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Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

Glossary1

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 access has increased (Roller et al. 2019). In this report we examine how climate change 
is contributing to that trend. We therefore 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 (centralized 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.  
  
Centralized drinking water system: Centralized drinking water systems collect, treat, and distribute 
water to residential, commercial, and industrial customers within a specific geography. These 
systems can be publicly or privately owned.

Centralized wastewater system: Centralized wastewater systems are made up of a network of pipes 
that collect and convey household, commercial, and industrial effluents to a wastewater treatment 
plant (WWTP). The wastewater is treated to reduce and eliminate the presence of contaminants, as 
required by the Clean Water Act, and discharged into nearby waterbodies.

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 
variability 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 EPA 2015a). 
  

1 Terms from Part 1 in this series are in white; new terms added specifically for this report are in yellow.
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Decentralized or onsite drinking water system: A drinking water system is decentralized when 
it provides services at the sub-community level, such as to a housing development or individual 
home. The term onsite indicates that the system is closer to the location where the service is being 
received, such as on the land where the home is located. Different types of decentralized and onsite 
drinking water systems include domestic wells, rainwater capture and use, as well as modular 
drinking water treatment systems (MDWTS) or modular potable water systems.

Decentralized or onsite wastewater system: Decentralized wastewater systems, also known 
as onsite wastewater systems, provide wastewater services to households separately from a 
centralized wastewater system. There are several types of onsite wastewater systems, including 
conventional septic tanks, alternative onsite wastewater treatment systems (AOWTS), which employ 
alternative treatment techniques compared with conventional septic tanks, cesspools, and pit 
latrines (US EPA, Office of Water (OW) 2002; US EPA, Office of Wastewater Management (OWM) 
2024). Some of these systems use water, while others are dry toilets and do not rely on water.

Disadvantaged communities (DACs): The White House Climate and Economic Justice Screening 
tool identifies census tracts that are overburdened and underserved. This also includes Federally 
Recognized 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.  
  
Effluent: Liquid waste that is untreated, partially treated, or completely treated (Sudha et al. 2014). 

Frontline communities: Communities that are overburdened and under resourced who face 
disproportionate, “first and worst” impacts of climate change on their water and sanitation systems 
or access.  
 
Greywater (also graywater, gray water): Water from sources not contaminated with fecal waste, 
such as showers, bathtubs, handwashing sinks, or washing machines.

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, 
socially 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. 
Indigenous 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 diplomatic 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). 
  

https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
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Indoor plumbing: The presence of hot and cold running water, a shower or bath, and a flush toilet 
inside the home. 

Law: Laws, unlike policies, are adopted by legislatures and are mandatory, enforceable rules.

Legal infrastructure: Legal infrastructure includes the laws, implementing regulations, and 
institutions established under the law—as well as any policies, programs, and plans that are 
enforceable mechanisms—that guide, inform, and oftentimes determine or instruct how and whether 
water and sanitation services can and will be provided. 

Modular potable water systems: Modular portable water systems are onsite, pre-engineered, 
fit-for-purpose systems that treat raw water for potable purposes for a range of situations and 
communities.
  
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. 
Similarly, accessible sanitation is when toilets are private, located in a home, safe to visit, and 
available when needed. 

Policy: Government policies are developed both after a law is passed to help implement the law, 
as well as in advance of the development of the law to help formally define political and sector 
objectives and outcomes used to inform the creation or implementation of a law. Policies are 
nonmandatory; they represent guidelines, objectives, and strategies adopted by governments to 
reflect political priorities and a broad, suggested approach to addressing a challenge or achieving a 
certain outcome. Policies provide insight on the goals and objectives of the government and what 
steps will help them to achieve those outcomes.
  
Public water system: A water system that provides drinking water through pipes or other 
conveyance 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, nontransient noncommunity water systems, and 
transient noncommunity water systems. 

Rainwater harvesting: The collection of precipitation from the roof of a building for the purposes of 
using the water for a specific purpose, like cleaning, drinking, or cooking. 

Regulation: Regulations, like laws, set forth mandatory rules that must be followed and are essential 
to achieving the goals of law. The law typically provides guidelines for how regulations should be 
developed and then leaves it to technical experts within the executive agencies to develop the 
regulations.
  
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 
applicable. 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 
environmental health. 
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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). 

Sanitation access: Access to sanitation is defined as having in-home availability of sanitation 
infrastructure to safely collect and transfer solid and liquid domestic waste to a treatment facility 
or to safely collect and treat solid and liquid waste on site. Sanitation access requires having 
physical access and economic access (CWSC 2021; US EPA 2016; Williams, Cook, and Smerdon 2022).
  
Small water systems: Defined under the Safe Drinking Water Act as community water systems 
serving 10,000 or fewer people. 
  
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 onsite systems (Roller et al. 2019). Can 
also be referred to as sewerage services, as sewer systems are often used in wastewater services to 
transport wastewater to treatment systems and/or disposal outlets. 
  
WASH: The acronym used to refer to water, sanitation, and hygiene, the three basic human 
requirements for water. 

Water access: Access to water is defined as having in-home, reliable availability of sufficient water 
to meet domestic needs safely. Water access requires having physical access and economic access 
(CWSC 2021). 
  
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 demand: The amount of water that people take and use from the environment, including for 
drinking, cooking, bathing, flushing a toilet, and meeting other basic needs. 
 
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). 
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Summary
In the United States, federal, tribal, state, and local laws and policies exist to govern the provision 
of water and sanitation services to communities and homes. The laws are designed to ensure the 
protection of public health and the environment; deliver sufficient, safe water for drinking, bathing, 
cooking, and other household needs; and remove and treat domestic (i.e., household) waste. 
People without complete plumbing or safe water live within the “water access gap.” As explored 
in the first report in this series, climate change—from extreme temperatures to droughts, floods, 
extreme storms, and wildfires—is making it hard to close this gap and keep it from growing. Water 
and sanitation systems in frontline communities already feel the disproportionate “first and worst” 
impacts of climate change to these systems and to their access to water and sanitation. Laws and 
policies should help anticipate and plan for the incremental and catastrophic impacts of climate 
change and protect those most harmed by the effects. Unfortunately, in most cases, the climate 
is changing faster than the law can respond, thereby leaving frontline communities’ water and 
sanitation systems vulnerable to damage or destruction. 

Key messages:

1.	 The law often does not proactively manage water resources in the context of climate change, 
especially groundwater use, or create a system where uses are weighed against each other or 
reviewed for their continued appropriateness for a given water source or basin. The basic rules 
governing water use and water rights are insufficient. As climate change alters precipitation 
patterns, which subsequently changes our use patterns and the broader availability of water, the 
laws will be insufficient to ensure there is sufficient water to meet our needs and sustain the 
environment. 

2.	 Laws provide insufficient guidance on the design and siting of climate-resilient water and 
wastewater systems. Water and wastewater infrastructure is under threat from floods, 
droughts, saltwater intrusion, and wildfires. As the frequency and severity of natural disasters 
increases, our infrastructure may be unable to withstand storms and other extreme events, 
leaving communities without drinking water and/or wastewater services. 

3.	 Access to water and sanitation infrastructure and services is inequitable, and the laws in the 
United States do not ensure the human right to water or sanitation, leaving some households 
without any safe or regular services and other households under constant threat of shutoffs. 
This is especially true for households in frontline communities who are affected first and worst 
by climate change, especially those who may not be able to afford to rebuild or repair their 

https://pacinst.org/publication/water-sanitation-climate-change-us-part-1/
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onsite or decentralized systems. This may leave homes and communities that lose access to 
their water and/or sanitation without recourse for regaining it, causing backsliding, and widening 
the water access gap. 

In this report, we examine the laws and policies in the US that govern the equitable delivery of 
water and sanitation in the face of growing climate change impacts. The objective is to identify and 
understand whether and how laws manage, anticipate, or enable effective responses to climate 
change impacts on water and sanitation service delivery and infrastructure. This is intended to 
provide a foundation for a future, more comprehensive evaluation of the gaps and shortcomings that 
exist in law and policy to ensure the necessary steps can be taken to construct and rehabilitate the 
legal infrastructure to limit or avoid the impacts of climate change on water and sanitation service 
delivery. We pay special attention to laws that give visibility to and empower frontline communities 
and vulnerable households, both those without consistent water and sanitation access and those 
facing the greatest threat to their access from climate change.

The report is based on two considerations: 1) legal considerations related to climate change impacts 
on water resources, service delivery, and infrastructure, and 2) the categories of systems that 
provide drinking water and sanitation services that determine the applicable legal and regulatory 
requirements. We structured the report based on centralized drinking water systems, centralized 
wastewater systems, and decentralized, onsite drinking water and sanitation systems. Within each 
of those, we examine the laws and policies that address three types of climate change impacts on 
these systems—water scarcity, overabundance of water and flooding, and poor water quality. We 
also include a section focused on issues of equity in achieving universal, climate-resilient water and 
sanitation access for all in the US.

The law plays a critical role in anticipating and managing the impact of climate change 
on water resources, infrastructure, and water and sanitation service delivery.

Water Law and Climate Change

While some laws may not explicitly mention climate change, they can be foundational to adapting 
to climate change impacts, for example, by providing oversight of water supply availability or 
setting drinking water quality standards. Having in place the basic laws necessary to manage water 
resources and service provision can inadvertently, indirectly, and fortuitously protect against climate 
impacts. There is also an increasing need for water laws to explicitly incorporate and consider 
climate change considerations. Water laws, generally, were developed to provide predictability, yet 
climate change is making the natural water cycle highly unpredictable. Climate change is already 
exposing gaps in water law, water quality law, energy law, and environmental law. While better 
laws for water management and service provision inherently help to address the impacts of climate 
change on water and sanitation systems, laws increasingly need to intentionally consider the 
intersection of climate change to ensure that the impacts are properly anticipated and adequately 
addressed. Existing water laws are ill-equipped to adapt to climate change. Water laws will fall short 
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if the basic structure of water management and service provision reflected in those laws is not 
based on an intentional consideration of the actual and anticipated impacts of climate change.

Here we summarize key findings and conclusions from our review of federal, tribal, state, and local 
laws and policies from across the US on whether they help achieve equitable, climate-resilient water 
and sanitation for frontline communities.

Centralized Drinking Water Systems

Climate change through extreme heat, flooding, drought, rising seas, more extreme storms, wildfires, 
and other impacts, is already threatening the reliability and safety of drinking water access to 
frontline communities in the US. In the US there are approximately 300 million people that receive 
drinking water from centralized drinking water systems, which are the systems that collect, 
treat, and distribute water to multiple residential, commercial, and/or industrial customers within 
specifically defined geographical areas called service areas. Most centralized drinking water systems 
are governed by the Safe Drinking Water Act (SDWA). Changes to water quality from flooding, 
drought, rising temperatures, saltwater intrusion, wildfires, reductions in snowpack, and other 
climate events are disrupting and damaging centralized drinking water systems and are making it 
more challenging to ensure the water they deliver is safe. 

In some cases, the way water laws are designed or 
implemented may exacerbate the challenges created by 
climate change. For example, Tribes are often legally entitled 
to more water than they can use, which is inconsistent with 
the state prior appropriation doctrine approach by which 
water rights are maintained through actual use (“use it or 
lose it”). This can create tensions between state and tribal 
entities, especially where climate change and other factors 
decrease the volume of available water resources. Also, 
climate change can exacerbate unsustainable groundwater 
uses and practices, especially in places where the law 
either allows for unsustainable groundwater use or does 
not protect groundwater sustainability. As climate change 
creates greater dependence on groundwater in some places, 
laws like California’s Sustainable Groundwater Management Act have the potential to provide an 
important management mechanism for protecting vulnerable groundwater supplies and contributing 
to more inclusive governance processes, however, implementation of this law has not yet proved to 
be completely successful in these goals.

Laws that prioritize available water resources for domestic purposes could become more imperative 
as climate change shifts precipitation patterns and reduces the availability of water in some 
geographies. There are examples of states with laws that both create automatic prioritization 
of domestic uses during droughts and authorize water managers to address emergency water 
shortages. Together, these provisions can help protect domestic needs when there is insufficient 
water to meet every demand. In some states, laws where prioritization between water uses is not 
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clear, such as between domestic and agricultural uses, there may be potential for conflict between 
water uses during times of scarcity.

Some states have laws that mandate water resource management planning, which is a process 
whereby water managers (including those operating centralized drinking water systems) plan for 
future investments, like infrastructure upgrades and water supply needs. This is done by analyzing 
water supply availability, water quality, and use in concert with projected changes in population, the 
economy, and other factors that impact water demand. Increasingly, water resource management 
planning processes incorporate climate change considerations, but many do not. Some states have 
passed laws to create programs that provide technical assistance to small drinking water systems 
that often lack the capacity for water management planning and planning for climate change. While 
not specific to climate change, though with implications, drought planning laws and policies are 
approaches that have been used for requiring or incentivizing consideration of how water systems 
will function and adapt to water scarcity and supply constraints. Less than half of all states have 
laws that require drought preparedness plans for water systems.

As climate change alters precipitation patterns, populations continue to grow in urban centers, and 
costs of delivering water increase, instituting laws and policies that help reduce water use, improve 
water use efficiency, or permit and regulate using alternative water supplies can help communities 
adapt to these pressures. Demand management, reducing and making water use more efficient, is 
often applied through voluntary measures. However, there are several ways that laws and policies 
have led to long-term water demand reductions and supported adaptation to increasing water 
scarcity and more intense, prolonged periods of drought. Some key demand management laws and 
approaches have included: the Energy Policy Act of 1992, state-level laws that set standards for 
fixture water efficiency in building codes, requirements to upgrade to high-efficiency devices upon 
change of ownership of a property, and regulations for urban water suppliers to manage water 

Flooding in Florida, FWC photo © Stan Kirkland
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demand. Laws that permit and regulate water reuse and recycling or rainwater and stormwater 
capture and use may contribute to improved water supply resilience by adding to the community’s 
supply portfolio or by freeing up freshwater to be used for other purposes.

