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ABSTRACT 36 

The COVID-19 pandemic affected the operation of water utilities across the world. In the context of utilities, new protocols were 37 

needed to ensure that employees can work safely, and that water service is not interrupted. This study reports on how the operations of 38 

27 water utilities worldwide were affected by the COVID-19 pandemic. Interviews were conducted between June-October 2020; 39 

respondents represent utilities that varied in population size, location, and customer composition (e.g., residential, industrial, 40 

commercial, institutional, and university customers). Survey questions focused on the effects of the pandemic on water system 41 

operation, demand, revenues, system vulnerabilities, and the use and development of Emergency Response Plans (ERPs). Responses 42 

indicate that significant changes in water system operations were implemented to ensure that water utility employees could continue 43 

working while maintaining safe social distancing or alternatively working from home. Twenty-three of 27 utilities reported small 44 

changes in demand volumes and patterns, which can lead to some changes in water infrastructure operations and water quality. 45 

Utilities experienced a range of impacts on finances, where most utilities discussed small decreases in revenues, with a few reporting 46 
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more drastic impacts. The pandemic revealed new system vulnerabilities, including supply chain management, capacity of staff to 47 

perform certain functions remotely, and finances. Some utilities applied existing guidance developed through ERPs with slight 48 

modifications, other utilities developed new ERPs to specifically address unique conditions induced by the pandemic, and a few 49 

utilities did not use or reference their existing ERPs to change operations. Many utilities suggested that lessons learned would be used 50 

in future ERPs, such as personnel training on pandemic risk management or annual mock exercises for preparing employees to better 51 

respond to emergencies.   52 

INTRODUCTION 53 

The coronavirus disease 2019 (COVID-19) pandemic affected communities across the globe and required measures, including 54 

social distancing, mandatory lockdowns, and shelter-in-place orders, to reduce transmission of the severe acute respiratory syndrome 55 

coronavirus 2 (SARS-CoV-2).  These measures changed the way people visit and interact at work, school, institutions, and places of 56 

business, and the impacts of these changes were felt by businesses, industries, and governmental services. Like other businesses and 57 

industries, water utilities adjusted to the need for employees to work from home or carry out assigned tasks while social distancing and 58 

found challenges in workforce management, loss of revenue, and providing personal protective equipment (PPE) (AWWA 2020; 59 

Berglund et al. 2021). Water utilities were uniquely impacted by social distancing, working from home, and lockdowns, as these 60 

changes in daily patterns led to new water use patterns. Changing demand patterns that led to delayed morning peaks and lower 61 

institutional and commercial demands were reported by several studies (Balacco et al. 2020; Kalbusch et al. 2020; Ludtke et al. 2021). 62 

Unprecedented hydraulic characteristics in water distribution networks can create a need for operational adjustments, such as in the 63 

timing of pump and tank operations. New hydraulic patterns can also lead to changes in the circulation of water, allowing growth of 64 

bacteria due to longer residence time (i.e., water age). For example, a few utilities reported increased water quality issues during the 65 

pandemic (Spearing et al. 2020). Water utilities were also uniquely impacted by the COVID-19 pandemic because water infrastructure 66 

is a critical infrastructure and is required to continue to operate regardless of crises. Water utilities are typically equipped with 67 

Emergency Response Plans (ERPs), which provide protocols to respond to urgent conditions during emergencies and hazards. The 68 



4	
	

COVID-19 pandemic created unique circumstances beyond other emergencies, and legacy ERPs were not crafted to provide relevant 69 

guidance to address emerging challenges during a pandemic. New ERP guidelines are needed to include the proper use of PPE, 70 

cleaning and disinfecting public areas, and monitoring water quality for pathogens (Gude and Muire 2021). Changes in supply chains 71 

may reveal new vulnerabilities that affect chemicals needed for treatment; infrastructure components, materials, and tools needed for 72 

maintenance or repair; and PPE, leading to sudden changes in the way utilities need to operate. ERPs should be updated to include 73 

preparedness activities and response actions that can be applied in pandemics. 74 

Several studies have been conducted to learn how utilities were affected by and responded to the COVID-19 pandemic. 75 

Spearing et al. (2020) conducted surveys of 28 utilities to understand broadly how social distancing practices affected water utilities. 76 

They found that impacts fell within a set of themes, including planning and management, the technical system, finances, community-77 

related, and regulatory requirements and testing. Impacts were noted by respondents in all these areas, and the study concluded an 78 

importance to integrate planning for pandemics into existing long-term planning activities. Demand dynamics provide new insight 79 

about the performance of infrastructure under other population changes, and disaster management can integrate pandemic planning 80 

into research around multi-modal hazards. Other utility surveys were conducted with research questions focusing on specific utilities 81 

and impacts. Bostic et al. (2021) summarized 13 state and national studies that had been conducted by agencies across the U.S., with a 82 

focus on the financial burden of the COVID-19 pandemic on water utilities. They synthesized these surveys to emphasize that small 83 

community water systems (serving fewer than 10,000 people) are vulnerable to customer debt and declining revenue, as small systems 84 

are less likely to have cash reserves, and customers may be struggling to pay their water bills (Bostic et al. 2021).  Eleven U.S. utilities 85 

were studied based on water consumption and utility revenues, and most utilities saw an overall increase in water consumption and an 86 

increase in utility revenues (Smull et al. 2021). Bracciano (2021) interviewed water conservation managers of five large water utilities 87 

and found out that the primary challenge for water conservation programs was equipping staff with the technology needed to 88 

successfully work remotely or from home. 89 
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The research described in this manuscript was designed to apply a sub-set of the research constructs developed by Spearing et 90 

al. (2020) to explore impacts on planning and management, the technical system, and finances. Interview questions were selected to 91 

develop understanding and insight about the experience of water utilities during the pandemic, with a focus on operational changes, 92 

new vulnerabilities that emerged during the pandemic, and how ERPs were used and amended to address new vulnerabilities. This 93 

research tested these constructs at utilities across the globe. 94 

To answer these questions, interviews of 27 utilities were conducted to assess (i) changes in operations, (ii) demand changes, 95 

(iii) revenue changes, (iv) new vulnerabilities and challenges, and (v) the use of ERPs to address changing conditions. The discussion 96 

following the analysis of these interviews provides new insight about these five topics. Many respondents indicated that significant 97 

changes in water system operations were implemented to ensure that water utility employees could continue working while 98 

maintaining safe social distancing or alternatively working from home. Small changes in demand volumes or patterns lead to some 99 

changes in water infrastructure operations, such as decreasing chemical dosing for lower volumes of produced water. Utilities 100 

experienced a range of impacts on finances, where most utilities discussed small decrease in revenues, and a few utilities reported 101 

more drastic impacts. The pandemic revealed new system vulnerabilities, including supply chain management, capacity of staff to 102 

perform certain functions remotely, and finances. The applicability of existing ERPs is also explored and reported. Some utilities 103 

applied existing guidance developed through ERPs with slight modifications, other utilities developed new protocols to specifically 104 

address unique conditions induced by the pandemic, and a few utilities did not use or reference their existing ERPs to change 105 

operations. Overall, the analysis of interview results reveals the capacity of water utilities to respond and adapt to emergency 106 

conditions and provides guidance for improving the resilience of infrastructure to a changing environment. 107 

