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Abstract: Even though drinking water utilities are not meant to fight wildfires, they quickly become
stakeholders, if not first responders, when their resources are needed for firefighting. The August
2023 wildfires on the island of Maui, Hawaii, USA, have highlighted weaknesses at this intersection.
While attention has focused on the wildfire causes or water quality impacts afterward, few studies
have analyzed the response. We review this extreme case to support disaster-response lessons for
water utilities and to guide further research and policy. First, emergency water releases were not
available in a timely manner. Second, fire and wind toppled power lines, causing power outages that
inhibited pumping water. Third, many structures were a total loss despite water doused on them,
consuming valuable water. Finally, water was lost through damaged premise plumbing in burned
structures, further reducing system pressure. These conditions emphasize that water utilities need
to access emergency water supplies quickly, establish reliable backup electricity, coordinate with
firefighters on priority water uses, and shut valves in burned areas to preserve water. While further
research will certainly follow, we present these early lessons as starting points.
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1. Introduction

The August 2023 wildfires on the island of Maui, Hawaii, USA (Figures 1 and 2), were
the deadliest in more than a century in the United States. The disaster killed over 100 people,
burned 1040 ha, damaged or destroyed over 2200 structures (mostly residential), and caused
an estimated $5.5 billion in damage [1,2]. The situation has highlighted weaknesses at the
intersection of public water supply and firefighting. Firefighters could not find hydrants
with enough water pressure, residents’ own hoses were going dry as they struggled to keep
their homes from burning, and authorities later warned residents not to drink the water
because it may have been contaminated during the fire [3–5].

The Maui fires occurred at a wildland–urban interface (WUI), a classic risk zone for
catastrophic wildfires because of the proximity of humans and infrastructure to the natural
environment [6]. In addition to the placement, there were many contributing factors to
the devastation, such as high winds stoked by a passing hurricane [7], warning sirens not
sounding [8], severe drought [9,10], and poor land stewardship that spawned a tinderbox
of non-native grasses [10,11].

Water utilities worldwide have the public safety responsibility of providing water
to fight fires. For these reasons, government and industry standards dictate levels of
flow, pressure, and storage that water utilities need to have. In the United States, the
requirements are determined by local fire officials or state water regulators. Regardless,
the firefighting requirements in question are for short-duration, isolated fires in the water
suppliers’ service areas, not dayslong wildfires that consume an entire town or countryside.
The current Hawaii code says that wherever possible, “a water supply . . . capable of
supplying the required fire flow for fire protection shall be provided to all premises upon
which facilities or buildings, or portions thereof, are hereafter constructed,” but does not
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specify wildfire protection [12]. The fire flow may be provided through fire hydrants
(Figure 3), fire sprinklers in buildings, or other means.
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Figure 2. Fire damage in Lahaina (photo by State Farm via Flickr. CC BY 2.0).

According to one survey, only 39% of western U.S. water utilities consider themselves
responsible for mitigating wildfire risk [13]. However, while water utilities are not meant
to fight wildfires, they quickly become stakeholders—if not first responders—when their
watersheds are threatened, wildfires encroach into their service areas, or their resources are
needed for firefighting. The same survey indicated that 68% of western U.S. water utilities
are concerned about how wildfires affect their operations [13], especially as wildfire risks
to human populations in the United States are at an all-time high [14].

Water systems need to continue service not just despite but especially during disas-
ters [15]. While attention has focused on the Maui wildfire causes or water quality impacts
afterward, few studies have analyzed the response and the intersection between water supply
and firefighting. In this paper, we report on the performance of water systems involved in the
firefighting response in Maui and discuss lessons for water managers, firefighters, researchers,
and policy makers to consider in order to make communities more resilient.
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Figure 3. A typical Hawaiian fire hydrant (photo by NAVFAC via Flickr. CC BY 2.0).

