PACIFIC DIG THE CENTER FOR
INSTITUTE DEEP (Wj WATER SECURITY

anoCOOPERATION

Climate Change Impacts to Water and
Sanitation for Frontline Communities
in the United States

WATER, SANITATION, AND CLIMATE CHANGE IN THE UNITED
STAREEFSERIES, | BRI TS

JANUARY 2024




JANUARY 2024

Climate Change Impacts to Water and
Sanitation For Frontline Communities
in the United States

WATER, SANITATION, AND CLIMATE CHANGE IN THE
UNITED STATES SERIES, PART 1

EDITORS
Shannon McNeeley, Pacific Institute, Senior Researcher; Water and Climate Equity Lead
Morgan Shimabuku, Pacific Institute, Senior Researcher

CONTRIBUTING AUTHORS

Morgan Shimabuku, Pacific Institute
Shannon McNeeley, Pacific Institute
Nora Nelson, DigDeep

Antonia Sohns, independent contractor

SUGGESTED CITATION

Pacific Institute and DigDeep, 2024. Climate Change Impacts to Water and Sanitation in Frontline
Communities in the United States, Water, Sanitation, and Climate Change in the US Series, Part 1,
Pacific Institute, Oakland, CA https://pacinst.org/water-sanitation-climate-change-US-part-1/

== PACIFIC | (Wj THE CENTER FOR
= istture  ‘» DIGDEEP SRR

This report is an update of the previously released version Climate Change Impacts to Water and
Sanitation in Frontline Communities in the United States (working document) we made available
in November of 2023. We have made important updates with the subsequent release of the Fifth
National Climate Assessment as well as some other corrections.

Cover photo provided by DigDeep pacinst.org



ABOUT THE PACIFIC INSTITUTE

The Pacific Institute envisions a world in which society, the economy, and the environment have
the water they need to thrive now and in the future. In pursuit of this vision, the Institute creates
and advances solutions to the world’s most pressing water challenges, such as unsustainable
water management and use; climate change; environmental degradation; food, fiber, and energy
production for a growing population; and basic lack of access to fresh water and sanitation. Since
1987, the Pacific Institute has cut across traditional areas of study and actively collaborated

with a diverse set of stakeholders, including leading policymakers, scientists, corporate leaders,
international organizations such as the United Nations, advocacy groups, and local communities. This
interdisciplinary and independent approach helps bring diverse groups together to forge effective
real-world solutions. More information about the Institute and our staff, directors, funders, and
programs can be found at www.pacinst.org.

ABOUT DIG DEEP

DigDeep is a human rights nonprofit working to ensure every person in the United States has
access to clean running water and sanitation at home. The organization has served thousands

of families across the country through its award-winning and community-led field projects: the
Navajo Water Project (Arizona, New Mexico, and Utah), Appalachia Water Project (West Virginia), and
Colonias Water Project (Texas). DigDeep is a leading force in U.S. water access research, workforce
development, and policy advocacy, underscoring its commitment to addressing the sector’s lack of
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States: A National Action Plan” and “Draining: The Economic Impact of America’s Hidden Water
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home, which costs the American economy a staggering $8.6 billion annually. For more information,
please visit digdeep.org.

ABOUT CENTER FOR WATER SECURITY AND COOPERATION

The Center for Water Security and Cooperation (CWSC) is a 501(c)(3) nonprofit organization based
in Washington, D.C. Founded in 2015, the mission of the CWSC is to advance water security and
cultivate cooperation by building a unified body of laws, policies, practices, and standards that
ensure the availability of water for current and future generations, and a peaceful, stable, and
vibrant global society. Ultimately, the CWSC works to ensure that law and practice guarantee water
security and universal access to water and sanitation because without good law those people who
have access will lose it, and those who don’t, won’t ever get it. More information about the CWSC
can be found at www.thecwsc.org.


http://www.pacinst.org
http://www.digdeep.org
http://www.thecwsc.org/

ABOUT THE AUTHORS

Morgan Shimabuku

Morgan Shimabuku is a Senior Researcher at Pacific Institute where she researches a wide range

of water management issues, including water equity and access challenges, benefits and tradeoffs
of water management strategies, water resilience, and more. Prior to joining the Pacific Institute,
Morgan was a senior program manager at an environmental nonprofit in Colorado where she ran
residential and commercial water conservation program operations in partnership with municipal
water providers. Morgan received a B.A. in Environmental Studies and Geology from Whitman College
and a master’s degree from the Department of Geography at the University of Colorado Boulder,
where she studied climate change, hydrochemcial cycling, and snow hydrology at the Institute of
Arctic and Alpine Research.

Shannon McNeeley

Shannon McNeeley is a Senior Researcher at Pacific Institute and the Water and Climate Equity
Lead. Her work focuses on water and climate equity and justice for frontline communities. This
engages an interdisciplinary and cross-cultural co-production approach, incorporating the social
and natural sciences along with different ways of knowing to understand human-environment
relationships and how people are impacted by and respond to environmental change. Her

research has focused on climate change science and policy, water resources and drought
preparedness, and climate planning and action, all with a strong focus on supporting those who are
overburdened and under resourced through just and equitable solutions. Dr. McNeeley has worked
closely for decades with a multitude of different partners, organizations, decision makers, Tribes
and Indigenous peoples, and frontline communities bridging technical research with applied decision
support information and tools. Prior to joining the Pacific Institute, she was at the North Central
Climate Adaptation Science Center at Colorado State University and before that at the National
Center for Atmospheric Research. Shannon holds an M.A. in International Environmental Policy from
the Middlebury Institute of International Studies at Monterey and a Ph.D. in Environmental Change
and Sustainability Science, which integrated anthropology, ecology, and climatology, from the
University of Alaska Fairbanks (UAF).

Nora Nelson

Nora Nelson is an international climate change, water, and sustainable landscapes expert with
experience in 40 countries. At DigDeep, she led the research efforts behind the reports Closing the
Water Access Gap in the United States and Draining: The Economic Impact of America’s Hidden Water
Crisis. Nora has previously worked for the International Water Management Institute, the United
Nations Convention to Combat Desertification, Landesa, and a variety of other international research
organizations, donors, and development partners. She provides regular technical advisory and
consulting services to USAID, including serving as the team leader for the global analysis of climate
risk management at the Agency Nora holds a Bachelor’s degree from Knox College in environmental
science and biology, a Master’s degree from the American University School of International Service
in water resource management, and a Master’s degree from the United Nations Universidad para la
Paz in natural resources and sustainable development.



Antonia Sohns

Antonia Sohns is a postdoctoral researcher at McGill University where her research explores
wellbeing and water justice with Indigenous youth in Alaska and the Peruvian Amazon through
artistic practice. Antonia has worked as an environmental consultant in the U.S. and internationally,
where her projects focused on water security and climate change, including citizen science

to monitor climate impacts, watershed management plans, and remote sensing of dams and
reservoirs. Antonia has a PhD in Geography from McGill University; an MSc in Water Science, Policy
and Management from the University of Oxford; and a BSc in Earth Systems (Oceans Track) from
Stanford University.

ACKNOWLEDGEMENTS

Alexandra Campbell-Ferrari, Kim Lemme, George McGraw, Heather Cooley, Peter Gleick, Jess Dery,
Jackie Rigley, and DigDeep staff. Each provided essential guidance, input, feedback, review, and/or
support for this report. This work was generously supported by the BHP Foundation.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States



DEDICATION

We dedicate this report to the communities who
feel the impacts of climate change first and most strongly.

Water is life.
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Glossary

Acceptable: Water is acceptable if the color, odor, and taste are considered appropriate for personal
or domestic use (United Nations 2014), as defined by the user of that water. This standard may vary
by a person’s culture, gender, and other factors.

Affordable: In general, water service is affordable when a household can afford the cost of essential
water and sanitation, including operating and maintaining their own systems, without foregoing other
essential goods and services, such as housing, healthcare, food, and other utilities (Teodoro 2019;
Feinstein 2018).

Backsliding: Initial use of the term backsliding in the water sector comes from the Clean Water Act,
where it refers to a prohibition of a state’s adoption of less stringent water quality guidelines. More
recently, DigDeep and US Water Alliance use it in Closing the Water Access Gap (2019) to describe a
concerning trend in certain states where the number of homes without water and wastewater ac-
cess has increased. In this report we are examining how climate change is contributing to that trend,
and therefore we use backsliding to refer to the process by which a climate phenomenon causes a
home or a community to lose access to safe drinking water or a functioning sanitation system (cen-
tralized or decentralized/onsite), either temporarily or permanently. We discuss backsliding caused
directly or indirectly by climate change through damage or destruction to water and wastewater
infrastructure, reduction of water availability at its source in time and quantity, or contamination of
water such that it is no longer safe to use.

Climate change: A change of climate that is attributed directly or indirectly to human activity that
alters the composition of the global atmosphere, and which is in addition to natural climate vari-

ability observed over comparable time periods (United Nations Framework Convention on Climate
Change 1994).

Community water system: A public water system that supplies water to the same population year-
round (US Environmental Protection Agency 2015d).

Disadvantaged communities (DACs): The White House Climate and Economic Justice Screening tool
identifies census tracts that are overburdened and underserved. This also includes Federally Rec-
ognized Tribes, including Alaska Native Villages. Under the Safe Drinking Water Act, each state is
responsible for self-identifying disadvantaged communities. Thus, Clean Water and Drinking Water
State Revolving Fund benefits for disadvantaged communities are at the discretion of each state.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States
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Frontline communities: Communities that are overburdened and under resourced who face dispro-
portionate, “first and worst” impacts of climate change on their water and sanitation systems or
access.

Human Right to Water and Sanitation (HR2W): Access to water and sanitation is recognized by the
United Nations as human rights—fundamental to everyone’s health, dignity, and prosperity. The right
to water entitles everyone to have access to sufficient, safe, acceptable, physically accessible, and
affordable water for personal and domestic use. The right to sanitation entitles everyone to have
physical and affordable access to sanitation, in all spheres of life that is safe, hygienic, secure, so-
cially and culturally acceptable, and provides privacy and ensures dignity (United Nations 2014).

Indigenous peoples: Self-determining societies whose political and cultural foundations pre-exist
the formation of the United States, regardless of their recognition status by the US government. In-
digenous peoples in the United States include the 574 federally recognized Tribes (as of 2023), Native
Hawaiians, Pacific and Caribbean islanders, state-recognized Tribes, and unrecognized Tribes and
peoples. More specific terms will be used where the particular government, legal, cultural, or dip-
lomatic situation is being referenced. Indigenous peoples’ self-determination can be best respected
by using terminology that acknowledges Indigenous governance systems and sovereignty (Status of
Tribes and Climate Change Working Group 2021).

Indoor plumbing: The presence of hot-and-cold running water, a shower or bath, and a flush toilet
inside the home.

Physically accessible: For water to be physically accessible it must be available in the home, in suf-
ficient volumes to meet domestic needs, at hot and cold temperatures, 24 hours per day. Similarly,
accessible sanitation is when toilets are private, located in a home, safe to visit, and available when
needed.

Public water system: A water system that provides drinking water through pipes or other convey-
ance to at least 15 service connections or an average of 25 people for at least 60 days per year.

A public water system may be publicly or privately owned. There are three types of public water
systems: community water systems, non-transient non-community water systems, and transient
non-community water systems (US Environmental Protection Agency 2015d).

Safe: Drinking water that meets or exceeds standards set forth by the federal Safe Drinking Water
Act, and by any additional standards established by individual states where geographically applica-
ble. Safe sanitation means that the waste is separated from humans, and transported, treated, and
discharged to the environment where it is not a liability or hazard to human, wildlife, or environmen-
tal health.

Sanitation: The conveyance, storage, treatment, and disposal of human waste. This includes toilets,
pipes that remove wastewater from the home, and treatment measures (Roller et al. 2019).

Small water systems: Defined under the Safe Drinking Water Act as community water systems serv-
ing 10,000 or fewer people.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States
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Sufficient: The World Health Organization considers 50-100 liters (approximately 13-26 gallons) per
person per day to be the minimum necessary to ensure most basic needs are met. However, this
amount may not be sufficient for broader uses of water that are necessary for healthy, resilient
households and communities; this represents the bare minimum for health purposes (Feinstein 2018;
Gleick 1996).

Wastewater: Water that has been used and disposed of, which often contains contaminants such as
untreated human waste, sewage, or sludge.

Wastewater services (or systems): The provision of centralized sewer systems and treatment plants,
individual septic systems, or other forms of decentralized or on-site systems (Roller et al. 2019).

WASH: The acronym used to refer to water, sanitation, and hygiene, the three basic human require-
ments for water.

Water access gap: The disparity in access to water and sanitation between most Americans and the
communities that still lack access (Roller et al. 2019).

Water insecurity: inadequate or inequitable access to clean, safe, and affordable water for drinking,

cooking, sanitation, and hygiene. Water insecurity results from a combination of social and physical
conditions, including climate change (Schimpf and Cude 2020).

4 i

Photo provided by DigDeep

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States




1. Introduction: Intersection of Water,
Sanitation, and Climate Change

Climate change is among the most urgent, wide-ranging crises we face. It poses significant challenges
and is already resulting in severe impacts to drinking water and sanitation access. This is true for both
those currently living without access and for communities where forces like drought, flooding, sea
level rise, wildfires, and intensifying storms threaten backsliding by degrading or stripping basic water
and sanitation services from the people. Access to sufficient, safe, acceptable, physically accessible,
and affordable water and sanitation is essential for human health and wellbeing, as well as economic
prosperity—and climate change will inevitably make ensuring all have access more challenging.
Without water and sanitation access, people do not have water to drink, cannot clean, shower, or
wash their hands, and cannot safely dispose of human waste. They may have to travel long distances
to purchase and haul water back to their homes. Without access to water, they also have less ability
to cool their homes, protect themselves from wildfires, and work or go to school. An economic
assessment by DigDeep found that for every household in the United States without access to water
and sanitation, the domestic economy loses $15,800 annually in extra health care costs, time and
money spent on bottled water, lost educational or work opportunities, and premature death (DigDeep
2022).

Despite the central importance of water and sanitation access, there are major gaps across the
United States. While no comprehensive assessment exists, several recent studies offer glimpses of
the scope and scale of the water and sanitation access problem. Roller et al. (2019) estimated that
more than 2 million people in the United States live without access to running water and basic indoor
plumbing, and many more lack sanitation. Deitz and Meehan (2019) found that African-American,
Latino and Hispanic, and Native American households are more likely than white households to lack
complete plumbing (a term used by the US Census Bureau to track the presence of piped hot and cold
water, a flush toilet, and a bathtub or shower).! During a drought from 2012-2016 in the Central Valley
of California, the Pacific Institute found that the state documented nearly 4,000 reports of water
shortages from households with private wells or other small non-public water systems (those with
fewer than 15 connections or serving fewer than 25 people at least 60 days a year) (Feinstein et al.
2017). These are just a few of the studies that have helped bring to light the water access gap in the
United States.