The manuscript is organized as follows.  The next section describes the set of respondents and five overarching interview 108 

questions. The following sections focus individually on each interview question, with subsections in related background and literature, 109 

analysis of survey responses, and recommendations and implications for utilities around that topic.  The paper concludes with 110 

Discussion and Conclusions sections to demonstrate take-home messages for water utilities.   111 
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MATERIALS AND METHODS 112 

Interview Sample 113 

Researchers interviewed utilities from across the globe during the period of June-October 2020. The purpose of these 114 

interviews was to explore, rather than quantify, the impacts of the COVID-19 pandemic on utilities and utility operations, and 115 

questions were developed by the group of researchers to allow free responses around emerging issues during the pandemic (Table 1). 116 

Further description of the topics explored by each question are provided in subsequent sections of this manuscript.  Utilities were 117 

selected based on prior existing working relationships with participating researchers and through internet searches. An initial set of 118 

utilities were contacted by researchers, and 27 participated in the interview. Each utility was interviewed by one or two researchers. 119 

Each respondent was asked questions about utility operations during the COVID-19 pandemic (Table 1).  Utility characteristics were 120 

determined through inspecting utility websites and asking questions during interviews.  Most utilities answered all questions orally 121 

during a phone call or in person, while some utilities also provided answers in written text that was submitted over email. Researchers 122 

asked follow-up questions at the time of the interview or through email around some answers that were provided to further probe and 123 

explore issues that were brought up by respondents. A total of 27 water utilities were interviewed, of which 19 were very large water 124 

systems (> 100,000) and eight were large water systems (> 10,000 and < 100,000), based on the U.S. Environmental Protection 125 

Agency (EPA) categories (U.S. EPA 2019) (Fig. 1). Eighteen utilities are located in the U.S., five respondents are located in Canada, 126 

two in Europe, one in South America, and one in Oceania (Fig. 2a and b). Most water utilities serve a mix of customers, including 127 

residential, industrial, and commercial, and for most of these utilities, more than half of the customer base is classified as residential. 128 

For most of the responding utilities (82%), surface water is the predominant or sole water source.   129 

WATER SYSTEM OPERATIONS 130 

Background 131 

The COVID-19 pandemic created major challenges for many water utilities. Utilities balanced the growing need to provide 132 

adequate water and sanitation services as hygiene is critical to combat pandemics and new personnel constraints created by remote work, 133 



7	
	

social-distancing, and reductions in workforce. There was an urgent need for water utilities to adapt to new and rapidly changing 134 

situations and modify messages communicated to customers (International Water Association 2020), in an era when utilities must 135 

navigate consumer distrust, manage a presence on social media, and respond to misinformation (American Water Works Association 136 

2019). A few studies described management challenges and changes to water system operations for utilities. Cotterill et al. (2020) 137 

reported on the UK utility operational perspective through a sector-wide survey that explored impact, preparedness and resilience in the 138 

UK. Of primary importance were the capabilities to facilitate remote work necessary to continue to meet increased water demands, and 139 

these results highlight the importance of communication and collaboration. Antwi et al. (2021) described a suite of policy interventions 140 

and mechanisms implemented by European governments and found that only 11 (40.7%) of the countries implemented at least one 141 

policy intervention that considered the water sector. Those interventions typically included short-term measures that involved either full 142 

cost absorption or suspension of water bills. Renukappa et al. (2021) explore the influence of the COVID-19 pandemic on the water 143 

industry. Their study describes organizational practices that had been adapted from business-as-usual, based on interviews of six water 144 

utilities. While the pandemic caused slower utility workflows, it accelerated digital transformations and the adoption of online and 145 

connected technologies.  146 

Analysis of Responses 147 

Survey responses revealed that utilities continued working to meet the regulatory requirements of safe and clean water by 148 

adjusting protocols for how employees interact with other employees and customers. Responses that are summarized in Table S1 show 149 

that 18 out of 27 utilities mentioned management challenges. Large utilities (10,000 < population < 100,000) serving residential 150 

customers have shown higher concerns with the safety of personnel. They reported the highest number of measures implemented. 151 

Utilities serving less than 1,000,000 with mixed demand customers (commercial, industrial, residential) reported a significant number 152 

of measures involving the organization of staff to minimize the risk of exposure while ensuring the utility could continue to deliver 153 

services. In some cases, utilities reduced their workforce. In other cases, they introduced health and safety policies such as daily 154 

temperature screens, including self-reporting, social distancing, and masks. Utilities required COVID testing if staff reported symptoms 155 
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or close contact with someone who had COVID. One of the major initiatives needed by utilities was to adjust operational protocols to 156 

reduce transmission in the case that employees were exposed to COVID. Dividers were installed between workstations, and non-157 

operational employees worked remotely. Employees who managed operations changed schedules to reduce contact with other work 158 

crews and were separated into teams that did not interact to reduce chances of the disease breaking out at the utility.  159 

Utilities also adjusted protocols for customer service.  Contact with customers through digital channels, such as online bill 160 

payment, was reinforced or encouraged. Utilities allowed customer visits only through appointment or closed in-person (face-to-face) 161 

customer service. Customer service actions requiring home entry were deferred or cancelled. In-person public meetings were 162 

cancelled, while one utility adjusted community meetings and outreach to ensure public trust. Customer management issues led 9 out 163 

of 27 utilities to increase their efforts to overcome possible undesired effects.  This response was more significant for utilities serving 164 

a population > 1,000,000 with a varied portfolio of customers, and these utilities focused more on the effects of customer contacts. 165 

Utilities faced other operational impacts related to strategic and production management.  Utilities reported that they were able 166 

to complete planned construction on time, but some utilities postponed the implementation of new projects and spent resources to 167 

review contingency plans. Operations were impacted by reduction of efficiency in supply chains, and utilities dealt with uncertainty in 168 

water sales and revenue.  As consumption patterns changed, utilities addressed concerns in operations and water quality impacts. 169 

Utilities also managed early retirements and union contracts to understand how policies, such as the Family Medical Leave Act in the 170 

U.S., affected employee placement. Very large utilities serving residential customers with a mixed portfolio of customers described 171 

more strategic and production management issues. 172 

The small sample size limits the development of definitive conclusions, though some common themes emerge. Wholesale 173 

utilities did not report difficulties in managing system operation during the pandemic period. For utilities that did not face major 174 

challenges associated with the pandemic, preparedness measures that were implemented before the onset of the pandemic helped to 175 

safeguard operations. In general, large utilities were equipped to weather the changes introduced by the pandemic, while smaller utilities 176 

were more affected. For example, seven out of 27 utilities, serving a population < 1,000,000 and across different types of demand 177 
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portfolios, reported that they addressed challenges associated with the COVID-19 pandemic without suffering any major impacts, 178 

maintaining a good level of supply and sanitation without degradation in the quality of processes. Utilities that serve a population < 179 