Flooding is among the costliest climate disasters in the US, and climate change is causing the 
impacts of flooding to grow. Laws that help prevent and reduce the impact of flooding through 
system design and construction requirements are supposed to help keep centralized drinking water 
infrastructure safe from these events. The National Flood Insurance Program (NFIP), created by 
the National Flood Insurance Act, has used historical flood event data for establishing insurance 
premiums and designating flood risk areas, which may not be applicable under future climate 
change as catastrophic flooding occurs more frequently. Existing drinking water systems and other 
infrastructure that were sited and designed based on NFIP’s old, outdated maps may be at risk 
from flooding damage. Drinking water and wastewater systems in communities that are not eligible 
for the NFIP or are excluded by outdated flood maps that do not account for climate change may 
lack flood insurance. Even in communities that are participating in the NFIP, protection and disaster 
recovery have been inequitably distributed with costs disproportionately being placed on low-
income neighborhoods. Some states have taken steps to go beyond the federal NFIP requirements, 
which may provide more protection against flooding events. But even these can fail to explicitly 
account for future climate change and more extensive flooding. 

Centralized Wastewater Systems

Like centralized drinking water systems, centralized wastewater systems are at risk from the 
impacts of climate change through extreme heat, drought, flooding, damage from extreme storms, 
sea level rise, and challenges with maintaining their mandated level of treatment in places where 
water is becoming more contaminated or scarce. In the US, centralized wastewater systems are 
made up of networks of pipes, pumps, holding tanks, 
and wastewater treatment plants (WWTPs) that collect, 
transport, treat, and dispose of waste from approximately 
75% to 80% of the population. WWTPs are governed by 
the Clean Water Act, which regulates the discharges 
from wastewater treatment plants and requires that the 
discharges meet certain standards that will protect the 
quality of the water resources into which the effluent is 
discharged. 

The siting, design, and proper construction of WWTPs can 
significantly impact the climate resiliency of these systems. 
Generally, state and local laws and regulations govern these 
engineering decisions. Once built, it is often many decades 
before updates or improvements are made to centralized 
wastewater systems. Due to drought and reductions in per capita water use, some wastewater 
systems have a mismatch between the volume of influent they were designed for compared to the 
volume that they now receive, yet there are few legal approaches for addressing this mismatch. 
While regulations can address the threat of floods and other climate impacts when building new 
wastewater treatment plants, changing existing plants may be harder.

There are few,
if any, legal
recourses for
homeowners
whose sewers
back up into their
homes during
flooding events.
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Centralized wastewater systems that were sited and designed based on historical flood event data 
also may be at risk from the increased extent and severity of flooding damage. Current federal law 
exists to ensure new systems are in areas with lower flood risks, but these laws are still based 
on historical flood maps and do not protect existing wastewater infrastructure. While wastewater 
treatment systems are taking steps to protect their infrastructure from sea level rise and erosion, 
many of these changes are made purely voluntarily.

In many cities, even small rainstorms can pose problems for aging sewers that were built decades 
or centuries in the past and are too small or in such poor condition that they cannot effectively 
transport water. Aging and inadequate infrastructure can lead to homes and businesses experiencing 
backflows of water from the sewer. This is already occurring in many places like New York City, 
where sewer backups from rainstorms occur disproportionately in low-income communities and 
communities of color. But there are few, if any, legal recourses for homeowners whose sewers back 
up into their homes during flooding events. Climate change and the increase in extreme precipitation 
and storm events in many parts of the country will only worsen these types of inequities.

Untreated or insufficiently treated wastewater can threaten people’s health and wellbeing if it 
comes into their home, but it can also degrade the quality of surface waters. If inadequately 
treated, wastewater effluent can degrade drinking water quality, public health, and the environment. 
The CWA provides a foundation for limiting the impact of wastewater effluent on water resource 
quality but is inadequate in explicitly requiring considerations of climate change in setting effluent 
limits. To meet the CWA standards and properly operate, consistently maintain, and periodically 
rehabilitate and update wastewater infrastructure requires ongoing financial resources and technical 
capacity. The impacts of climate change, such as degraded water quality and infrastructure damage, 
compound with these ongoing needs, especially for under resourced communities, exacerbating 
their efforts to meet regulatory requirements and provide safe, reliable services. Existing legal 
requirements and regulations were designed to improve pollution control from WWTPs, not to 
address the impact of extreme weather events and climate change.
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Decentralized, Onsite Drinking Water and Wastewater Systems 

Climate change is also impacting water and sanitation access for US households that rely on 
decentralized, onsite drinking water and wastewater systems, such as wells and septic systems. 
Based on the most recent study available (using pre-2010 data), approximately 23 million people-or 
17% of the US population at the time-relied on domestic wells for drinking water. More than one in 
five households in the US use onsite septic systems or small 
community cluster systems to treat wastewater, and many of 
those are concentrated in the Northeast and Southeast. The 
use of septic tanks has continued to grow as more homes are 
built for people looking to live outside urban centers. 

One of the reasons why onsite water and sanitation access 
is at risk from climate change is because there is limited 
legal oversight of these systems. Onsite drinking water is 
largely governed and legislated at the state and local levels. 
There are often laws that govern the siting and construction 
of domestic wells, including, for example, a California law 
that requires domestic wells to be constructed so that flood 
waters cannot enter through the top and to ensure domestic 
wells are installed out of historical floodplains. But these 
types of laws do not always account for changes to flooding 
severity or frequency due to climate change. At the same 
time there are few, if any, laws that require ongoing maintenance and inspection of existing domestic 
wells used for domestic drinking water purposes, let alone preparing for or responding to climate 
change. Some states or local entities require reinspection of septic systems post-disaster or during 
resale of a home. Post-disaster inspections may become more critical to ensuring these systems 
remain functional as more extreme weather events damage and disrupt onsite systems.

In regions where 
sea level is causing 
the groundwater 
table to rise, laws 
may be needed to 
address potential 
groundwater 
contamination from 
septic systems.
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From a water resources perspective, state laws that seek to ensure groundwater availability for 
domestic wells and other users have at times been inadequate for achieving these goals. As climate 
change adds more water stress, these laws may not be sufficient. Allowing and developing regulations 
for the installation and use of waterless or greywater systems for onsite sanitation collection, 
treatment, and disposal will help to encourage their use, and possibly their replacement of water-
based household sanitation systems. In regions where sea level is causing the groundwater table to 
rise, laws may be needed to address potential groundwater contamination from septic systems.

Domestic well quality testing regulations are potentially helpful for improving awareness of water 
quality in domestic wells, but they do not directly address the increasing risk of water contamination 
from climate change. Broad groundwater quality protection seeks to provide protection from human 
activity like agriculture, oil and gas development, or other forms of land use, but it does not offer 
explicit protection of groundwater from climate change phenomena. Few of the water quality laws 
governing management of decentralized, onsite drinking water or wastewater systems incorporate 
climate change. 

Laws and Policies for Equitable, Climate-Resilient Systems

Laws can help to ensure that safe, climate-resilient water and sanitation service delivery and 
infrastructure is available to all by creating rights and protections that enable greater and more 
equitable access to water and sanitation services. For example, laws can establish that water and 
sanitation are human rights. While the human right to water and sanitation have yet to be legally 
recognized at the federal level, some states have amended their constitutions in ways that could 
serve as a foundation for taking action to protect water resources if climate change causes harm to 
water quality or reduces water availability, even if not explicitly for the purposes of drinking water 
access. Furthermore, none of the existing state or local human 
right to water and sanitation laws or resolutions in the US 
explicitly address climate change. But when crafted well, these 
laws create an obligation on state or local governments to take 
steps to ensure every person has access to safe water and 
sanitation services now and into the future.

Climate change contributes to rising costs for the drinking 
water and wastewater utilities, which in turn are passed 
on to ratepayers, with the greatest impact on low-income 
households. Laws can create rules that disallow disconnections 
of water service for households that are unable to pay their 
bills. As one example, Washington has a law that provides legal 
protection for households that are struggling to pay their utility bills during hotter weather, ensuring 
they have access to water when temperatures are extreme and pose a risk to human health.

Laws also create funding mechanisms to help ensure that funding is equitably distributed to 
communities, especially overburdened and under resourced communities. Achieving the standards 
set out in the CWA and SDWA and ensuring water and wastewater infrastructure is climate-resilient 
requires federal funding, which is commonly authorized by laws. Two more recent examples of 
laws that include funding for climate-resilient water and sanitation projects are the Bipartisan 
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Infrastructure Law and Inflation Reduction Act. Together, these provide historic levels of funding for 
federal, tribal, state, and local water projects, among other things. 

In sum, climate change, by changing the availability of water and the frequency and severity of 
storms, will continue to make universal water and sanitation access difficult to achieve without 
legal protections in place. Without explicit consideration of how climate change will impact water 
availability, the operation of infrastructure, or the quality of surface waters, existing laws leave 
homes and communities, especially those on the frontlines, exposed and unprepared. Our current 
laws and policies are insufficient to provide water security, particularly with the significant impacts 
of climate change on the near horizon. Without changes to the law, more water and wastewater 
systems will fail and will do so more frequently, leaving entire communities without basic services 
they need to lead a healthy, dignified life.

Many communities struggling with water and sanitation access face other challenges as well. These 
include inadequate or unenforced laws, structural and systemic racism, fragmentation of decision 
making for water and climate change, institutional constraints, and lack of resources to begin 
and sustain adaptation efforts. A first step to overcoming these challenges and barriers is better 
understanding the key attributes of equitable, climate-resilient water and sanitation along with the 
barriers to and opportunities for achieving them. Our next report, Part 3 in this series, will provide 
a framework for equitable, climate-resilient water and sanitation in the US, as well as an overview 
of strategies and approaches that frontline communities are taking to create equitable, climate-
resilient water and sanitation. 

© Jim Gade
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1. Preface
As climate change intensifies and accelerates, many changes and impacts experienced by 
people and communities will be through water. Droughts are becoming longer, warmer, and more 
frequent, leading to water supply shortages for homes, businesses, and ecosystems and creating 
conditions for more intense wildfires. Flooding from extreme storms and more concentrated and 
intense precipitation events are damaging and destroying water and wastewater infrastructure, 
taking services offline for hours, days, weeks, or longer. Other events that are only becoming 
more frequent and intense under climate change, like wildfires and sea level rise, wreak havoc 
on water quality, leaving homes and communities without access to safe water to drink. And for 
frontline communities, these events can be devastating and lead to backsliding, i.e., causing a 
home or community to lose access to safe drinking water or a functioning sanitation system, either 
temporarily or permanently. 

In our first report, Climate Change Impacts to Water and Sanitation for Frontline Communities in 
the United States, we synthesized the existing knowledge and literature on the effects of climate 
change on water and sanitation and water resources in the US, especially for frontline communities. 
The report provided an overview of how communities that lack or struggle to maintain access to 
water and sanitation are most vulnerable to climate change and how and why climate change poses 
a challenge to achieving the human right to water, as recognized by the United Nations (Resolution 
64/292, United Nations 2014). It provided an in-depth review of literature that address six major 
climate phenomena and how each will directly and indirectly impact water and sanitation access 
in the US The six climate phenomena included extreme temperatures, drought, inland flooding, sea 
level risk, extreme storms, and wildfires. The report was Part 1 in the series, Water, Sanitation, and 
Climate Change in the United States, which continues here.

This report, Part 2 in the series, examines the laws and policies in the US that govern and inform 
water and sanitation service provision and infrastructure, and whether and how they address the 
impacts of climate change.2 In the future, Part 3 in the series will explore the attributes of equitable, 
climate-resilient water and sanitation systems and identify documented strategies and approaches 
that frontline communities have tried for achieving this goal in the US. 

2 We acknowledge that both wastewater treatment plants and drinking water treatment plants contribute to greenhouse gas emissions. 
Drinking water and wastewater treatment systems account for approximately two percent of total energy use in the US (US EPA 2023c). 
Although this is a small percentage, it amounts to the release of over 45 million tons of greenhouse gasses—specifically methane (CH4) 
and nitrous oxide (N2O)—every year. For most municipal governments, drinking water and wastewater plants are often the largest energy 
consumers, representing thirty to forty percent of the total energy used by the municipality (US EPA 2023c). While we acknowledge this 
impact, and that there are steps utilities could take to reduce their energy use, this discussion is focused on the impact of climate change on 
the provision of services, not the impact of providing services on climate change.

https://pacinst.org/publication/water-sanitation-climate-change-us-part-1/
https://pacinst.org/publication/water-sanitation-climate-change-us-part-1/
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https://pacinst.org/water-sanitation-climate-change-us-series/


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

2. Introduction
In the US, federal, tribal, state, and local laws and policies exist to govern the provision of water and 
sanitation services to communities and homes.3 The laws are designed to ensure the protection of 
public health and the environment; deliver sufficient, safe water for drinking, bathing, cooking, and 
other household needs; and remove and treat domestic (i.e., household) waste. Economic, social, 
political, physical, and legal challenges are still creating significant barriers to the delivery of water 
and sanitation for millions of people across the country. People who live without complete plumbing 
or safe water exist within the “water access gap” (Roller et al. 2019). As explored in the first report 
in this series, climate change—from extreme temperatures to droughts, floods, extreme storms, 
and wildfires—is making it hard to close this gap and keep 
it from growing. Water and sanitation systems in frontline 
communities already feel the disproportionate “first and 
worst” impacts of climate change to these systems and 
to their access to water and sanitation. Laws should 
help to anticipate and plan for both the incremental and 
catastrophic impacts of climate change as well as protect 
those who are most harmed by the effects. Unfortunately, in 
most cases, the climate is changing faster than the law can 
respond, thereby leaving frontline communities’ water and 
sanitation systems vulnerable to damage or destruction. 

