the water supplies most closely. The 

255 indicator was assigned the resilience score corresponding to the majority of metric scores. For 

256 example, if more than 50% of the metrics received a score of Low, then the indicator also received 

257 that score. The score for each indicator were added up to determine the overall system resilience 

258 scores for each town water utility. The water supply utilities were then ranked according to 

259 importance for enhancing resilience using these scores. The determination of resilience was based 

260 the domain adapted from previous studies [22, 23]. We used the framework to check its 

261 practicability in urban setting where the water service is controlled by utility. 

262 Moreover, in the case of town water utilities, community is only minimally involved in the service 

263 delivery. Our assessment of community’s role in the case town water utility is limited to self-

264 reported bill payment, awareness on climate change and actions they took when impacts on their 

265 water supplies happen.  
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266 Table 3: Town water utilities climate resilience score adapted from How Tough is WASH [22]

ScaleDomain Metrics 
Low Medium High

Protective measures against risk of 
damage and inundation in place

No Protective Measures Limited or partial protective 
measures (there are measures but 
not effective, flood damage) 

Comprehensive protection measure 
is in place (animals cannot enter, 
full flood protection measure)

Yield There is major change in yield and 
users are forced to use from other 
alternatives, or reduce water use 

The change in the yield is not major, 
or users not forced to use from other 
alternatives 

There is no change in the yield 
throughout the year 

Quality If the utility has no data or microbial 
test result indicates high microbial 
load 

The microbial test result is in the 
intermediate health risk 

The result meets the standard/no 
microbes detected in the water 
sample  

Infrastructure

Sanitary risks at source and within 
distribution system including 
damage and leaks in the distribution 
network

The risk score from the inspection is 
high, there is damage and leaks 
from the sources to distribution 
system

If the inspection score is 
intermediate, the damage in the 
distribution network is minor

If the inspection risk score is 
high/very high, no damage in the 
distribution network  

Location of the source The water source is downhill of 
steeply sloping managed or 
cultivated land

Source is downhill of moderately 
sloping managed or cultivated land

downhill of gently sloping managed 
or cultivated land

Inundation with a river and flood 
protection measures

The water source is frequently 
inundated with river with no flood 
protection measures

Occasionally inundated with river 
with no flood protection measures 

Never inundated with river and has 
flood protection 

Population density, open 
defecation, pit latrines risk of 
inundation

Densely populated setting with 
open defecation and latrines at high 
risk of inundation

a densely populated area with no 
open defecation but latrines at 
medium risk of inundation 

No open defecation and latrines at 
no risk of inundation

Catchment

Impact of other water users on 
water availability

Other water users have impact on 
the water availability 

other water users have limited 
impact on water availability

Other water users have no impact on 
the water availability 

Management and action taken for 
resilient water utility 

No finance personnel, number of 
technicians in the town not 
adequate, technicians have no skill 
to respond during emergency, no 
meeting on service delivery, no 
water quality testing, no treatment 
at all  

number of technicians in the town 
not adequate, maintenance is not 
immediate, technicians have minor 
skill to operate/respond to damages, 
infrequent meeting, irregular 
reporting, irregular treatment, 
irregular testing/monitoring of 
water quality 

Organized financial system 
(personnel with office), adequate 
number of technicians, immediate 
maintenance of breakage, 
technicians are skillful to respond to 
the threats climate change on water 
supply, regular meeting and 
reporting of the service delivery, 
regular testing/monitoring, regular 
treatment   

Understanding of climate adaptive 
management

No awareness on adaptive 
management

Limited awareness Adequate awareness on adaptive 
measures

Water utility management 

Risk assessments No risk assessment Infrequent risk assessment Regular risk assessment 
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Training No training There is training but not adequate Training adequate/comprehensive 
or includes how to respond during 
climate change related emergency 

Awareness on climate change 
impact 

No awareness Limited awareness Adequate awareness (if community 
knows the impact take actions

Response to service provider No timely bill payment, no 
involvement in maintenance and 
operation, reporting damage to 
utility  

No regular bill payment or delay, 
limited involvement in 
maintenance, operation, reporting, 
no regular bill payment