500,000, irrespective of the customer portfolio, were most affected by the COVID-19 pandemic. This analysis found that operational 180 

issues were not dependent on the types of supply sources (groundwater, surface or purchased water) or changes in demands. 181 

Implications and Recommendations 182 

The COVID-19 crisis brought to light the importance of sustaining water system operations. Water access plays a vital role in 183 

public health, especially during a pandemic, for hygiene and cleaning surfaces. Measures were taken by utilities to ensure staff could 184 

work safely and continue to be available to deliver services without degradation in the quality of processes. Utilities were pushed to the 185 

adoption of digital technologies, and adjusting operational protocols was crucial in maintaining supply and sanitation.   186 

COVID-19 also impacted strategic and production management. The implementation of new projects was put on hold, 187 

contingency plans were adjusted, difficulties in supply chain reliability were experienced, and the effects of demand change patterns 188 

and the uncertainty of water sales and revenues created additional concerns.  189 

Lessons learned from the COVID-19 pandemic reiterate that the management of protracted crises depends on the strength of 190 

Emergency Response Plans and the flexibility of utilities to accommodate new information in a structured way. Proactive management 191 

of stocks of consumables and knowledge about supply chains can be improved to address possible disruptions in future similar situations.  192 

Moving forward, a greater focus is expected to be placed on preparedness actions, including aspects related to the reorganization 193 

of the workforce and to the adoption of Information and Communications Technologies (ICT) for developing new forms of 194 

communication.  ICT technologies should also be used to monitor water systems and collect data to improve rules for operation that can 195 

adapt to the emergence of new demand patterns. Further, financial reserves are needed to avoid revenues disruption that were noted 196 

during the pandemic.  197 

WATER DEMANDS 198 

Background and Literature Review 199 
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Several research studies as of the date of this publication explore and describe how water demands changed during the 200 

COVID-19 pandemic. Spearing et al. (2020) surveyed water utilities in the US.  They reported that 43% of utilities surveyed observed 201 

an increase in residential water demand, 46% observed a decrease in commercial water demand, and 21% observed a reduction in 202 

industrial water demand. Similar observations were reported showing increased residential water demand in New York (+28%), Texas 203 

(+12%), California (+11.5%), and Minnesota (+25%) in the U.S. AWWA (2020) reported a 12% water demand reduction at 204 

Pittsburgh Water and Sewer Authority, because college students left campus and commercial facilities were closed.  AWWA also 205 

noted that leisure and hospitality, as well as transportation industries were expected to go through significant water demand 206 

reductions, while more moderate reductions were expected in sectors such as retail, wholesale trading, manufacturing, and 207 

construction.  Cooley et al. (2020) reported changes in total water demand during the pandemic for 41 locations in the US. They noted 208 

that the net effect of the COVID-19 pandemic on total demand varies from utility to utility and largely depends on the ratio of 209 

residential to non-residential uses. Larger metropolitan systems, such as Boston, Massachusetts, and Austin, Texas, have experienced 210 

modest increases or minor reductions.  Eastman et al. (2020) examined the impacts of COVID-19 on eight water utilities in the US 211 

(California, Arizona, Georgia, Colorado, North Carolina, and Texas). Some utilities’ residential consumption increased by up to 44% 212 

compared to the averages of previous years, while no utility reported a significant demand increase compared to historical averages.  213 

They noted that in each case utilities reported that variations in demand were affected by various factors such as climate, local, state, 214 

and federal-level COVID-19 policies and regulations.  The spring and summer of 2020 were hot and dry for many regions in the west, 215 

south, southwest US, which confounds the picture and complicates separating signal from noise in demand estimation due to COVID-216 

19.    217 

Additional studies focused on local changes in specific cities and buildings of interest. A study in Portsmouth, England, 218 

reported that residential demand increased by 15% during a lockdown, while non-residential demand declined by 17%. Similarly, 219 

residential demand increased by 10%, while non-residential demand fell by 32% in San Francisco, California.  In general, they found 220 

that more significant reductions in water use were reported by the more commercialized communities during the lockdown period.  221 
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Balacco et al. (2020) studied water use data before and during the lockdown period at five Southern Italy locations.  Specifically, they 222 

calculated the minimum daily volume before lockdown and compared that to the percentage of days above the minimum value during 223 

the lockdown period.  With lockdown, especially when the industrial sector was fully affected, large community towns saw significant 224 

increases in the number of days where minimum demands were higher than pre-COVID values.  They also observed unusual peak 225 

demand patterns during the lockdown period. While typical morning peak hours were about 8 AM, during lockdown this peak shifted 226 

two hours later.  They attributed this phenomenon to a delay in people's daily routine, as individuals started activities later in the day 227 

when working from home. A similar trend was observed in Germany, where peak hour delays of about two hours were reported 228 

(Watner et al. 2020).  Kalbusch et al. (2020) examined water demand studies in Southern Brazil during the COVID-19 pandemic.  229 

They presented comparative graphs showing that the demand was lower during lockdown compared to pre-lockdown in commercial, 230 

industrial, and public sectors, while residential use increased during the lockdown. Demands in the city of Wroclaw, Poland, increased 231 

for residential users and decreased for commercial and educational users (Kazak et al. 2021). Pesantez et al. (2021) analyzed water 232 

demand for a residential medium-sized utility in California. They found results similar to others, with peaks that were lower and 233 

shifted to a later time during weekdays.  Similarly, in Cornwall, UK, and Rovigo, Italy, total water usage increased at residential 234 

accounts, with decreases and delays in peak demands (Menneer et al. 2021; Alvisi et al. 2021).  A study of water demands found that 235 

while residential and non-residential demands changed, overall, the total volume of water consumption did not change significantly 236 

(Bakchan et al. 2022). They also found that within 4-5 weeks after a lockdown, demands returned to pre-pandemic levels. Spearing et 237 

al. (2021) analyzed how water and electricity consumption changed at five buildings of varying types at the University of Texas at 238 

Austin during the pandemic by identifying characteristic weekly demand profiles and exploring how these changes were related to 239 

regulatory and social systems. 240 

Analysis of Responses 241 

In the responses reported here, most of the residential demand increased, and only a few utilities showed no change or a small 242 

decrease in residential demand. Some utilities reported flattening of daily water demand patterns and shifting of morning peak hours 243 



12	
	

(i.e., later hours). There were minimal overall demand and demand pattern changes.  Most of the utilities reported no significant changes 244 

in their operations or peak demand. In some cases, where demand fluctuations occurred, they coincided with climatic fluctuations. It 245 

was, therefore, impossible to tell whether demand increases were partially driven by warm and dry weather or, conversely, demand 246 

decreases driven by cool/wet weather. It appears that in many cases, increases in residential demand were largely offset by a 247 

corresponding decrease in commercial demand. Utilities with Advanced Metering Infrastructure (AMI) capacities allowed a more 248 

detailed quantification of demand changes.  Specific observations (see Table S1 in Supplemental Material) include: 249 