In this report, we examine the laws and policies in the US 
that govern the equitable delivery of water and sanitation in 
the face of growing climate change impacts. The objective 
of this report is to identify and understand whether and 
how laws manage, anticipate, or enable effective responses 
to climate change impacts on water and sanitation service 
delivery and infrastructure. The report is intended to provide a foundation for a future, more 
comprehensive evaluation of the gaps and shortcomings that exist in law and policy to ensure the 

3 Throughout this report, we use the terms “wastewater” and “sanitation” to differentiate between these two concepts. “Sanitation” is a 
more inclusive term for processes and approaches to dispose and treat human fecal waste. “Wastewater” is generally used to refer to the 
liquid that contains fecal waste and other byproducts of household or commercial use, like soaps and cleaning products, that come from 
showers or sinks. Sanitation includes the process of fecal waste treatment from capture, containment, emptying, and transport through to 
treatment and either disposal or reuse. Wastewater is collected at a centralized wastewater treatment plant (WWTP), designed to collect 
and treat wastewater from domestic, commercial, and industrial sources. We use each term throughout this report, as appropriate, to 
acknowledge that there are different infrastructures and technologies available for treating human waste that may be appropriate depending 
on the location, community, and circumstances.
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necessary steps can be taken to construct and rehabilitate the legal infrastructure to limit or avoid 
the impacts of climate change on water and sanitation service delivery. We pay special attention 
to laws that give visibility to and empower frontline communities and vulnerable households, both 
those without consistent water and sanitation access and those facing the greatest threat to their 
access from climate change.

The report is structured as follows:

	• The overarching structure is shaped by the categories of systems that provide water and 
sanitation services to households and how the law administers those systems. We have 
identified three types of systems: 1) centralized drinking water systems, 2) centralized 
wastewater systems, and 3) decentralized, onsite drinking water and sanitation systems.  
The type of system largely determines which legal and regulatory requirements apply.

	• Within each section we further structure the discussion around climate change’s impacts 
on service delivery and infrastructure. We broadly categorized the climate change impacts 
described in the first report of the series into three categories—1) water scarcity, 2) flooding, 
and 3) poor water quality—because this is how the law typically governs water management 
and service provision and infrastructure.

	• Within each category of climate change impact, we examine a sampling of laws and policies 
that have been adopted by different levels of government—including federal, tribal, state, 
and local related to water and sanitation provision and climate resilience and adaptation.4 
The way these laws are designed will depend on the different jurisdictional authorities and 
responsibilities. 

	• Universal, climate-resilient water access cannot be achieved unless every household is 
reached. Therefore, the report includes an additional section to explore laws that govern 
issues of equity, including the human right to water and sanitation, affordability of water 
and wastewater services, and government funding efforts designed to close access gaps in 
communities with limited financial resources.

	• The reader will also notice that many laws discussed focus on water and do not mention 
climate change. Laws that better manage water resources and water and sanitation service 
delivery are the foundation of any legal infrastructure intended to anticipate and reduce 
climate change impacts. Many laws can be improved or complemented by intentionally and 
purposefully addressing climate change’s impacts on water. 

Laws governing water are written at the federal, tribal, state, and local levels. This means that a 
wide range of approaches can be taken to address water and climate change depending on the 
authority the government has and their respective policy priorities. Therefore, laws can and often 
do differ from community to community. Furthermore, some laws may be more prescriptive, while 
others may provide greater discretion to the implementer. This also leads to different results. For 
example, a water or wastewater utility may be given the authority to draft regulations or policies 
but may not be required to exercise that authority. As such, some water and wastewater utilities 

4 The term “local” incorporates jurisdictions such as counties, townships, municipalities, towns, cities, villages, hamlets, and unincorporated 
communities. Different states often use different terms to define local communities. Furthermore, these local communities may or may not 
have certain governing or legislative authorities or bodies. 
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will draft regulations, some will not. This contributes to a plethora of different laws, policies, and 
outcomes across the US, which makes a comprehensive review challenging. 

Because of its dynamic and piecemeal nature, water law is constantly evolving. Water law is often 
developed incrementally and issue-by-issue, leaving an immense number of laws that impact water 
and sanitation. For this reason, a sampling of existing laws and policies is provided in this report. 
Some of these examples are representative of broader trends in water law, others represent unique 
circumstances, and still others are relics of different circumstances and different thinking. Without 
further comprehensive and exhaustive efforts to research and analyze every relevant law in the 
US, the picture will always be hazy. To address this gap in research, we have provided examples of 
various approaches across different jurisdictions and geographies that illustrate what exists. While 
we attempted to find examples throughout the US, we do draw on relatively more examples from 
California. This is a result of California’s approach to both climate change and water access, which 
has led to a number of laws and policies that explicitly seek to create equitable, climate-resilient 
water and sanitation systems. A comprehensive comparative analysis is beyond the scope of this 
review but is an area identified for future research. 

Columbus, Georgia, USA downtown skyline. 
©Sean Pavone
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3. Background
3.1 WATER LAW
Water laws, policies, and programs are responsible for creating the architecture of rules, institutions, 
and delivery mechanisms governing the provision of water and sanitation services broadly. Laws—
adopted by federal, tribal, state and local legislatures—are responsible for setting forth the rights, 
rules, requirements, processes, and institutions (including their authorities and responsibilities) 
necessary for providing safe and climate-resilient water and sanitation services. In the US, laws—as 
compared to policies—set forth binding rules that must be followed.

Water laws and policies can be adopted outside of the federal, tribal, state and local levels. 
Laws and institutions can also be established at the regional or river basin level. For example, 
the US Constitution allows for states to enter interstate compacts to address water issues (US 
Constitution, art. 1, sec. 10, cl. 3). There are more than forty-five interstate water compacts across 
the US governing shared river basins (Interstate Council on Water Policy 2020). Through these 
interstate compacts, states have adopted rules and created institutions to govern shared bodies 
of water. The Colorado River Compact of 1922 is one example of such a compact and governs the 
Colorado River across seven states, including Arizona, California, Colorado, New Mexico, Nevada, 
Utah, and Wyoming. The compact established the Upper and Lower Basins (essentially subbasins 
within the larger Colorado River Basin) and broadly allotted water to each, which was further 
clarified in the Boulder Canyon Project Act (1928) and Upper Colorado River Basin Compact of 1948. 
There is no common formula or format for interstate compacts. Each takes different approaches 
to governing shared water resources, and they often address different issues in region- or basin-
specific ways.

Water laws often require the adoption of regulations for full implementation. The law typically 
provides general guidelines for how these regulations should be developed, leaving the technical 
experts within executive agencies—which include all executive offices from mayors to the US 
president—to develop the regulations. These regulations, like laws, set forth mandatory rules that 
must be followed and are essential to achieving the goals of the law. For example, the Clean Water 
Act (CWA) requires the Environmental Protection Agency (EPA) administrator to adopt regulations for 
the establishment of water quality standards. EPA in turn adopted regulations setting forth the rules 
to inform the development and adoption of water quality standards by states (CWA 33 USC 1313b; 40 
CFR 131). These EPA regulations require states to establish water quality standards, through state-
level regulations, which are reviewed and either approved or rejected by the EPA. In this instance, 
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the power to regulate is shared, with the EPA providing greater instruction through its regulation and 
the state prescribing standards that will be used, as necessary, to modify discharge permits.

Water law is also interpreted and applied by federal and state courts. Questions of state law are 
interpreted and applied by state courts. Questions of federal law—such as the CWA or Safe Drinking 
Water Act (SDWA)—are heard by federal courts, including the District and Circuit Courts as well as 
the Supreme Court of the United States (SCOTUS).5,6 Court 
interpretations of law are binding within the jurisdiction of 
that court and provide important clarifications, especially 
where there is ambiguity in the law or in previous 
interpretations. For example, the decision by the SCOTUS in 
Hawai‘i Wildlife Fund v. County of Maui addressed a circuit 
split—or conflicting interpretation of the law—between 
two federal Appellate courts. The decision determined that 
a permit is required under the CWA when there is a direct 
discharge from a point source (i.e., a single pipe or point 
of discharge) into navigable waters (as stated within the 
CWA) as well as when there is a functional equivalent of a 
direct discharge. A permit was not explicitly required under 
these circumstances within the original legislation, but the 
justices interpreted the legislative language to also apply 
to discharges that are functionally equivalent to direct 
discharges to address a lack of clarity. The Supreme Court’s 
interpretation then becomes the understood and applied 
meaning of that law.

This report focuses on the law related to water and climate 
change as it has been written. While the law often creates 
responsibilities for enforcement, it is not guaranteed. This 
means that the law as written may not reflect reality. For 
example, the CWA requires that states adopt total maximum 
daily loads (TMDLs) of nutrients when a water source fails 
to meet specific water quality standards (CWA § 303(d)). 
Even though this requirement is set by law, states do not always adopt the TMDLs as required, and 
the EPA does not always act to enforce this requirement. The law must be executed for it to have 
impact. Even so, the law as written can empower government and drive change. Law as written is 
the foundation, but effective application and committed enforcement of the law is also necessary.

The purpose of enforcement is to ensure compliance. Inequitable enforcement can lead to denial 
of rights for groups of people who are already marginalized or left behind by the current system. 

5 Federal courts also largely adjudicate tribal water rights, but sometimes decisions are made by State courts.

6 It is important to note that there is not a set path for legal questions to be addressed. Some cases go to District Courts first and then 
progress through to the Supreme Court. Others can start at the Appellate level and be appealed to the Supreme Court. Depending on the 
litigants, there may also be recourse directly to the Supreme Court (e.g., when states sue each other) or to other courts that deal with claims 
against the federal government (which are created by legislation, not the Constitution per se, although this is much less common for various 
reasons).
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Enforcement is necessary where there is noncompliance to ensure that processes and penalties are 
applied fairly and that there are consequences for failing to comply with the rules and requirements 
established by the law. Compliance and enforcement of the CWA has historically been challenging. 
In a 2020 audit conducted by the Office of the Inspector General of the EPA, they discovered that 
between the fiscal years of 2006 and 2018 enforcement of the CWA declined, which coincided with 
a decline in dedicated resources for enforcement by the EPA 
(Butler et al. 2020). During that period, the EPA conducted fewer 
inspections, initiated fewer enforcement actions, and concluded 
fewer enforcement actions—including administrative compliance 
orders, final administrative penalty orders, and civil judicial cases 
concluded by the Department of Justice. Similarly, the EPA did not 
complete some enforcement actions such as enforcing payment of 
financial fines for noncompliance with environmental laws.7 

Accurate, accessible data is essential to ensuring compliance. Data 
also helps to provide the necessary transparency to understand 
how noncompliance impacts frontline communities and other 
marginalized groups. In a separate report the Government 
Accountability Office (GAO) found that while the EPA had developed a measure to track progress 
towards reducing the rate of significant noncompliance, the data being used to track significant 
noncompliance is incomplete and contains inaccuracies (US GAO 2021). Without the proper data, it is 
exceptionally difficult to monitor how the law is being enforced.

Government policies, unlike laws, are nonmandatory; they represent guidelines, objectives, and 
strategies adopted by governments to reflect political priorities and a broad, suggested approach to 
addressing a challenge or achieving a certain outcome. They may be developed in advance of a law 
to inform what should be included in the law or after a law has been adopted to help implement 
the law. They can also be developed to provide guidance where the law does not require action. 
Policies provide insight on the goals and objectives of the government and what steps will help 
them to achieve those outcomes. For example, the Clean Water and Drinking Water Infrastructure 
Sustainability Policy, which was instated by the EPA in 2011, set forth the goal of ensuring that 
federal investments, policies, and actions would support sustainable water infrastructure (Williams, 
Cook, and Smerdon 2022; US EPA 2016). Because laws set forth rules that require action or prohibit 
certain types of action, this report focuses on identifying and understanding the laws governing the 
relationship between water, sanitation, and climate change.

7 Specifically, the Office of the Inspector General of the EPA stated that the EPA concluded fewer enforcement actions with injunctive relief 
(action that the EPA orders a regulated entity to take to return to and maintain compliance with environmental laws) and penalties (financial 
fines a regulated entity pays to the US Treasury in connection with the entity’s noncompliance of environmental laws), and that they 
completed fewer supplemental environmental projects (an additional environmental improvement project that a regulated entity agrees to 
complete as part of an enforcement action) (Butler et al. 2020).
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3.2 THE IMPORTANCE OF WATER LAW FOR DRINKING WATER AND 
SANITATION IN THE CONTEXT OF CLIMATE CHANGE
Water provision is often thought of in terms of the built infrastructure—such as wells, pipes, and 
treatment facilities—that capture, move, and treat water and wastewater around a community or 
household. However, the legal infrastructure—the laws, implementing regulations, and institutions 
established under the law, as well as any policies and plans that are enforceable mechanisms—also 
guide, inform, and oftentimes determine, how and whether these services can and will be provided.

One of the challenges with water law is that, generally, it is developed to provide predictability, yet 
water under a changing climate is highly unpredictable (i.e., what is referred to as “nonstationary”) 
(Milly et al. 2008). Laws are intended to create clear and dependable rules and processes. In being 
predictable, the law at times can be overly prescriptive and fail to provide the flexibility needed to 
respond to climate change or other desired changes. 

For example, the Colorado River Basin’s water was allocated 
during a much wetter era and did not account for the range of 
climate extremes now experienced (Wheeler et al. 2022). This 
has led to the protracted negotiations in the Colorado River 
Basin to adapt the water allocations considering the ongoing 
multi-decadal drought (Williams, Cook, and Smerdon 2022). A 
tentative deal between the states is only emerging after the 
federal government showed a willingness to take control of 
the process (Partlow 2023b). While existing laws may not have 
perfect balancing predictability and flexibility, water law can 
offer both predictability and flexibility if designed well. And for 
water law to evolve and to allow for adaptation to the ongoing 
impact of climate change, it will have to provide both predictable 
and flexible rules and processes.

While some laws may not explicitly mention climate change, 
they are foundational to adapting to climate change impacts. For 
example, surface water users often turn to groundwater during 
drought (Petersen-Perlman, Aguilar-Barajas, and Megdal 2022). If 
groundwater management rules and regulations are not in place 
to manage this significant uptick in use, existing groundwater 
users will be affected, groundwater may be overdrawn, and the 
aquifer’s capacity may be permanently diminished (Russo and 
Lall 2017; Lall et al. 2018). Therefore, having in place the basic 
laws necessary to manage water resources and service provision 
can inadvertently, indirectly, and fortuitously protect against 
climate impacts.