Timely payment of bill, involve in 
maintenance, operation, reporting

Community feedback and 
awareness 

Coping mechanisms at household 
level 

No storage, no treatment at POU, 
moved to unimproved sources

No adequate storage, treatment at 
POU, moved to improved sources  

Adequate storage, treat at POU, 
moved to improved sources 

Risk management programme No formal risk management 
programme in place

formal risk management 
programme in place but not fully 
functioning 

formal and functioning risk 
management programme in place

Support water supply technicians, 
operators and managers to develop 
adaptive measures

no steps taken to support water 
supply technicians, operators to 
develop adaptive measures,

Inadequate/ad hoc support to water 
supply technicians and operators to 
develop adaptive measures

ongoing support for
adaptive measures with cooperation 
with all other sectors

Institutional support

Emergency response substantial delay in procuring parts 
or technical support after an 
emergency, no alternative power 
sources, alternative water source

slight delay in procuring parts or 
technical support after an 
emergency, alternative power 
sources not sufficient, alternative 
water source but inadequate 

no delay in procuring parts or 
technical support after an 
emergency, adequate alternative 
power sources, adequate alternative 
water sources  

Source of consumables and Spare 
parts

Only single source Limited or no more than two 
sources  

Multiple sources 

Routes to access Only single route At least one alternative routes Multiple routes 
Status of infrastructure a high risk of damage to roads, 

bridges, or communication 
networks from natural hazards

a medium risk of damage to roads, 
bridges, or communication 
networks from natural hazards

No risk of damage to roads, bridges, 
or communication networks from 
natural hazards,

Supply chain

Storage of spare parts and 
consumables 

No storage of surplus parts needed 
to carry out repairs

No surplus parts in the store needed 
to carry out repairs

store most or all parts needed to 
carry out repair
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268 Indicator scoring and its implications for planning interventions 
269 The total score of town water utility’s resilience is from 18 points in which case the town with 

270 high score (13-18) is highly resilient to climate change therefore maintaining the performance is 

271 needed, intermediate score (7-12) which is taken as intermediate resilient and minor action based 

272 on the failure found is needed, and the one with low score (6) is take as low resilient which means 

273 complete or the systemic improvement is fundamental (Table 4). 

274 Table 4 : Assigning overall resilience scores to water supplies

Score Resilience Priority Meaning and implication 
13-18 High Low The water supply service in the 

town is resilient therefore 
maintaining the status is required 

7-12 Intermediate Intermediate There are domain/s with failure 
that need/s action for resilient 
water utility in the town. 

6 Low High All the domains are with failure, 
therefore urgent action is needed 
across all the domains

275

276 Ethical considerations 
277 The research was carried out as a follow-up to the "How Tough is WASH" project, which was 

278 approved by the Ministry of Science and Technology in 2019. The Ministry waived ethical review 

279 due to the research project's non-sensitive ethical issues. However, we followed the principles of 

280 ethics and verbally consented to participate with each participant after presenting the study's 

281 objectives and advantages in front of a local water utility expert. Additionally, the confidentiality 

282 of the study participants' data was ensured. Moreover, prior to the start of research activities, an 

283 official letter was delivered to each study town, and a copy was given to data collectors for 

284 household interviews.

285
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289 Result
290 1. Water supply infrastructure 
291 Deep wells and springs were the primary water sources in the study communities. The towns of 

292 Kersa, Kulubi, Haramaya, and Babile had multiple water sources. The sources in Bombas, 

293 Chalanko, and Woter were the towns had protection measures. The others had at least one source 

294 without any protection measures, like Babile, Haramaya, and Kersa (Table 5). 

295 Table 5: Infrastructure characteristics of Water supply sources in study towns, Eastern Ethiopia, 
296 2022

s.no Town/utility Water source Characteristics 
1. Chalanko Spring There was a leakage in the distribution system, the 

sanitary risk is intermediate, there is protection 
measure around the sources, and the yield does not 
vary in season 

2. Kulubi Deep borehole There is no protection measure around the source, 
there is point leakage, and the sanitary risk assessment 
indicated that it is with an intermediate sanitary risk. 

3. Woter Deep borehole The source has protection measure against damage, 
the yield varies in season. There was crack and 
leakage in the distribution system specifically, the 
reservoir was with cracks and leaking water. 

4. Lange Deep borehole The water source was an intermediate sanitary risk 
score, there was protection measures around the 
source but not on the reservoir, the yield does not vary 
in season 

5. Kersa Deep borehole One source has protection measure but not the other, 
and there is no leakage, the yield does not vary in 
season 

6. Haramaya Deep borehole One source and all the reservoirs have no protection 
measures, there was leakage of tap, the yield does not 
vary in season and the sanitary risk score is 
intermediate. 