2. Materials and Methods

The Maui County Department of Water Supply, organized in 1949, provides water
to over 36,000 connections in 12 service areas on 2 islands. The water system in Lahaina,
where the fire was concentrated, is supplied by one stream and two wells [16]. The stream
is treated with microfiltration, one well is treated with granular activated carbon, and all
three sources are treated with chlorine.

We had already been studying wildfires and drinking water impacts in other work.
As the scale of the Maui wildfire disaster became apparent, we recognized it could be what
policy theorists call a focusing event [17], bringing attention to a problem and eventually
leading to informed decisions that improve it.

Beginning in the days immediately after the fires, we followed news media and
searched for coverage of the water supply conditions, the firefighting activities, and particu-
larly the interactions between them. We reviewed written, photographic, and video material
for qualitative information from which to identify distinctive lessons. We compared the
water systems’ experiences to others documented in the literature and synthesized them
into the discussion presented here.

While many factors contributed to the fires, we focus our review on factors related
to the water supply and on the response during firefighting, rather than on antecedent
conditions or long-term recovery. Because full academic investigation will take time, our
purpose in this communication is to provide early but useful information to stimulate
discussion about how water utilities and firefighters can better prepare and respond.

3. Results and Discussion

Our review identified four notable water system weaknesses in fighting the Maui
wildfires: poor emergency water releases, power failures, water spent on lost causes, and
premise plumbing leaks from destroyed buildings. For each one, we discuss observations
in Maui, connections to other works of literature, and the beginnings of solutions.

3.1. Poor Emergency Water Supplies

As the fires raged, local land managers requested the state to authorize emergency
releases of water to support firefighting. A state water regulator initially denied the request,
saying permission from downstream landowners was necessary first [18,19]. Water from
streams was eventually released to nearby reservoirs, but the fires had already spread,
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and it was too late to help. One water manager said, “We could have made more water
available to (the fire department) if our request had been immediately approved” [18]. The
land company that requested the water later wrote to the state water regulator, “we need
to act faster in an emergency” [20].

Speaking after the fires, but not specifically about the withheld release, Hawaii Gover-
nor Josh Green said, “There’s been a great deal of water conflict on Maui for many years.
. . . People have been fighting against the release of water to fight fires” [18]. Klein and
Sproat [21] suggest that the real problem was allowing private interests like resorts, golf
courses, and big corporations to gain control of water rights. Regardless, there is no clear
protocol in Hawaii on releasing water for emergencies, whether the water in question is
publicly or privately held. At the same time, there is a physical limitation: Maui’s water
infrastructure, particularly dams, has deteriorated, reducing the island’s ability to store
excess water for emergencies [22].

The Hawaii fires illustrate that water managers need a clear policy about emergency
water supply as well as the partnerships and infrastructure to deliver it quickly. The
American Water Works Association advises water suppliers to prepare by “establishing key
partnerships with public health, law enforcement, relevant regulatory authorities, . . . and
other emergency-response entities” [23]. As for infrastructure, the maintenance of storage
such as tanks and reservoirs that contain backup water supplies is essential for dealing
with such contingencies. Welter [24] and Lindovsky and Krocova [25] recommended
preparing to provide emergency water supplies when public water systems fail, particularly
for the critical needs of potable water use, firefighting, hospitals, and sanitation. Wang
and Shih [26] identified fire agencies’ preferences for alternative sources of firefighting
water. Some communities install “dry hydrants” at raw-water reservoirs, lakes, and rivers,
enabling fire crews to access extra water separate from the potable water system [27]; San
Francisco, notably, has a separate firefighting water system altogether that can pump water
from the ocean if necessary [28].

3.2. Power Failures

A Maui County [7] press release on the day the fires started announced that hurricane-
driven winds had been fueling a brush fire in Lahaina but that the fire was 100% contained.
In the same press release, but not seeming to be related, was a statement that the winds
were causing “power outages [that] are impacting the ability to pump water, and the
public is asked to conserve water in West Maui” [7]. At some point, the fire became
uncontained again and power continuity, water supply, and fire suppression became a
cascading failure. While firefighters and others need water during an emergency, keeping
power lines energized in a windstorm risks starting new fires, which begets more power
outages and more water demand, and Hawaiian electric utilities are now facing the fallout
of this impossible position [29]. Without grid power, the water system had to rely on
on-site backup generators to keep the water flowing, according to the Maui County water
director [4], who later speculated that more backup power might have solved the problem,
but that the county water department lacked the funding [30].