• Variable demand decreases (up to 44%) in commercial (retail, entertainment, tourism, etc.). 250 

• Variable levels of demand increase (up to 18%) in residential areas, where the magnitude of the observed increases depends on 251 

the nature of the community or utility. 252 

• Significant demand reduction in university towns due to remote or e-learning.  253 

• In some cases, peak demand shifted somewhat to a later morning hour, probably due to changes in population routines resulting 254 

from working from home. 255 

• Wholesalers of water reported moderate or no demand changes, probably due to a large and diverse customer portfolio. 256 

• One utility reported a sharp reduction in non-revenue water, probably due to a drop in 3rd party interferences (i.e., few 257 

construction sites & excavations). 258 

• Some utilities reported that demand fluctuated due to the severity of the locally imposed lockdown (demand picked up as severity 259 

was reduced). 260 

• Some industrial customers, including food and beverage manufacturing, saw demand increase, possibly due to status as essential 261 

businesses and seasonal production fluctuations. 262 

Of the 27 utilities interviewed, only four utilities reported no or negligible changes in total demand. Four utilities reported an 263 

overall increase, and 10 reported an overall decrease.  Nine utilities reported increases in residential demands; 12 reported decrease in 264 

non-residential demands; and two reported increases in non-residential demands, such as those demands related to refuge areas and 265 
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industries that produce food and beverages (Table S1).  Analysis of responses does not reveal patterns in the impact of the utility size 266 

and location on changes in demand patterns; however, there is an apparent effect due to the type of demands on demand fluctuations. 267 

For example, bedroom communities, which tend to be smaller and have a more significant segment of residential customers, experienced 268 

a typical increase in demand upon COVID-related lockdowns and work-from-home patterns. Towns with a significant post-secondary 269 

education institution saw a sharp decrease in demand. Cities with a substantial tourism/hospitality industry saw a sharp reduction in 270 

demand in the commercial areas. Wholesalers and larger municipal centers, providing water to a diverse customer portfolio reported 271 

overall minor changes in demand, probably because retail decreases largely offset small residential increases. It was also challenging to 272 

decouple the impact of weather fluctuations from the effects of COVID with such a small sample. More research and modeling are 273 

needed to draw meaningful conclusions. 274 

Implications and Recommendations 275 

It has been noted that some of the utilities with AMI could have in-depth demand characterization for each sector, which can 276 

help develop management strategies in the long term. However, there are knowledge gaps in defining the specific factors that drive 277 

changes in water demand patterns due to the convergence of COVID, weather, drought, and conservation.  While utilities reported some 278 

significant changes in demands, the changes did not create hydraulic conditions that were signficantly outside the bounds of typical 279 

operations. Other research implemented a digital twin to examine the effects of changing demands on hydraulics and found that changes 280 

to water flows, pressure, water age, and energy consumption were not significant (Pesantez et al. 2021), and these findings are 281 

corroborated by the interview responses in the research presented here. Utilities need a robust data collection infrastructure and coupled 282 

models to predict future service levels over broader scales, providing greater insight into the socio-economic and infrastructure 283 

performances. Typical demand loads continue to shift with changes in societal norms, such as water conservation, adoption of water 284 

efficient technologies, xeriscaping, and now, working remotely. Historical demand patterns can be updated to better reflect behaviors, 285 

and new research can explore the significance of demand changes on the design and operation of infrastructure. Data collection, analysis, 286 

and modeling efforts can support water utilities through improved emergency planning, response, and recovery; better risk assessments 287 
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linked to improved estimations of the likelihood of failure and consequence of failure; and more robust, streamlined, and accurate 288 

processes to create, calibrate, validate, and maintain in-house modeling and analytics capacities (Keck and Lee, 2021). These 289 

improvements will ultimately lead to broader application and higher confidence in utility system-level plans and programs. 290 

Although campaigns, implementation, and outcomes of water conservation programs have been successful, these programs 291 

unintentionally raise the 'water age/ residence time' in water distribution systems and building water systems.  It is well known that this 292 

can present emerging human health concerns and public safety issues as opportunistic premise plumbing pathogens (OPPPs) can thrive 293 

under low flow/high water age conditions (Keane 2020; Proctor et al.2020; Rhoads et al., 2016, 2017, 2020).  These OPPPs are estimated 294 

to cost the US $1 billion worth of economic activity annually (Falkinham et al., 2015). This problem has been aggravated further by the 295 

COVID-19 lockdowns, which resulted in significant water age increases due to almost zero water consumption in commercial buildings. 296 

Public officials, building water managers, water utilities, and other stakeholders should pay extra attention to water quality issues and 297 

strategic flushing strategies when recommissioning non-residential buildings.  298 

UTILITY REVENUES 299 

Background and Literature Review 300 

Researchers have examined the financial impacts of the COVID-19 pandemic on water utilities. Spearing et al. (2020) found 301 

through their survey that 43% of utilities experienced decreased revenue, 7% of utilities saw revenue increase, and 18% experienced no 302 

discernable change (the remaining 32% did not explicitly mention an impact to revenues). In another study, Cotterill et al. (2020) found 303 

decreased revenue in United Kingdom utilities due to decreased commercial demand during this pandemic. Aligning with these studies, 304 

analyses from the Rural Community Assistantship Partnership (2020) found that 43% of rural water systems surveyed were negatively 305 

financially impacted by the pandemic. Additionally, the American Water Works Association (2020) quantified the U.S. drinking water 306 

sector’s expected loss of $13.9 million over the duration of this protracted crisis. These impacts were due to decreased revenue, increased 307 

spending, and increased delinquent accounts, among other reasons.  Aside from some research (Gude and Muire 2021), each of these 308 
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studies focuses on a single country (e.g., U.S., Spearing et al. 2020; UK, Cotterill et al. 2020), creating uncertainty as to how revenue 309 

changed globally that is explored here.  310 

Other work has explored factors that may impact utility revenues during the COVID-19 pandemic, such as protecting low-311 

income residents from disconnection (Warner et al. 2020). For instance, Warner et al. (2020) determined which states implemented 312 

mandatory water moratoriums and characteristics of the states that imposed such policies (e.g., states with economic regulation of private 313 

water utilities). In addition, utilities delayed upcoming and planned rate increases during the pandemic to support customers, which has 314 

reduced projected revenues and future investments in new infrastructure projects (Retzlaff 2020; Spearing et al. 2020).  315 

Analysis of Responses 316 

The ongoing COVID-19 pandemic has impacted the finances of utilities differently, as might be expected; our dataset reflects 317 

this large variation in revenue impacts to utilities. The responses were categorized in terms of revenue outcome/response/observation 318 

(Table 2). The categories are: 1) Explicit reduction; 2) Implicit Reduction (lower demand, delinquencies, postponed rate increases); 3) 319 