7. Aweday Deep borehole Aweday shares the same sources with Haramaya 
town. All the reservoirs have no protection measures, 
and there was leaking tap, the yield does not vary in 
season and the sanitary risk score fall in the 
intermediate score.

8. Babile Deep borehole Has two sources with one without protection 
measures, there was leakage of pipe, with varying 
yields, and the sanitary risk score is within an 
intermediate score. 

9. Bombas Deep borehole The source has a protection measures, there was 
leakage in the pipes, the yield varies with season, and 
the sanitary risk assessment shows high risk 

10. Fafen Deep borehole The source has a protection measures, varying yield 
in season, and the risk assessment shows high sanitary 
risk 
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298 Our sanitary risk assessment using a WHO inspection checklist shows that the town of Fafen and 

299 Woter had high sanitary risk, while the other eight had intermediate risks. The water supply yield 

300 in four towns: Babile, Bombas, Fafen, and Woter, varied seasonally and falls short of user demand, 

301 therefore the population switches to other water sources. Five towns, notably Bombas, Chalanko, 

302 Haramaya, Kulubi, and Woter, had leakages in the distribution system. There is no data on water 

303 quality and frequency of testing in all study towns. Our assessment on the water quality revealed 

304 that Chalanko, Bombas, and Fafen had more than 100 colony forming units (cfu) per 100ml, 

305 whereas Kulubi and Woter had between 1 and 10 cfu per 100 ml sample, and other towns had less 

306 than one cfu per 100 ml of water sample. We did not test the water quality of Babile town due to 

307 the water sources inaccessibility during the data collection time associated with due to road 

308 damage. The water quality test from reservoir shows that Kersa, Haramya, and Aweday water 

309 utilities had low coliform levels (less than 1 cfu per 100ml of water sample). According to the 

310 overall assessment of resilience, Chalanko, Kersa and Awaday are three towns that are 

311 intermediate resilient score while the others are low (Table 6).

312 2. Catchment 
313 The assessment of catchments of both the water sources and reservoirs show that there is less dense 

314 habitation around each town's water sources. No other human activity affects the availability of 

315 water except Haramaya, where irrigation and truck transportation of water to other communities 

316 occur. With the exception of Chalanko and Kersa, open defecation did occur near the catchment 

317 areas of the water sources for the other eight study towns. The flood vulnerability assessment of 

318 the water sources and reservoirs in the study towns revealed that the Chalanko water source is 

319 quite prone to flooding whereas the Kulubi water source is just moderately vulnerable (details of 

320 digital elevation modeling result attached as sumplemetary material). Moreover, one of Kersa's 

321 water sources is extremely vulnerable to flooding, as are the water sources in Woter and Lange. 

322 From the digital elevation modeling, the water source of Haramaya, Aweday, Babile, and Bombas 

323 generally had low flood vulnerability risk. The catchment domain's resilience score revealed that 

324 Chalanko was the sole town with a high score, with Haramaya, Awaday, Fafen, and Babile had 

325 low scores and the other five towns had intermediate scores (Table 6) . 
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326 Table 6: Piped water supply resilience to climate, Eastern Ethiopia, 2022

S.no Town Catchment Infrastructure Management 
and governance 

Supply-
chain 

Institutiona
l support 

community 
awareness and 
feed back

Total 
score  

Identified problems 

1. Babile 1 1 2 2 1 1 8 One source has no protection measures, 
no flood protection, leakage in the 
distribution, yield varies in season, 
intermediate sanitary risk, open 
defecation around the sources, no regular 
meeting, high coliform in the water 
sample, no training specific to resilient 
service, POU water treatment is low, 
limited institutional support, no storage of 
spare parts, consumables 

2. Woter 2 1 2 2 1 1 9 No protection for reservoir, leakage in the 
distribution system, yield vary in season, 
open defecation around the sources, no 
adequate technicians, no regular meeting, 
intermediate coliform load, limited 
institutional support, small number of 
households treat water at the POU, single 
route to transport spare parts and products

3. Aweday 1 2 2 2 1 1 9 One source has no protection measures, 
there is leakage in the distribution, 
intermediate sanitary risk, open 
defecation around the source, moderate 
flood vulnerability, no regular meeting, 
no risk assessment, no training specific to 
resilient service, low POU water 
treatment, limited institutional support  