Water systems are known to be too dependent on the electric grid, particularly in
disasters [31]. Whelton et al. [32] summarized similar problems in their case study of
the 2021 Marshall fire in Colorado, where water facilities’ primary and backup power
failed during the critical first 24 h of response. In another notable incident in 2021, winter
storms in Texas knocked out power and disrupted water service for 13 million people for
days [33,34].

For these reasons, the American Water Works Association has a policy statement that
recommends water utilities have 72 h of backup power, whether mobile or permanent [35].
Other strategies include establishing interconnections with neighboring water systems,
locating certain water facilities outside likely fire footprints, and coordinating with power
providers for priority service restoration to water facilities. When the power goes out, the
water should stay on.
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3.3. Water Spent on Lost Causes

The Lahaina fire started inland and swept downhill, not stopping until it reached
the ocean. Given the high winds and abundance of fuel the fire had along the way, it is
debatable whether any amount of water could have extinguished it. Several firsthand
accounts from fires Lahaina and Kula report that even after some structures were doused,
they reignited from overlooked hotpots, flames on neighboring structures, or sparks carried
on the wind. Further, residents tried in vain to fight fires with their own garden hoses,
robbing pressure from hydrants where firefighters needed it. Water spent on lost causes
was then unavailable where it could have helped.

Water does not guarantee that structures will be saved. Schwartz and Spyhard [36]
concluded that the most important factors explaining structure loss are human-caused
ignitions, severe wind, and development patterns. Water still plays a role; small fire flows
may save many buildings, but large fire flows may not save even one building. Gibson
et al. [37] noted that North American minimum fire flow requirements for public water
systems, around 1900 L/min, are about four times larger than European standards, around
500 L/min, with little defensible basis. Mac Bean and Ilemobade [38] concluded that of
almost 4000 fires in South Africa, only 3 needed more than the minimum flow rate of
1200 L/min; in New Zealand, Davis [39] concluded that “a very large proportion of fires
are extinguished with less than 10 L/s (600 L/min) of water”. In addition to showing
that smaller fire flows are generally effective, these sources agree that the most excessive
fire flows are likely associated with situations where the buildings would have been lost
anyway, regardless of how much water was available. After some minimum level of fire
flow, whether a building survives appears to be independent of water availability. This is
especially true for fires at the wildland–urban interface, and some countries have adopted
policies prohibiting use of public water supplies for fighting wildfires and instead prefer
airborne water bombing from reservoirs or dry methods [40,41].

It is then a matter of priority. Firefighters and water utility staff should coordinate
how limited water resources should be used, perhaps in joint planning exercises to prepare
for fires. While in many firefighting situations, there is little time for decision making, in
an extended fire response like that seen in Maui, coordination could make a significant
difference. The International Building Code’s risk categories might be an appropriate
guideline, where buildings like hospitals, schools, shelters, and critical infrastructure
facilities receive priority [42]. Water personnel should monitor system performance and
inform firefighters when capacity in certain areas is falling to critical levels. If it becomes
apparent that a burning structure cannot be saved with water, there is probably a better use
for that water somewhere else in the response effort.

3.4. Premise Plumbing Leaks from Destroyed Buildings

In Maui and elsewhere, the same pipe network supplies fire hydrants and kitchen
faucets. As buildings burned in Lahaina, premise plumbing collapsed or melted and “the
water was leaking out of the system”, according to the county water director [3]. Video
footage showed this very behavior, and Figure 2 shows a burned water heater with exposed
piping after the fact. With so much damage, leaks contributed to low pressure systemwide.
Crews eventually shut valves to help repressurize the system.