1 Roller et al. (2019) and Dietz and Meehan (2019) used data from the American Community Survey by the US Census Bureau for their
studies; it is the only national survey of plumbing facilities in US households and no longer asks if a home has a flush toilet.
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7 1. INTRODUCTION: INTERSECTION OF WATER, SANITATION, AND CLIMATE CHANGE

Poor water quality also poses a risk to water access for households and communities across the
United States. An estimated 23 million households rely on private water wells (Murray et al. 2021),
and there is little data on the quality of this water. Allaire et al. (2018) found that violations of
health-based water-quality standards in community water systems were widespread, with an
estimated 9-45 million people potentially affected annually in the continental United States alone.
The authors found that violations were more common in rural areas, especially among low-income
communities. Further, even if the water is safe when delivered to a household, it can become
contaminated with, for example, lead and copper from corroding service lines and plumbing fixtures.

Climate change is creating additional challenges for

addressing the water access gap. The Fourth and Fifth The ImpaCtS of climate

US National Climate Assessments found that climate Change on water and

change is already altering water quantity, quality, and sanitation are already
demand, as well as the threat of extreme events (Lall et .

al. 2018; Payton et al. 2023).2 It also found that problems evident and are

with critical water infrastructure, which is reaching the expected to intensify

end of its design life in many parts of the United States,

, ) as atmospheric
compound these climate risks.

greenhouse gas

The impacts of climate change on water and sanitation concentrations

are already‘ evident and are expected to .lntensn‘y'as continue to rise.
atmospheric greenhouse gas concentrations continue to

rise. As of the writing of this report in the fall of 2023,

the United States had experienced record-breaking

heat and climate change impacts. National Aeronautics and Space Administration (NASA) scientists
reported July 2023 to be the hottest month ever recorded on Earth since 1880 (NASA 2023; News
Editor 2023). This was followed by four more record-breaking months, which were the hottest
August, September, October, and November months on Earth on record (NOAA 2023c; 2023d; 2023e;
2023f). In the United States, heat records were broken not only for all-time highs, but also for
number of consecutive days that certain heat thresholds were surpassed (Thompson 2023). There
were 15 billion-dollar disasters from January to July, the highest number ever recorded in this
seven-month timeframe since the National Ocean and Atmospheric Administration (NOAA) began
tracking these events in 1980 (NOAA 2023b). NOAA reported that these included 13 severe weather
events, one winter storm, and one flooding event. Without immediate reductions in greenhouse gas
emissions these severe consequences of climate change on water and sanitation will continue to
worsen, and low-income communities and communities of color will suffer the worst.

The need for global action on climate change was identified over a half century ago, as early as
the 1972 United Nations Conference on the Human Environment (also known as the Stockholm
Convention) (United Nations 1972). This led to the establishment of the first international treaty to
tackle climate change in 1992, the UN Framework Convention on Climate Change, and subsequent
treaties to implement measures to reduce greenhouse gases such as the 2015 Paris Agreement.
The global scientific community agrees that human activities, namely the burning of fossil fuels,

2 Water quantity refers to the amount of water available in a specific location at a given time, and water quality refers to the chemical,
physical, and biological characteristics of water, including its clarity, odor, taste, and the presence of contaminants.
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8 1. INTRODUCTION: INTERSECTION OF WATER, SANITATION, AND CLIMATE CHANGE

has caused climate change and that we are already seeing the effects (Wuebbles et al. 2017;
Intergovernmental Panel on Climate Change 2021; Marvel et al. 2023). The United Nations defines
climate change as “a change of climate which is attributed directly or indirectly to human activity
that alters the composition of the global atmosphere and which is in addition to natural climate
variability observed over comparable time periods,” typically decades or longer (United Nations
Framework Convention on Climate Change 1994).° Trends in global phenomena that indicate we
are already experiencing a rapidly changing global climate include an increase in global average
temperature, sea level rise, warming ocean temperatures, melting of glacial and Arctic ice,
aridification and the expansion of deserts, deeper permafrost thaw, and more (Intergovernmental
Panel on Climate Change 2021). The impacts of climate change are also becoming clearer through
an increase in the frequency and intensity of extreme heat and precipitation events, but there are
regional differences in the observed trends and in other extreme events like floods and droughts
(Wuebbles et al. 2017; Herring et al. 2022; Marvel et al. 2023).

There is a growing body of literature on both the impacts of climate change on water and the gap in
water and sanitation access. However, there are few studies that address the intersection of these
issues. This report seeks to help fill that gap by beginning to establish the scientific knowledge base
as a starting point. For this work, the Pacific Institute partnered with DigDeep and Center for Water
Security and Cooperation to review the literature on the effects of climate change on water and
sanitation systems and water resources in the United States, especially for frontline communities.
In this report, we define frontline communities as those that are overburdened and under resourced
who face the disproportionate, “first and worst” impacts of climate change on their water and
sanitation systems or access. With this synthesis of knowledge, experiences, and information, we
hope to provide a foundation for understanding—and ultimately reducing—the impacts of climate
change on these communities. Importantly, climate impacts on water and sanitation systems and
water resources co-occur with other challenges facing the water sector and frontline communities.
Consequently, closing the water access gap while increasing the resilience of frontline communities
to the impacts of climate change will require innovative approaches that also address contributing
barriers, such as institutional constraints, lack of integrated water resource management, and
structural and systemic racism.

This report is the first in what will be a series on the myriad issues at the intersection of water and
climate equity called Water, Sanitation, and Climate Change in the United States. Forthcoming
reports will focus on the laws and policies that govern the delivery of water and sanitation in the
face of climate change, barriers to equitable, climate-resilient water and sanitation, and documented
strategies and approaches to overcome these barriers. Our hope is that this series will provide a
foundation for the US water, sanitation, and hygiene (WASH) sector to incorporate and consider
climate change in its efforts to close the water access gap.

3 The Intergovernmental Panel on Climate Change defines climate change as “a change in the state of the climate that can be identified
(e.g., by using statistical tests) by changes in the mean and/or the variability of its properties and that persists for an extended period,
typically decades or longer. Climate change may be due to natural internal processes or external forcings such as modulations of the
solar cycles, volcanic eruptions, and persistent anthropogenic changes in the composition of the atmosphere or in land use.” They note
the difference from the UN Framework Convention on Climate Change definition is a “distinction between climate change attributable to
human activities altering the atmospheric composition and climate variability attributable to natural causes.”

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States
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2. Vulnerability to Climate Change
and Lack of Water and Sanitation
Access

In Climate Change and Social Vulnerability in the United States, the US Environmental Protection
Agency (EPA) identified and defined four socially vulnerable groups: 1) low income— individuals

living in households with an income at or below 200% of the poverty level; 2) minority—individuals
identifying as Black or African American, American Indian or Alaska Native, Asian, Native Hawaiian or
other Pacific Islander, and/or Hispanic or Latino; 3) those without a high school diploma—individuals
age 25 years or older with a maximum educational attainment of less than a high school diploma or
equivalent; and 4) those who are 65 and older (US EPA 2021b). Additionally, people without housing
are extremely vulnerable to natural hazards while also lacking access to water and sanitation (Ramin
and Svoboda 2009). These vulnerable groups are often disproportionately impacted by environmental
events, such as floods and hurricanes, or degraded environmental conditions, such as poor water
quality.

Not all these groups are affected in the same way by climate disasters. The EPA estimated the risks
for each socially vulnerable group relative to a “reference population,” or to all individuals outside
of each group, under multiple warming scenarios and sea level rise of 50 cm (20 in) (US EPA 2021b).
When looking at groups that include multiple races, they found under a 2°C (3.6°F) warming scenario
that low-income groups and individuals are 16% more likely to live in places where the highest
percentage of land is projected to be inundated by sea level rise and are 25% more likely to live in
areas with the highest projected reductions in labor hours due to extreme temperatures. They found
adults with no high-school diploma are at higher risk for coastal flooding and property inundation,
as well as from air quality and extreme temperature impacts on labor. Those 65 and older are
generally not more at risk than their younger counterparts but are at slightly elevated risks from
extreme temperatures and from property damage from inland flooding.

When considering race, the EPA found Black and African American individuals are at higher risks
from damages and losses due to both coastal and inland flooding, but the largest risks for this
group are from extreme temperatures and air quality (US EPA 2021b). This is because as the climate
changes, it alters the chemical and physical processes that create, remove, and transport air
pollution; and research has shown that even though the average concentration of air pollutants has
fallen over time, it has remained disproportionately distributed across the population (Tessum et al.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States



10 2. VULNERABILITY TO CLIMATE CHANGE AND LACK OF WATER AND SANITATION ACCESS

2021; Colmer et al. 2020). The EPA also found that Black Americans are 40-59% more likely to live
in areas with the highest projected increases in deaths from extreme temperatures. They also found
Tribal and Indigenous people (officially referred to as American Indian and Alaska Native by the
federal government) are more likely than other groups to live in areas where they are at risk of land
lost to inundation and have the highest rates of labor hour losses for weather-exposed workers due
to extreme temperatures.

The EPA also showed that climate change disproportionately I\/Iany frontline
affects Hispanic and Latino individuals, who have high

labor force participation in weather-exposed industries like communities are also

construction and agriculture (US EPA 2021b). Under a 2°C found in “hotspots
(3.6°F) warming scenario, Hispanic and Latino individuals of p[umblng poverty”
are 43% more likely to live in areas with the highest

projected loss of labor hours due to extreme temperatures. where households
Under the same scenario, Hispanic and Latino individuals that suffer from

are also 50% more likely to live in areas with the greatest
estimated negative impacts on traffic, further harming . .
economic productivity and increasing opportunity costs to water and sanitation
for individuals. All these factors compound stressors and services are clustered.
strain resources for frontline communities, further affecting

their ability to manage and adapt to climate change and its

impacts on water and sanitation systems.

limited-to-no access

Many frontline communities are also found in “hotspots of plumbing poverty” where households
that suffer from limited-to-no access to water and sanitation services are clustered (Deitz and
Meehan 2019). These clusters of inadequate water and sanitation stem from disputes over rights

and jurisdiction, inconsistent regulation, lack of investment in infrastructure, environmental racism,
and water scarcity due to climate change and over-extraction for other human uses (Deitz and
Meehan 2019; Conroy-Ben and Richard 2018; Cozzetto et al. 2013). For example, numerous Indigenous
communities in the contiguous United States and Alaska lack adequate water and sanitation access
(Figure 1) (Payton et al. 2023); Indian Health Service reported in Fiscal Year 2019 that more than
400,000 American Indian and Alaska Native homes had deficient sanitation (Indian Health Service
2020).
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FIGURE 1. American Indian and Alaska Native Homes Requiring Water and Sewer System
Improvements
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Note: The map reports number of American Indian and Alaska Native households with a plumbing deficiency level (DL)
ranging from level 2 (capital improvements are necessary to meet domestic sanitation needs) to level 5 (lacks a safe water
supply and a sewage disposal system).

Source: Payton et al. 2023

While national data on household access to drinking water and sanitation are incomplete, work by
DigDeep (Roller et al. 2019) and several other researchers (Mueller and Gasteyer 2021; Meehan et al.
2020; Deitz and Meehan 2019) have identified hotspots with either a high number or large proportion
of unplumbed households, or households with water that is unsafe to drink. Meehan et al. (2020)
identified that the majority of unplumbed households in the United States were in cities, and that
these households were more likely to be renters, households of color, and people living in areas

of growing income inequality (Figure 2). Regional hotspots identified include the California Central
Valley, the Navajo Nation, colonias along the border with Mexico, the Deep South, Appalachia, and
Puerto Rico (Roller et al. 2019; Mueller and Gasteyer 2021).
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FIGURE 2. Households Without Piped Water Access in the United States, 2013 to 2017
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Note: This hex map depicts the spatial distribution of households without piped water access, with lighter colors indicating
areas with higher numbers of unplumbed households. Shaded areas (in orange) indicate that sampling error is large relative
to the estimate, due to the relatively small number of unplumbed households. Meehan et al. (2020) explain that the use of
hexagonal areas of equal area were applied to reduce spatial bias that comes from using census tracts, which tend to mask
unplumed households in urban areas while over-expressing them for some rural areas.

Source: Meehan et al. 2020

Research by Mueller and Gasteyer (2021) also found that incomplete plumbing was correlated with
“age, income, poverty, indigeneity, education, and rurality.” In the United States, 5.8% of Native
American households lack complete plumbing and are 19 times more likely than white households
to lack indoor plumbing (Roller et al., 2019). Water and sanitation access is thus an issue of
environmental injustice and an indication of the failure to secure a basic human right (Mueller and
Gasteyer 2021; Gleick 1999).
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3. Climate Change and the Human
Right to Water and Sanitation in
the United States

Access to water and sanitation remains an imperative civil rights and moral challenge in the United
States (Jones and Moulton 2016; McGraw 2020; DigDeep 2021; WECR 2020). As noted earlier, an
estimated 2.2 million people in the United States live without access to water and sanitation, and
millions are served by water systems with Safe Drinking Water Act (SDWA) violations (Roller et

al. 2019).* Internationally, the United Nations recognized the human right to water and sanitation

in 2010 (Resolution 64/292, United Nations 2014). While many countries voted in support of the
resolution and began incorporating a version of the resolution (or other statutes addressing universal
water access) into their national laws, the United States abstained from the United Nations vote,
has repeatedly voiced official opposition to the human right to water, and has not codified legal
protection to water and sanitation access at the federal level (Gleick 2023). The United Nations

has also made achieving the human right to water part of its broader “Sustainable Development
Goals” (SDGs), as SDG 6 (United Nations n.d.). The purpose of SDG 6 is to help drive activities and
secure resources for global action “to ensure availability and sustainable management of water and
sanitation for all by 2030” (UN-Water 2021).

In the United States, while recognition of the human right to water and sanitation is not the end
goal itself, creating a meaningful, legal right and obligation would establish a foundation for ensuring
all people are able to meet their basic needs with dignity. Putting laws and policies in place built
to protect the human rights to water and sanitation, especially at the federal and state levels
would help create institutional accountability, designate responsibility, and muster the necessary
resources. Both California and Virginia have acknowledged a human right to water, through a law
and a resolution, respectively. While neither requires that drinking water and sanitation services be
delivered to each and every household, some evidence indicates that at least in California, where
the law was passed in 2012 (Assembly Bill No. 685 2012), there has been some positive change.

For example, the state has established the Safe and Affordable Funding for Equity and Resilience
(SAFER) program, which has an annual $130 million budget to address the water access gap in
California (California EPA 2021). Still, more than one million people in California continue to lack
access to water (California State Water Resources Control Board 2022).

4 SDWA violations include health-based violations, monitoring and reporting violations, public notice violations, and other violations. Of
these, only a subset of the health-based violations is for exceedances of health-based drinking water quality standards.
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In this report, we use the term “Human Right to Water and Sanitation” to highlight the fundamental
daily human need for clean, reliable water and to build on the authors’ decades of combined efforts
to bring attention to this urgent issue.

To achieve the human right to water and sanitation, there are five essential components of water
and sanitation services that must be met: water must be sufficient, safe, acceptable, physically
accessible, and affordable (United Nations 2014; California EPA 2021). These components as applied
to the US context are defined as follows:

Sufficient - The World Health Organization (WHO) considers 50-100 liters (approximately 13—
26 gallons) per person per day to be the minimum necessary to ensure the most basic needs.
However, this amount may not be sufficient for broader uses of water that are necessary for
healthy, resilient households and communities; this represents the bare minimum for health
purposes (Feinstein 2018; Gleick 1996).