4. Fafen 1 1 2 2 1 2 9 Water source has no protection measures, 
leakage in the distribution system, yield 
varies in season, high sanitary risk, open 
defecation around the sources, moderate 
flood vulnerability risk, no adequate 
staffing (inadequate technicians and 
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finance personnel), no regular meeting, 
high coliform load, POU water treatment 
is low, limited institutional support

5. Bombas 2 1 2 2 1 2 10 Source has not protection measures, there 
is leakage in the distribution, yield varies 
in season, intermediate sanitary risk, open 
defecation around the source, high flood 
vulnerability, weak water bill collection, 
no regular meeting, POU water treatment 
is low, limited institutional support, no 
spare part and treatment product storage 

6. Chalank
o

2 1 2 2 1 2 10 Leakage in the distribution system, 
intermediate sanitary risk, high flood 
vulnerability, high coliform load, 
irregular treatment, no training specific to 
resilient services, POU water treatment is 
low, no support from government, no 
alternative power sources 

7. Kulubi 2 1 3 2 1 1 10 No protection measures against risk of 
damage, there is leakage in the 
distribution system, intermediate sanitary 
risk, open defecation around the source, 
moderate flood vulnerability, 
intermediate coliform load, no training 
specific to resilient utility, POU water 
treatment is low, no risk management, no 
alternative power source

8. Haramay
a 

1 1 3 3 1 1 10 One source has no protection measures, 
leakages, intermediate sanitary risk, open 
defecation around the source, moderate 
flood vulnerability, no regular meeting, 
no risk assessment, no training specific to 
resilient service, low POU water 
treatment, limited institutional support  

9. Lange 2 2 2 2 1 1 10 No protection measures against damage 
and river inundation, open defecation 
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around the sources, high flood 
vulnerability, inadequate personnel 
(finance), no regular meeting, no training 
specific to resilient utility, no quality 
testing, POU water treatment is low, 
limited institutional support  

10. Kersa 2 2 2 2 1 1 10 No protection measures against damage 
and river inundation, high flood 
vulnerability, inadequate personnel 
(finance for bill collection and 
technicians for proper maintenance), no 
regular meeting, no training specific to 
resilient utility, POU water treatment is 
low, limited institutional support  

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.license EarthArXiv

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


328 3. Management and Governance 
329 Our assessment showed that the towns with appropriate personnel including finance personnel and 

330 adequate technicians that is facilitated with office are Chalanko, Haramaya, Aweday, and Babile. 

331 Bombas, Fafen, Kersa, and Woter are the water utilities with limited technicians for maintenance 

332 of damages. Only in Kersa and Kulubi water utilities monitor water quality, including microbial 

333 testing. According to the town water utilities’ response, chlorination of water is taken place in 

334 Bombas, Haramaya, Kersa, Kulubi and Woter. The water utility in Chalanko and Lange treat water 

335 inconsistently. With the exception of Haramaya and Kulubi, other eight towns scored intermediate 

336 resilience in the management domain, which suggests failures including irregular water quality 

337 monitoring and treatment, inadequate staff, a lack of risk assessment, and limited support from 

338 higher offices. The domain scores using its indicators revealed that Haramaya and Kulubi are the 

339 towns with high scores and the others are intermediate scored (Table 6).

340 4. Community awareness and feedback  
341 Our analysis of the water users' awareness of how climate change would affect their water supply 

342 and ways to adapt indicated that Bombas, Chalanko, Fafen, Lange, and Woter are the towns with 

343 the highest percentage of residents who are aware of the issue. Even if our quantitative survey 

344 shows more than half respondents paying water bill on regular basis, key informant interviews 

345 indicated inconsistent bill payment by customers due to interruptions in the water service delivery. 

346 Bombas, Fafen, and Woter were the towns where more than 70% of families felt that they were 

347 exposed to climate change. Less than one tenth (9%) of houses in the study towns treat water at 

348 the point of use overall. Woter and Babile are the towns with the highest percentage of households 

349 that treat water at the point of use. Even though chlorination was the most frequent treatment 

350 method, our results demonstrate that less than half of the treated water contained free-residual 

351 chlorine. During times of emergency or water scarcity brought on by extreme events, the majority 

352 of people switched to unimproved sources (Supplementary table). According to all domain 

353 assessment criteria, Chalanko, Lange, Bombas, and Fafen are moderately resilient, but the other 

354 towns receive low scores (Table 6).