Leaks from pipes in damaged structures may be an overlooked weakness in firefighting,
especially for wildfires that spread to urban areas. In the 2021 Marshall fire in Colorado, water
system staff “estimated that with 300 to 400 homes destroyed, they were losing . . . roughly
50% to 90% of the water they were producing” before they closed valves in the affected
areas [32]. While background leaks are another matter, these types of severe, acute leaks
from fire damage hinder further firefighting. The effect can be similar to that following an
earthquake when pipes below and above ground are broken, but in a fire, the underground
network usually remains unaffected and can be used to control the hemorrhaging.

As discussed above, whether a building survives a fire depends on more than water
availability. Here, we add that once a building is destroyed, its water service should stop.
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This is a key step to preserving pressure during and after firefighting. Water utilities need
an emergency protocol for shutting off water service to buildings destroyed by fire. For
individual properties, the shutoff may occur at customer laterals or meters; for broader
areas, the shutoff may occur at isolation valves on main lines. Smart meters with remote
shutoff capabilities may be part of the solution if they remain functional after damage.

4. Conclusions

After reviewing the information available early after the Maui fires, we identified four
notable water system weaknesses. First, emergency water supplies were not available in
a timely manner. Second, power outages inhibited pumping water when needed. Third,
valuable water was expended on structures that were a total loss. Finally, water was lost
through damaged premise plumbing in burned structures.

Maui paid a heavy price for these lessons, and we provide this information so others can
learn from it. For water utilities to overcome these weaknesses in the future, we recommend
that water managers adopt policies to access emergency water supplies quickly, establish
reliable backup electricity, coordinate with firefighters on priority water uses, and shut valves
in burned areas to preserve water. These recommendations align with guidance from pro-
fessional associations as well as with recommendations of Tran et al. [43], who presented a
“wildfire toolbox” of planning, response, and recovery actions for water utilities.

We present this review as an early contribution focused on firefighting and water utility
management. Further research on the Maui fires will no doubt follow, perhaps focusing
on the antecedent conditions, other emergency services during response, or long-term
water quality in natural waterways and engineered systems. We agree with the literature
that reacting with water is no longer a realistic solution for dealing with wildfires in a
changing climate; sustainable solutions will also involve preventive planning, proactive
land management, and effective leadership [44].

Author Contributions: Conceptualization, R.B.S.; methodology, R.B.S.; investigation, R.B.S. and
B.W.P.; resources, R.B.S.; writing—original draft preparation, R.B.S.; writing—review and editing,
B.W.P.; visualization, R.B.S.; project administration, R.B.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Rush, C.; Dupuy, B.; Sinco, J. Death Toll from Maui Wildfire Reaches 89, Making It the Deadliest in the US in More than 100

Years. Associated Press. 12 August 2023. Available online: https://apnews.com/article/maui-hawaii-fires-lahaina-destruction-
evacuation-38ec0d6a5c610035a0a72b804fcdffe0 (accessed on 1 September 2023).

2. Maui County. 8/15 County of Maui Wildfire Disaster Update as of 10 AM. 15 August 2023. Available online: https://www.
mauicounty.gov/CivicAlerts.aspx?AID=12702 (accessed on 1 September 2023).

3. Baker, M.; Browning, K.; Bogel-Burroughs, N. As Inferno Grew, Lahaina’s Water System Collapsed. New York Times. 13 August
2023. Available online: https://www.nytimes.com/2023/08/13/us/lahaina-water-failure.html (accessed on 1 September 2023).

4. Maui County. Unsafe Water Advisory for LAHAINA Water System. 11 August 2023. Available online: https://www.mauicounty.
gov/CivicAlerts.aspx?AID=12679 (accessed on 15 August 2023).

5. Douglas, D. Couple Battled Upcountry Fire Consuming Their House until Water Gave out. NBC News. 14 August 2023. Available
online: https://www.nbcnews.com/news/us-news/live-blog/maui-fires-live-updates-death-toll-rises-search-missing-rcna9
9722#rcrd16827 (accessed on 1 September 2023).