No loss of revenue; 4) Unknown Impact on Revenue; and 5) Explicit Increase in Revenue. Approximately half of the utilities reported 320 

explicit or implicit reduction. 321 

Utilities from our dataset most frequently mentioned decreases of ~5% in revenues or less, with a few mentioning more drastic 322 

impacts of upwards of 15%. Interestingly and important to note, the impact on revenues varied throughout the duration of the 323 

pandemic. Many utilities were impacted more drastically at the beginning of the pandemic in Spring 2020 when initial stay at home 324 

orders were put in place and were more stringent. With this sharp decrease in revenues, many utilities braced themselves for more 325 

financial impacts than actually occurred later in the pandemic, shifting capital plans and making changes to operations. However, as 326 

phased openings occurred, much of the water demands returned to levels which the utilities expected for 2020.    327 

Utilities’ varying characteristics in terms of customer portfolios and geographic locations (e.g., weather patterns) ultimately led 328 

to different levels of financial resilience. For example, urban utilities with a large customer base were seemingly more likely to absorb 329 

financial shocks, adapting operations and capital planning to reflect the new reality—whether short or long term. On the other hand, 330 
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small or rural utilities may not have the financial capacity to absorb increases in delinquent accounts or drastic changes in revenue 331 

streams. Important to note, there are a myriad of factors impacting finances. For example, two utilities - one in the U.S. and one in 332 

Canada - explicitly discussed that due to extremely hot weather, water demands, and corresponding water revenues increased 333 

drastically from the expected, even when compared with pre-pandemic levels. The set of utilities that responded to this survey did not 334 

include those in the ‘small’ category, or less than 10,000 customers. Further research can explore how the relationship between 335 

demand portfolios, geographic locations, and financial resilience differs for small and large utilities. 336 

In general, most (but not all) utilities did see a decrease in revenues. One of the most cited reasons for this include increases in 337 

delinquent accounts and late payments due to increased financial burdens on customers. One southeastern U.S. utility stated that past 338 

due accounts had increased from $3.5 million to $7 million U.S. dollars. In response, utilities implemented water moratoriums (i.e., 339 

policies ensuring that customers do not lose water services due to non- payment (Warner et al. 2020). Notably, these policies were 340 

often spurred by regulations at the state level in US utilities (US Senate Committee on the Environment and Public Works, 2020). 341 

Although many moratorium policies are paired with payment plans, some utilities in our sample mentioned loan forgiveness 342 

programs. Other utilities mentioned aid to commercial customers; for instance, one utility allocated 5 million U.S. dollars for retailers 343 

that missed their payments. Although these policies play an important role in ensuring public health and safety (i.e., ensuring people 344 

are able to maintain proper hygiene to curb the spread of COVID-19), there can be      negative financial impacts on utilities (e.g., a 345 

loss in revenue). Further, five respondents noted that planned rate increases were postponed or cancelled, leading to unexpected 346 

revenue loss.  347 

The makeup of customer portfolios affects the loss of revenue for water utilities. One commonly mentioned reason for revenue 348 

drop was attributed to decrease in water sales to commercial customers. Commercial sales may be more profitable than residential 349 

sales due to volume-based price tiers. College campuses that were essentially closed from March 2020 through the end of 2020, as 350 

expected, saw a sharp decrease in water use and corresponding drop in revenues for utilities serving these areas. Two utilities 351 

mentioned that they had experienced increases in demand from residential customers, likely due to stay at home orders. Irrespective of 352 
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the customer portfolio, many utilities did cite an overall decrease in revenues due to lower demands. Moving forward, when looking at 353 

rate tiers for different customers, utilities will have to reassess their expected revenues. It is commonly thought that there will be a new 354 

norm post the pandemic that many companies will allow much of their workforce to work remotely, leading companies to give up 355 

much of their commercial space in anticipation. As such, the water demand portfolio across customers is likely to permanently change, 356 

altering expected revenues in the future.  357 

Implications and Recommendations 358 

Revenue decreases had cascading impacts on utility operations. For instance, respondents mentioned delays to capital projects 359 

or reduction in project scopes. Although most utilities attributed this to decreased revenue or increased operating expenses (often due 360 

to workflow adaptations to ensure social distancing), some respondents mentioned that a lack of response from contractors led to 361 

project delays. This decrease in water infrastructure investment may exacerbate existing issues and lead to decreased resiliency in the 362 

future, due to delayed maintenance leading to breaks or delayed development of needed additional capacity.  363 

Water moratorium policies, which were widespread during the COVID-19 pandemic, can lead to negative financial impacts on 364 

water utilities. This should be considered in moratorium legislation. For instance, moratorium policies may be paired with loan funds, 365 

for which water utilities can apply to receive aid during the pandemic. This would ensure that water utilities are able to continue 366 

investing in infrastructure despite the financial constraints present due to the pandemic. Notably, we did not collect this data to find 367 

out which cities or countries had mechanisms to receive alternative forms of financing outside of revenues from customers, a gap that 368 

should be explored in the future to possibly serve as a model for pandemics or similar circumstances in the future.  After the pandemic 369 

is over and utilities resume normal operations, it is likely there will be pressure by utilities to conduct rate adjustments in order to 370 

compensate revenue losses and achieve or adjust financial health.  371 

At the time of this writing, the pandemic is still ongoing, and the financial implications that are discussed in this manuscript 372 

provide a snapshot of the early impacts experienced during the first few months of this protracted crisis. The true financial impact will 373 

not be revealed until well after the crisis is over.   374 
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SYSTEM VULNERABILITIES 375 

Background and Literature Review 376 

Systems vulnerabilities mainly relate to the mechanical functioning of the network under natural or man-made extreme events and to 377 

the management of water utilities. Physical disruptions, contamination events, or operational malfunctions affect the vulnerability of a 378 

system and eventually can interrupt the normal distribution of potable water at adequate pressures (Berardi et al. 2014). Management 379 

refers to the organizational side of water utilities and its employees, vendors, and customers. For instance, a shortage of chemical 380 

products may affect the treatment of drinking water and lead to service interruptions.  381 

Under normal operating conditions, water utilities typically evaluate system vulnerability based on robustness to physical 382 

disruptions and mitigating service disruptions (Diao et al. 2016). For example, disasters such as earthquakes are assessed based on their 383 

damage to physical infrastructure, including pipes, pumping stations, and reservoir controls. However, few studies have explored 384 

personnel management and supply chain as a vulnerability issue of water utilities. During COVID-19, utilities experienced new 385 

vulnerabilities in managing people, supplies, and technology to maintain uninterrupted service. Personnel had to be split into groups 386 

with an experienced trained person acting as the group head to avoid personnel shortage in case of an outbreak. Some utilities 387 

experienced delays on the shipping of disinfectants and hygiene products such as chemicals and alcohol, and their stocks were running 388 

short at the time this survey was conducted. Finally, reduced availability or lack of PPE also affected the normal activities of workers 389 

as face coverings were scarce at the beginning of the pandemic. 390 

Analysis of Responses 391 

Virtually all responses mentioned vulnerabilities that the crisis revealed. The availability of staff and supply chain management 392 

were mentioned most, followed by reliance on teamwork, the inability to perform certain functions remotely, and finances. IT services 393 

and strategic planning were also mentioned by a few utilities. The most prominent vulnerability was the limited availability of staff, 394 