355 During the period of a lack of primary water supplies, every household in the remaining three 

356 towns shifted to unimproved water sources. Even in times of need, no community had more than 

357 a quarter of its residents treat water at point-of-use. The overall resilience score of the users' role 
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358 is intermediate in four towns, Chalanko, Lange, Bombas and Fafen and in other towns it is low 

359 score (Table ). 

360 5. Supply-chain 
361 It is essential for the water utility service to have a variety of sources for supplies of spare parts 

362 and routes to convey accessories and treatment chemicals. With the exception of Woter, all of the 

363 study towns are situated along the major routes connecting Addis Ababa with nearby regional 

364 towns (Harar and Jigjiga), therefore access by road is not a concern. However, transferring the 

365 spare parts to a specific area when they arrive in the town might be difficult in some places, such 

366 as Woter and Chalanko (just one route with seasonal flooding). There is no town water utility with 

367 storage of spare parts mainly pipes, fittings, and treatment products that could be used during 

368 emergency. In addition, there is no multiple points of purchasing for products and spare parts, 

369 however community and utility can move to nearby towns to purchase the products and spare parts. 

370 Integration among sectors is limited in all the study towns. According to the aggregate ratings from 

371 the measures used to score the domain, Awedaya, Haramaya, and Kersa are highly resilient, while 

372 the other utilities are moderate (Table 6). 

373 6. Institutional support
374 Our assessment on the existing institutional support revealed that there is limited support from the 

375 higher government offices to district towns. The managers claim that there is no risk management 

376 program and that each town water utility implement except annual tree plantation through a green 

377 legacy initiative. There is support from higher offices during emergency, although it is not 

378 promptly. Babile, Fafen, Haramaya, and Lange town water utilities had alternative energy sources 

379 if the main power sources damage. With the exception of Haramaya and Aweday town water 

380 utilities, others have no backup water sources in case the primary ones cease to function. According 

381 to the resilience score determined by the domains' metrics, the water utilities in the towns of 

382 Chalanko, Kulubi, and Woter generally have low resilience scores when compared to others that 

383 have intermediate ratings (Table 6).  

384 Overall resilience of water utilities in Eastern Ethiopia 
385 After adding domain scores, the overall resilience scores of the town water utilities were between 

386 8 and 12, indicating intermediate resilience. The findings indicate that several resilience-related 
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387 domains have failed, particularly institutional support, where all the towns had low scores, and 

388 infrastructure, where seven towns received low scores. The water utilities in the study towns have 

389 low resilience to climate change in terms of institutional support, community role and feedback, 

390 as shown in the total resilience score (

391 Figure 2). The towns, on the other hand, have an intermediate resilience score in terms of 

392 management and governance, Catchment, and supply chains, all of which could use some work, 

393 particularly regular water quality monitoring and treatment based on the results of the monitoring, 

394 as well as the modernization of bill collection methods.
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410 Figure 2: Overall climate resilience score of town water utilities in Eastern Ethiopian, 2022
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416

417 Discussion 
418 Climate change puts sustainable water supply at danger[10], thus slowing the momentum of 

419 development and health advancements e [9]. Ethiopia’s commitment to ensure this is through One 

420 WASH National Programme under which climate resilient WASH is given a priority [19]. 

421 However, despite all the efforts by the government and its development partners, sustainability 

422 assessments in certain rural and small towns found that the water service deliveries do not comply 

423 with the country's plan [20, 31, 32]. A sustainability assessment in bigger cities of the country 

424 shows weak institutional capacity, ineffective governance, water loss and other factors making the 

425 water management complex [33].

426 We explored the existing climate resilience of small-town water utilities in district towns of eastern 

427 Ethiopia using a modified version of the How tough is WASH resilience assessment framework. 

428 The study revealed that the water supplies are only moderately resilient to climate change, failing 

429 to meet many of the resilience indicators. This is comparable with the findings on rural water 

430 supply resilience assessment in the country and Nepal[23]. Except for the supply chain, failures 

431 happen in every domain. Gaps in infrastructure include inadequate flood protection for water 

432 sources, irregular water treatment. Insufficient support from regional offices is common in the 

433 towns and gaps in management include irregular water quality monitoring vary.

434 Under the management domain, even if adequate personnel is one of the requirements for 

435 sustainable water delivery, based on sustainability check framework [20], our study indicated that 

436 some local water utilities lack adequate staffing, water treatment and water quality monitoring. 