There is an increasing need for water laws to explicitly incorporate and consider climate change 
considerations. While better water management and service provision laws inherently help to 
address the impacts of climate change on water and sanitation systems, laws should purposefully 
consider the intersection of climate change and water to ensure that climate change impacts are 
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properly anticipated and adequately addressed. Water laws will fall short if the basic structure of 
water management and service provision reflected in those laws is not based on an intentional 
consideration of the actual and anticipated impacts of climate change, and existing water laws are 
ill-equipped to adapt to climate change. Craig (2020) describes several ways water laws from the 
Eastern and Western US are ill-equipped for the variability and magnitude of changes to hydrology 
that are expected under a changed climate. They note that climate change is exposing gaps in water 
law, water quality law, energy law, and environmental law (Craig 2020). These gaps and inequities 
will only become more visible and acute as climate change accelerates. In the sections that follow, 
we examine the existing legal infrastructure governing water and sanitation service delivery and 
infrastructure in the US, and how it may or may not withstand a changing climate.

Water treatment tanks © Bob Brewer
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4. Centralized Drinking 
Water Systems

Centralized drinking water systems collect, treat, and distribute water fit for human consumption 
to multiple residential (i.e., single-family and multifamily households) and/or commercial customers 
within specifically defined geographical areas, also called service areas. Centralized water 
infrastructure operates above the household level, serving a neighborhood, a community (i.e., a city, 
town, municipality, county), or more than one community. Centralized treatment and distribution 
require larger, more complex infrastructure which takes significant funding to construct, operate, 
maintain, and rehabilitate. Figure 1 shows a schematic from the Centers for Disease Control and 
Prevention (CDC) of the basic steps and components of a centralized drinking water system. 

FIGURE 1. Schematic of a Centralized Drinking Water System

Source: Centers for Disease Control and Prevention 2022
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Centralized drinking water systems provide drinking water services to approximately 300 million 
people living in the US (US EPA, OW 2017). Most centralized drinking water systems are governed 
by the SDWA, adopted by Congress in 1974. As is typical of laws, the SDWA creates and uses its 
own legal definitions that may not align with the terms commonly used in the sector. Regulations 
developed by an agency within the executive branch (such as the EPA), also create definitions, 
sometimes even modifying legal definitions. This is often done because the law is trying to regulate 
something very specific based on multiple considerations. The SDWA regulates “public water 
systems,” defined as “a system for the provision to the public of water for human consumption 
through pipes or other constructed conveyances, if such 
system has at least fifteen service connections or regularly 
serves at least twenty-five individuals” for at least 60 days 
per year (42 USC 300f; 40 CFR 141.2). A public water system 
is either a community water system or a noncommunity 
water system. A community water system is a public water 
system that serves “at least 15 service connections used by 
year-round residents or regularly serves at least 25 year-
round residents,” and therefore ranges from being very small 
to very large.8 The definition of community water systems 
largely coincides with the broader term of centralized water 
systems, only leaving out water systems that have fewer 
than 15 service connections or serve fewer than 25 people.

There are approximately 145,000 centralized drinking 
water systems, commonly called public water systems by 
government entities, in the US (Humphreys 2022). Of the 
145,000 public water systems, nearly 50,000 are community water systems, which provide water 
year-round to the same population in the US. These systems serve the majority of people in the 
US, while the rest are served by decentralized, onsite drinking water systems (discussed in Section 
6 below) (US EPA 2015a). Approximately 81% of these community water systems serve 3,300 or 
fewer people (Humphreys 2022). On the other hand, 9% of community water systems serve more 
than 10,000 people (Humphreys 2022). Notably, small water systems (those that serve 3,300 or 
fewer) face unique challenges, including limited financial, managerial, and technical capacity, 
relative to their larger counterparts (Feinstein et al. 2020). These challenges make it more difficult 
for small systems to meet regulatory requirements, maintain infrastructure, and adapt to climate 
change in the US.

Laws and policies that regulate centralized drinking water systems focus on ensuring that systems 
deliver safe water. The SDWA governs the quality of drinking water delivered by community water 
systems. By requiring the establishment of maximum contaminant levels (MCLs), the federal 
government sets a floor for what is considered safe drinking water. These MCLs are set by the US 
Environmental Protection Agency within the National Primary Drinking Water Regulations. States can 

8 Public water systems include community water systems, nontransient noncommunity water systems (NTNC), and transient noncommunity 
(TNC) water systems. Nontransient noncommunity water systems are public water systems that regularly supply water to at least 25 of the 
same people at least six months per year (e.g., a school, factory, or office building). Transient noncommunity water systems do not provide 
water services to the same people on a regular basis (e.g., a gas station, campground). This report primarily focuses on community water 
systems, which are responsible for providing water to the majority of homes and businesses in the US. 

Laws and policies 
that regulate 
centralized drinking 
water systems focus 
on ensuring that 
systems deliver 
safe water.  



Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

33 4. Centralized Drinking Water Systems

adopt more stringent MCLs or MCLs for additional contaminants but cannot adopt less stringent or 
fewer MCLs than those regulated by the federal government.

For many people, particularly for frontline communities of rural, low-income, and communities 
of color, these laws, policies, and programs have failed to deliver safe, reliable drinking water. 
One study found that in 2015, nearly 21 million people in the US were served by community water 
systems that received a health-based water quality violation that year (Allaire, Wu, and Lall 2018). 
In other years over the past few decades, upwards of 45 
million people received water from systems that violated 
health-based standards (Allaire, Wu, and Lall 2018). 
Furthermore, structural racism and underinvestment in 
predominantly low-income, Black, Indigenous, and other 
communities of color—exemplified by the water crises 
in Flint, Michigan, Jackson, Mississippi, Benton Harbor, 
Michigan, and Toledo, Ohio—threaten the universal safety of 
centralized drinking water systems. 

As detailed in the first report in the series, climate change 
will further exacerbate the challenge of delivering safe, 
reliable water for these systems. Climate change can 
drive water scarcity, reducing the reliability of the lakes 
and reservoirs, streams, rivers, and groundwater sources 
on which centralized drinking water systems depend. It 
has increased contamination of these sources as well, 
through saltwater intrusion from the sea into groundwater, 
increased frequency and extent of harmful algal blooms, and growing impacts of severe wildfires 
on watersheds that feed drinking water reservoirs (Zamuda et al. 2018). Floods and other extreme 
storms are also happening more frequently and have become more intense. These events can render 
water infrastructure inoperable, and impact energy supply, energy transmission, and transportation 
networks that centralized drinking water systems are highly dependent on (Pacific Institute and 
DigDeep 2024). The rest of this section is focused on how laws, policies, and programs address 
or fail to address these phenomena, and how they help or hinder the advancement of equitable, 
climate-resilient centralized drinking water systems for frontline communities. 

4.1  WATER SCARCITY AND SUPPLY IMPACTS TO CENTRALIZED DRINKING 
WATER SYSTEMS
Water scarcity and other supply impacts of climate change will significantly affect water resources 
needed for centralized water service provision. In the US, drinking water is most commonly supplied 
from surface water and groundwater sources, like lakes, rivers, and aquifers (Dieter and Maupin 
2017). A small fraction of drinking water supplies come from alternative sources such as recycled 
wastewater, rainwater, and desalinated water. Climate change threatens existing water supplies 
for drinking water both by creating more water scarcity and by impacting water demand. Climate 
change is expected to raise water demand in places where there are increasing temperatures or 
where there are extended periods of time without rain or snow (Pacific Institute and DigDeep 2024). 
To ensure water provision in the face of climate change, communities need both the baseline legal 
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infrastructure for managing water use and an understanding of climate change actions available to 
them. In this section, we examine how the law helps to prepare or respond when there is too little 
water to meet all the water demand, especially when water scarcity threatens basic water services.

Since drinking water quality and availability depend on water resources, the laws that govern water 
allocation and water resource management are in many ways as important for addressing climate 
change as the drinking water quality laws. Water laws govern the use and management of water 
resources by establishing whether, how, when, and by whom water resources can be withdrawn 
and used. Laws can also incentivize behaviors and actions that help improve efficiency of water 
use or conserve water, and they can protect certain types of water uses, like water and sanitation 
service use during times of scarcity. The ability of current laws to support sustainable, equitable 
water use and management will be tested as climate change impacts continue to grow. In general, 
water management laws and policies in the US do not explicitly take climate change into account, 
increasing the likelihood that centralized drinking water systems will face challenges in providing 
services due to climate change.

4.1.1 Surface Water Rights and Use
Water resource management, including the distribution and allocation of water rights, is largely 
left to state governments. For example, Congress has not adopted any national laws regarding 
water management, rights, or allocation.9 The CWA states that it is a “policy of the Congress to 
recognize, preserve, and protect the primary responsibilities and rights of states to prevent, reduce, 
and eliminate pollution, to plan the development and use (including restoration, preservation, and 
enhancement) of land and water resources, and to consult with the Administrator in the exercise 
of his authority under this Act,” indicating water allocation and use as a state issue (33 USC. 1251 
CWA § 101b).

However, there are important exceptions to this. First, the federal government holds “federally 
reserved water rights.” These water rights are intended to be used to achieve the purpose of 
federally owned or managed lands. As such, when the federal government sets aside land for a 
particular purpose (for example, the creation of a national park or wildlife refuge), it also reserves 
water to achieve that purpose. Second, the federal government quantifies tribal water rights and 
federal agencies, which include the Bureau of Indian Affairs (BIA) and Indian Health Service (IHS), 
help manage water resources, infrastructure, and services on tribal lands. Lastly, the Army Corp of 
Engineers (USACE) and Bureau of Reclamation (BOR) (an agency within the Department of Interior) 
are involved in water management through their congressionally granted authorization to construct 
and operate water infrastructure such as dams and reservoirs. Through that authorization, Congress 
states the purpose for which the infrastructure has been authorized and the USACE and BOR 
construct, operate, and oversee that infrastructure to achieve that purpose, such as irrigation, 
water supply, and hydroelectric power generation. In fact, the BOR is the largest wholesale water 
supplier and second largest producer of hydropower in the US (USBR 2023). As a result of these 
areas of authority, the federal government plays an important role in water management, rights, 
and allocation.

9 While Congress does approve and write interstate water compacts, these compacts are not nationally applicable. The point here is that 
Congress is not drafting water resource management or water rights allocation that apply nationally.
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States have adopted their own unique approaches to managing water use and allocating water 
rights. Each state has the authority to determine how water resources are to be allocated and 
each has adopted its own set of state laws. Generally, states apply either a version of riparianism 
or prior appropriation when governing surface waters. Riparianism is conventionally a land-based 
water rights doctrine whereby riparian water rights are available to owners of land adjacent to 
natural waterbodies. Therefore, landowners next to waterbodies have a right to use and withdraw 
water from that waterbody, subject to certain limitations. In many states, the riparianism principles 
that were originally created as common law—law created by judges resolving disputes—have now 
been codified into state statutes. Where this has occurred, this codified common law system is 
called “regulated riparianism” (Dellapenna 2011). Regulated riparianism typically requires landowners 
adjacent to natural waterbodies to apply for water use permits before withdrawing or using any 
water. People and entities without waterfront property may also 
apply for water use permits without needing to have riparian land. 
Permits under this system are typically time-limited and must 
be renewed periodically with a frequency determined by each 
state. These periodic permits potentially provide opportunities for 
states to revisit permit uses and allocations where climate change 
impacts water flows due to declining precipitation or other factors.

Florida’s law codifies the regulated riparianism doctrine. Any 
person seeking to use water must apply for and receive a permit 
from one of the five water management districts that cover Florida 
(Fla. Stat. § 373.219). In their application of a water use permit, 
the person must demonstrate that the proposed water use: “(a) 
Is a reasonable-beneficial use as defined in § 373.019; (b) Will not 
interfere with any presently existing legal use of water; and (c) Is 
consistent with the public interest” (Fla. Stat. § 373.223). The term “public interest” is not defined 
within the law, nor has it been defined by the Florida Department of Environmental Protection. If 
considering climate change impacts is in the public interest, then this term could be used to justify 
the government’s consideration of climate change in making its permitting decisions. 

The regulated riparianism statute in Florida includes a few other provisions that provide unique 
protections for the watershed. For example, the statute requires the establishment of minimum 
flows and minimum water levels (Fla. Stat. § 373.0421). In establishing those minimum flows, the 
department or water management district board is required to “consider changes and structural 
alterations to watersheds, surface waters, and aquifers and the effects such changes or alterations 
have had, and the constraints such changes or alterations have placed, on the hydrology of an 
affected watershed, surface water, or aquifer, provided that nothing in this paragraph shall allow 
significant harm as provided by § 373.042(1) caused by withdrawals” (Fla. Stat. § 373.0421). Minimum 
flows provide a check on water use and explicitly require the department or the board of a water 
management district to protect the basin, bearing in mind the reduced flows brought on by climate 
change. Minimum flows help to protect the sustainability of the river basin, ensuring sufficient water 
resources for drinking water. 
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Lastly, the department or water management district board in Florida has the authority to declare a 
water shortage emergency for a source or sources: “insufficient water is or will be available to meet 
the present and anticipated requirements of the users or when conditions are such as to require 
temporary reduction in total use within the area to protect water resources from serious harm” 
(Fla. Stat. § 373.246). Within the plan to be adopted by the board or department when declaring a 
water shortage emergency, they can include provisions “for variances and alternative measures to 
prevent undue hardship and ensure equitable distribution of water resources.” And in accordance 
with the plan adopted, the board or department can impose restrictions on one or more classes of 
water uses to “protect the water resources of the area from serious harm and to restore them to 
their previous condition” (Fla. Stat. § 373.246). Unlike California’s laws presented below, Florida law 
does not require a two-year waiting period before addressing a water shortage. Additionally, Florida’s 
water use restrictions can be applied to everyone. This ensures greater equity in sharing the burden 
of the impact of climate change across all users, rather than being shouldered by just the most 
junior water users.