Safe - Safe water is drinking water that meets or exceeds standards set forth by the federal
SDWA, and by any additional standards established by individual states, where geographically
applicable. Safe sanitation means that the waste be separated from humans, and
transported, treated, and discharged to the environment where it is not a liability or hazard
to human, wildlife, or environmental health.

Acceptable - Water is acceptable if the color, odor, and taste are considered appropriate for
personal or domestic use (United Nations 2014), as defined by the user of that water. This
standard may vary by a person’s culture, gender, and other factors.

Physically accessible - For water to be physically accessible it must be available in the home,
in sufficient volumes to meet domestic needs, at hot and cold temperatures, 24 hours per
day. Accessible sanitation is when toilets are private, located in a home, safe to visit, and
available when needed.

Affordable - In general, these services are affordable when a household can afford the cost
of essential water and sanitation, including operating and maintaining their own systems,
without foregoing other essential goods and services, such as housing, healthcare, food, and
other utilities (Teodoro 2019; Feinstein 2018).

Each of these five components are key to fulfilling the human right to water and sanitation and
closing the water access gap. Yet, climate change is already making it more difficult to ensure
sufficient, safe, acceptable, physically accessible, and affordable water and sanitation for all.

Because water is a primary medium through which humans and the environment will experience the
impact of climate change, ensuring the human right to water and sanitation must include preparing
for climate change (UN-Water Expert Group on Water and Climate Change 2019). Floods, hurricanes,
and other extreme weather can knock water and wastewater systems offline thereby endangering
human health and the environment (Lall et al. 2018). Chronic events, such as droughts and sea level
rise, do much of the same contributing to the loss of access to water supplies, impairing water
quality, and permanently damaging infrastructure (Fleming et al. 2018; Payton et al. 2023).
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Achieving the human right to water and sanitation by ensuring sufficient, safe, acceptable, physically
accessible, and affordable water and sanitation to all people in the United States will be no small
task, even without the ongoing and growing impacts of climate change. However, without the
reduction of climate-altering greenhouse gases by major economies around the globe, the impacts of
climate change will dramatically worsen in the coming decades and persist for generations to come
(Canadell et al. 2021). Communities already experiencing tenuous, incomplete, and/or nonexistent
water and sanitation access are those most at risk, because they start from a point of greater
vulnerability. Households that already collect and haul water outside the home, which is physically
taxing, time intensive, and often expensive, are particularly vulnerable (DigDeep 2022). For example,
approximately 30% of Navajo Nation households lack running water and rely on hauled water to meet
their basic daily needs (Navajo Nation Department of Water Resources 2003). Increased stress from
a changing climate will mean added challenges for these communities, such as increased number of
days with extreme heat, increased risk of wildfires, more intense storms, and contamination of the
surface supplies and groundwater sources they depend on, to name a few.

When these households are finally able to install water and sanitation systems or connect to
centralized services, it is imperative that their access is as resilient as possible to ongoing climate
shocks and stresses to prevent backsliding. Backsliding is described by DigDeep and US Water
Alliance as the concerning increase in the number of homes without water or sanitation access
(Roller et al. 2019). Here backsliding refers to the process by which a climate phenomenon causes

a home or a community to lose access to water sanitation (centralized or decentralized), either
temporarily or permanently. We identify and discuss six types of climate-change phenomena that
impact water and sanitation systems and water resources, and, therefore, can cause a loss of access
and backsliding for frontline communities.

Photo previded by DigDeep

-
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4. Six Climate Phenomena
Affecting the Water and Sanitation
Systems of Frontline Communities

Anthropogenic (i.e., human-caused) climate change is already affecting water and sanitation

access for frontline communities. The changing climate is associated with an increase in global
average temperatures and in the severity and frequency of climate extremes, including extreme
temperatures, heavy precipitation events, severe storms, droughts, and major flooding events
(Marvel et al. 2023). Each of these changes can affect the sufficiency, safety, acceptability, physical
accessibility, and affordability of water and sanitation.

Each region of the United States will face unique challenges due to, for example, climate, geography,
and socio-political factors. As the weather and climate have changed, the magnitude and frequency
of disasters has grown. The Fifth National Climate Assessment (NCA5) mapped the location of the
18-billion-dollar weather and climate disasters in 2022 in the United States (Figure 3) (Marvel et al.
2023). These included droughts and heatwaves, flooding, hail and winter storms, hurricanes, wildfire,
and other severe weather, including tornado outbreaks. As reported in NCA5, “[i]n the 1980s the
country experienced, on average, one (inflation-adjusted) billion-dollar disaster every four months.
Now, there is one every three weeks, on average” (Jay et al. 2023). Water-related billion-dollar
disasters (e.g., winter storms, tropical cyclones, severe storms, flooding, drought) have followed this
increasing trend (Figure 4).
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FIGURE 3. Billion-Dollar Weather and Climate Disasters (2022)
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FIGURE 4. Water-Related Billion-Dollar Disasters in the United States (1980-2022)
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This report examines six types of extreme climate impacts affecting water and sanitation systems
in frontline communities. The six major types of climate impacts we examine include: 1) extreme
temperatures, 2) drought, 3) inland flooding, 4) sea level rise, 5) extreme storms, and 6) wildfires.
The report does not include all climate change impacts nor all the complex interdependencies
affecting water and sanitation systems and water resources, such as energy dependence, resource
tradeoffs, or environmental degradation. It is also important to note that not all examples used
herein to demonstrate the challenges posed by these six climate phenomena have, to date, been
directly scientifically attributed to climate change.® We do provide ample evidence of each climate
phenomena’s link to climate change and relevant future projection under Earth’s increasingly altered
climate system, but the importance of these examples is not in their direct or indirect attribution
to climate change. Rather, it is in the profound and devastating ways that extreme weather and
natural events can disrupt or destroy water resources and water and sanitation infrastructure,
leaving people and communities without water or sanitation access for hours, days, weeks, months,
and beyond. Importantly, while we have a basic understanding of water-related climate risks, new
information, better observations and data, and improvements in science continue to add to our
understanding.

41 EXTREME TEMPERATURES

Climate change is driving an increase in the frequency, magnitude, and duration of heatwaves
(Perkins-Kirkpatrick and Lewis 2020; Vose et al. 2017; Hayhoe et al. 2018; Marvel et al. 2023), and
even in some rare cases, of extreme cold events in mid-latitude regions in the Northern Hemisphere
(Cohen et al. 2021).* The US Department of Homeland Security broadly defines an extreme heat
event (also referred to as a “heatwave”) as a period of high heat and humidity with sustained
temperatures of about 90°F for a minimum of two to three days (US Department of Homeland
Security 2022). There has been a significant increase in heatwaves in almost all parts of the world
since the 1950s, largely characterized by longer duration events (Perkins-Kirkpatrick and Lewis 2020).
In the 50 largest US cities, the average number of heatwaves has doubled since the 1980s, and the
heatwave season has lengthened from ~40 days to ~70 days (Marvel et al., 2023).

The National Weather Service (NWS) is similarly broad in its definition of extreme cold but does not
give a specific temperature threshold (National Oceanic and Atmospheric Administration n.d.). They
note that certain factors, such as wind chill, can contribute to impacts from extreme cold events.
Climate change is intensifying temperature extremes and potentially altering atmospheric circulation,
making extreme temperature events, particularly extreme heat events, more common (Vose et al.
2017; Seneviratne et al. 2021; Marvel et al. 2023). These extreme temperature events are expected to
increase in magnitude and become more common every decade (Thompson et al. 2022).

5 Attributing climate change to any single weather event is challenging for scientists because there have always been extreme weather
events, and it requires complex and uncertain statistical analyses based on available long-term data. Attribution science is a discipline
that has developed over recent decades that seeks to quantify how much climate change has played a role in any specific extreme
weather event (Cho 2021). Attribution science is best applied when there are long (100 years or more) observational records of the type
of event being studied in the location where it occurred (not always available). It is also better at quantifying attribution of climate
change for temperature-related events, like heatwaves, but not as good at quantifying attribution to extreme precipitation events due to
modeling constraints (Cho 2021). In other words, just because an event has not been scientifically directly attributed to climate to date, it
does not necessarily mean it was not a climate change phenomenon.

6 Cohen et al. (2021) uses observations and models to demonstrate how changes in the Arctic due to climate change are likely an
important driver of a chain of events that involve “stratospheric polar vortex disruption,” which ultimately can result in extreme cold
events in the mid-latitudes of the Northern Hemisphere.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States



19 4. SIX CLIMATE PHENOMENA AFFECTING THE WATER AND SANITATION SYSTEMS OF FRONTLINE COMMUNITIES

According to the United States National Climate Assessments, all regions of the United States have
shown a change in the length of the frost-free season, which occurs between the last freeze in

the spring and the first freeze in the fall (Vose et al. 2017; Marvel et al. 2023). It also reports that
average annual temperatures, which incorporate extreme heat and cool, are projected to rise by
about 2.2°F relative to 1986-2015 levels by mid-century. Figure 5 shows observed changes in hot
and cold extremes over the period of 2002-2021 relative to 1901-1960 (or 1951-1980 for Alaska and
Hawaii) (Marvel et al. 2023). Figure 6 shows projected changes (relative to 1851-1900) in annual
average temperatures across the United States under different global warming levels (1.5°C/2.7°F,
2.0°C/3.8°F, 3.0°C/5.7°F, and 4.0°C/7.6°F). Extreme high temperatures are projected to increase even
more than average temperatures (Vose et al. 2017).

FIGURE 5. Observed Changes in Hot and Cold Extremes
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Note: This figure shows the observed change over the period of 2002-2021 relative to 1901-1960 (1951-1980 for Alaska and
Hawaii).

Source: Marvel et al. 2023
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FIGURE 6. Projected Changes in Annual Average Temperature (°F) for Various Global Warming
Levels
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4.1.1. Impacts of Extreme Heat

Extreme heat can have direct and indirect impacts on water supply and water systems. One
immediate, direct impact of extreme heat is to cause increased evaporation. For communities
dependent on surface water supplies, such as from a reservoir, increased evaporation can reduce
water supply availability, making it challenging for water systems to deliver water in sufficient
quantities. In the Colorado River Basin, climate change is increasing evaporative losses in two of
the largest water-supply reservoirs, Lake Mead and Lake Powell (the reservoirs behind Hoover

Dam and Glen Canyon Dam, respectively) (Osezua et al. 2023), adding stress to an over-allocated
water system that supplies water to 40 million people. Increasing temperatures and extreme heat
events are also contributing to harmful cyanobacterial blooms (Paerl and Huisman 2009), which can
make the water unsafe to drink or use even after treatment (Zamyadi et al. 2012). In places where
open water bodies are overloaded with nutrients, like phosphorus from fertilizer runoff, warming
temperatures support increased growth in harmful algal blooms (Paerl and Huisman 2009). Research
by Chapra et al. (2017) projects that harmful cyanobacterial algal blooms are likely to increase

as water temperatures increase in reservoirs across the contiguous United States; changes in air
temperature are the primary driver for changes in water temperature in their model.

While outside of the United States, recurring cyanobacterial algal blooms in Lake Taihu in China
offer one recent documented example of how heatwaves contribute to toxic algal blooms and

can lead to a loss of access to drinking water for millions of people. In the summer of 2022, three
heatwaves in China were linked to a harmful cyanobacteria bloom in the lake, which supplies water
to approximately 20 million people (Li et al. 2023). Researchers reported how the cumulative effects
of these heatwaves, which included high air temperature, low wind speed and rainfall, and high
solar radiation, promoted the growth of harmful cyanobacteria blooms. Water suppliers in the region
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have been challenged by these blooms for more than a decade, causing disruptions in their ability to
provide water to their communities for days and weeks at a time (Qin et al. 2019).

An indirect impact on water supplies from extreme heat is how it affects water use. During extreme
heat events people tend to use more water for watering outdoor landscapes, keeping cool, or staying
hydrated. For centralized water systems, temperature spikes can lead to peak demand, putting
strain on the entire system (Shafiei Shiva and Chandler 2020), making it more challenging for water
utilities to deliver sufficient quantities of water. During a heatwave in August of 2023, the City of
Carlsbad, New Mexico, issued mandatory outdoor water restrictions to help protect their water
supplies (Smith 2023). While this did not likely cause a loss of water access for Carlsbad households,
it shows how water utilities have acted in response to heat waves by placing restrictions on

water use.

Another indirect effect of extreme heat can be increased evapotranspiration, which creates dryer
conditions across the landscape, increasing the risk of wildfire (White et al. 2023). In the Pacific
Northwest, the start of summer 2021 had a record-breaking heatwave, with many locations breaking
all-time maximum temperature records by more than 5°C (9°F) (White et al. 2023). Research by
White et al. (2023) details the immediate and longer-term impacts from the heatwave and extreme
temperatures, including how it directly contributed to drier, warmer, and windier conditions that
spawned large fires during the event and after it had subsided. Wildfires are discussed further in
Section 4.6.

The impacts of extreme high temperatures disproportionately affect frontline communities and can
exacerbate existing disparities in water and sanitation access, as well as increase the risk of heat-
related illnesses and other health impacts (Shindell et al. 2020). Heatwaves increase the need for
water access to aid in cooling and hydration to avoid heat-related illness and death (Shindell et al.
2020). Older adults are already at increased risk of dehydration, even under normal circumstances
(National Council on Aging 2021). People experiencing homelessness are also at increased risk of
heat-related illnesses, in part due to lack of access to sufficient drinking water (Every et al. 2021).
Dehydration and other heat-induced illnesses are also a major risk for laborers exposed to extreme
heat (Levy and Roelofs 2019). Workers with few rest periods and limited access to water and places
to cool off are at especially elevated risk (Kjellstrom et al. 2018).

4.1.2 Impacts of Extreme Cold

Extreme cold events can cause damage to water supply and sanitation systems, cutting off access
for the people served by those systems, especially in unprepared or un-weatherized geographies.
For example, in Jackson, Mississippi, the 2021 severe winter storm that brought extreme cold
temperatures and power outages to the region led to burst water mains and pipes, disrupting
service delivery for weeks (Fentress and Fausett 2021). In this case, 70% of the city’s residents
were still under boil-water advisories a month after the storm (Fentress and Fausett 2021). In the
Midwest, where winter snow is more common, reduced winter snowpack from lower-than-average
precipitation caused septic drain fields to freeze and fail during extreme low-temperature events
(Calabretta et al. 2022). In this region, the combination of cold temperatures along with the change
in snowfall have combined to alter the impact of cold events on septic tank infrastructure, leading
to failure.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States



22 4. SIX CLIMATE PHENOMENA AFFECTING THE WATER AND SANITATION SYSTEMS OF FRONTLINE COMMUNITIES

Cold temperatures caused widespread electricity grid failures, power shortages, and water-system
breakdowns in Texas during Winter Storm Uri in 2021 (Igini 2022). Municipal systems that lost

grid power and were without backup power were unable to treat or distribute water (Glazer et al.
2021). Consequently, approximately 49% of Texans (more than 14.4 million households across 190
counties) had water service disrupted (Watson et al. 2021; Glazer et al. 2021). Nearly 264,000 Texans
lived in areas where water systems were completely nonoperational (Wang et al. 2022). In general,

disruptions in water service lasted longer for those
served by small water systems (serving 25-500 people)
(Glazer et al. 2021).