particularly highly trained and certified staff performing critical operational tasks such as treatment plant operators. Losing one or 395 

more operators for a few weeks may prevent the utility from providing a safe and reliable service to the communities they serve.  396 
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Some responses mentioned tight staffing programs with few reserves, with normal backstops, such as the ability to temporarily second 397 

staff from other utilities, not being available since they would be in a similar bind. The second most prominent vulnerability that was 398 

raised is related to supply chain management. Most of the responses mentioned problems with the supply of materials and equipment, 399 

including PPE, treatment chemicals, parts such as valves and hydrants, and even common items such as toilet paper, bleach, and 400 

disinfection wipes. This led to delays in maintenance work and even service suspensions. After the first month of lockdown, shipping 401 

dates with products that included PPE improved.  402 

Many responses mentioned challenges related to the need for utility staff to work in teams, for instance, treatment plant 403 

operators and field workers. Social distancing was not always possible and a single infection in a team may mean that the whole team 404 

has to step down for a period of quarantine. Team dynamics were affected by different challenges faced by those who could work 405 

remotely and those who could not. One response mentioned critical comments from the public when coming across teams working 406 

without maintaining social distancing. Some utilities mentioned that more and better telemetry and automated control systems would 407 

have allowed them to further reduce on-site and group work. 408 

Utilities with limited IT services realized the importance of having IT and communication infrastructure and equipment. 409 

Communication between operators and engineers allowed a team dynamic that was not developed before the pandemic. Using IT 410 

services, operators knew what assignments needed to be performed without meeting in person with their supervisors. Similarly, 411 

managers and supervisors could check the compliance of the work without being in person but using cellphones and electronic reports.  412 

An interesting observation was that measures taken to physically and virtually separate automated control systems from external 413 

systems to improve cybersecurity made it impossible for workers to connect to the system from home.  414 

Implications and Recommendations 415 

Water utilities can invest in better business continuity planning to address vulnerabilities exposed by the pandemic. The 416 

COVID-19 pandemic revealed that resiliency is not based on asset management and physical infrastructure alone, but depends on the 417 
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resilience of personnel and staffing. Guidelines can be developed to provide protocols for managing personnel in pandemic conditions 418 

that will enhance utility resilience, using the following suggestions: 419 

● Teams and management personnel split into units with no contact among teams and cleaning of work areas between shifts  420 

● More internal staff trained to be able to handle critical tasks 421 

● Retired and part-time staff stay involved after they leave 422 

● In extreme cases, staff can be housed in isolated quarters to ensure continued operation and maintenance of critical 423 

infrastructure 424 

In addition, significant investments in mobile and IT technology are essential to improve resilience. Utilities should modernize 425 

communications, reporting, documentation to be more amenable to remote working.  Greater stockpiles are needed to provide a 426 

reserve of critical infrastructure components, PPE, chemicals, and other materials. During the COVID-19 pandemic, there was 427 

uncertainty in supply chains for a number of items, with unexpected shortages emerging due to heightened demands during shelter-in-428 

place orders and supply reduction when some facilities temporarily shut down. Water treatment facilities can develop flexibility in 429 

their protocols to use different products or methods to reduce vulnerability to supply chain disruptions.  For example, Ferrous Chloride 430 

can be substituted with Ferric Chloride if ferrous chloride were unavailable. Finally, respondents reported the need for leadership from 431 

management teams in taking health and safety threats seriously and taking actions to mitigate risk.  432 

EMERGENCY RESPONSE PLANS 433 

Background and Literature Review 434 

The American Water Infrastructure Act (AWIA) of 2018 requires that water systems serving more than 3,300 people have an 435 

updated emergency response plan (ERP) to incorporate risk assessment findings (EPA 2019). The COVID-19 pandemic revealed new 436 

risks and vulnerabilities to be considered in developing and updating ERPs. This new insight can be used to enhance system resiliency 437 

and ensure preparedness, quick response, and rapid recovery for essential operations, management, and maintenance of a water utility 438 

(Curnin and Heumüller 2016; Curnin, 2018; Sowby 2020; Gude and Muire 2021).  439 



21	
	

According to the U. S. Environmental Protection Agency (EPA 2019), an ERP must outline and include the plans, procedures, 440 

strategies, and resources in the event of any natural or man-made disasters to implement emergency roles and responsibilities, recall 441 

personnel on vacation, activate incident command system structure, and notify associated external agencies (EPA 2019). To develop or 442 

update an ERP, it is important to gather pertinent information, such as personnel, utility components, storage, and safety about the water 443 

system first, before following the key steps, which include conducting a risk and resilience assessment; identifying regulatory 444 

requirements; identifying and integrating other local emergency plans; coordinating with local response partners and emergency 445 

planning committees; and planning for resources such as personnel, supplies, equipment, and facilities.  446 

The COVID-19 pandemic led researchers and utility managers to assess ERPs.  Gude and Muire (2021) discussed the potential 447 

impacts of COVID-19 outbreaks on water and wastewater utilities resilient operations and suggested different practices, beyond existing 448 

ones, for enhancing and amending ERPs. They suggested the inclusion of proper use of PPE, cleaning and disinfecting public areas, 449 

carefully monitoring water quality for pathogens, continuously improving ERPs to avoid unexpected events, and collaborating with 450 

academic researchers and peers to normalize research findings from different institutes. 451 

Switzer et al. (2020) integrated professional experience and responses from interviews with water utilities managers to evaluate 452 

the challenges that utilities are facing in COVID-19 outbreaks. They focus on the strategies and plans to maintain system operation 453 

while keeping employees safe, and identified the importance of collaboration among utilities through, for example, shared resources, 454 

including staff and equipment, and coordinated responses by an association of utilities. Cotterill et al. (2020) conducted a survey to 455 

understand the impact, preparedness, and resilience of water utilities due to COVID-19. The questionnaires were designed to evaluate 456 

the measures of adaption and coping, mitigation, and learning. They found that although IT and care service created some difficulties in 457 

coping with changes for some individuals, the system wide adaptation was quick, and 84% of employees worked from home and 458 

continued in their usual roles. The significance of good communication, collaboration, and preparation for a potential prolonged crisis 459 

were identified as important in their study. After reviewing several existing U.S. policies on emergency preparedness, Sowby (2020) 460 

also highlighted the need for comprehensive planning in response to COVID-19 outbreaks. 461 
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Analysis of Responses 462 

Interviewees were asked how they used ERPs during the pandemic and whether their ERP plan should be updated and modified 463 

based on their experience during the pandemic. Twenty-two practitioners responded to this question. Total responses to this question 464 

can be broadly classified into three categories, (C1) use of an existing ERP with slight modifications, (C2) development of a new ERP 465 

to specifically address COVID-19 or pandemic situation, and (C3) normal operations. The percentage of total response under each of 466 

these three categories include 41% for C1, 50% for C2, and 9% for C3. While utilities in the C1 category did not develop any new 467 

protocols, utilities in the C2 category developed protocols specifically to address the COVID-19 situation. These percentages are 468 

consistent with other studies (Spearing et al. 2021). Some of these protocols included actions related to PPE, scheduling, forming 469 