The other approach to water allocation in the US is the prior appropriation doctrine, which is the 
primary water rights system in Western states, including several states in what is considered the 
Midwest, like North Dakota, South Dakota, and Kansas (Figure 2). Prior appropriation applies a first-
in-time, first-in-right or first-come-first-served approach to the distribution and prioritization of 
water rights. This approach was developed in part because of a need for a way to allocate scarce 
water resources between competing users (Benson 2012). Water rights are secured by putting water 
to a beneficial use.10 These rights are then prioritized based on the date the right was perfected (i.e., 
established), creating a formal date-based order, or “seniority,” of water rights.11 When a water right 
is not used, it can be lost (Johnson and DuMars 1989). When limited water supply is available, the 
more senior water rights must be fulfilled first before any water is available for use by junior rights 
holders. This means that junior rights holders will not always be able to access water resources if 
water becomes limited (e.g., in times of severe drought that impact water availability). The decision 
of who gets water and who does not is based only on the date when the water right was perfected 
and not on the way the water is used. For example, in California in 2021 during an intensifying 
drought, the state notified 4,300 water rights holders to stop diverting water from the Sacramento-
San Joaquin Delta watershed, the largest watershed in the northern part of the state (Becker 2021). 

A local journalist reported that the notices to stop diverting were sent to the junior water rights 
holders, while the 2,300 users with more senior water rights were only sent notices warning that 
they might face insufficient water supplies (Becker 2021). Among the impacted junior rights holders 
were municipal water suppliers like Carmichael Water District, which serves a population of about 
41,200 people in the Sacramento area. In response, the district switched water sources from their 
surface water supplies from the local river to groundwater supplies and purchased water from other 
nearby water districts (Becker 2021). 

10 “Beneficial use” is a legal term defined by courts and/or state-level statutes that defines what is considered an allowable use of 
water. Common beneficial uses include, for example, domestic, agriculture, and industrial uses, among others. In-stream uses—such as 
environmental flows or recreation—were once not considered a beneficial use. 

11 A water right is perfected when unappropriated water is found and put to a beneficial use.
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FIGURE 2. Water Governance in the United States by State

Source:  Department of Energy 2014 (based on data from Beck and Kelley 2009)

This example demonstrates how there can be gaps in the law that do not fully protect drinking 
water supplies during times of drought. In California, water use can be curtailed under Section 
1058.5, “when water is not available under the diverter’s priority of right” (Cal. Water Code § 1058.5). 
However, this only protects the more senior post-1914 water rights holders, which may not include 
water rights held by drinking water systems.12 It does not require an equitable or proportional 
decrease in water usage among all water users that could protect water supply for drinking water. 
Furthermore, the regulatory agency, the State Water Resources Control Board (SWRCB), can only 
exercise these rights under Section 1058.5 in a “critically dry year” after at least two consecutive 
below-normal or drier years, or when the governor has proclaimed a drought state of emergency, 
potentially disadvantaging water systems while they wait for these powers to be triggered.13 

12 California is a unique state in that its laws recognize both riparian water rights and appropriative water rights. Both riparian and 
appropriative rights were recognized by California state law in the 1850s when California became a state. Riparian rights generally have 
priority above all appropriative rights and cannot be lost due to lack of use. California’s Water Commission Act of 1914 is responsible for 
creating the current appropriative water rights permit structure in place today and establishing a dual water rights system (California 1914). 
All water rights are limited to the amount of water “reasonably required for the beneficial use to be served” (Cal. Const. art. X, § 2; Cal. 
Water Code § 100) (Nylen et al. 2023). 

13 Water Code Section 1058.5 is a bit broader than suggested here, and states the following: “The emergency regulation is adopted to prevent 
the waste, unreasonable use, unreasonable method of use, or unreasonable method of diversion, of water, to promote water recycling or 
water conservation, to require curtailment of diversions when water is not available under the diverter’s priority of right, or in furtherance of 
any of the foregoing, to require reporting of diversion or use or the preparation of monitoring reports.”
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Like riparianism, the prior appropriation doctrine has been codified into state laws. Appropriative 
water rights are perpetual, meaning there is no expiration date on the permits. However, states now 
require water users to secure advanced permission before beginning a new water use, which is an 
important shift from the original doctrine, especially considering climate change and times of water 
scarcity. By requiring advanced permission, an administrative agency can review the compatibility 
of the proposed water use, consider the impact on existing uses, anticipate future demand, and—
ideally—incorporate projected future water availability. Without an expiration date or other review 
for appropriative rights, regulators are still making future decisions based on today’s information. 
Still, this pre-use permission process does create a more equitable system that can better address 
climate change.

Some state’s water laws have provisions to address wasteful or unreasonable use of water, which 
can create the authority for certain entities to restrict those uses during times of drought or 
scarcity. Wasteful or unreasonable uses are prohibited by law in California (Nylen et al. 2023). There, 
“reasonable use” is a flexible concept that can change over time and is based on the circumstances 
in the basin, which is important in river basins impacted by climate change (Nylen et al. 2023). For 
example, the California SWRCB adopted emergency regulations under the California Water Code 
(Cal. Water Code § 1058.5) banning certain uses as unreasonable and wasteful, including the use of 
water for washing off sidewalks and decorative fountains 
(unless the water is recirculated). They also ban the 
application of water to irrigate turf or ornamental 
landscape within the 48 hours following rainfall of at 
least one fourth inch of rain when certain emergency 
conditions have been found by the SWRCB (23 CA Code 
of Regs 863, 864, 995, 996). In a time of emergency, such 
as during a drought, these types of laws allow for certain 
uses to be designated unreasonable and for authorities 
to restrict those uses.

4.1.2 Groundwater Rights and Use

In comparison to surface water resources, groundwater 
resources are relatively difficult to manage (being 
underground and largely unseen), yet they exist under 
every state, Washington D.C., and Puerto Rico (Figure 3). 
While the majority (96%) of states in the US have some 
law in place to regulate groundwater use and/or quality 
(Gerlak et al. 2013), the quality and comprehensiveness 
of those laws is not guaranteed. In many places groundwater use is still unsustainable leading to 
declining water tables, reductions in surface water availability, subsidence at the ground surface, 
and groundwater pollution (Smith, Knight, and Fendorf 2018; Russo and Lall 2017, Rojanasakul et al. 
2023). Groundwater is generally considered sustainable when it maintains high-quality, long-term 
storage and flow through inclusive, equitable governance and management (Gleeson et al. 2020; 
Elshall et al. 2020). 
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FIGURE 3. Principal Aquifers of the United States

Source: US Geological Survey 2018

In some places, laws allow unsustainable groundwater use. For example, states like Texas apply the 
“rule of capture” to govern groundwater, which effectively allows a landowner to pump as much 
water from wells on their property as they wish, with no regard for impacts on other wells (Opiela 
2002). Climate change has the potential to exacerbate unsustainable groundwater use and practices, 
especially in places where the law does not protect groundwater sustainability. In some places, 
groundwater is used when there is not enough surface water, multiplying the impact of droughts 
by increasing groundwater use (Flavelle and Rojanasakul 2023). Recharge of groundwater aquifers 
from surface water sources is also becoming less reliable due to climate change (Döll 2009; Meixner 
et al. 2016). A growing population combined with a climate that is hotter—and at times much drier 
in places, such as the Western US—will also drive up existing water demand, likely leading to even 
greater overuse of dwindling groundwater resources (Lall et al. 2018; Payton et al. 2023).

Two studies, one performed in 2012–2013 and one in 2016 by researchers at the University of 
Arizona, surveyed representatives within state agencies on the scope of groundwater governance in 
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each state (Gerlak et al. 2013; Megdal et al. 2017).14 Groundwater is largely managed and regulated 
at the state level. In nearly half the states, the hydrologic connection between surface water and 
groundwater is not recognized by the legal system used to manage water (Gerlak et al. 2013). Gerlak 
and coauthors also found that most states have laws that explicitly address groundwater quality 
and also water conservation regulations that are applicable to groundwater. However, Megdal 
and co-authors found that less than half of survey respondents expect their states to meet their 
groundwater quality management goals (Megdal et al. 2017). Within each state, different agencies at 
both the state and local levels can be involved with groundwater management and use. Megdal et al. 
found that in 57% of states, separate agencies are responsible for water quantity and water quality. 

State and Local governments have regulated different aspects of groundwater use and water quality. 
According to Gerlack and co-authors, they have adopted:
 

1) rules that dictate the amount or timing of groundwater allowed to be used; 
2) laws that regulate the construction of new wells; 
3) laws that require existing wells to be registered (which can include descriptions of the 

location, use of the water from the well, etc.); 
4) laws that require monitoring and reporting about water use and/or water quality 

from the well; 
5) laws that help protect recharge areas to protect both quantity and quality of groundwater.

These laws also may differentiate between different types of users. The 2012–2013 University of 
Arizona survey found that only 31 states had groundwater regulations that applied to all water 
users (the user types included domestic wells, industrial users, privately and publicly owned 
community water systems, irrigation associations, and “other”) (Gerlak et al. 2013). In some states, 
certain water users are exempt from some restrictions (like households) while others face more 
stringent restrictions (like industry and community water systems). Broadly, most groundwater laws 
are insufficient to comprehensively manage groundwater resources from a quality and quantity 
perspective (Megdal et al. 2015).

In 2014, California pursued changes to groundwater governance in hopes of ensuring longer-term 
sustainability of groundwater supplies through the adoption of the Sustainable Groundwater 
Management Act (SGMA) (Cal. Water Code, § 10720 et seq.). SGMA requires California to designate 
priority levels for groundwater basins and to ensure “sustainable” groundwater use by 2040 (Cal. 
Water Code § 10722.4; Cal. Water Code § 10933). To identify and achieve the priority levels, all 
high- and medium-priority basins subject to critical overdraft were required to adopt a groundwater 
sustainability plan by 2020. The remainder of the high- and medium-priority basins not subject to 
critical overdraft were required to have a plan by 2022 (Cal. Water Code § 10720.7(a)). The legislature 
also encouraged low- and very low-priority basins to adopt groundwater sustainability plans, 

14 While over a decade old and over eight years old, respectively, and updates needed, Gerlak et al. (2013) and Megdal et al. (2017) are the 
only 50-state syntheses of groundwater governance. Since their publication, laws governing groundwater have changed in some states, 
such as the California passage of the Sustainable Groundwater Management Act in 2014, but the general findings summarized here have not 
changed significantly due to these individual state-level changes. Work by Eckstein and colleagues offer more recent surveys of groundwater 
laws in 29 states to date in an effort to ultimately compile and compare groundwater laws in all 50 states (Eckstein et al. 2022; Bennett et 
al. 2020). It is important to note that Gerlak et al. (2013) and Megdal et al. (2017) are based on the results from surveys that were sent out to 
representatives within state agencies, not research of the relevant laws governing groundwater. Therefore, there is no verification of what is 
reported through the surveys against the law as written or interpreted by courts or legal analysis about the quality and depth of the law.



Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

41 4. Centralized Drinking Water Systems

although they are not required to (Cal. Water Code § 10720.7(b)). While interim progress is required, 
at this time, there is still more than a decade until 2040 when the use of groundwater in basins 
covered by the law must be “sustainable,” evidence suggests that SGMA is failing many—but not 
all—of the most vulnerable groundwater-dependent communities, including domestic well users and 
small public drinking water systems (Bostic et al. 2020; Bostic 2021). 

A reason for this potential failure is that a key criterion for 
assessing sustainability within each basin—the minimum 
thresholds for groundwater level (i.e., the deepest 
groundwater level allowable for basins to be considered 
in compliance)—was set below the level of thousands 
of domestic wells and hundreds of wells serving public 
water systems (Bostic et al. 2020; Bostic 2021; Bostic et al. 
2023). Another concern with SGMA is a lack of meaningful, 
equitable representation of all groundwater users in the 
regional groundwater planning agencies (Dobbin and 
Lubell 2021; Perrone et al. 2023). In April 2024, the State 
Water Resources Control Board placed the Tulare Lake 
Groundwater Subbasin in probationary status. The State 
Water Board’s decision marks the first time a groundwater 
basin has been designated as probationary under SGMA. As 
climate change causes greater dependence on groundwater, 
laws like SGMA have the potential to provide an important 
management mechanism for protecting vulnerable 
groundwater supplies and contributing to more inclusive 
governance processes.

4.1.3 Prioritizing Domestic and Municipal Use 
In the US, the three largest categories of water use account for 90% of the total water use nationally 
(USGS 2019). These three uses are thermoelectric power generation, irrigation for agriculture, and 
public supply (i.e., water withdrawn by centralized drinking water systems and served to homes 
and businesses) (USGS 2019). Some states have prioritized water use for domestic and municipal 
purposes against all other uses.15 These laws are sometimes applicable to water use under all 
conditions, or they can be specific to times when there is a water shortage, such as during a 
drought. In both cases, these laws protect homes and communities from losing water access by 
ensuring that the available water resources will be prioritized for domestic uses, such as drinking 
water, cooking, hygiene, and sanitation. 

Prioritization of water resources for domestic purposes could become more imperative as climate 
change shifts precipitation patterns, reducing the availability of water in some geographies (Lall et 
al. 2018; Payton et al. 2023). Climate change is also predicted to contribute to more water quality 
disruptions (such as during longer, warmer summer months when algal blooms in surface water 

15 Municipal purposes include potable water that is treated by a centralized drinking water treatment facility and distributed to be used for 
domestic purposes, such as drinking, cooking, hygiene, and sanitation.
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supplies can cause major water treatment challenges), reducing water availability for those who rely 
on that source (Pacific Institute and DigDeep 2024; Payton et al. 2023). Where water availability is 
more of a challenge, prioritizing water use for domestic purposes ensures households get the water 
they need for drinking, cooking, hygiene, and sanitation. 