Extreme cold also has impacts on water quality. In the
case of Winter Storm Uri, broken distribution pipes
caused a loss of system pressure across more than 680
water systems that, in turn, had to issue boil-water
notices due to potential for contamination. These boil
notices affected more than 16 million people (Samuels
2021; Texas CEQ 2021; Wang et al. 2022), likely the largest
boil-water notice event in US history (Glazer et al.

2021). In surface-water bodies, like lakes and reservoirs,
extreme cold can disrupt the nutrient-cycling processes,
causing changes to water quality that can lead to
bacterial growth (Wang et al. 2022). And while not only
used for extreme cold events, deicing products used on
roads, driveways, parking lots, and other places can lead
to increased salinity and contamination in surface water
and groundwater, compromising water safety (Perera et
al. 2013).

4.2 DROUGHT

The impacts of
extreme high
temperatures
disproportionately
affect frontline
communities and can
exacerbate existing
disparities in water and
sanitation access, as
well as increase the
risk of heat-related
illnesses and other
health impacts.

Drought is a prolonged period of abnormally dry conditions, typically characterized by a lack of
precipitation causing a water shortage. Droughts can be classified as meteorological, hydrological,
agricultural, socioeconomic, or ecological, depending on the cause and impact (National Drought
Mitigation Center n.d.).” Droughts can occur in any climate or region, and their severity can range
from mild or “abnormally dry” (DO) to exceptional (D4) depending on factors such as the length of
time without rainfall, the intensity of heat and wind, and the availability of water reserves, among

other complex factors (National Drought Mitigation Center n.d.).

Climate change is increasing the frequency, severity, and duration of droughts in many regions of

the world by altering precipitation patterns, increasing temperatures, and decreasing soil moisture
(Portner et al. 2022). While the focus of drought often centers on the lack of precipitation, the role
of warmer temperatures is important to understand (Overpeck and Udall 2020). In the United States,
drought exacerbated by climate change is largely a result of surface soil moisture deficits from

7 See https://www.drought.gov/what-is-drought/drought-basics#types-of-drought for more on how the different drought types are

defined.
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increased evapotranspiration because of hotter temperatures, though this varies regionally (Wehner
et al. 2017; Marvel et al. 2023). Of particular concern is the co-occurrence of high temperatures
and dry periods from a lack of precipitation (Mann and Gleick 2015) as well as more frequent and
longer periods of low-to-no precipitation compared to historical averages (Siirila-Woodburn et al.
2021). Throughout the United States, future decreases in soil moisture combined with warming
temperatures are expected to increase the intensity and extent of drought impacts (Figure 7)
(Payton et al. 2023). Much of the United States is now vulnerable to “flash droughts” that can
happen in a matter of days through some combination of extreme heat and/or wind speeds with a
lack of rainfall (Marvel et al., 2023). Drought exacerbated by climate change will continue to have
complex, interacting effects on ecosystems and the humans that depend on them (Clarke et al.
2018; Mach et al. 2023).

Figure 7. Projected Change in Average Summer Soil Moisture, Middle of the 21st Century,
Intermediate Emissions
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Note: Graphic shows the (a) average difference in inches in soil moisture across all available projections, as well as the
average of the (b) wettest and (c) driest projections.

Source: Payton et al. 2023

Anthropogenic (i.e., human-caused) climate warming is increasing so-called “hot drought” and

more arid conditions throughout an expanding area of the United States (Overpeck and Udall 2020).
However, there are regional differences in drought occurrence, duration, and causes. The Upper
Missouri River Basin experienced the worst drought in the instrumental records from 2000-2010, and
tree-ring records indicated it matched or possibly surpassed any droughts over the last 12 centuries
(Martin et al. 2020). California and the Southwest United States are particularly prone to decadal
persistence of droughts, and they have been experiencing increased drought severity in recent
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decades (Williams et al. 2022). During the period from 2000-2021, the Southwest experienced the
driest 22-year period in at least 1,200 years, and climate change is expected to increase the risk and
severity of “megadroughts” in western North America (Williams et al. 2022; Cook et al. 2022). Higher
global temperatures are intensifying and amplifying droughts that are resulting in tangible water
shortages for ecosystems and human use in California watersheds and the Colorado River Basin
(Gonzalez et al. 2018). During the period 2000-2014, Colorado River streamflow was 19% lower than
the 20™ century average (Marvel et al., 2023).

The increased drought risk in the Southwest is exacerbated by a warming climate that causes vapor
pressure deficit (VPD) (Crownhart 2021). VPD is defined as a difference in the amount of water vapor
in the air versus the amount of water vapor that it can hold. The hot air of the desert Southwest
can hold more moisture than cold air, so as temperatures rise, more water will evaporate. The
probability of VPDs such as those experienced in the Southwest in 2020 occurring during any given
year was 0.4%, or a 1-in-200 years event; yet, with the onset of climate change, by 2030 such deficit
events are expected to be a 1-in-10 years event in the Southwest (Crownhart 2021). A study of recent
historical data (1979-2013) and future projections found higher temperatures will lead to greater
evaporation and loss of moisture from surface water and soils, as well as an expected nationwide
increase in summer VPD by as much as 51%, resulting in “continental-scale drying of the United
States atmosphere,” especially in regions where water availability is already low (Ficklin and Novick
2017).

Mountain snowpacks have historically represented significant natural reservoirs, and through runoff
they supply rivers, lakes, and groundwater recharge, as well as constructed reservoirs that provide
hydropower and water for communities and irrigators. In the Western United States, researchers
have estimated that approximately half of all runoff is derived from snow melt (Li et al. 2017). Water
from snow melt across the Western United States is expected to decline approximately 25% by
2050, and low-to-no snow periods may become persistent within 35 to 60 years under a “business
as usual” greenhouse gas emissions scenario (Siirila-Woodburn et al. 2021).2 Snowpack (measured
as snow water equivalent (SWE), i.e., the amount of water in snowpack) in the Upper Rio Grande
Basin has already decreased compared with the historical average from 1958-2015, with April 1

SWE having decreased by approximately 25% (Chavarria and Gutzler 2018). In the Upper Colorado
River Basin (UCRB) scientists found that annual mean discharge has decreased by 9% per degree
Celsius (1.8°F) of warming (Milly and Dunne 2020). They concluded that warming has increased

the sublimation of snow directly to the atmosphere, causing loss of snow cover, thereby reducing
albedo (surface reflectivity) and increasing the temperature of the ground surface (which further
increases evaporation, creating a feedback loop).® Climate scenarios indicate stream flows in the
UCRB could decrease by nearly 30% by 2050 (Miller et al. 2021). The projected loss of snowpack and
runoff will have potentially catastrophic consequences in snow-fed basins that will affect all water
users (Siirila-Woodburn et al. 2021; Milly and Dunne 2020). Furthermore, diminished and increasingly
ephemeral snowpacks that melt earlier in the season have implications for groundwater recharge
and surface flow dynamics (Siirila-Woodburn et al. 2021).

8 Intergovernmental Panel on Climate Change “business as usual” scenario assumes that no greenhouse gas mitigation policies or
measures will be implemented beyond those that are already in force and/or are legislated or planned to be adopted.

9 Albedo is a measure of the reflectivity of a surface. Snow and ice generally have higher albedo than darker surfaces like exposed
ground.
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4.2.1 Groundwater and Drought

Groundwater systems already provide a substantial amount of water supply for both agricultural and
domestic needs in different parts of the country, but during droughts when surface water resources
are diminished, groundwater use often increases to meet demands (Pauloo et al. 2020). Increasing
drought severity in the Western United States increases overall water demand for irrigation and, in
turn, accelerates groundwater depletion (Scanlon et al. 2012). This can increase the time required

to replenish or recharge aquifers (Russo and Lall 2017). As climate changes increase drought,

or changes the timing or intensity of precipitation timing, magnitude, and location, recharge of
groundwater resources can be even further reduced (D6ll 2009; Meixner et al. 2016), diminishing the
physical accessibility of water resources.

Because climate change affects both the supply of water for groundwater recharge and the demand
for groundwater (Lall et al. 2018; Amanambu et al. 2020), the overexploitation and depletion of
groundwater resources can negatively impact water supply systems that rely on them (Bostic et al.
2020; 2023). In California, where around 1.5 million Californians rely on domestic wells for drinking
water, a combination of drought and groundwater overdraft has led to the drying of wells, land
subsidence, and the decline in access to water for many frontline communities (Pauloo et al. 2020;
Galloway and Burbey 2011). In 2021 and 2022, amidst a nearly statewide drought, 2,493 domestic
well water outages were reported to the state, the majority from inland regions, such as the Central
Valley (California Department of Water Resources 2023). Figure 8 shows the precipitous long-

term decline of groundwater volume in California’s Central Valley, despite modest recharge during
occasional wet years (Liu et al. 2022).

FIGURE 8. Yearly Cumulative Groundwater Losses in California’s Central Valley
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GRACE estimates.

Source: Liu et al. 2022
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In the Central United States, depletion of the Ogallala Aquifer is also happening at rates faster than
natural recharge, although there is regional variation in rates of depletion (Winter and Foster 2014).
Figure 9 shows the regional changes in water level across the Ogallala Aquifer from predevelopment
to 2015 (Gowda et al. 2018).

FIGURE 9. Ogallala Aquifer Water-Level Change from Predevelopment to 2015
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The depletion of groundwater exacerbates drought risk (Lall et al. 2018; Payton et al. 2023),
especially for disadvantaged communities dependent on shallow wells for water supply (London

et al. 2018). Some of the greatest risks to communities dependent on the Ogallala Aquifer are due
to increased costs for pumping that are associated with dropping groundwater levels and costs
for extending existing or digging new groundwater wells (Tidwell et al. 2016). While many questions
remain about exactly how climate change will impact groundwater in specific places and times,

a synthesis of 40 studies indicates it will decrease groundwater recharge, storage, and levels,
particularly in already arid areas (Amanambu et al. 2020).
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4.2.2 Drought Impacts on Water Quality

In the United States, droughts are negatively affecting drinking water availability, water quality,

and public health (Lall et al. 2018; Payton et al. 2023). Droughts change the quality of well water,
along with groundwater depletion through overdraw, which also has been linked to the degradation
of groundwater quality (Levy et al. 2021). In a US Geological Survey study of 30 years of data,
scientists found that increased pumping from wells during a drought can pull shallow, contaminated
groundwater down to depths commonly tapped for the public drinking water supply (Levy et al.
2021). Furthermore, droughts can increase the amount of contaminants and pollutants in shallow
well water (Pauloo et al. 2020).

Declining groundwater resources disproportionately affect frontline communities in the California
Central Valley, the Southwest United States, and other regions. In eastern Oregon, decades of
groundwater degradation in Morrow and Umatilla counties from nitrate contamination have left
hundreds of domestic wells at risk (Oregon Secretary of State and Oregon Audits Division 2023).
This study from eastern Oregon also noted that populations in both counties experience a higher
rate of poverty and are comprised of a higher proportion of those who identify as Hispanic or Latino
compared to the state as a whole. Research has shown that throughout the United States, domestic
well users are at elevated risk of arsenic exposure during droughts, raising considerable public
health concerns (Lombard et al. 2021).

4.2.3 Disproportionate Drought Impacts

Drought also takes a substantial economic toll on communities. From 1980-2022, damage from
drought and related heatwaves resulted in $399.4 billion in total costs to the nation along with
4,275 deaths™ (a death toll second only to tropical cyclones) (NOAA NCEI 2022). One way drought
disproportionately impacts frontline communities economically is through the increasing cost of
water. Climate change and droughts may contribute to a rise in the cost of water if, for example, a
water utility must purchase a more expensive water supply, pump groundwater from deeper in an
aquifer, or add treatment processes to degraded water supplies (Feinstein et al. 2017). When water
is scarce, the cost of water may increase to reflect its value, particularly in existing arid regions or in
areas with rapidly growing populations (Patterson and Doyle 2020). Households that have their own
water source may also be required to spend more money on obtaining and treating water during a
drought. In both cases, affordability of water may inhibit access for those unable to afford the cost
of rising water rates or new treatment.

The report Safeguarding Water Affordability indicates that the combination of aging infrastructure,
changing customer bases, regulatory compliance, and climate change ultimately necessitates higher
rates overall, and the authors encourage efforts to ensure affordability for vulnerable and/or low-
income communities (Bipartisan Policy Center 2017). The EPA Climate Change Impacts and Risk
Analysis project found that global inaction to mitigate greenhouse gases could add considerable
financial costs due to damage to water quality, urban drainage, and water supply in the United
States. For example, water-quality damages are expected to increase by over $3.2 billion in 2100.
Under a greenhouse gas mitigation scenario, damages are reduced by over 82%, avoiding up to $3

10 Deaths attributed to droughts are the result of heatwaves, though not all droughts are accompanied by extreme heatwaves (NOAA
NCEI 2022).
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billion in costs (US EPA 2015a). If these estimates are accurate, the failure to reduce greenhouse gas
emissions leads to climate changes that place a significant future cost burden on utilities and will
require extensive investment in conservation, supply logistics, and treatment.

Droughts have variable impacts on different water users and communities even within the same
watershed (McNeeley 2014). For example, over the period of 2008 to 2018, water storage and
supplies in the upper Tuolumne watershed serving urban water users in economically well-off areas
of Northern California were not affected by drought; but supplies to agricultural and urban users
in lower-income areas in the Central Valley were cut by 30% (Stewart et al. 2020). Over the period
from 2012 to 2016, the Pacific Institute found that 76% of drought-impacted public water systems
in California were small, serving 1,000 connections or less, consistent with the overall percentage
of small systems found in the state (Feinstein et al. 2017). They also found that “a large proportion
of drought-impacted public water systems and household outages were in Disadvantaged and
Cumulatively Burdened Communities [and] of the 92 drought-impacted public water systems for
which we know the location, two-thirds served a Disadvantaged Community, and nearly one-third
served a Cumulatively Burdened Community.”” These water-supply outages from drought leave
communities and households that once had it without water access, providing an example of how
extreme climate events can result in backsliding.

Indigenous communities experience some drought impacts similar to other marginalized
communities, but they are also affected uniquely and disproportionately based on geography and the
legacies of settler colonialism (Jantarasami et al. 2018; McNeeley 2017; Whyte 2018; McNeeley et al.
2018; Whyte et al. 2023). The Metlakatla Indian Community of Southeastern Alaska relies on local
lakes to supply municipal water and generate hydropower. Chester Lake has not maintained levels
adequate to meet the demands of municipal water needs and generate electricity, which caused the
Tribe to cease operations at the hydropower plant and switch to diesel generators, a less sustainable
and more costly option (Scott et al. 2017). The Tribe’s Climate Change Adaptation Plan states that
the inability to secure supply to meet multiple water needs is due to “a shift in precipitation coupled
with warmer winter temperatures that results in little to no snowpack, coupled with increased
energy demands” (Scott et al. 2017).