6. Mell, W.E.; Manzello, S.L.; Maranghides, A.; Butry, D.; Rehm, R.G. The wildland–urban interface fire problem—Current
approaches and research needs. Int. J. Wildland Fire 2010, 19, 238–251. [CrossRef]

7. Maui County. Lahaina Fire Declared 100% Contained; Water Conservation Urged due to Power Outages. 8 August 2023. Available
online: https://www.mauicounty.gov/CivicAlerts.aspx?AID=12622 (accessed on 15 August 2023).

8. Sanchez, R. Hawaii Has A Robust Emergency Siren Warning System. It Sat Silent during the Deadly Wildfires. CNN. 12 August
2023. Available online: https://www.cnn.com/2023/08/12/us/hawaii-emergency-warning-system-maui-wildfires/index.html
(accessed on 14 August 2023).

https://apnews.com/article/maui-hawaii-fires-lahaina-destruction-evacuation-38ec0d6a5c610035a0a72b804fcdffe0
https://apnews.com/article/maui-hawaii-fires-lahaina-destruction-evacuation-38ec0d6a5c610035a0a72b804fcdffe0
https://www.mauicounty.gov/CivicAlerts.aspx?AID=12702
https://www.mauicounty.gov/CivicAlerts.aspx?AID=12702
https://www.nytimes.com/2023/08/13/us/lahaina-water-failure.html
https://www.mauicounty.gov/CivicAlerts.aspx?AID=12679
https://www.mauicounty.gov/CivicAlerts.aspx?AID=12679
https://www.nbcnews.com/news/us-news/live-blog/maui-fires-live-updates-death-toll-rises-search-missing-rcna99722#rcrd16827
https://www.nbcnews.com/news/us-news/live-blog/maui-fires-live-updates-death-toll-rises-search-missing-rcna99722#rcrd16827
https://doi.org/10.1071/WF07131
https://www.mauicounty.gov/CivicAlerts.aspx?AID=12622
https://www.cnn.com/2023/08/12/us/hawaii-emergency-warning-system-maui-wildfires/index.html


Water 2024, 16, 600 7 of 8

9. Eischeid, J.K.; Hoerling, M.P.; Quan, X.-W.; Diaz, H.F. Diagnosing Hawaii’s recent drought. J. Clim. 2022, 35, 3997–4012. [CrossRef]
10. Marris, E. Hawaii wildfires: Did scientists expect Maui to burn? Nature 2023, 620, 708–709. [CrossRef]
11. Flavelle, C.; Andreoni, M. How Climate Change Turned Lush Hawaii into a Tinderbox. New York Times. 10 August 2023. Available

online: https://www.nytimes.com/2023/08/10/climate/hawaii-fires-climate-change.html (accessed on 1 September 2023).
12. Haw. Code R. § 12-45.2-92—Required Water Supply for Fire Protection. Available online: https://www.law.cornell.edu/

regulations/hawaii/Haw-Code-R-SS-12-45-2-92#:~:text=Section%2018.3.,into%20or%20within%20the%20county (accessed on 8
February 2024).

13. Jones, K.; Padowski, J.; Morgan, M.; Srinivasan, J. Water utility engagement in wildfire mitigation in watersheds in the western
United States. SSRN 2023, preprint. [CrossRef] [PubMed]

14. Clark, M.B.; Nkonya, E.; Galford, G.L. Flocking to fire: How climate and natural hazards shape human migration across the
United States. Front. Hum. Dyn. 2022, 4, 886545. [CrossRef]

15. Sowby, R.B. Emergency preparedness after COVID-19: A review of policy statements in the U.S. water sector. Util. Policy 2020, 64,
101058. [CrossRef] [PubMed]

16. Maui County. Department of Water Supply 2022 Drinking Water Quality Report. 2023. Available online: https://www.
mauicounty.gov/DocumentCenter/View/98274/2022---Lahania-Water-Quality-Report-for-Dept-of-Water-Supply?bidId= (ac-
cessed on 1 February 2024).