COVID-19 response teams with backup, redundant operation centers, development of virtual environments for remote operations. The 470 

utilities under the C2 category developed their protocols with an objective to minimize exposure and hence risk by utilizing technology 471 

as much as possible. Many of the utilities suggested including the lessons learned from the COVID-19 pandemic into their ERPs, 472 

personnel training on COVID-19 risk management, and annual mock exercises for preparing employees to better respond to the 473 

emergency.  474 

We observed that the years of the responder's experience, system location, customer type and the water source showed no obvious 475 

relationship with the ERP. However, all four utilities that use groundwater as the primary water source have existing ERP, while two 476 

utilities out of 18 that rely on surface water implicitly indicated that there was no ERP in place before the pandemic. Some utilities 477 

reported that they were in the process of updating their ERPs at the time of the pandemic, based on the U.S. EPA’s ERP certification 478 

deadlines (USEPA 2021). 479 

The size of the population that these utilities served seems to result in some differences regarding their responses about updating 480 

their ERP. While all the responses indicate that they intend to or are in the process of updating their ERP during or after the pandemic, 481 

responses tended to be more specific for utilities serving more than one million customers and utilities serving less than 100K customers. 482 

This result might imply that those larger (more than 1 million customers) and smaller (less than 100K customers) utilities had already 483 
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discussed this matter internally before the interview due to different reasons. Larger utilities might have additional capacity to do so, 484 

and smaller utilities might be more constrained in maintaining normal operations. Some common examples of larger utilities’ specific 485 

responses to their ERP update include: (i) set up trailers onsite as an isolated and protected place for key staff to live near the facilities, 486 

(ii) set up redundant operations for both staff scheduling and control centers and (iii) introduce new restricted access rules for some key 487 

spots of their facilities. As an example of an ERP update, one utility reported that they had weekly phone calls with other utilities and 488 

the local Environmental Protection Agency office to exchange and share information.  One respondent reported that their director has a 489 

daily update newsletter shared with the organization to keep employees and customers connected and updated. Compared to larger 490 

utilities, two common examples of smaller utilities specific responses to their ERP update are (i) supply of PPE is a critical issue and 491 

(ii) staff training regarding pandemic response should be mandatory. This demonstrates ways in which the pandemic imposes significant 492 

impacts on smaller water supply systems, because they have limited budgets and resources to set up isolated housing units and redundant 493 

routines to maintain their normal operation. As a result, their responses focus on following the pandemic guidelines to ensure the safety 494 

of individuals, such as providing PPE and training staff, rather than creating new processes that satisfy the pandemic guidelines in 495 

addition to managing their system effectively. These observations are consistent with other studies (Spearing et al., 2020). 496 

Implications and Recommendations 497 

Emergency management includes a range of activities, including risk assessment, mitigation, emergency preparedness, response, 498 

and recovery (Lindell et al. 2017). In the context of the COVID-19 pandemic, preparedness activities would focus on identifying and 499 

acquiring the facilities and equipment that are needed for responding to outbreaks. Moyer (2005) suggested conducting tabletop exercises 500 

to develop emergency scenarios and prepare staff and emergency response plans. The outcome of such exercises gives specific 501 

instructions to manage similar emergencies with higher confidence and agility. Preparedness activities can be used to inform and update 502 

a utility’s ERP. Based on vulnerabilities identified in this research, it is recommended that utilities update ERPs to ensure redundancy 503 

in stocked items, such as chemicals for disinfectant and PPE.  Other preparedness activities can focus on developing new protocols and 504 
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policies to improve access to water services and financial assistance for low-income populations during periods of lockdowns or social 505 

distancing. 506 

Response activities should also be included in an ERP, and the insight developed here through activities that water utilities took 507 

during COVID-19 pandemic can be used to develop guidance for response activities. The Center for Disease Control and Prevention 508 

(CDC, 2021) classifies pandemics and provide general guidelines to prevent and respond to different types of pandemics. Response 509 

activities include emergency assessment, hazard operations, population protection, and incident management (Lindell et al. 2017). 510 

Utilities should be able to assess the threats and challenges introduced through a pandemic and identify guidance, checklists, and 511 

potential restrictions that should be considered for continued operation of water delivery. For example, at the beginning of the COVID-512 

19 outbreak, it was unclear if the virus could be transmitted through drinking water and drinking water treatment and infrastructure, and 513 

identifying steps to detect and mitigate pathogens in the water system is part of both emergency assessment and hazard operations. 514 

Population protection is another emergency response activity that prevents the further spread of a virus among the community and staff. 515 

Through practicing population protection activities, utilities may learn practices to isolate personnel who contract a virus, keep other 516 

employees safe, minimize the impact of the outbreak on daily operations, and inform customers if a virus is transmissible through water 517 

networks. Finally, incident management provides guidelines for short-term and long-term water facilities management and underscores 518 

procedures to work with other agencies for mitigating consequences of the pandemic. 519 

Recovery is another critical component of emergency management and ERPs. As utilities transition back to business-as-usual, 520 

new insight about recovery will begin to emerge. This research was conducted during the summer of 2020, during the COVID-10 521 

pandemic, and did not explore questions around recovery. Based on responses provided here, impacts on the technical system were 522 

minimal, and it is expected that recovery activities would focus on managing revenue shortfalls to resume investment in necessary 523 

infrastructure improvement projects. 524 

In this research, we found that most utilities reported vulnerabilities in personnel, revenue sensitivity, technology, and supply 525 

chain disruption, and few reported concerns about threats to the physical infrastructure itself. These findings demonstrate that the 526 
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pandemic created vulnerabilities that differ from vulnerabilities associated with other emergencies, such as earthquakes, contamination 527 

events, pipe breaks, and cyber attacks. Attention is needed to update ERPs to prepare utilities to respond to vulnerabilities that develop 528 

during pandemics.  ERPs can include strategies that help utilities respond to pandemics by staggering personnel in shifts that maximize 529 

social distancing, adopting information technology (IT) to facilitate working remotely, and continuing service for households that cannot 530 

afford to pay water bills. For example, one respondent reported that the utility was rewriting their ERP to continuously stock a 3-month 531 

supply of PPE, a 3-month supply of disinfection supplies, and common items such as vinegar. Further research has developed modeling 532 

frameworks to study how the onset of multi-modal disasters, such as water supply outages (Pesantez et al. 2021) and contamination 533 

events (Kadinski and Ostfeld 2021) that occur during a pandemic, can cause unexpected outcomes.  ERPs can be updated to provide 534 

guidance for responding to emergencies, as appropriate response actions may differ during a pandemic. 535 

DISCUSSION 536 

Almost all utilities (20 of 23 responding utilities) reported major challenges associated with managing the workforce, including 537 

creating new shifts for staff to allow social distancing and reducing opportunities for transmission of the disease among employees 538 

and customers.  Similar to other studies (Cotterill et al. 2020; Renukappa et al. 2021), this research found that the pandemic 539 

accelerated the adoption of IT within the water industry, and the ability to work remotely through IT was vital to continue operations. 540 