Indigenous communities are often located in rural areas where critical water infrastructure may
not exist or may be located a considerable distance away, making hauling water to their homes or
access to alternative water sources essential for daily life (Status of Tribes and Climate Change
Working Group 2021; Roller et al. 2019). On the Navajo Nation, droughts are threatening already
limited water and sanitation access, where approximately 30% of households do not have running
water or indoor plumbing and must rely on hauling water from distant sources and on outhouses or
inadequate septic systems (Lovato 2022; Roller et al. 2019). Many Navajo families on the reservation
rely on water haulers to deliver water to their homes from off-reservation sources, which can have
significant health and economic implications. Many also spend considerable time and money on
water and sanitation-related activities and restrict personal water use due to cost and challenges to
access (DigDeep 2022; Roller et al. 2019).

11 Feinstein et al. (2017) defines Disadvantaged Communities as those that have a median household income of less than 80% of the
state median. They define Cumulatively Burdened Communities as those that rank in the top quarter of census tracts in the state for
environmental burdens and socioeconomic vulnerability.
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Households without adequate water and sanitation access are at increased risk for waterborne
illnesses and infectious diseases such as COVID-19 (Eichelberger et al. 2021). In some remote Alaska
Native communities, residents already struggled to secure sufficient water supplies for hygiene and
to protect their health, leaving them vulnerable to transmission of COVID-19 (Figure 10) (Eichelberger
et al. 2021). During times of drought, these health risks are elevated with few alternatives for access
to clean water supplies in such remote locales.

FIGURE 10. Context in Remote Alaskan Communities that Influence Transmission of COVID-19
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Source: Reprinted from Science of The Total Environment, Vol 776, Eichelberger et al., Implications of inadequate water and
sanitation infrastructure for community spread of COVID-19 in remote Alaskan communities, Copyright (2021), with permission
from Elsevier.

Droughts challenge even those communities that have been proactive in planning. EL Paso, Texas
has invested in “drought-proofing” water systems, increasing public awareness of water use, and
wastewater recycling and desalination technologies (Crownhart 2021). However, Crownhart reported
that even El Paso’s careful plans are being challenged by newly intense droughts as solutions get
harder, more complex, and more expensive to implement. Crownhart stated that in October of 2021,
after over 100 years serving as the area’s water supply, Elephant Butte Reservoir in New Mexico was
at just 5% capacity as a direct result of severe drought conditions from January 2020 to August
2021, a 1-in-50 years event. This example demonstrates how even communities with robust water
management practices that try to incorporate climate change can still be at risk from extreme
events.
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4.3 INLAND FLOODING

Inland flooding occurs when the volume of water overcomes the capacity of natural or built drainage
systems to absorb and move the excess water (US Climate Resilience Toolkit 2023). It often results
from periods of extreme precipitation or a landfalling coastal storm that brings many days of
consecutive rainfall (Fleming et al. 2018; Leung et al. 2023, Marvel et al. 2023)."2 Inland flooding can
also occur after rapid snowpack melt or failure of dams or levees. Observed increases in the total
annual precipitation falling in the heaviest 1% of events since the 1950s and for two other metrics

of extreme precipitation (five-year maximum daily precipitation and the annual maximum daily
precipitation) have been found for all regions in the lower 48 states and Alaska (Figure 11) (Marvel

et al. 2023; Kunkel et al. 2020). These extreme precipitation events are major contributors to inland
flood and flash flood risks (US Global Change Research Program n.d.). According to the Fifth National
Climate Assessment, “[t]here is robust evidence that human-caused warming has contributed to
increases in the frequency and severity of the heaviest precipitation events across nearly 70% of the
US.” (Marvel et al. 2023).

FIGURE 11. Observed Changes in the Frequency and Severity of Heavy Precipitation Events
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Source: Marvel et al. 2023

Flooding is among the most frequent and costliest natural disasters in the United States (Federal
Emergency Management Agency 2022) with an annual average cost of $32.1 billion, and costs

are projected to rise with warming global temperatures (Wing et al. 2022). Between 1980-2022
flooding cost the nation $187.7 billion (NOAA NCEI 2022). Wing et al. also estimated that flood risk
in the United States could increase by an average of 26.4% by 2050 due to climate change alone
(depending on future greenhouse gas emissions levels). The same study identified that this future

12 Scientists define extreme precipitation caused by climate change in different ways, but generally it refers to “a greater-than-normal
amount of rainfall received at a certain time” (Yin et al. 2022).
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flooding will disproportionately impact Black communities (with at least 20% Black population) at
twice the rate of neighborhoods that are less than 1% Black. They point to hotspots of flood damage
in coastal Louisiana, the inland Northeast, Appalachia, and rural counties of the Pacific Northwest
and Northern California. Flooding can be costly and damaging to water utility infrastructure and
operations (US EPA 2023b), which also disproportionally burdens frontline communities.

While inland flooding is largely attributed to precipitation events and extreme weather, flooding also
can be the result of, or exacerbated by, aging and deteriorated infrastructure, such as levees and
dam failure. The United States is home to over 91,000 dams, thousands of which are deficient and
have high hazard potential (American Society of Civil Engineers 2021). The number of high-hazard
dams where loss of life from dam failure is probable has increased by almost 20% in the last 10
years to over 16,000 (Association of State Dam Safety Officials 2023). The Association of State Dam
Safety Officials indicates that increased drought and flooding from climate change make dam safety
essential for flood protection, as well as capturing water when available or in excess and providing it
downstream when needed.

In New York City, aged water infrastructure and poorly equipped storm drainage systems have
resulted in sewage backups (Kaysen 2021). New York City is facing this issue despite $20 billion
invested in climate resilience measures that include improved stormwater management since
Superstorm Sandy in 2012 (City of New York 2021; Kaysen 2021). During Hurricane Ida in 2021,

sewer mains backed up into people’s homes, resulting in two to three feet of standing sewage and
tens of thousands of dollars in cleanup costs per household (Kaysen 2021). These impacts can
disproportionately effect low-income communities and communities of color, such as in South
Jamaica, Queens, where the residents are predominantly Black and Latino and some homeowners
experience sewer backups every few months (Scott 2022). In September 2023, an extreme rain event
caused flash flooding in streets and basements across the city, and the governor declared a state of
emergency (Wilson and Meko 2023). In a neighborhood between the border of Brooklyn and Queens
that is not connected to a sewer system, a resident reported that her building was “collapsing from
water damage” (Wilson and Meko 2023). Climate change will only worsen these types of inequities
(Marvel et al. 2023; Payton et al. 2023).

Jackson, Mississippi provides another illustrative example of the threat to water access for frontline
and impoverished communities threatened by a combination of climate change, flooding, and

aged, under-funded, and improperly maintained water infrastructure. In August 2022, news outlets
reported that as many as 180,000 people in and around Jackson found themselves without safe
water, resulting in emergency distribution of bottled water and tanker trucks (Trotta 2022). This
reportedly occurred after system pump failure and a month-long boil-water advisory that was
complicated by historic torrential rains (NOAA National Centers for Environmental Information 2022)
and the cresting of the Pearl River over its banks (Trotta 2022; Grant 2022). Critical water-treatment
infrastructure was comprised, causing drops in water pressure and leaving residents without water
that was safe for drinking or bathing. Officials at the time warned the problem would persist
“indefinitely” (Trotta 2022; Landen 2022). Public schools had to shift to online learning again (post
COVID-19 pandemic era of quarantining and remote learning), and hospitals had to rely on portable
restrooms (Rojas 2022). Jackson’s mayor stated that the cost to address just the immediate issues
exceeded $1 billion, and billions more were needed to address the chronic issues faced by the city’s
system (Landen 2022; Fentress and Fausett 2021; Grant 2022). Jackson is a cautionary tale as these
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types of neglected systems are increasingly more vulnerable to the hotter, wetter future that climate
change will bring (Neuman 2022).

Inland flooding is also a challenge in small and rural communities. In rural Central Appalachia, a
legacy of coal mining has removed some of the natural protections that could help alleviate flooding
risk (Kenning et al. 2022). The long history of extractive industries has resulted in the removal of
trees, topsoil, and rocks, contributing to erosion (Kenning et al. 2022) and creating flat coal chutes,
which are conducive to rainwater running off and flooding lower ground (Hagan 2023).

In July 2022, some communities in eastern Kentucky received 14-16 inches of rain in a five day period
- with some receiving over eight inches in a 24-hour period - causing extreme, historic flooding in

13 counties; in addition, observed rainfall totals across eastern Kentucky were over 600% of normal
(National Weather Service 2022). This 1-in-1,000 year event caused widespread destruction and
disruption to rural water systems, which hampered the availability of water and sanitation access.
At least three wastewater plants were rendered completely inoperable, and several others had
limited operations from infrastructure damage caused by flooding, mudslides, and rockslides, as well
as power outages. The flooding necessitated hundreds of helicopter and boat rescues and swept
away entire homes and even portions of some communities, leading to dozens of deaths and costly
infrastructure damage (National Weather Service 2022). An estimated 18,000 service connections
lost access to water, and another 45,600 connections received boil notices (American Water Works
Association 2022). The Federal Emergency Management Agency (FEMA) provided $108.8 million

in disaster aid to 8,747 individuals and households and $81.5 million for public agency assistance
(Federal Emergency Management Agency 2023).

In the Western United States, water management is increasingly confronted with rain-on-snow
(ROS) events. In a typical winter season, snowpack accumulates in mountainous regions, serving as
a natural reservoir that slowly releases water during the spring and summer months as the snow
melts. However, if rain falls on snowpack (i.e., ROS), it can cause rapid snowmelt, producing flood
events that are difficult to forecast (Hatchett and McEvoy 2017). These events make water more
unpredictable in time and place (Musselman et al. 2018). As an example, a large, warm atmospheric
river™ in February 2017 over the Sierra Nevada led to the Oroville Dam crisis in California (Musselman
et al. 2018). During this ROS and subsequent flood event, dam operators opened Oroville Dam’s
spillway, which eroded and failed, leading to emergency evacuations of over 188,000 people
downstream (Stork et al. 2017). Socioeconomic impacts of the disaster lingered long after the
evacuation, which included financial losses (e.g., lost productivity and wages), emotional impacts
(stress and trauma of the evacuation), and economic losses from loss of recreational opportunities in
the area, among others (Stork et al. 2017). Work by Musselman et al. (2018) indicates that while ROS
events will become less frequent at lower elevations due to snowpack decline, it may become more
frequent in places like the Sierra Nevada and the Colorado River headwaters, increasing flood risk by
20-200%. The Fifth National Climate Assessment notes that even in places that are experiencing an
overall drying trend, “atmospheric rivers are expected to become stronger and wider, increasing the
risk of downpours and floods across the western United States” (Marvel et al. 2023). Furthermore,

13 Atmospheric rivers are concentrated columns of water vapor, critical to the global water cycle for moving water vapor from tropical
regions to other regions, but that often cause extreme precipitation events resulting in severe flooding; atmospheric rivers contribute
roughly 22% of total global runoff (Paltan et al. 2017).
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atmospheric rivers have become warmer along the Pacific coast over the past several decades,
transporting larger amounts of moisture further into the Western United States (Chang et al. 2023).

Flooding and heavy rainfall increase erosion and destabilize landscapes. Research on the impacts

of climate change to landslide events indicates that in places where rainfall events become more
frequent and severe, there may be increased risk of landslides (Gariano and Guzzetti 2016). When
slopes fail, sediment and debris can flow into, disturb, and contaminate water sources, such as rivers,
lakes, and reservoirs (Smith et al. 2011; Géransson et al. 2018). While flooding and landslides are
natural processes, disturbances to landscapes, such as from wildfire (discussed in Section 4.6 below),
logging, mining, or other extractive activities can contribute to increased flooding and landslides and
increase the amount of contaminants being transported into waterways (Smith et al. 2011; Bruggers
2019). After a wildfire in the Colorado Front Range, flash floods caused by heavy summer rainfall led
to high amounts of erosion and sediment flowing downstream and into a reservoir (Moody and Martin
2001; 2004). These events contribute to water quality degradation, making delivery of safe water a
challenge.

Even when flooding and extreme rain do not cause landslides and erosion, oversaturated roads can
create challenges for providing water to remote communities. On parts of the Navajo Nation, where
dirt roads become impassable after a large amount of rainfall, people who are dependent on hauled
water can be left without access to any drinking water and storms (DigDeep 2022). Climate models
project an increase in heavy downpours in the Southwest, so this could become a more recurring
issue (Gonzalez et al. 2018; White et al. 2023).

As climates change, water and wastewater systems will need to make costly upgrades to help

protect drinking water and sanitation access. The most recent survey and assessment by the US

EPA of drinking water infrastructure found that over the next 20 years there is a need of $625 billion
to ensure water systems continue to provide safe drinking water to the public (US EPA 2023d)."

The summary shows that the largest proportion of this need is for distribution and transmission
infrastructure with a total estimated need of $420.8 billion; the other areas of need include for
treatment ($106.4 billion), storage ($55.3 billion), source water itself ($24.9 billion), and other projects
($17.6 billion). This survey also estimated that Tribal drinking water infrastructure needs more than $4
billion over the next 20 years. A similar analysis of the capital investment needs related to wastewater
infrastructure was published by the US EPA in 2012. While now out of date, at that time the total need
for meeting the water-quality goals of the Clean Water Act and goals related to public health were
$271 billion (US EPA 2023a). This need was spread across various levels of wastewater-treatment
processes, conveyance repair and construction, combined sewer overflow corrections, stormwater
management, and recycled water distribution. An updated estimate for national wastewater treatment
needs is expected in 2024. These numbers are based on surveys of capital investment needs deemed
necessary by water and wastewater utilities, which may or may not be working to incorporate climate
change projections into their capital plans. Ensuring that investments made to address these needs
can withstand expected climate changes will require infrastructure design and operational guidelines
that account for future climate scenarios and related emerging risks (Wasley et al. 2020).

14 The US EPA’s Drinking Water Needs Survey and Assessment is performed every four years and only considers infrastructure
improvements that are eligible under the Drinking Water State Revolving Fund (DWSRF). DWSRF includes projects that are necessary for
water systems to continue to provide safe drinking water to the public.
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4.31 Inland Flooding and Decentralized Drinking Water and Sanitation Systems

Inland flooding poses a risk to decentralized water systems.” Approximately 42.5 million Americans
rely on unregulated private wells for their drinking water (Gibson et al. 2020). Private wells that rely
on shallow groundwater with more direct connection to surface water bodies may be vulnerable

to contamination and affected by seasonal variation in precipitation. For example, in the colonias
and other unincorporated communities in the Southwestern United States, research demonstrated
that well water quality depended on the amount of rainfall seasonally with respect to arsenic and
bacterial contamination (e.g., Escherichia coli), which leaves populations served by domestic wells
vulnerable to health risks during both wet and dry periods (Rowles Il et al. 2020). Flooding creates
additional risk of contamination, determined in part by what type of land use is affected by the
floods. Floodwaters carry pollution from all surfaces into local waterways. Fertilizers can come from
agricultural and residential areas, pathogens, bacteria, and chemicals can come from industrial and
urbanized areas, and heavy metals from roadways and mining sites.

There is also research beginning to link climate change and the contamination of groundwater and
surface water from per- and polyfluoroalkyl substance (PFAS) compounds and microplastics, both
more recently recognized classes of chemicals that can leach during rain and flooding events from
landfills, agricultural lands (pesticides use microplastics as fillers), biosolids from wastewater
treatment plants, and even septic systems (Gander 2022)."® Gander states there is growing evidence
that increased flooding from climate change and more intense storms increases deposition of
pollutants (like PFAS and microplastics) on low-lying urban areas and floodplains.