As an example, California law prioritizes water use by municipalities for domestic purposes. The 
law states, “The application for a permit by a municipality for the use of water for the municipality 
or the inhabitants thereof for domestic purposes shall be considered first in right, irrespective of 
whether it is first in time” (Cal. Water Code § 1460; emphasis added). This provision upsets the order 
of priority established by the prior appropriation doctrine. 
When water is plentiful, this automatic priority does not 
affect water allocations. However, when water is scarce, such 
an automatic grant of seniority to municipal water rights 
ensures that the limited amount of water available will be 
made available first for household uses and only thereafter 
for agriculture and other uses. 

California law also grants public water distributors special 
authorities to protect access to water used for domestic 
purposes during a water shortage emergency.16 A public 
or privately owned water supply distributor can declare 
an emergency water shortage, defined as insufficient 
water available for human consumption, sanitation, and 
fire protection if the demands of other water consumers 
are fulfilled (Cal. Water Code §350, 350). If the shortage 
is declared, the distributor must adopt regulations and 
restrictions on the delivery of water for non-domestic 
purposes to “conserve the water supply for the greatest 
public benefit with particular regard to domestic use, 
sanitation, and fire protection” (Cal. Water Code §350, 353). 
This emergency authority has been exercised by water 
distributors, including by Marin Municipal Water District 
which, during a drought in 2021, declared a water shortage 
emergency pursuant to California Water Code § 350 (Marin 
Municipal Water District 2021). 

In California, the automatic prioritization of domestic uses and the emergency water shortage 
authority reflect both proactive protections that prioritize domestic needs and responsive provisions 
needed to address emergencies. Together, these provisions help protect domestic needs when there 
is insufficient water to meet every demand.

16 A “distributor of public water supply” is not explicitly defined in California Water Code, however, its definition is referenced in § 
10609.28, where it states “…or a distributor of a public water supply, as that term is used in Section 350…” indicating that its use in § 350 
is definitional. In this report, the term is understood to mean a water supplier that sells and distributes water to centralized drinking water 
systems. 
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Kentucky, like many riparianism-practicing states, has laws that prioritize domestic use.17 This 
includes the protection of water for drinking water and for certain purposes such as drinking 
water for poultry, livestock, and domestic animals (Ky. Rev. Stat. Ann. § 151.210).18 Kentucky also 
has adopted a similar provision to the one described above for California. Any person, business, 
industry, city, county, water district or other political subdivision that wants to withdraw water 
from a surface water or groundwater source must have a permit issued by the State Cabinet (Ky. 
Rev. Stat. Ann. § 151.140; 401 Ky. Admin. Regs. 4:010 (2018). However, no permit “shall be required 
for and nothing herein shall interfere with the use of water for agricultural and domestic purposes 
including irrigation; and no permit shall be required if the amount withdrawn is less than the amount 
established by regulation…” (Ky. Admin. Regs. 4:010 (2018). Based on the language of the statute, 
this protection appears to apply to all agriculture, both subsistence and commercial. In Kentucky, 
agricultural water use is given the same protection as domestic water use, setting up a potential for 
conflict between the two uses if there is a water shortage.

4.1.4 Tribal Water Rights and Water Codes
Tens of thousands of Tribal and Indigenous peoples lack access to safe drinking water (Status 
of Tribes and Climate Change Working Group 2021; Indian Health Service 2020). Climate change 
will increase the legal and planning complexities involved with securing water rights and building 
infrastructure on top of the water quality, quantity, and other physical impacts to water resources 
(Cozzetto, Cooley, and Taylor 2021). In 2020, the IHS found that approximately 38,000 (9.5%) 
of American Indian and Alaska Native homes lacked 
adequate sanitation, and 7,100 of these lack access to 
safe water and/or waste disposal facilities. However, 
these numbers likely greatly underestimate the number 
of Indigenous homes that lack safe water and sanitation, 
in large part because they do not include non-federally 
recognized Tribes (Status of Tribes and Climate Change 
Working Group 2021). While tribal water rights and codes 
apply more broadly than to centralized drinking water 
systems and water scarcity, we discuss them here 
because most of this section applies to water delivered 
through centralized drinking water systems.

The unique history and legal status of Tribes in the US 
means that tribal water rights come with many of their 
own legal structures and governance mechanisms. The 
US government started forcibly removing and displacing 
Native Americans from their homelands onto reservations 
in the 1800s, authorized by the 1830 Indian Removal 

17 The law uses the term “natural” for domestic uses. Water used for natural purposes is different from water used for “artificial purposes.” 
Artificial purposes include all other water uses not for domestic use, such as water used for commercial and industrial purposes. 

18 In Kentucky, “[a]ny owner of land contiguous to public water shall at all times have the right to the use of water therefrom to satisfy his 
needs for domestic purposes, which shall include water for household purposes, such as drinking water for poultry, livestock and domestic 
animals. The use of water for such domestic purposes shall have priority and be superior to any and all other uses” (Ky. Rev. Stat. Ann. § 
151.210).

The unique history 
and legal status 
of Tribes in the 
US means that 
tribal water rights 
come with many 
of their own 
legal structures 
and governance 
mechanisms. 



Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

44 4. Centralized Drinking Water Systems

Act (Dunbar-Ortiz 2015). The written treaties, agreements, and executive orders that established 
the reservations, legally known as “Indian Country,” generally did not explicitly state whether the 
land reserved for Native Americans came with water rights. In Winters v. United States (1908), 
the Supreme Court held that when Congress sets aside or reserves land, such as for an Indian 
reservation,19 Congress also reserves water sufficient to fulfill the purpose of the reservation 
(Winters v. United States, 207 US 564 (1908)). Therefore, there are implied water rights that attach 
to each Indian reservation. The Supreme Court based its reasoning on the fact that the government 
could not have set aside arid land for Native Americans to live on without also reserving enough 
water for those peoples to survive on that land.20

Because the agreements establishing reservations did not explicitly include water rights, the 
Winters doctrine was an essential acknowledgement that there are reserved water rights attached 
to reservations. The Winters decision also defined the date of the perfection of the water right as 
being the date the reservation was established. Because these two dates were linked, most Tribes 
were given the most senior water rights in their respective basins. While the Winters doctrine 
acknowledged tribal water rights, it did not identify how to calculate the amount of water that Tribes 
could use. Methods to quantify tribal water rights would be determined in subsequent cases many 
decades later, starting with the 1963 Arizona v. California case (373 US 546, 600-601).21 Multiple 
cases were litigated on the issue of quantification for decades thereafter, resulting in different 
methods of quantification across different reservations and tribal water rights (Anderson 2015). 

Federal courts have the authority to adjudicate reserved water rights for Indian reservations or 
pursue settlements when possible (Bureau of Indian Affairs, n.d.). The 1952 McCarran Amendment—a 
rider to an appropriations bill—complicated the interpretation of the legal standard by waiving 
federal sovereign immunity so that the US government can be joined to state lawsuits adjudicating 
tribal water rights in river systems (McCallister 1976; Blumm, Becker, and Smith 2006). The Supreme 
Court also subsequently found that state courts can adjudicate Indian reserved water rights (Colo. 

19 As described by the Bureau of Indian Affairs, “A federal Indian reservation is an area of land reserved for a Tribe or Tribes under treaty 
or other agreement with the Unites States, executive order, or federal statute or administrative action as permanent tribal homelands, 
and where the federal government holds title to the land in trust on behalf of the Tribe” (Bureau of Indian Affairs 2017). Use of this term is 
appropriate when referring to a federal Indian reservation, or issues related to the jurisdiction of reservations, generally. 

20 In justifying their position the Supreme Court wrote, “The lands were arid and, without irrigation, were practically valueless. And yet, 
it is contended, the means of irrigation were deliberately given up by the Indians and deliberately accepted by the Government. The lands 
ceded were, it is true, also arid; and some argument may be urged, and is urged, that with their cession there was the cession of the waters, 
without which they would be valueless, and ‘civilized communities could not be established thereon.’ And this, it is further contended, 
the Indians knew, and yet made no reservation of the waters. We realize that there is a conflict of implications, but that which makes for 
the retention of the waters is of greater force than that which makes for their cession. The Indians had command of the lands and the 
waters—command of all their beneficial use, whether kept for hunting, ‘and grazing roving herds of stock,’ or turned to agriculture and the 
arts of civilization. Did they give up all this? Did they reduce the area of their occupation and give up the waters which made it valuable or 
adequate?”

21 In the 1963 Arizona v. California case, the Supreme Court approved a Special Master’s calculation of water rights using an agriculture-
based quantification standard so that “enough water was reserved to irrigate all the practicably irrigable acreage on the reservations” (373 
US 546, 600-601). Therefore, the Supreme Court accepted the use of the practicably irrigable acreage standard (PIA) to quantify the water 
rights held by a reservation. The standard considers the amount of land that can be feasibly and reasonably irrigated and allocates the Tribes 
the amount of water to irrigate those lands. Even though this standard was accepted by the Supreme Court, it and other courts were not 
required by this decision to apply this standard in future adjudications. In addition to the water quantified under the PIA standard, if the 
reservation agreement explicitly included additional purposes of the reservation, then those additional purposes can be used to quantify 
additional water rights. Although PIA was generally the default in state stream adjudications, courts have used other metrics than the PIA 
to quantify water allocations (Blumm, Becker, and Smith 2006). The PIA standard can also potentially disadvantage Tribes who do not have 
irrigable lands, those who utilize technological advances to conserve water, or those where climate change has impacted tribal agriculture 
(Royster 2013; Zanoni 2010).
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River Water Conservation Dist. v. United States, 424 US 800, 809 (1976)). Therefore, both federal 
and state courts have the authority to adjudicate Indian reserved water rights. This inherently 
allows for differences in interpretations across the states and likely leads to inequities, depending 
on what each state court is willing to consider in adjudicating these rights.

Having “paper” rights—or water rights that are legally recognized—is one part of being able to gain 
access to water resources. The water must also be physically available—meaning the paper rights 
holder must also have “wet” water rights—along with the necessary infrastructure to deliver the 
water for the reservations to use. Tribes are often legally entitled to more water than they can use 
and have used, which is inconsistent with the state prior appropriation doctrine, which requires 
water rights to be maintained through actual use (“use it or lose it”) (Termyn 2019). This can create 
tensions between state and tribal entities, especially 
where climate change and other factors decrease the 
volume of available water resources. 

Tribes must also have the legal authority to manage 
their rights and the waters within their jurisdiction 
to use the water in accordance with what they see 
as beneficial and to prepare for climate change. 
Many Tribes have adopted their own water codes 
for determining their own priorities, monitoring 
uses, and dealing with violations, which can also 
incorporate flexibility the Tribes need for climate 
adaptation (Royster 2013). For example, the Wind 
River Reservation’s Tribal Water Code recognizes 15 
beneficial and equal water uses that include cultural 
and spiritual uses (McNeeley 2017). In April 2022, the 
Morton Moratorium was finally rescinded, which was 
a 1975 memorandum issued by the Secretary of the 
Interior that required Bureau of Indian Affairs’ managers 
to disapprove any tribal water codes or mechanism that 
regulated water use on Indian reservations where those 
regulations required Department of Interior approval 
under the rules of the Tribal Constitution (US Department of Interior 2022). While many tribal 
constitutions did not require such approval, for those that did, the Morton Moratorium created 
confusion and undermined the federal government’s stated respect for Tribes’ self-determination. 
In Box 1, we discuss the Water Code of the Navajo Nation and water rights of Tribal Nations as 
recognized by the Supreme Court.
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BOX 1. Navajo Nation Water Code and Water Rights

The Navajo Nation Council passed a comprehensive Water Code in 1984 (Navajo Nation 
Code Ann. tit. 22, § 1101 et seq.). The objectives of the Water Code included to manage 
and preserve the water resources of the Navajo Nation, “to secure a just and equitable 
distribution of the use of water within the Navajo Nation through a uniform and coherent 
system of regulation; and to provide for the exercise of the inherent sovereign powers of self-
government by the Navajo Nation” (Navajo Nation Code Ann. tit. 22, § 1101). The Resources 
Committee and Director of the Division of Natural Resources are charged with overseeing 
the management and protection of water resources (Navajo Nation Code Ann. tit. 22, §§ 1301, 
1401, 1402). The code requires existing water users to file a “Description of Use” within one 
year of the adoption of the code (Navajo Nation Code Ann. tit. 22, § 1602). After that one-year 
period, it becomes unlawful to continue existing uses without having filed with the Division of 
Natural Resources. Any person seeking to initiate any new uses or “take other actions within 
the jurisdiction of the Navajo Nation affecting the waters therein shall file an Application 
for Permit” (Navajo Nation Code Ann. tit. 22, § 1603). Like other water rights regimes, it is 
particularly important to establish water permitting regimes to ensure that water uses are 
evaluated and considered compatible with existing uses and the environment before they 
begin their use. Similarly, as climate change affects the availability of water resources, it is 
important to evaluate uses before they begin.

There are several provisions within the code that provide protections for water resources 
to ensure that the most important needs are met and to create needed flexibility as water 
resource availability and demand changes more frequently and rapidly. For example, the 
resources committee may establish reserved water supplies set aside for a definite or 
indefinite term of years for future Navajo Nation and other needs (Navajo Nation Code 
Ann. tit. 22, § 1303). While it is not a requirement, it still provides the committee with the 
authority to create these reserved waters. The code also allows the resources committee 
to deduct a fair share of water from individual water users where the Navajo Nation Council 
determines that there is insufficient water available for a project beneficial to all inhabitants 
of the Navajo Nation (Navajo Nation Code Ann. tit. 22, §1304). This gives the tribal government 
flexibility to change water rights when it is for the benefit of the entire community. Lastly, 
where there is insufficient water for any reason, the following uses are prioritized in the 
order in which they are listed: “1. Domestic and Municipal Uses, 2. Stock Watering Uses, 3. 
Agricultural Uses, 4. Instream Needs, for Fish, Wildlife Conservation and Recreational Uses, 
5. Economic Development Uses including Industrial and Power Uses, 6. Other Uses” (Navajo 
Nation Code Ann. tit. 22, § 1501). Notably, domestic and municipal uses are listed first, and 
instream protections are listed after agricultural uses.