17. Kingdon, J.W. Agendas, Alternatives, and Public Policies; Longman: New York, NY, USA, 1984.
18. Yerton, S. A State Official Refused to Release Water for West Maui Fires until It Was Too Late. Honolulu Civil Beat. 15 August

2023. Available online: https://www.civilbeat.org/2023/08/a-state-official-refused-to-release-water-for-west-maui-fires-until-
it-was-too-late/ (accessed on 1 September 2023).

19. Chapman, I.; Devine, C. Hawaii Delayed Diverting Water That Could Have Helped Maui Wildfires, Letters Obtained by CNN
Allege. CNN. 18 August 2023. Available online: https://www.cnn.com/2023/08/18/us/hawaii-diverting-water-delay-maui-
fires/index.html (accessed on 1 September 2023).

20. Baker, M.; Corkery, M.; Hubler, S. Lahaina Fire Prompts a Shift in Maui’s Long-Running Water Fights. New York Times. 20 August
2023. Available online: https://www.nytimes.com/2023/08/20/us/maui-hawaii-water-supply.html (accessed on 1 September
2023).

21. Klein, N.; Sproat, K. Why Was There no Water to Fight the Fire in Maui? The Guardian. 17 August 2023. Available online:
https://www.theguardian.com/commentisfree/2023/aug/17/hawaii-fires-maui-water-rights-disaster-capitalism (accessed on 1
September 2023).

22. Flavelle, C. Fire Exposes Flaws in Hawaii’s Defenses against Climate Shocks. New York Times. 17 August 2023. Available online:
https://www.nytimes.com/2023/08/17/climate/hawaii-climate-wildfire-prevention.html (accessed on 1 September 2023).

23. AWWA (American Water Works Association). AWWA Policy Statement on Emergency Preparedness and Security. 20 April 2020.
Available online: https://www.awwa.org/Policy-Advocacy/AWWA-Policy-Statements/Emergency-Preparedness-and-Security
(accessed on 18 August 2023).

24. Welter, G. Emergency water supply planning for the national capital region. In Proceedings of the World Environmental and
Water Resources Congress 2010, Providence, RI, USA, 16–20 May 2010; pp. 3817–3829. [CrossRef]

25. Lindovsky, M.; Krocova, S. Water system management in emergency situations. J. Geol. Resour. Engin. 2015, 3, 150–162. [CrossRef]
26. Wang, C.; Shih, B. Research on the integration of fire water supply. Procedia Eng. 2018, 211, 778–787. [CrossRef]
27. NFPA (National Fire Protection Association). The Dry Hydrant Concept. Available online: https://www.nfpa.org/assets/

gallery/firewise/operationWater/step3.htm (accessed on 18 August 2023).
28. SFPUC (San Francisco Public Utilities Commission). Emergency Firefighting Water System. Available online: https://sfpuc.org/

about-us/our-systems/emergency-firefighting-water-system (accessed on 18 August 2023).
29. Sacks, B. Hawaii Utility Faces Scrutiny for Not Cutting Power to Reduce Fire Risks. Washington Post. 12 August 2023. Avail-

able online: https://www.washingtonpost.com/climate-environment/2023/08/12/maui-fire-electric-utility/ (accessed on 1
September 2023).

30. Peterson, B.; Phillis, M. Water Systems on Maui Lack Backup Generators. Star Advertiser. 7 October 2023. Available online:
https://www.staradvertiser.com/2023/10/07/hawaii-news/water-systems-on-maui-lack-backup-generators/ (accessed on 8
February 2024).