Contamination of drinking water sources by floodwaters can render them unsafe for consumption
without appropriate treatment, jeopardizing water access. Households are advised to have well
water tested after flooding to ensure potability, and damaged systems require professional
inspection and service for repairs and cleaning (US EPA 2015b)."”

Despite the known risks of well water, private wells are not regulated by federal drinking water
standards (i.e., the Safe Drinking Water Act; more on this and other federal water laws to come
in future reports in this series). There is no national standard or requirement for testing private
wells, nor do state governments typically require private wells to be tested (Flanagan and Zheng
2018). Additionally, there is limited information available or funding assistance to owners for well
stewardship (Malecki et al. 2017; Mulhern et al. 2022; Sohns 2023). Well stewardship practices

15 Herein when we talk about decentralized systems, we are simply referring to those that are not connected to centralized systems
that rely on a large water treatment facility and pumping station, or wastewater treatment plant to perform these same processes. Here
decentralized systems primarily refer to private wells and onsite septic systems.

16 PFAS compounds and microplastics (plastics ranging in size from 1 to 5 mm/.04 to .2 in) may have toxic health impacts in humans
and are found throughout the global water cycle (Gander 2022). Gander explains that PFAS compounds are used to make products resist
heat and stains, repel water, and reduce friction. The same study says that PFAS are found in many household and industrial products
such as non-stick pans, water-repellent clothing, stain-resistant furniture, and fire-fighting foam. Microplastics are the result of larger
plastics breaking down into smaller pieces and are sourced from roadways, wastewater, and stormwater, among other places. Both sets
of contaminants are resistant to degradation processes. As recently as June 2023, the US EPA has proposed a national drinking water
standard that would require water utilities to remove six types of PFAS compounds from drinking water (US EPA Office of Water 2021).
To date, there is only one federal act regulating microplastics, the Microbead-Free Waters Act of 2015 (US Food and Drug Administration
2022).

17 See more on related disaster preparedness and water well flood response steps here: https://www.epa.gov/privatewells/protect-your-
homes-water.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States


https://www.epa.gov/privatewells/protect-your-homes-water
https://www.epa.gov/privatewells/protect-your-homes-water

35 4. SIX CLIMATE PHENOMENA AFFECTING THE WATER AND SANITATION SYSTEMS OF FRONTLINE COMMUNITIES

including testing have been found to be minimal (Colley et al. 2019). For example, only about half of
surveyed private well users in Wisconsin have had their well water tested within the last 10 years,
and of those, only 10% had tested their water in the last 12 months (Malecki et al. 2017). If tested
water is found to be contaminated, filtration systems or bottled water sources can be burdensome
or too costly for low-income households (Sohns 2023).

Due to these constraints, people who rely on private well water face higher risks of waterborne
contaminant exposure than those who are served by regulated community and municipal water
systems (MacDonald et al. 2017). Furthermore, recent research has shown that low-income,
marginalized and minority communities disproportionately experience a lack of access to water
services, have a higher dependence on private wells, and have increased exposure to water
pollutants (Sohns 2023).

In addition to private wells, decentralized sanitation systems, such as septic tanks, may be damaged
by climate change with increased flood risk through siltation and debris and oversaturation of

leach fields (Calabretta et al. 2022). If a septic tank is in a saturated condition, there is a risk it

will not allow sewage to flow properly, potentially leading to sewage backups into the home or
contamination of groundwater supplies (Calabretta et al. 2022). A report conducted by Miami-

Dade County predicts that the number of residential sanitation systems that may be “periodically
compromised” during storm events or particularly wet years will increase by 8% between 2018

and 2040 (Miami-Dade County and Florida Department of Health 2018). In Nueces County, Texas,
researchers found households in colonias that use domestic wells and septic and cesspool systems
experience higher bacterial contamination of their drinking water during wetter periods (Rowles Il
et al. 2020). The research team also found higher levels of arsenic during dry periods, and through
a nationwide analysis of unincorporated communities, they think this seasonal water contamination
challenge related to flooding and drier times may be occurring elsewhere.

While rural households are most likely to rely on these types of onsite wastewater systems, they can
also occur in urban or exurban areas and are most likely to be in households at or below the median
income level (Calabretta et al. 2022). Calabretta et al. infer that the use of decentralized wastewater
systems may correlate with racial or ethnic household makeup, but data are nonexistent or sparse
due, in part, to how the US Census changed data collection on plumbing access in the early 2000s.
Given the correlation of race to related issues like poverty, water insecurity, disaster recovery, and
climate vulnerability (Meehan et al. 2020; Howell and Elliott 2019; Thomas et al. 2018), we would
expect the same is likely true for sanitation.

4.4 SEA LEVEL RISE

Sea level rise is the process by which the average height of the sea rises above its historical average.
This process is driven by two factors related to climate change: thermal expansion, which is the
expansion of ocean water as its temperature rises, and melting of land ice, such as glaciers and

ice sheets (US Global Change Research Program n.d.). Global mean sea level has risen 17 cm (6.7
inches) in 100 years (1920-2020), with an acceleration in the rate of rise since 1970 (Sweet et al.
2022). Along coastlines around the contiguous United States, sea level rise has averaged 28 cm (11
inches) over that same period (Sweet et al. 2022). Over the next 80 years, sea level along contiguous
US coastlines is projected to rise 0.6 m (1.9 ft) to 2.6 m (8.5 ft) over a range of emissions scenarios
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(Sweet et al. 2022). Figure 12 shows projected relative sea level change for 2050 and 2100 for all
US coastlines under an intermediate emissions scenario (May et al. 2023). The rising of seas is not
uniform and varies based on a number of factors, such as coastline geology, tides, and winds (US
Global Change Research Program n.d.). Reductions in sea level in some regions, such as parts of
Alaska, are due to rapid tectonic uplift (Johnson et al. 2019).

FIGURE 12. Projected Relative Sea Level Rise (in Feet Compared to 2000) for United States
Coastlines through 2050 and 2100, Intermediate Emissions
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Note: The left panel shows projected relative sea level rise by 2050 and the right panel shows projected relative sea level
rise by 2100, both under an intermediate (RCP4.5) emissions scenario.

Source: May et al. 2023

4.41 Sea Level Rise Impacts to Water Quality

Sea level rise can affect drinking water quality, contribute to flooding, and damage water and
sanitation infrastructure through elevated high tides and storm surges. Water-quality impacts of
sea level rise are primarily caused by saltwater intrusion, the process by which saline water moves
into freshwater aquifers (USGS 2019). Saltwater intrusion can occur due to higher baseline sea levels
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from climate change, storm surge, or when high tides flood low-lying areas, causing infiltration of
saltwater into freshwater aquifers (USGS 2019). Even without climate change, saltwater intrusion
into coastal aquifers can be caused by over-pumping of groundwater, which allows saltwater to
migrate landward (Figure 13). This saltwater intrusion can adversely affect coastal communities’
access to drinking water by rendering water supplies brackish or saline, making them unfit for
drinking, cooking, and irrigation without expensive, energy-intensive treatment.

FIGURE 13. Example of Saltwater Intrusion from a Pumped Well

Natural Conditions

Salt-Water Intrusion
Pumped well

Source: USGS 2019

The movement of salt water up rivers and other waterways during droughts or other periods of
low freshwater levels is another phenomenon more likely to occur with rising sea levels. This can
affect water quality, inhibiting the effectiveness of drinking water treatment systems, causing at
least temporary backsliding in access for their communities. Low flows in the Mississippi River
Delta, such as occurred in the summer of 2022 and again in 2023, allows saltwater to move tens
of miles upstream, where it can contaminate water supplies for municipal and industrial water
users for weeks to months (Yuill et al. 2023; Lynch and Ramirez 2023). The US Army Corps of
Engineers (USACE) documented saltwater intrusion (called a “saltwater wedge”) extending 62 miles
inland during a low-flow year on the Mississippi River in 2022 (Yuill et al. 2023). During this event,
Plaquemines Parish’s water supplies were contaminated, forcing the local authorities to issue an
emergency declaration to help instigate response measures such as supplies of bottled water for
parish residents (Plaquemines Parish Government 2022). To mitigate saltwater intrusion impacts to
Plaquemines Parish and other upstream communities, the USACE constructed an underwater sill to
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restrict the movement of saltwater further upriver (USACE 2022)."® Then again in 2023, the saltwater
wedge returned due to low flows from drought throughout the Mississippi River Basin, causing the
USACE to add 25 feet of height to the underwater sill (Lynch and Ramirez 2023). The USACE was
also barging 36 million gallons of fresh water a day to local water treatment plants in the New
Orleans area that have water intakes impacted by the intrusion of salt water (Lynch and Ramirez
2023).

4.4.2 Sea Level Rise Impacts to Water and Sanitation Infrastructure

Changes in average sea level have doubled the frequency of disruptive high tide flooding in the
continental United States over the past few decades (Marvel et al. 2023). Sea level rise can also
threaten coastal water infrastructure, such as wells, pumping stations, and treatment facilities, with
inundation from coastal flooding and storm surges. Water supplies and wastewater infrastructure in
coastal Alaska have been damaged by saltwater intrusion and storm surge (Penn et al. 2016; Markon
et al. 2018). As recently as mid-September 2022, coastal Alaska was dealing with life-altering
flooding from historic storm surge in frontline communities already dealing with the impacts of
coastal erosion (Rosenthal and Feuerstein 2022). Many people lost their homes, and communities
suffered from prolonged high-water conditions (Rosenthal and Feuerstein 2022). Changes in average
sea level have doubled the frequency of disruptive high tide flooding in the continental United States
over the past several decades (Sweet et al. 2018).

As seas rise, causing nuisance flooding and in some cases complete inundation, low-lying
infrastructure such as wastewater treatment plants can be damaged or destroyed. In 2012 the
Pacific Institute found that along the San Francisco Bay a 1.0-meter (3.28 feet) rise in sea level
would put eight wastewater treatment plants at risk of a 100-year flood event, and 10 at risk with
1.4 meters (~4.6 feet) of rise (Heberger et al. 2012). Research shows that sea level rise due to climate
change will corrode and degrade concrete infrastructure, causing its useful service life to decrease
(Gao and Wang 2017). This can increase maintenance costs, reduce efficiency, and require expensive
repairs or replacements. Impacts and disruptions to wastewater services from infrastructure
damage are felt by entire communities, not just those who live on the coastline. An assessment of
the exposure of wastewater infrastructure to various sea level rise projections across the country
found that as many as five times as many people will be impacted by wastewater system exposure
to sea level rise than due to direct flooding of residences (Hummel et al. 2018). This study also found
that flooding of wastewater treatment facilities from sea level rise will occur both from overland
inundation as well as from rising groundwater tables (where coastal aquifers are present). Of note,
the research did not account for the joint impacts of sea level rise and storm surge, which can
increase the amount of damage from overland inundation when combined in coastal environments,
as discussed in the next section.

18 Yuill et al. (2023) state that saltwater intrusion is common in many low-slope, coastal rivers worldwide, but the USACE’s active river
channel dredging to maintain river depths below natural bed levels for shipping contributes to saltwater intrusion on the Mississippi
River; low flow years exacerbate this challenge.
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4.5 EXTREME STORMS

Extreme storms are extreme weather events that are often short-lived and occur infrequently at a
certain place and time (Kossin et al. 2017; Seneviratne et al. 2021). Extreme storms include a range
of event types; here we focus on tropical cyclones (hurricanes), severe convective storms (especially
in the form of tornadoes), and severe coastal winter storms, and how these events are changing and
challenging water and sanitation access for frontline communities.™

4.5.1 Hurricanes and Tornadoes

Hurricanes are a type of tropical storm event characterized by sustained winds of 74 miles per hour
(mph) or higher (NOAA 2023a). Hurricanes that affect the United States typically occur in the North
Atlantic Ocean, but in 2023 (when this report was written) a hurricane in the Pacific approached the
southern Pacific coastline of the United States, which led the National Hurricane Center to issue

its first-ever tropical storm warning for parts of southern California (Thiem 2023). Hurricane Hillary
did not make landfall in the United States, but it did in the northern Baja Peninsula in Mexico as a
tropical storm (Thiem 2023). Still, as a tropical storm, it caused severe flooding and power outages
due to downed trees across several communities in southern California and one person dead in
Mexico (Olson and Treisman 2023). An assessment of the latest generation of climate models shows
an increase in both the intensity and frequency of tropical

cyclones as greenhouse gas emissions rise (Emanuel 2021)

(See Figure 14 for hurricane paths between 1900 and 2021). In coastal

They are also becoming more intense more quickly, leaving communities with
people with less time to prepare by purchasing bottled water .
and other emergency supplies (Bhatia et al. 2019; Marvel et Steep terrain,

al. 2023). hurricanes can lead
, , , , to landslide activity
Hurricanes in the North Atlantic have also been moving

slower, dropping more rain, and causing more flooding that knocks out
and wind damage once they make landfall (Marvel et al. power or causes
2023). High winds are a' maJor'cause of damage to human damage to water
structures and vegetation during hurricanes, but hurricanes
also contribute to flooding of coastal regions through a and wastewater
combination of heavy precipitation, waves, and storm surge. infrastructure.

During Hurricane Harvey (2017) extreme precipitation was

15-20% heavier with 33-80% worse flood damage than it

would have been without human-caused climate change, and

it killed 100 people and cost $147.6 billion (Payton et al., 2023; Wehner and Sampson 2021; Smiley
et al. 2022). Black, Hispanic, disabled, and low-income communities suffered the worst in myriad
ways through chemical exposures (Flores et al. 2021), living in areas not covered by federal flood
insurance (Billings et al. 2022; Payton et al., 2023), or not being able to prepare or respond because
of disabilities or financial constraints, among others (Chakraborty et al. 2019; Billings et al. 2022).

19 Winter storms and atmospheric rivers can also be categorized as extreme storms and are touched on in the Extreme Temperatures
and Inland Flooding sections, respectively.
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As discussed in Section 4.3 above, flooding can cause loss of access to water and sanitation by
damaging infrastructure and contaminating water supplies. In coastal communities with steep
terrain, hurricanes can lead to landslide activity that knocks out power or causes damage to water
and wastewater infrastructure. Hurricane Maria in 2017 caused an estimated 40,000 landslides in
Puerto Rico, leaving much of the island without power (Bessette-Kirton et al. 2019). Loss of power
may also lead to loss of functionality of both centralized and decentralized water and sanitation
systems, leaving those in impacted areas without water or sanitation access. Research is ongoing
to understand how the impacts of climate change, such as sea level rise and changes in extreme
wave height, interact with hurricane events and how they may contribute to increased risk and
reach of flooding of coasts and coastal communities (Seneviratne et al. 2021).