In 2023, the SCOTUS determined, in a 5-4 decision, in Arizona et al. v. Navajo Nation that 
under the 1868 treaty establishing the Navajo Reservation, the US government does not have 
to take affirmative steps to secure the Navajo Reservation’s water rights held in trust by the 
US for the benefit of the Tribe (Schwartz and Hite 2023). 
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The Navajo Nation asserted a “breach of trust” claim against the US government, setting 
forth that the US government had an affirmative responsibility to secure water for the Navajo 
Nation. The Supreme Court acknowledged that under Winters v. United States and Cappaert 
(Schwartz and Hite 2023). The Navajo Nation asserted a “breach of trust” claim against the 
US government, setting forth that the US government had an affirmative responsibility to 
secure water for the Navajo Nation. The Supreme Court acknowledged that under Winters v. 
United States and Cappaert v. United States, water rights were implicitly reserved with the 
adoption of the 1868 treaty to achieve the purpose of the Reservation. However, the court 
ultimately concluded that while the US government holds the water rights of the Navajo in 
trust, this trust does not require the US government to take affirmative steps—like assessing 
need, developing a plan to provide water, and building the necessary infrastructure—to 
“facilitate better access to water on the reservation” (599 US__ (2023)) (Schwartz and Hite 
2023, Mullane 2023). The divided SCOTUS determined additionally that the 1868 treaty did 
not create any specific obligation to provide water. This decision limits the ability of Tribes to 
force the federal government to enable Tribes to exercise the water rights held in trust. 

The four dissenting justices in the case challenged the court’s approach to the Navajo’s 
request, highlighting the bleak history leading up to the 1868 treaty before arguing that the 
majority had misunderstood the Navajo’s request. This SCOTUS decision will significantly 
impact tribal water rights and the federal government’s legal responsibilities, especially in 
the context of the drying West where water resources are overallocated (Mullane 2023).

Changes to federal law have enabled Tribes to advance their sovereignty over water. Through 1987 
amendments to the CWA, Tribes can apply for Treatment as States (TAS), which authorizes Tribes 
to implement certain sections of the CWA, including Section 303, which governs water quality 
standards (Diver et al. 2019). At the time of publication of this writing, 84 Tribes had been granted 
TAS status (US EPA 2023d). However, many Tribes have encountered neo-colonial and bureaucratic 
roadblocks, and the majority of Tribes still do not have TAS status (Diver et al. 2019). Additionally, 
a 1986 amendment to the SDWA also allowed a grant of TAS status for Public Water System 
Supervision (PWSS) (US EPA 2015b). To date, the Navajo Nation is the only Tribe that has this TAS 
status, giving them primacy for 170 public water systems on their lands (US EPA 2015b). Aside from 
Alaska, where the state has primacy over approximately 200 Alaska Native public water systems, 
the EPA serves as the primacy agency over the 1,000+ tribal water systems in the US, serving over 1 
million people (US EPA 2015b).

Federal law has also created programs to help bring critical water and sanitation infrastructure 
to Tribal and Indigenous communities. The IHS Sanitation Facilities Construction Division offers 
the Sanitation Facilities Construction Program for American Indian and Alaska Natives nationwide. 
This program was authorized in 1959 under Public Law 86-121, The Indian Sanitation Facilities Act 
(1959). The program provides planning, design, and management services to construct and update 
water supply, sewage disposal, and solid waste disposal facilities for homes and communities. The 
division also maintains the Sanitation Deficiency System (SDS), an inventory of projects developed to 
address existing sanitation deficiencies in American Indian and Alaska Native communities. However, 
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for many Tribal and Indigenous communities who still lack water infrastructure, several factors 
contribute to the challenge of receiving water and sanitation to their homes and communities, 
including remote locations, harsh climates, low population densities, poverty, and inaccessible or 
difficult to access groundwater (Cozzetto, Cooley, and Taylor 2021).

4.1.5 Water Resource Management Planning
Complementing law governing allocation and use is water management planning. Water management 
planning is a process, either legally mandated, incentivized, or voluntary, whereby water managers 
(including those operating centralized drinking water systems) plan for future investments, like 
infrastructure upgrades and water supply needs, by analyzing water supply availability, water quality, 
and use in concert with projected changes in population, the economy, and other factors that impact 
water demand (Snyder, Cooley, and Thebo 2023; Abraham, Diringer, and Cooley 2020). Increasingly, 
these planning processes incorporate climate change considerations (Fleming et al. 2024), but many 
small and under resourced water management entities, like small public water systems serving 
frontline communities, often lack the capacity and resources for a comprehensive planning process. 
In a limited number of cases states have passed laws and policies to support these communities 
with water management planning (see Box 2 below). 

Kentucky law provides broadly for long-term water management planning. The Environmental and 
Public Protection Cabinet (“Cabinet”) is required to develop a “planning process for the long-range 
management and orderly development of the Commonwealth’s resources” (Ky. Rev. Stat. Ann. § 
151.112). In 2016, the Kentucky Water Resources Board was created to support the Cabinet’s work 
in developing the planning process (Ky. Rev. Stat. Ann. § 151.113). The Cabinet is also responsible 
for administering a program to develop long-range water supply plans for each county and its 
municipalities and public water systems or for a region composed of more than one county (Ky. 
Rev. Stat. Ann. § 151.114(1)).22 The plans are required to include: an assessment of existing public and 
private water resources within the study area, including surface water and groundwater resources; a 
study of existing water use within the area; projections of future water needs; and a determination 
of alternative approaches that could be taken to meet future water supply needs (Ky. Rev. Stat. Ann. 
§ 151.114(1)). All plans must be approved by the Cabinet (Ky. Rev. Stat. Ann. § 151.114(3)). Development 
of these plans enables the government to anticipate rather than react to changes brought on by 
climate change.

Kentucky also originally provided financial assistance for the development of water supply plans. 
Under the law, financial assistance to develop water supply plans was provided to communities only 
until July 15, 1999 (Ky. Rev. Stat. Ann. § 151.118). The county and its municipalities and public water 
systems were only required to pay up to 20% of the total cost of developing the plan, increasing 
the number of communities who could benefit from this planning assistance (Ky. Rev. Stat. 
Ann. § 151.118).

In 2000, the Kentucky legislature required the establishment of water management planning 
councils for each county, intended to address water management planning through 2020 (Ky. Rev. 

22 The plans originally were developed by area development districts together with the counties and their municipalities and public water 
systems. 
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Stat. Ann. § 151.601). The councils are required to include representatives from the county, such 
as a judge or mayor, a person selected by the county health department, a representative of each 
public water system and from each municipality with populations greater than 1,000. These planning 
councils were created to replace the planning units established under Ky. Rev. Stat. Ann. §§ 151.114, 
151.603(2).23 Each planning council was required to develop a plan that included a water needs 
forecast for the county for 5, 10, 15, and 20 years after the year 2000 and a “strategy for delivering 
potable water as needed into the underserved and unserved areas of the county” (Ky. Rev. Stat. 
Ann. § 151.603). Plans were to be completed by July 1, 2001, and be consistent with the county long-
range water supply plan established under Ky. Rev. Stat. Ann. § 151.114 and the water supply planning 
process established in Ky. Rev. Stat. Ann. Chapter 151 and Ky. Rev. Stat. Ann. § 224A.300.24 

The final plan documents were required to discuss many issues, including planning objectives and 
water supply planning conflicts; water use, forecast, and infrastructure assessment; water supplier 
source assessment; supply adequacy assessment; supply protection; water resources inventory; 
water supply alternatives; primary water supply alternatives; and emergency plans (401 Ky. Admin. 
Regs. 4:220, § 3). The law did not explicitly require the consideration of climate change. If the current 
supply source was deemed adequate based on the projected need, no information about alternatives 
water sources needed to be included within the plan (401 Ky. Admin. Regs. 4:220, § 3). 

In the same year, the legislature also authorized the Kentucky Infrastructure Authority (KIA) to 
“implement a program for the provision of water services as authorized in the budget and directed 
by the General Assembly” (Ky. Rev. Stat. Ann. § 224A.300). A “2020 water service account” was 
also established within the infrastructure revolving fund to allow the Authority to “assist in making 
potable water available to all Kentuckians by the year 2020” (Ky. Rev. Stat. Ann. § 224A.304). 
As can be seen through this example, the law plays a central part in establishing the roles and 
requirements for using and managing water resources, as well as in creating the institutions, 
structures and programs used to manage water. Further, this funding mechanism helps to close the 
water access gap. 

While not specific to climate change, although with implications, drought planning laws and policies 
are approaches that have been used for requiring or incentivizing consideration of how a water 
system will function and adapt to water scarcity and supply constraints. A 2022 study by the 
Alliance for Water Efficiency (AWE) found that California was the only state to require utilities to 
have climate change-related plans, reports, or actions. It also found that 7 states have requirements 
for water providers to have a stand-alone drought preparedness plan and that 13 states require 
drought preparedness plans as part of a general plan, emergency plan, or part of permitting 
processes (Burke et al. 2022). Box 2 describes a 2021 drought planning act in California that was 
designed to help make drought planning more accessible for small drinking water systems. With 
small systems often serving frontline communities, it is important to ensure that such systems 
participate in planning processes.

23 Each area development district was tasked with developing water management areas within twelve months of July 14, 2000 (Ky. Rev. Stat. 
Ann. § 224A.302). Two or more counties were also allowed to form a multi-county water management planning council (Ky. Rev. Stat. Ann. § 
151.601).

24 Per regulation, the planning representative was required to develop two documents: a plan formulation document (describing the details 
of the planning process) and the final plan (authorizing the Cabinet to develop regulations to shape the implementation of the law) (401 Ky. 
Admin. Regs. 4:220, § 3; Ky. Rev. Stat. Ann. § 151.116).
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BOX 2. Making Drought Planning Accessible for Small Drinking Water Systems

Water supply planning is a complex, technical, time-intensive process. Small drinking water 
systems with limited capacity may need support to ensure proper plans are in place for if/
when a drought emergency occurs. In California, S.B. 552 (2021), the Drought Planning for 
Small Water Suppliers Act, set requirements for small water systems and schools with 
their own water supply to develop water shortage contingency plans with specific drought 
elements (S.B. 552, 2021 Reg. Sess. (Cal. 2021)). To address the capacity challenges created 
by these requirements, the act requires that county governments lead the drought and water 
shortage planning. To facilitate this role, the state has provided training for counties to learn 
about their new role, created resources like contingency plan templates, and established 
an interagency task force to provide better collaboration between stakeholders surrounding 
drought response. The state also set up the Small Community Drought Relief Program to 
provide funding and technical assistance for small water systems, which can be used for 
extending surface water intakes, water hauling, installing water tanks, and other measures 
(California DWR 2022a; 2022b). 

4.1.6 Managing Water Demand
As climate change alters precipitation patterns, populations continue to grow in urban centers, 
and costs of delivering water increase, instituting laws and policies that help reduce water use or 
make it more efficient can help communities adapt to these pressures. Often, this type of water 
management is called “demand management” because it focuses on changing the everyday water 
demand. Managing demand with conservation and efficiency is often the most cost effective “new 
supply,” with mounting evidence for its long-term affordability benefits (Cooley, Shimabuku, and 
DeMyers 2022). This category of water management seeks to reduce and shift water demand to 
ensure there is enough water supply over the longer term, reducing the need to take emergency 
measures or use more coercive approaches to manage water use. 

While demand management is often applied through voluntary measures, there are several ways 
that laws and policies have led to long-term water demand reductions and supported adaptation 
to increasing water scarcity and more intense, prolonged periods of drought. Some of the most 
effective demand management regulation has been through the Energy Policy Act of 1992, which, 
among other things, established water and energy efficiency standards for household appliances and 
fixtures, like toilets, washing machines, and showerheads. The law requires that all appliances and 
fixtures sold in the US meet an efficiency standard. This means that as homeowners and businesses 
replace or upgrade water-using fixtures and appliances, the fixtures and appliances on the market 
are getting more efficient. In 2014, AWE estimated that over the first 20 years of the Energy 
Policy Act almost 18.2 trillion gallons of water were saved because of the law (Alliance for Water 
Efficiency 2014). 

Toilets are some of the most water wasteful household appliances (DeOreo et al. 2016). In 2022, 
the US Department of Energy waived federal preemption of national standards for toilet water 
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efficiency, allowing states to adopt more stringent standards (10 C.F.R. 430 (2022)). Fifteen states 
have gone beyond the Energy Policy Act by enacting higher standards for appliances and fixtures 
sold in their state (Burke et al. 2022). In many of these states, they set their appliance and efficiency 
standards to match those certified by the US EPA’s WaterSense Program. The WaterSense Program 
is a voluntary water efficiency device certification program, similar to Energy Star for energy 
efficiency.25 WaterSense certifies devices such as toilets, showerheads, and irrigation controllers 
that use at least 20 percent less water and perform as well or better than regular models. This is 
important because toilet use accounts for approximately one-quarter of all indoor household uses in 
the US (DeOreo et al. 2016). 

States have also passed laws to update building codes to help ensure that new construction will use 
efficient appliances and fixtures. As an example, the Georgia State legislature adopted the Georgia 
Water Stewardship Act in 2010. Under the act, the Department of Community Affairs was required 
to amend the state minimum standard codes to require the installation of high efficiency toilets and 
other plumbing fixtures in all new construction issued a permit on or after July 1, 2012 (Ga. Code 
Ann. § 8-2-3(a)). High efficiency toilets were required to have an average flush volume that did not 
exceed 1.28 gallons per flush (GPF), in line with the WaterSense standard (Ga. Code Ann. § 8-2-3(c)
(1)). Other states, such as Colorado and Texas, have adopted the WaterSense standard for use in new 
construction as well. Nine states have adopted laws more efficient than the federal standard for 
toilets, showerheads, and urinals, while six other states have more efficient standards for at least 
one or two of these fixtures, showing that this is a growing trend (Burke et al. 2022).26

There are also examples of states that have adopted laws that require retrofits of inefficient 
fixtures and appliances upon the sale or change of ownership of a property. For example, in 2009, 
the California State legislature passed SB 407 to adopt the federal standard of 1.6 GPF for new 
construction and for retrofits of older properties whenever there is a change in ownership status 
(S.B. 407, 2009 Reg. Sess. (Cal. 2009)). The law had impacts on real estate sales and applies to 
residential and commercial properties built on or before January 1, 1994 (Cal. Civ. Code § 1101.2). 
On or before January 1, 2017, all noncompliant plumbing fixtures in single-family residential 
properties were to be replaced; any noncompliant plumbing fixtures were to be disclosed in writing 
to prospective purchasers (Cal. Civ. Code § 1101.4). On or before January 1, 2019, all noncompliant 
plumbing fixtures in multifamily residential properties and commercial properties were to be 
replaced (Cal. Civ. Code § 1101.5).27 Interestingly, the law does not establish civil or administrative 
penalties that can be assessed for failing to replace a toilet with one that meets the standard. 
However, the law does establish penalties for selling a toilet that does not comply with the new 
standard (Cal. Code Regs. tit. 20, §§ 1608-1609). 