Six of 23 responding utilities described efforts to improve IT capabilities or the ability of personnel to work from home.  541 

The impact of the pandemic on utility finances has been explored by others (e.g., Spearing et al. 2021; Bostic et al. 2021; 542 

Antwi et al. 2021), finding that though impacts ranged for different utilities, in general, this was a major challenge, especially for 543 

smaller utilities. This research finds that 50% of utilities interviewed report reductions in revenues finances. Many utilities reported 544 

that they were able to absorb moratoriums and delayed bills. Some utilities, however, were not able to increase rates as planned, and 545 

rate increases may not be implemented for an extended period, leading to further revenue shortfalls and delays in needed system 546 

upgrades. While this research focused on large utilities, other research has explored the effect of size on the impacts of the pandemic 547 

on water utilities. Other research has documented severe impacts on small utilities (Bostic et al. 2021), with recommendations for 548 
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building resilient systems and communities, such as reassessing block rate structures, which could pose affordability problems for 549 

some households (especially, low-income households) if people continue working from home and consuming more water there 550 

(Karanovitz et al. 2021). The findings of this research are limited to medium and large utilities; further analysis can identify how 551 

vulnerabilities and appropriate response actions differ based on utility size. 552 

While acute management challenges arose around issues associated with personnel, infrastructure management was also a 553 

concern as changes in demands led to some infrastructure impacts. Of the 27 utilities interviewed, 23 utilities reported notable changes 554 

in water demands, with consistent reports of increased residential demands and decreased non-residential demands. In this study, one 555 

utility reported the need to change chlorine dosing in response to reduced demands, and another utility reported changes to water 556 

quality. This follows research reported by Spearing et al. (2021), in which six of 28 utilities that were interviewed reported changes or 557 

challenges around water quality due to changes in demands. In this research, a few utilities reported reduction in non-revenue water, 558 

due to a reduction in breaks caused at construction sites (3rd party intervention) and less traffic on roadways (the latter hypothetical 559 

cause is uncertain as very few water main failures are in fact associated with traffic load). Several utilities reported that new 560 

construction projects were delayed, which may create capacity issues in the future. Though not reported by the utilities in this survey, 561 

some pandemic conditions, such as reduced roadway traffic, may lead to acceleration of construction projects, and some participating 562 

utilities reported that planned construction was completed on time. These outcomes of this research demonstrate the multiple ways 563 

that infrastructure performance was affected due to changes in behaviors and water demands, and this insight can be used to inform 564 

the development of protocols that address management of changing water quality and hydraulics in the network.   565 

This research found that most utilities report vulnerabilities in the availability of staff, supply chain management, reliance on 566 

teamwork, inability to perform certain functions remotely, finances, IT services, and strategic planning. Based on these findings, this 567 

research develops suggestions around managing personnel as listed above to improve resilience, such as splitting teams into units and 568 

developing redundancy in trained personnel to manage operations.  For many utilities, protocols for managing personnel, creating 569 

alternative ways to work while social distancing, and facilitating working remotely were not included as part of their existing ERPs. In 570 
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fact, 91% of utilities needed to update or modify their existing ERPs to address conditions created by the pandemic. 571 

Recommendations for reducing vulnerabilities can be used to update ERPs that would include planning shifts for utilities to allow 572 

social distancing and mitigate the risk of transmission of disease. 573 

The COVID-19 pandemic has created, in addition to tremendous public health crisis, a cultural phenomenon that has shifted 574 

historically accepted norms around work, employment, and supply chains. Changes in the way that society works and consumes goods 575 

can ultimately lead to changes in water demands. Emerging research has explored how water demands changed during both the onset 576 

of the pandemic and the relaxation of social distancing practices (Pesantez et al. 2021; Menneer et al. 2021; Bakchan et al. 2022). As 577 

the impacts of societal changes on water infrastructure evolve, a more adaptive design process for water infrastructure can improve 578 

water delivery and service in response to shifting consumer behaviors and expectations. New research can explore infrastructure that 579 

is built to respond flexibly to unpredictable changes in demands.  580 

CONCLUSIONS 581 

This research conducted interviews with 27 water utilities to test for and explore impacts of the COVID-19 pandemic in five 582 

areas, including operations, demands, revenue, vulnerabilities, and ERPs. Responses indicated that utilities were affected by the 583 

COVID-19 pandemic in each of these dimensions. Overall, personnel issues drove needs for operational changes, contributed to 584 

system vulnerabilities, and drove needs to improve existing ERPs.  New measures around isolating crews to allow social distancing 585 

and technologies and protocols for working remotely arose as significant issues for which utilities were not prepared.  The experiences 586 

of the utilities that were interviewed in this research contribute to emerging literature around lessons learned for improving the 587 

resilience of water systems and utilities during pandemics and other emergencies. Utilities were impacted by changes in demands, 588 

which affected water quality and infrastructure operations, and revenue reductions, which created vulnerabilities and delays in new 589 

construction. These findings demonstrate the importance of the accelerated adoption of IT capabilities and of the preparedness of 590 

utilities for operational scenarios that hinder the ability of the workforce to complete tasks in their usual ways.  Through exploring 591 



28	
	

areas of vulnerability that arose during the pandemic, utilities can use the insight gained through this research to develop system 592 

resiliency for managing disasters and emergencies.  593 

DATA AVAILABILITY 594 

Some data, models, or code generated or used during the study are proprietary or confidential in nature and may only be provided with 595 

restrictions. Data that are restricted include recorded interviews of respondents and notes taken by interviewers. Available data are 596 

provided in this manuscript, found in Table S1 in the Supplemental Material.  Table S1 provides the characteristics of each utility and a 597 

summary of the respondent’s response to each of the five interview questions.  598 
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Table 1. Interview Questions 727 

Questions 
How has COVID-19 affected your water system operation? 
How has water demand changed? 
How has COVID-19 affected utility revenues?  
What system vulnerabilities has the crisis revealed? 
How should Emergency Response Plans be updated based on your experience during the 
pandemic? 

 728 

Table 2.  Categories of outcome, response, observations. 729 

Category Outcome/Response/Observation Count (Location of Utilities) Percent 

1 Explicit Reduction in Revenue 6  
(5 U.S., 1 outside North America) 

22.2% 

2 Implicit Reduction in Revenue (lower 
demand, delinquencies, postponed 

rate increases) 

8  
(7 U.S., 1 outside North America) 

29.6% 

3 Reported “no loss of revenue” 3  
(2 U.S., 1 Canada) 

11.1% 

4 Unknown Impact on Revenue 5  
(4 U.S., 1 outside North America) 

18.5% 

5 Explicit Increase in Revenue 5  
(1 U.S., 4 Canada) 

18.5% 

TOTAL 27 100% 
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Figure 1. Quantile plot of population served 733 
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Figure 2. Distribution of a) number of utilities and b) total population served by location (USA, Canada and Outside North America). 736 