FIGURE 14. Hurricane Systems 1990-2021
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Climate change will not only intensify extreme storms but also change storm patterns and increase
strength and frequency of tornado outbreaks (Marvel et al. 2023). Thunderstorms, which can cause
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hail and lightning strikes that also knock out power and leave other damage, are likely to occur at
less common times of the year, spring and fall, especially under higher warming scenarios (Marvel
et al. 2023). Recent research has also found a significant east, southeast, and potentially northeast
geographic shift in tornado activity due to rising global temperatures (Cao et al. 2021; Krainz and Hu
2022). This shifts tornado activity from the Great Plains region (including Texas, Oklahoma, Kansas,
Nebraska, and lowa) to Missouri, Arkansas, Louisiana, Mississippi, Alabama, and Tennessee. Other
research has shown that between 1979 and 2017 there was a downward trend in tornado activity in
Texas and Oklahoma, while at the same time there was an increasing trend in tornado activity to the
east in Arkansas, Louisiana, Mississippi, and western Alabama and Tennessee (Gensini and Brooks
2018). Hurricanes have also been shifting poleward in both hemispheres (Seneviratne et al. 2021).

As extreme storms increase in intensity and frequency and shift to new geographic locations,
substantial damage can occur to water and wastewater infrastructure and disrupt water and
sanitation access. High winds, heavy rainfall, and storm surges that knock out power and cause
flooding, landslides, and severe erosion can lead to the
destruction or disruption of water and wastewater treatment
systems (Lall et al. 2018). Infrastructure damage from these
extreme storms can result in water-supply interruptions

and compromised water quality, affecting drinking-water
access for communities. During Hurricanes Katrina and Rita

High winds, heavy
rainfall, and storm
surges that knock

in 2005, there were systematic breakdowns of centralized
water and wastewater infrastructure. A 2006 report by

the Congressional Research Service found that damage to
drinking water and wastewater facilities in the Gulf Coast
region from Hurricanes Katrina and Rita included flooding,
structural damage to water delivery and treatment systems,
and the loss of electrical power to pump, process, and treat
water and wastewater (Congressional Research Service
2006). Water and wastewater treatment plants and pumping
stations require electricity to operate, and when power

is lost treatment capacity can be reduced or completely
stopped. In 2006 in the Gulf Coast, restoration of drinking
water and wastewater services took weeks to months
(Congressional Research Service 2006). Restoring service

out power and cause
flooding, landslides,
and severe erosion
can lead to the
destruction or
disruption of water
and wastewater
treatment systems.

was challenged by factors including clogged engines, pumps, and lift stations; waterlogged electrical
systems; contamination by toxic chemicals and harmful bacteria; difficulty restoring pressure to
water distribution systems; disinfection efforts; cleaning and repairing pipes; and repairing and
rebuilding infrastructure (Congressional Research Service 2006). These hurricanes, which left many
homes without access to water and sanitation for days to months, provide another example of how

an extreme weather event can result in water access backsliding.

Tornadoes, which can be accompanied by floods, hail, and lightning, can also cause severe local
impacts and damage to water and wastewater infrastructure, causing loss of water and sanitation
access (US EPA 2015c). The EPA, in an Incident Action Checklist for water and wastewater utilities
preparing for and responding to tornadoes, lists damage to infrastructure such as storage tanks,
hydrants, and residential plumbing fixtures, due to hail, wind, debris, and flash flooding as the
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main impacts from these storms (US EPA 2015c). Damage may result in total loss of service and/or
reduced pressure throughout the system. In December of 2021, several tornadoes caused damage
to homes, businesses, and water and wastewater infrastructure in western Tennessee and eastern
Kentucky (Godwin 2022). This extreme storm featured multiple EF-4 tornadoes (wind speeds up

to 200 mph) and peaked at a “high end” EF-4 (Schreiner and Galofaro 2021). The path of the storm
system was approximately 250 miles long, and 83 people died as a direct result of the event. Several
days after the event, 10,000 structures had no water at all, and an additional 17,000 were placed
under boil-water advisories (Schreiner and Galofaro 2021). Many small rural water and wastewater
utilities in the area were without power and had to obtain generators to get back online; they also
experienced major water loss through damage to both above-ground and below-ground pipes and
infrastructure (Godwin 2022). Mayor Kathy Stewart O’Nan of Mayfield, Kentucky reported, “Our
infrastructure is so damaged. We have no running water. Our water tower was lost. Our wastewater
management was lost, and there’s no natural gas to the city. So, we have nothing to rely on there.
So that is purely survival at this point for so many of our people.” (Associated Press 2021). Even
three months following the event, some of the water and wastewater systems were still dependent
on emergency generators to operate (Godwin 2022).

4.5.2 SEVERE COASTAL WINTER STORMS

In coastal Alaska, extreme weather events along the coast
in the fall and winter since at least the early 2000s have left
many communities exposed to coastal storm waves that
damage water and sanitation infrastructure, increasing risk makes extreme
of exposure to water-related infectious disease (Markon et storms more

al. 2018; Thomas et al. 2013). Climate change has caused
a reduction in sea ice cover and a rise in sea level, making

As climate change

frequent, there

these severe winter storms even more impactful on the are important

coastal environment (Markon et al. 2018). A 2016 survey of social impacts
residents and professionals from Arctic nations found that . el
respondents from Alaska have experience or knowledge of and mequa[ltles to
damage to water and sanitation infrastructure, including from consider related to
overland flow during intense storms, as well as increases water and sanitation

or changes to operations and maintenance for water and
sanitation systems from climate-caused changes (Bressler
and Hennessy 2018). National survey data from 2017-2021
indicates 2.5% of American Indian and Alaska Native
households lack complete plumbing (compared to 0.4% of
the total population) (US Census Bureau 2021), and research
from Alaska suggests that this gap in basic access is only
increasing (Brown et al. 2022).

access.

4.5.3 Inequitable Social and Health Impacts of Extreme Storms

As climate change makes extreme storms more frequent, there are important social impacts and
inequalities to consider related to water and sanitation access. Howell and Elliott (2019) analyzed
changes in wealth inequality before and after natural disasters at the county scale. They found

that wealth inequality worsens in counties with more disasters. Furthermore, they found that the
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growth in wealth inequality after a natural disaster is more pronounced by race and lower levels
of education and homeownership. They also showed that wealth inequality grows by the largest
proportion, especially for people of color, in counties where FEMA aid was provided post-disaster.
Property owners and those with greater financial resources are able to apply for support, including
deferral recovery investments in businesses, low interest loans, “significant” payouts from public
and private insurance policies (including but not limited to the National Flood Insurance Program
under FEMA), and intergenerational wealth transfer resulting from financial windfalls or property
restoration and investment (Gotham 2014; Howell and Elliott 2019; UN Educational, Scientific, and
Cultural Organization and UN-Water 2020). By contrast, non-property owners and those with fewer
financial resources experience ripple effects from the increased likelihood of losing their jobs
following a disaster, including having to move, paying higher rents due to reduced housing stock, and
using up any existing savings to compensate for post-disaster expenses (Howell and Elliott 2019).

Widespread flooding from extreme storms has been associated with increased risk of exposure

to bacterial and inorganic contaminants in water. In Portland, Oregon, an outbreak of Shigella (an
infectious bacterial disease that causes gastroenteritis) occurred from July 2015 to June 2016, with
noticeable transmission in the homeless population that coincided with the onset of the wettest
rainy season on record (Hines et al. 2018). The researchers concluded that heavy precipitation likely
contributed to this outbreak. After Hurricane lan in 2022, several Florida residents died from illness
related to the bacterium, Vibrio vulnificus (V. vulnificus) (also known colloquially as “flesh-eating
bacteria”) (Conrad and Harwood 2022). In a post-disaster setting, people may have been exposed
to V. vulnificus via open cuts or sores as they waded through flood waters, or by consuming food or
water that had been contaminated (Conrad and Harwood 2022). In 2017, Hurricane Maria reportedly
cut water service to approximately half of the population of Puerto Rico, and a month later, one
million people still lacked water access (Bacon 2017; Wang et al. 2022). Researchers studying the
risk of adverse birth outcomes in mothers due to exposure to phthalates in Puerto Rico at the time
measured increased markers of these toxic chemicals from food packaging post-hurricane in their
study population (Watkins et al. 2020). Study participants also indicated that, post-hurricane, they
had been without running water or access to fresh foods.

4.6 WILDFIRES

In a global review of the state of wildfire and bushfire science, Haghani et al. (2022) define a wildfire
as “unplanned and unwanted burnings of combustible vegetation often occurring in rural areas.”
Wildfires that burn houses and communities present a direct threat to water infrastructure during
the fire and can place high demand on limited water resources to subdue and extinguish flames.
After a wildfire occurs, surface water supplies in the impacted watershed and water within damaged
distribution systems can be contaminated and unsafe to drink. The potential for wildfires is
increasing in frequency, geographic and temporal extent, and severity (Vose et al. 2018; US EPA 2022)
as a result of earlier snowmelt, increased temperatures, larger vapor pressure deficits, increased
wind speeds, decreases in precipitation, and increased tree mortality in forests (which itself has
been linked to extreme heat and drought) (Vose et al. 2018; Holden et al. 2018; Domke et al. 2023).
The Fifth National Climate Assessment shows that from 1984 to 2015, about half of the increase

in burned area across the Western United States is attributable to increases in fuel flammability
caused by anthropogenic climate change (Leung et al. 2023). Zhuang et al. found that human-
caused warming in the period 1979-2020 was responsible for almost 68% of the observed drying
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of landscapes, making wildfires burn larger areas (2021). Research has also shown that, at least in
California, wet winters no longer correspond with reduced wildfire risk. The scientific community
and wildfire managers are seeing a trend where extreme precipitation that causes high growth of
vegetation will, in turn, increase the risk of wildfires as conditions dry (Wahl et al. 2019; Bellisle
2022), for example, when a very wet spring and summer turn to a dry fall and winter. These were
the conditions, combined with strong winds, that played a role in the devastating Marshall Fire in
Colorado in December 2021. In the United States, decades of fire suppression activities have allowed
fuel accumulation, also contributing to higher intensity wildfires, especially in the West (Keane et al.
2002).

California, Arizona, and Nevada remain the most at risk for wildfires, but communities across the
Southwest, Northwest, Midwest, Intermountain West, Alaska, and the Southeast also have high risk
(Figures 15 and 16) (US EPA 2022). Many of the most at-risk homes and communities exist along what
is called the wildland-urban interface, the zone where human development ends and transitions
into wildland (Burke et al. 2021). More than 50 million homes in the United States currently exist in
the wildland-urban interface, and this number is predicted to grow at a rate of approximately one
million houses every three years (Burke et al. 2021).

FIGURE 15. Wildfire Risk to Communities in the Contiguous United States
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FIGURE 16. Wildfire Risk to Communities in Alaska
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4.6.1 Wildfire Impacts on Water Infrastructure

Wildfires that burn in and around communities can damage and destroy water infrastructure,
causing immediate and longer-term loss of water access. A well-documented case of these impacts
is provided by Proctor et al. (2020), who detail the water system and water quality impacts from
the 2017 Tubbs Fire and 2018 Camp Fire in California. On the household scale, these fires melted
and ruptured water pipes and water meters in homes (Proctor et al. 2020). These fires also burned,
damaged, and destroyed private wells. The Camp Fire impacted an estimated 2,438 private wells
(Proctor et al. 2020). In Oregon, roughly a quarter of residents rely on private wells (Oregon Health
Authority n.d.). During the 2020 Labor Day Fire in western Oregon, more than 2,000 well-reliant
households were exposed to heat and flames, resulting in well damage and destruction

(Bolstad 2022).

On the community scale, wildfires can cause adverse effects to water intake systems and water

treatment systems and reduce reservoir life span (Bladon et al. 2014). In the Camp Fire, the local
water district had “many physically damaged assets” that delayed their ability to repressurize the
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system (Proctor et al. 2020). Those specifically noted included leaking fire hydrants, destroyed meter
boxes, ruptured pipes, and plastic residue inside service lines (Proctor et al. 2020). Immediately
following multiple severe fires in 2012 in Colorado, water managers installed monitors to help
measure ash and sediment levels, worked to divert contaminated water from water intake points,
and took preventative measures to reduce debris from the burned areas from entering water
supplies (Bladon et al. 2014). For water treatment systems, operational changes may be necessary
to address longer-term changes in the amount and type of solids and other constituents from
impacted watersheds (Emelko et al. 2011). After a fire, landscapes commonly face increased

erosion and landslides (i.e., debris flows) (Paul et al. 2022); reservoirs downstream of fire-impacted
landscapes can act as the receiving body of these sediments (Moody and Martin 2004).

4.6.2 Wildfire Impacts on Water Quality

Wildfires can make drinking water unsafe for both the communities within the burn scar and

for those downstream due to the contamination of water supplies with chemicals and sediment
(H.G. Smith et al. 2011; Bladon et al. 2014). Waterways downstream of fire-impacted forested
catchments see measurable increases in the concentration of solids, nutrients (which can lead to
eutrophication), heavy metals, and temperature post-fire (Bladon et al. 2014). Sediments, which are a
primary carrier of much of these contaminants, increase in volume downstream post-fire (H.G. Smith
et al. 2011). Fires deposit layers of ash and remove vegetation as well as soil organic matter, leading
to an increase in runoff and erosion in burned areas

during rainfall and snowmelt periods (Moody and Martin

2001; 2004; Writer et al. 2014). After the High Park Fire . .

in Colorado in 2012, storms washed ash and debris into WlldflreS can make

the Cache la Poudre River, degrading Fort Collins’s water drinking water

supply and forcing the city and surr.oundln‘g communities unsafe for both the
to seek out alternative water supplies (Writer et al.

2014). Increased cyanide contamination may be a risk communities within

immediately following fire, especially because there the burn scar and for

are few standard methods for removal of cyanide from th d t d
drinking water (Barber et al. 2003; H.G. Smith et al. ose aownsiream due

2011). Fortunately, studies have shown that increases in to the contamination

cyanide concentrations in stream water are typically for of water supplies

only a short period of time following the fire (H.G. Smith ) .

et al. 2011). with chemicals and
sediment.

Additional treatment systems and processes to

remediate the impacts of wildfire on water quality

can be very costly. These rising costs can present

affordability challenges for households, potentially

creating a barrier to water access if a household can no longer afford their utility bill. In the rural,
largely Hispanic town of Las Vegas, New Mexico for example, residents of the city could face costs
estimated at $100 million to fix their water filtration system from a wildfire that burned a large
swath of forest nearby in 2022 (Romero 2022). In this case, 32% of the population lives below the
poverty line, and many may not be able to afford rising costs to replace their community’s water-
treatment system (Romero 2022). A review of economic analyses of wildfire impacts to water
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quality by Wibbenmeyer et al. (2023) found “no studies that have specifically estimated the costs
of wildfires on water treatment,” but they cite several studies documenting an increase in water
treatment costs in response to a decrease in water quality more broadly.

Drinking water supplies may be at risk for years to decades after a wildfire (Chow et al. 2019).

Some of the more persistent water-quality challenges are associated with dissolved organic matter
(Chow et al. 2019). Treating and disinfecting water contaminated with dissolved organic matter can
result in the production of disinfection by-products (DBPs), which are carcinogenic and difficult to
remove (Nieuwenhuijsen et al. 2009; Gilca et al. 2020). Trace elements may also persist in waterways
post-fire, particularly during rainfall events that contribute to mobilization of impacted sediments
(Burton et al. 2016). Seven years after the 2009 Station Fire in Angeles National Forest in California,
researchers found iron, lead, nickel, and zinc to be persisting at concentrations harmful to aquatic
life (Burton et al. 2016).