437 The National One WASH program plus underlined the necessity of the proper training, and past 

438 experience shows that training can increase utilities' capacity and performance [18, 20]. Thus, 

439 integrating climate resilient water supply service in the training will increase the technician's 

440 capacity to respond to emergencies.

441 Resilient water infrastructure is adaptable to change and continues delivering services including 

442 during unexpected change [5, 34]. The current study showed that some water sources vary in both 

443 quantity and quality with the seasons, placing the infrastructure domain in the medium resilience 

444 category. The need for full assessment of water sources for year-round availability and minimizing 
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445 nonrevenue water and wastage or loss through leakage should be in place for better resilience [35]. 

446 For some water sources, protection from open defecation is urgently needed in order to lessen 

447 associated health risk which would happen during extreme events notably flooding. Also, the 

448 limited or absent flood protection measures around the water sources in nine towns could increases 

449 the risk of water sources flooding during heavy rain.

450 In contrast to rural community-managed water supply, where most of the roles are being played 

451 by the volunteer community members [22], the customers’ role in the current study towns is limited 

452 to paying bills. To lessen the worst effects of disasters related to climate change, communities 

453 must become resilient through strategies like point-of-use water treatment, which was described 

454 as one of the coping mechanisms elsewhere[36]. Yet, with little to no routine monitoring and 

455 treatment occurring in the study towns, it is crucial to establish an early communication channel 

456 on the effects of climate change and the proper course of action. Moreover, working to improve 

457 the publics’ awareness and knowledge on climate change, and about disaster response and 

458 recovery should be in place to improve the resilience and reduce adverse health effect [37, 38].  

459 In all of the study towns, there was low institutional support for local utilities to provide resilient 

460 and sustainable water delivery and limited communication with higher government officials. This 

461 contrasts with the national policies which states that regional Water Bureau is to continuously 

462 follow up on the performance of both Town Water Boards and Town Water Utilities, and to give 

463 training and technical support when needed [29]. In addition, ensuring backup power and water 

464 sources is essential to prevent water supply disruptions that could force the community to drink 

465 contaminated water. 

466 Since certain towns have experienced a shortage of spare parts and products, the water utilities 

467 were only moderately vulnerable to climate change in this area, as was noted in the prior 

468 assessment of water supply funding [39].  Moreover, in some water utilities, the low utilities’ 

469 capacity to collect the water bill, delayed bill collection and customers’ low willingness to pay 

470 hints need for support to build the capacity of the utility. 

471 The lack of a comprehensive monitoring tool for climate resilience in low- and middle-income 

472 nations led to the development of the "How Tough is WASH" framework[22], which has been 

473 demonstrated to be the best framework for displaying the resilience status of WASH facilities in 

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.license EarthArXiv

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


474 rural settings. This framework may now be used to properly evaluate the climate resilience of 

475 small-town water utilities, including prior to building significant upgrades on the existing 

476 infrastructure. 

477 Small-town water utilities have some strengths over community-managed water supply 

478 resilience[23]; such as having qualified technicians to run, an independent board that manages the 

479 service, and better monitoring and supply-chain of spare parts. Both share the drawback of having 

480 little support from high officials. 

481 Our analysis of the framework suggests the possibility of using the framework in two 

482 ways, depending on the assessment's objectives. If the assessment's objective is to produce 

483 resilience scores for particular water supplies in order to identify their shortcomings and track them 

484 over time, a three-point scale from low to high score to the indicators can be used. If the 

485 assessment's objective is to provide aggregate resilience scores of water supply systems to enable 

486 regional or national comparisons, it is advised that the sub-indicators be graded on a 5-point scale 

487 from very low to very high resilience. For a better measurement of WASH's climate resilience, we 

488 strongly advise that this user-friendly approach be embedded into the current monitoring 

489 frameworks. This study's weakness is that we treat each indicator equally in the framework due to 

490 insufficient data from the fieldwork to warrant an alternative weighing system. However, after 

491 validation with sufficiently large datasets, indicators may potentially be weighted.

492 Conclusion 
493 The current finding shows that the water utilities in the towns are moderately resilience to climate 

494 change. The major failures are lack of protection measures around the water sources, infrequent 

495 monitoring of the quality, limited support from the higher government offices and customer 

496 willingness to pay for the services. In the study towns, enhancing community engagement[40], 

497 catchment protection[41], and infrastructure improvements through the construction of suitable 

498 protective measures around the sources and reservoirs are needed for better resilience of the water 

499 utilities. 
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