31. Sowby, R.B. When the power goes out, who still has water? J. AWWA 2021, 113, 83–84. [CrossRef]
32. Whelton, A.J.; Seidel, C.; Wham, B.P.; Fischer, E.C.; Isaacson, K.; Jankowski, C.; MacArthur, N.; McKenna, E.; Ley, C. The Marshall

Fire: Scientific and policy needs for water system disaster response. AWWA Water Sci. 2023, 5, e1318. [CrossRef]
33. Busby, J.W.; Baker, K.; Bazilian, M.D.; Gilbert, A.Q.; Grubert, E.; Rai, V.; Rhodes, J.D.; Shidore, S.; Smith, C.A.; Webber, M.E.

Cascading risks: Understanding the 2021 winter blackout in Texas. Energy Res. Soc. Sci. 2021, 77, 102106. [CrossRef]
34. Healy, J.; Fausset, R.; Dobbins, J. Cracked Pipes, Frozen Wells, Offline Treatment Plants: A Texan Water Crisis. New York Times. 19

February 2021. Available online: https://www.nytimes.com/2021/02/19/us/cracked-pipes-frozen-wells-offline-treatment-
plants-a-texan-water-crisis.html (accessed on 1 September 2023).

35. AWWA (American Water Works Association). AWWA Policy Statement on Electric Power Reliability for Public Water Supply and
Wastewater Utilities. 28 October 2019. Available online: https://www.awwa.org/Policy-Advocacy/AWWA-Policy-Statements/
Electric-Power-Reliability-for-Public-Water-Supply-and-Wastewater-Utilities (accessed on 14 August 2023).

https://doi.org/10.1175/JCLI-D-21-0754.1
https://doi.org/10.1038/d41586-023-02571-z
https://www.nytimes.com/2023/08/10/climate/hawaii-fires-climate-change.html
https://www.law.cornell.edu/regulations/hawaii/Haw-Code-R-SS-12-45-2-92#:~:text=Section%2018.3.,into%20or%20within%20the%20county
https://www.law.cornell.edu/regulations/hawaii/Haw-Code-R-SS-12-45-2-92#:~:text=Section%2018.3.,into%20or%20within%20the%20county
https://doi.org/10.1016/j.jenvman.2023.119157
https://www.ncbi.nlm.nih.gov/pubmed/37778076
https://doi.org/10.3389/fhumd.2022.886545
https://doi.org/10.1016/j.jup.2020.101058
https://www.ncbi.nlm.nih.gov/pubmed/32406402
https://www.mauicounty.gov/DocumentCenter/View/98274/2022---Lahania-Water-Quality-Report-for-Dept-of-Water-Supply?bidId=
https://www.mauicounty.gov/DocumentCenter/View/98274/2022---Lahania-Water-Quality-Report-for-Dept-of-Water-Supply?bidId=
https://www.civilbeat.org/2023/08/a-state-official-refused-to-release-water-for-west-maui-fires-until-it-was-too-late/
https://www.civilbeat.org/2023/08/a-state-official-refused-to-release-water-for-west-maui-fires-until-it-was-too-late/
https://www.cnn.com/2023/08/18/us/hawaii-diverting-water-delay-maui-fires/index.html
https://www.cnn.com/2023/08/18/us/hawaii-diverting-water-delay-maui-fires/index.html
https://www.nytimes.com/2023/08/20/us/maui-hawaii-water-supply.html
https://www.theguardian.com/commentisfree/2023/aug/17/hawaii-fires-maui-water-rights-disaster-capitalism
https://www.nytimes.com/2023/08/17/climate/hawaii-climate-wildfire-prevention.html
https://www.awwa.org/Policy-Advocacy/AWWA-Policy-Statements/Emergency-Preparedness-and-Security
https://doi.org/10.1061/41114(371)388
https://doi.org/10.17265/2328-2193/2015.03.005
https://doi.org/10.1016/j.proeng.2017.12.075
https://www.nfpa.org/assets/gallery/firewise/operationWater/step3.htm
https://www.nfpa.org/assets/gallery/firewise/operationWater/step3.htm
https://sfpuc.org/about-us/our-systems/emergency-firefighting-water-system
https://sfpuc.org/about-us/our-systems/emergency-firefighting-water-system
https://www.washingtonpost.com/climate-environment/2023/08/12/maui-fire-electric-utility/
https://www.staradvertiser.com/2023/10/07/hawaii-news/water-systems-on-maui-lack-backup-generators/
https://doi.org/10.1002/awwa.1751
https://doi.org/10.1002/aws2.1318
https://doi.org/10.1016/j.erss.2021.102106
https://www.nytimes.com/2021/02/19/us/cracked-pipes-frozen-wells-offline-treatment-plants-a-texan-water-crisis.html
https://www.nytimes.com/2021/02/19/us/cracked-pipes-frozen-wells-offline-treatment-plants-a-texan-water-crisis.html
https://www.awwa.org/Policy-Advocacy/AWWA-Policy-Statements/Electric-Power-Reliability-for-Public-Water-Supply-and-Wastewater-Utilities
https://www.awwa.org/Policy-Advocacy/AWWA-Policy-Statements/Electric-Power-Reliability-for-Public-Water-Supply-and-Wastewater-Utilities