Fires that burn into communities cause several direct

impacts on drinking water quality at the household and Fires that burn
community scale. California’s 2017 Tubbs Fire and 2018 into communities
Camp Fire were the first known wildfires where widespread .
chemical contamination of drinking water was discovered cause several direct
in the water distribution network itself, rather than just impacts on drinking
the source water (Proctor et al. 2020). As a result of both water quality at

fires, drinking water at homes and in the distribution system

exceeded state and federal exposure limits for several the household and
volatile organic compounds (VOCs) including benzene (Proctor Community scale.

et al. 2020; Solomon et al. 2021), which was likely released

from burned or damaged plastic pipes (Proctor et al. 2020;

Meadows 2022). While in a fully pressurized, well-maintained

distribution system it is unlikely that contamination in a service line (i.e., at a home or business)
would lead to contamination of water in the main lines, a damaged system with pressure losses can
push contamination from a service line to a main line (Solomon et al. 2021). Residents that rely on
these water sources said that tap water and private domestic water had a smokey odor; in other
cases, local water utilities deemed wildfire-impacted water sources unsuitable for use and had to
supply alternative sources of water (Proctor et al. 2020; Chow et al. 2021).

Domestic wells can suffer many of the water-quality challenges experienced by centralized drinking
water systems post-fire. Following the 2018 Camp Fire in California, the county advised testing

of unregulated water sources and warned that contamination could also extend to the aquifers
themselves, but a lack of direct support for testing made residents more reliant on expensive
bottled water while the damage was assessed (Bolstad 2022). After the fires in Oregon in 2020,

the state established a free voucher program to pay for testing of private wells for arsenic, nitrate,
bacteria, lead, and, where warranted by a damage assessment, benzene, toluene, ethylbenzene,

and xylenes (Oregon Health Authority 2023). This effort was built on the response of the Butte
County Health Department (in California) after the 2018 Camp Fire. Following the Marshall Fire in
Colorado in 2021, Jankowski et al. (2023) investigated fire damage on private domestic wells and
well water. They visited 17 properties and were able to test water from 10 of the wells and sample
from faucets, cisterns, and other parts of home water systems, where available. Debris was found in
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several samples and while no VOCs were detected, several samples contained semi-volatile organic
compounds (SVOCs) at levels below federal drinking water safety limits. Other trace minerals

were found at levels above EPA’s health-based screening levels (lithium and vanadium), but it was
unclear if the fires were directly related to these elevated levels.?° One well visited had served eight
homes, seven of which had burnt to the ground. Eleven months following the fire, this well was

still inoperable, in part due to the high financial burden of restoring the system for the community.
The wildfire that left these eight homes without access to water and sanitation for months offers
another example of how an extreme event fueled by climate change can result in backsliding.
Jankowski et al. concluded that their research highlighted the need for clear guidance and policy to
support domestic well owners in dealing with the repercussions of wildfire on their water systems.

In August 2023, wildfires broke out on the Hawaiian Island of Maui, razing the town of Lahaina,
killing close to 100 known people, and leaving residents and tourists alike without shelter, water, or
sanitation access. Box 1 describes climate, land use, and other conditions that contributed to the
devastating impact of the fire. Impacts on Maui’s water systems are also discussed.

20 US EPA’s health-based screening assessments are non-specific risk assessments based on exposure and toxicity data (US EPA 2023c).
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BOX 1. 2023 Wildfires in Maui

The wildfires in Maui in 2023 shocked the world; despite its tropical climate and the

popular perception that the islands are wet and lush, all major islands in Hawaii have been
experiencing declines in rainfall in both the wet and dry seasons (Keener et al. 2018; Stevens
et al. 2022). Over 90% of the state is experiencing a drying trend (Frazier and Giambelluca
2016). On Maui, research has drawn a link between drying trends in the wet season at high
elevation rain gauges and climate change (Longman et al. 2015). These and other factors, such
as land conversion to non-native shrublands and widespread coverage of flammable invasive
grasses around the islands, created conditions that scientists have warned for years increase
the likelihood of wildfires (Kim 2023; Romero and Kovaleski 2023).

With Lahaina’s leeward (i.e., southern, downwind) location on the island, at the confluence

of a high-pressure system to the north, and Category 4 Hurricane Dora hundreds of miles to
the south, conditions were primed for wildfires, and red flag warnings were issued statewide
(McDaniel et al. 2023; Rush et al. 2023). While officials have yet to announce an official cause,
some theorize that it was the reignition of a flare-up that was caused by a spark from electric
lines along a road with an overgrown gully (Biesecker et al. 2023).

Effects on water systems were immediate and hampered efforts by residents and firefighters
to combat the blaze. Power outages caused by high winds limited the ability to pump water,
and while backup generators were utilized, hundreds of structures burning simultaneously
rapidly depressurized the larger distribution system and hydrants ran dry (Baker et al. 2023).
Poor communication with the public left many wondering why their water access was cut off
during the crisis.

Residents within the burn area were told to avoid the water even where it still flowed

through the pipes. “The language is stark—‘there is no way to make [the water] safe,’” even
with the use of filters (Peterson 2023). “It’s alarming that it may be in the water system

for a while,” remarked a Maui resident (Peterson 2023). Filters “will remove some of [the
extreme contamination] but levels that will be acutely and immediately toxic will get through,”
according to Purdue University researcher Andrew Whelton (Peterson 2023).

Air support to douse the flames was not possible due to high winds (Corkery et al. 2023). “In
the end, the fire stopped only when it ran out of fuel at the ocean” reported The New York
Times (Baker et al. 2023). The fire is now the deadliest US wildfire in 100 years, claiming at
least nearly 100 lives and burning 3,000 structures, resulting in billions of dollars of damage
(McDaniel et al. 2023; Knoll 2023).
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5. Conclusion

The full impact of climate change on water and sanitation access, resources, infrastructure, and
households in frontline communities now and into the future is not fully understood. Nonetheless,
we do know that climate change is already having significant impacts on water and sanitation
systems and resources across the United States. These impacts are expected to get worse and
possibly lead to backsliding for frontline communities already suffering disproportionately and “first
and worst” from the failure to provide water and sanitation for all. These communities are often
overburdened while lacking the resources and capacity to prepare for and adapt to the impacts of
climate change and its associated effects on water systems. This disparity leaves those communities
disproportionately vulnerable to the impacts of water and sanitation system failures, such as a

lack of access to clean water and sanitation services, or in need of alternative water supplies post-
disaster. For frontline communities that currently lack water and sanitation, more effort is needed to
fulfill the human right to water and sanitation and to ensure that solutions and strategies applied to
secure these services are resilient to climate change.

Through documenting the state of knowledge on climate-change impacts to water and sanitation

in the United States, we have identified six climate phenomena that pose immediate and future
challenges for water and sanitation access for frontline communities. Table 1 provides a summary

of our key findings on each of these six phenomena, including how each is expected to change in

the future, the major known and projected impacts on water and sanitation, and, where available,
information on any disproportionate impacts for frontline communities. While we have worked to be
thorough in our investigation of each of these phenomena, we recognize that there may be additional
impacts yet to be uncovered or that different geographies and communities will experience impacts
differently than those presented here. We hope that this report can be updated and expanded as we
learn more.

Additionally, this report is focused primarily on the impacts of climate change on water resources,
water and sanitation systems, and water access. This synthesizes only one subset of the many and
multi-faceted bodies of knowledge and ways of knowing about climate-related challenges faced

by frontline communities. This report is only part 1 of the Water, Sanitation, and Climate Change

in the United States series, and future reports will include a synthesis of the laws and policies in
the United States that govern the delivery of water and sanitation in the face of climate change;

an overview of barriers and challenges to equitable, climate-resilient water and sanitation; and a
summary of documented strategies and approaches to overcome these barriers and challenges. Our
goal is that this series will help to provide a foundation for the US WASH sector to incorporate and
consider climate change in its work to close the water access gap.
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TABLE 1. Summary of Climate Impacts from the Six Climate Phenomena

CLIMATE PHENOMENA KEY FINDINGS

e Climate change is driving an increase in the frequency, magnitude, and duration
of heatwaves, and in some cases, of extreme cold events in mid-latitude
regions in the Northern Hemisphere.

* Extreme heat events can have direct and indirect impacts on water supply and
water systems, disrupting water access.

* Direct impacts include evaporative losses in reservoirs and lakes and harmful
cyanobacterial algal blooms, which can affect water access through reduced
water sufficiency, physical accessibility, and safety.

* Indirectly, extreme heat can increase water use and demand, also challenging
water systems to ensure sufficient quantities of water.

* Extreme heat contributes to conditions that create wildfires that affect water
and sanitation infrastructure and access.

¢ Frontline communities without access to water and sanitation are more at
risk of severe health impacts during extreme heat events because water is an

Extreme important tool for cooling and staying hydrated.

Temperatures

* Extreme heat can compound health risks in vulnerable populations, such as
the elderly, outdoor laborers, or those experiencing homelessness, especially if
these groups already have insufficient access to water.

* Extreme cold events have caused major disruptions to water access due to
freezing and rupturing of water pipes and power outages. When water pipes
are ruptured, systems can experience pressure loss, which in turn puts the
distribution system at risk of contamination, making water unsafe.

* Small water systems, which often serve rural communities, have had greater
challenges coming back online after disruptions due to extreme cold.

* Extreme cold events can impact septic drain systems that are not well
insulated, even though they are below ground.

* Extreme cold events can contribute to poor water quality through disruptions
to nutrient cycling and from application of road salts that eventually wash into
and contaminate waterways.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States



52 REFERENCES

* Climate change is increasing the frequency, severity, and duration of droughts,
which impacts water and sanitation, especially in low-income and rural
communities.

* Climate warming is progressing so-called “hot drought” and more arid
conditions throughout an expanding area of the United States.

* Increases in water demand and competition from people and nature, as
supplies diminish, can put pressure on water sufficiency and physical
availability.

* Snow volumes across the Western United States are expected to decline
approximately 25% by 2050, and low-to-no snow periods may become
persistent within 35 to 60 years under a “business as usual” emissions scenario,

Drought reducing water availability for downstream communities.

e Climate change, drought, and overexploitation of groundwater is resulting in
reduced water availability, especially for rural communities dependent on
shallow wells.

* Climate change and drought are degrading both groundwater and surface water
quality, which can make water unsafe to use or drink.

* Drought impacts are not uniform and impact low-income communities and
communities of color disproportionally.

* Drought worsened by climate change will likely disproportionately raise the
cost of water for frontline communities, raising barriers to access due to
unaffordability.

* Flooding is among the most damaging and costliest disasters in the United
States, which climate change will make worse for disproportionately impacted
rural communities and communities of color.

* Climate change makes the upkeep and maintenance of critical water
infrastructure even more important to protect frontline communities from
exposure to contaminants and loss of water and sanitation access from
catastrophic failure during floods.

* Major investment is needed in US water and sanitation infrastructure, and
. while recent investments are a step in that direction, estimates of needed
Inland Flooding investments far exceed those committed.

* Rain-on-snow events that result in flooding are becoming more common and
increasingly impacting water infrastructure, such as dams.

* Extreme precipitation and flooding combined with wildfire and natural-resource
extraction contribute to the destabilization of landscapes and flooding with
deleterious impacts on water access for communities.

* Flooding impacts water quality in all systems, and decentralized, onsite
systems are often particularly vulnerable, especially in rural and low-income
areas.
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e Climate-related rise in sea level is caused by thermal expansion of ocean
waters and melting of land-based ice, such as glaciers and ice sheets.

* The average sea level rise along US coastlines has been 28 cm (11 in.) from
1920-2020.

* Sea level rise affects surface water and groundwater quality through saltwater
intrusion, increasing treatment requirements or in some places making water
unusable.

e Saltwater intrusion can occur when water from the ocean travels upstream
in coastal rivers, contaminating water supplies for communities beyond the
coastline.

Sea Level Rise * Wastewater systems and infrastructure that are located near the ocean are

particularly vulnerable to sea level rise and, if taken offline, can cut sanitation
access to entire communities. Research has found that as many as five times as
many people will be impacted by damage to wastewater systems from sea level
rise than due to direct flooding of residences.

* In parts of coastal Alaska, a combination of sea level rise, sea ice decline,
coastal erosion, and stronger storm surges have led to extreme flooding events
and damage to water and wastewater infrastructure serving small, rural
communities.

* Higher water tables in coastal aquifers from sea level rise can inundate
wastewater treatment facilities, causing damage, reducing access to sanitation.

* Extreme storms include a range of types of weather events; here we focus
on tropical cyclones (hurricanes), convective storms (tornadoes), and severe
coastal winter storms.

* Hurricanes are increasing in intensity and frequency due to warming ocean
temperatures. Rainfall associated with hurricanes is predicted to increase.

e Climate change is also causing extreme storms to occur in new geographies.
Hurricanes along the Atlantic are reaching further northward and tornado risks
appear to be increasing in Missouri, Arkansas, Louisiana, Mississippi, Alabama,
and Tennessee.

* High winds, heavy rainfall, and storm surges that knock out power and
cause flooding, landslides, and severe erosion can lead to the destruction or
disruption of water and wastewater systems, causing loss of access and water
contamination.

* Widespread flooding from extreme storms has been associated with increased

risk of exposure to bacterial and inorganic contaminates in water, harming
Extreme Storms human health, especially among populations that lack access such as those
experiencing homelessness.

* Research has documented a myriad of ways that extreme storms
disproportionately impact Black, Hispanic, disabled, and low-income
communities. For example, in Hurricane Harvey these communities suffered
chemical exposures, lived in areas not covered by federal flood insurance,
or were not able to prepare and respond due to disabilities or financial
constraints, among others.

* Climate change has reduced sea ice extent in space and time and caused rising
seas. These changes amplify severe winter storms in places like Alaska, leading
to flooding and damage to water and sanitation infrastructure in small, coastal
communities.

* Research has shown that damage from natural disasters increased wealth
inequality in the United States, and that race, education, and homeownership
all influence the severity of climate risks and the ability to adapt or recover
after disasters.

Climate Change Impacts to Water and Sanitation for Frontline Communities in the United States



54 REFERENCES

* The potential for wildfires is increasing in frequency, geographic and temporal
extent, and severity.

* Many of the most at-risk homes and communities exist along the wildland-
urban interface, the zone where human development ends and transitions into
wildland.

* Wildfires that burn houses and communities present a direct threat to water
infrastructure during the fire and can place high demand on limited water
resources to subdue and extinguish flames.

* On the household scale, wildfires can melt and rupture water pipes and water
meters. Domestic wells can also be damaged or destroyed.

* On the community scale, wildfires can cause adverse effects to water intake
systems, water-treatment systems, and reduce reservoir lifespan by worsening

o erosion and sedimentation.
Wildfires o o
» After a wildfire occurs, surface-water supplies in the affected watershed and

water within damaged distribution systems can be contaminated and unsafe to
drink.

* Additional treatment systems and processes to remediate the impacts of
wildfire on water quality can be very costly, placing especially high burdens on
low-income households.

e Drinking water supplies may be at risk for years to decades after a wildfire.

* Domestic wells can suffer many of the water quality challenges experienced by
centralized drinking water systems post-fire. Yet these systems may not be able
to recover as quickly as centralized systems.

* For those who cannot afford testing of their well water to ensure it is safe after
a fire, they may become reliant on more expensive water sources, like bottled
water.
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