Water 2024, 16, 600 8 of 8

36. Schwartz, M.K.; Syphard, A.D. Fitting the solutions to the problems in managing extreme wildfire in California. Environ. Res.
Comm. 2021, 3, 081005. [CrossRef]

37. Gibson, J.; Karney, B.; Guo, Y. Effects of relaxed minimum pipe diameters on fire flow, cost, and water quality indicators in
drinking water distribution networks. J. Water Resour. Plann. Manag. 2020, 146, 04020059. [CrossRef]

38. Mac Bean, C.-S.; Ilemobade, A. Re-evaluating South Africa’s guidelines for the provision of water for fire-fighting. In Proceedings
of the 1st International Water Distribution Systems Analysis/Computing and Control for the Water Industry, Kingston, ON,
Canada, 23–25 July 2018.

39. Davis, S.K. Fire Fighting Water: A Review of Fire Fighting Water Requirements: A New Zealand Perspective; Fire Engineering Research
Report 2000/3; University of Canterbury: Christchurch, New Zealand, 2000.

40. Tedim, F.; Xanthpoulos, G.; Leone, V. Chapter 5—Forest fires in Europe: Facts and challenges. In Wildfire Hazards, Risks and
Disasters; Elsevier: Amsterdam, The Netherlands, 2015.

41. Xanthpoulos, G.; Leone, V.; Delgou, G.M. The suppression model fragilities: The ‘firefighting trap. In Extreme Wildfire Events and
Disasters; Elsevier: Amsterdam, The Netherlands, 2020.

42. ICC (International Code Council). 1604.5 Risk Category. 2018 International Building Code. 2018. Available online: https:
//codes.iccsafe.org/s/IBC2018P6/chapter-16-structural-design/IBC2018P6-Ch16-Sec1604.5 (accessed on 1 September 2023).

43. Tran, T.; Baribeau, H.; Sullivan, L. Mitigate wildfire impacts on drinking water quality and operations. Opflow 2021, 47, 10–15.
[CrossRef]

44. Howells, M.; Hermann, S.; Welsch, M.; Bazilian, M.; Segerström, R.; Alfstad, T.; Gielen, D.; Rogner, H.; Fischer, G.; van Velthuizen,
H.; et al. Integrated analysis of climate change, land-use, energy and water strategies. Nat. Clim. Change 2013, 3, 621–626.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1088/2515-7620/ac15e1
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001251
https://codes.iccsafe.org/s/IBC2018P6/chapter-16-structural-design/IBC2018P6-Ch16-Sec1604.5
https://codes.iccsafe.org/s/IBC2018P6/chapter-16-structural-design/IBC2018P6-Ch16-Sec1604.5
https://doi.org/10.1002/opfl.1543
https://doi.org/10.1038/nclimate1789

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Poor Emergency Water Supplies 
	Power Failures 
	Water Spent on Lost Causes 
	Premise Plumbing Leaks from Destroyed Buildings 

	Conclusions 
	References