25 Energy Star is a labeling program administered by the EPA that is used to identify products that are energy efficient. For more 
information, see https://www.energystar.gov. 

26 The nine states with laws that require more efficient toilets, showerheads, and urinals are Washington, California, Colorado, New York, 
Maryland, New Jersey, Massachusetts, Rhode Island, and Maine. The six other states where there are laws requiring at least one or two of 
these fixtures to be more efficient are Oregon, Hawaii, Illinois, Texas, Georgia, and Vermont. 

27 Noncompliant toilets were defined as any toilet manufactured to use more than 1.6 GPF (Cal. Civ. Code § 1101.3(c)). This standard was 
updated in 2015 by the California Energy Commission. The new standard required that all water closets sold or offered for sale on or after 
January 1, 2016, use no more than 1.28 GPF (Cal. Code Regs. tit. 20, § 1605.3(i)). Water closet is defined as, “Water closet means a plumbing 
fixture having a water-containing receptor that received liquid and solid body waste through an exposed integral trap into a gravity drainage 
system“ (Cal. Code Regs. Tit. 20 § 1602).

https://www.energystar.gov
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Another approach to demand management is through water conservation and efficiency planning, 
either at the state or local level. Water conservation and efficiency planning—such as California’s 
SB X7-7 (The Water Conservation Act of 2009) and AB1668/SB606 (approved in 2018), which set 
standards for urban water suppliers—can be used to help prepare for and adapt to increasing water 
scarcity caused by climate change. AB1668, which added Water Code § 10609.2, requires the SWRCB, 
in coordination with the Department of Water Resources, to adopt standards by regulation for the 
efficient use of water and performance measures for commercial, industrial, and institutional water 
use. These standards, along with others, are then to be used by urban water suppliers to set urban 
water use objectives. This regulation was adopted by the SWRCB on July 3rd, 2024, and it will go into 
effect in 2025. As of 2022, there were 22 states that had water conservation planning requirements 
for municipalities, water suppliers, or managers and 40 states had some type of required water 
conservation planning focused on reducing long-term water demand (Burke et al. 2022). 

4.1.7 Alternative Water Supplies
As climate change alters weather patterns and increases the frequency and intensity of extreme 
storms, water supplies are becoming less reliable and less predictable than they once were (Lall 
et al. 2018; Payton et al. 2023). Increasingly, drinking water 
suppliers are considering alternative water supply options to 
enhance supply reliability, which includes wastewater reuse, 
stormwater capture, and other options (Gleick and Cooley 
2021). Laws and policies can increase adoption of alternative 
supply sources and build climate resilience as well as 
encourage the use of alternative supply sources to help ensure 
that use is done safely (Burke et al. 2022).

4.1.7.1 Water Reuse and Recycling

Reuse and recycling of treated wastewater from centralized 
wastewater treatment plants can increase water supply. Water 
reuse and recycling are used in some communities for climate 
adaptation and improved water supply resilience by adding to 
the community’s supply portfolio or by freeing up freshwater 
to be used for other purposes (Drechsel, Qadir, and Baumann 
2022). While water reuse and recycling require collaboration 
beyond the drinking water sector with wastewater treatment 
plants and other entities, we include this discussion of water reuse within the drinking water 
system section because water reuse and recycling can help meet water demands by reducing the 
pressure on centralized drinking systems (and households through household rainwater harvesting or 
greywater systems, both discussed below).

While recycling and reusing wastewater has been happening for several decades, state legislatures 
have only recently allowed wastewater to be seen as more than just waste. Water reuse—where 
water from different sources is treated to be used for a specific purpose, or end-use, (US EPA 
2023a)—can be cost effective, conserve energy, and decrease reliance on water treated to drinking 
water standards. Wastewater from a centralized wastewater system can be recycled by treating it 
for direct potable reuse, indirect potable reuse, non-potable reuse, and de-facto reuse. De-facto 
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reuse occurs when a community’s drinking water supply is sourced from a river that is downstream 
from where cleaned, or treated, water is discharged from a treatment facility (e.g., water reclamation 
facility, wastewater treatment plant) (WateReuse Association 2016). Recycled water could be used 
for irrigation, agriculture, municipal water supply, industrial reuse, toilet flushing, aquifer recharge, or 
environmental restoration, depending on the treatment used and the allowable end-use.

Water reuse was historically prohibited or limited in many states. Insufficiently treated wastewater 
can present a danger to public health and the environment by exposing people to bacteria and other 
harmful elements. Concerns about these potential exposures, fueled by limited scientific knowledge 
and political considerations, led many state and local governments to place limits on the ability to 
reuse water. However, laws and the increased incidence of water scarcity have driven advancements 
in laws, policies, and technologies that have made wastewater reuse more common, especially in 
some geographies. At the federal level, the EPA has issued a National Water Reuse Action Plan to 
identify actions that can be taken by partners to increase 
the adoption of water reuse (US EPA 2023a). While the 
plan sets out pathways for water reuse, the EPA has not 
adopted mandatory standards governing recycled water 
quality separate from existing drinking water requirements 
in the SDWA.

Today, many states have adopted or are in the process of 
adopting regulations to govern and encourage water reuse. 
Research from 2021 found 56% of the 18 states represented 
by the Western States Water Council have adopted specific 
state reuse statutes, 72% have specific state reuse 
regulations, and 83% have specific state reuse guidance 
documents (Reimer and Bushman 2021). In 2023, the State of 
Colorado passed a Direct Potable Reuse Policy (5 CCR 1002-
11,DW-016, DW-017), which enables public water systems 
to implement treat and use wastewater as a drinking water 
supply. This was the first state-level direct potable reuse 
policy in the nation.

Onsite water reuse is also growing, driven in part by the 
need to increase water resilience (Snyder, Cooley, and Thebo 
2023) Onsite water systems collect water from appliances 
and fixtures, like sinks, showers, and toilets, as well as from 
rooftop rainwater and foundation drain water, and then treat it onsite so it can be reused again at 
the same facility. Minnesota, Colorado, California, Hawaii, and Washington, and several large cities 
have adopted standards for onsite nonpotable water systems (WateReuse Association, The Water 
Research Foundation, and US Water Alliance 2021). Each state or municipality has designed their 
own unique set of standards that dictates what type of water can be collected and reused, the 
treatment requirements, the specific operations and maintenance protocols, and the allowable end-
uses. To protect public health, these standards become increasingly stringent as the likelihood for 
human contact (with recycled water) also increases.
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Water scarcity has driven adoption of laws that incentivize water reuse. For example, the California 
Water Code defines the use of potable domestic water for nonpotable uses as a waste or 
unreasonable use of water if recycled water is available for use, thereby incentivizing the adoption 
of water reuse (Cal. Water Code § 13550). The Code also requires the State Department of Public 
Health to establish “uniform statewide recycling criteria for each varying type of use of recycled 
water where the use involves the protection of public health” (Cal. Water Code § 13521). In 2023, 
California became the second state (after Colorado) to adopt uniform water recycling criteria for 
direct potable reuse (WateReuse Association 2023). 

In states with water rights based on the prior appropriation doctrine, water reuse can require 
additional permits or processes to ensure that downstream users are not harmed by the project. 
In California, water reuse is not defined as a beneficial use; therefore, appropriative rights to 
reclaimed water cannot be granted to that water. If a water reuse project will change the amount of 
wastewater released into a waterway, then a wastewater change petition must be filed through the 
State Water Board Division of Water Rights (Reimer and Bushman 2021). The request will be reviewed 
based on the impact to rights holders caused by the recycled 
water not being returned to the waterway. In a system of water 
rights that depends on the return of effluent to the waterway, it 
is likely that requests to recycle water may interfere with senior 
appropriative rights (Reimer and Bushman 2021). In Arizona, 
effluent and recycled water belong to the person who created 
them until the recycled water takes on the characteristics of 
groundwater or surface water (Reimer and Bushman 2021). 
This ownership extends to being able to store and recover 
the reclaimed water for later use. Therefore, the water rights 
structure in Arizona does not impede water recycling. 

Greywater—water from sources not contaminated with fecal 
waste, such as showers, bathtubs, handwashing sinks, or 
washing machines—can also be used to replace the use of 
potable water for purposes that do not need potable water 
(e.g., toilet flushing). By using greywater, the volume of 
wastewater that needs to be treated in centralized wastewater 
system is reduced. Texas allows the use of greywater in 
certain circumstances. According to Texas State regulations, greywater can be used for landscape 
irrigation, gardening, composting, and toilet or urinal flushing, and no permit is required to use 
greywater if you use less than 400 gallons per day (30 Tex. Admin. Code § 210.83). The State of 
Washington regulates greywater differently. Washington State Department of Health takes a risk-
based approach to allowing greywater reuse for subsurface irrigation, creating three tiers of usage. 
Tier one usage includes the use of no more than 60 gallons per day of light greywater (Wash. Admin. 
Code § 246-274-100). “Light greywater” is defined as water from bathroom sinks, showers, bathtubs, 
and washing machines (Wash. Admin. Code § 246-274-009). Tier two usage includes the use of no 
more than 3,500 gallons per day of light greywater evenly distributed across an irrigated field (Wash. 
Admin. Code § 246-274-200). Tier three usage includes the use of no more than 350 gallons per 
day of treated and evenly distributed “dark greywater” (Wash. Admin. Code § 246-274-300). Dark 

While stormwater 
and floodwater 
are usually 
considered hazards 
or nuisances, they 
are increasingly 
being recognized 
as a potential 
water supply.



Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

55 4. Centralized Drinking Water Systems

greywater is sourced from non-laundry utility sinks, kitchen sinks, and dishwashers (Wash. Admin. 
Code § 246-274-009). Permits are required for Tier 2 and Tier 3 systems (Wash. Admin. Code § 246-
274-425). These standards are implemented by the local health boards, who also have the authority 
to adopt more stringent requirements (Wash. Admin. Code § 246-274-007). 

Some communities offer financial incentives for installing a greywater system. In Arizona, Tucson 
Water will reimburse 50% of qualifying costs (up to $1000 for installing a permanent greywater 
system) after January 1, 2013 (City of Tucson 2023). In California, the City of Glendale offers a rebate 
of up to $500 for installing a “Laundry to Landscape” greywater system (Glendale Environmental 
Coalition 2020). The law can play a critical role in incentivizing the use of greywater.

4.1.7.2 Rainwater and Stormwater

While stormwater and floodwater are usually considered hazards or nuisances, they are increasingly 
being recognized as a potential water supply (US EPA 2022b; Cooley et al. 2022; Berhanu et al. 2024). 
At the same time that climate change is increasing the need 
for alternative water supplies like stormwater, it is also altering 
urban stormwater runoff volumes and timing, necessitating 
new approaches to capture and manage stormwater (Nodine 
et al. 2024).

Laws and regulations that dictate stormwater and floodwater 
capture and use vary across states. Loper (2015) reviewed laws 
and regulations from all 50 states on rainwater harvesting—a 
subset of stormwater capture that typically focuses on 
stormwater runoff from a roof—and found that the majority 
of states do not have rainwater harvesting regulations. The US 
EPA’s 2022 report, Pure Potential: The Case for Stormwater 
Capture and Use, identifies that state water rights, National 
Pollutant Discharge Elimination System (NPDES) permitting 
regulations, and water reuse regulations can constrain or 
support stormwater capture and use (US EPA 2022b). For example, Colorado’s water laws, under 
prior appropriation, restrict nearly all stormwater and floodwater capture and use because of the 
potential impact on downstream water rights holders (Loper 2015; Pacific Institute, Wright Water 
Engineers, and One Water Econ 2024). Rainwater harvesting from a household roof was illegal in 
Colorado until 2016, when a new law allowed it (Col. HB16-1005). However, harvesting is confined 
to no more than 110 gallons per household (Cabot et al. 2016). Colorado’s volumetric rainwater 
harvesting restrictions are the strictest in the country and many other states allow additional 
rainwater harvesting (Zac 2024; Pacific Institute, Wright Water Engineers, and One Water Econ 
2024). Indeed, in much of the Western US—as well as in Texas, Oklahoma, Georgia, North Carolina, 
and Virginia—rainwater harvesting is encouraged or incentivized (Figure 4) (Loper 2015). In the rest 
of the country, for the most part, rainwater harvesting is either not regulated or explicitly deemed 
“not illegal.” 
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FIGURE 4. Map of State Regulations on Rainwater Harvesting

Source: Loper 2015

In states where laws are permissive of rainwater harvesting, households can collect rainwater from 
their roofs and use it to water their landscapes, wash their car, or—depending on state laws—
apply it to other uses, such as toilet flushing. By using rainwater, households reduce their demand 
and dependence on drinking water systems. Studies from Texas and Mexico City suggest that 
rainwater harvesting may be an approach to closing the water access gap for lower-income and 
more marginalized communities (Aspinwall 2023; Oxfam Mexico 2020; Texas Rainwater Harvesting 
Evaluation Committee 2006). However, in Australia, where rainwater harvesting is more widespread 
than in the US, research indicates that climate change will reduce the reliability of rainwater 
harvesting to meet household water demands (Haque, Rahman, and Samali 2016). Furthermore, 
where rainwater is used, it is important to ensure that the water quality of the rainwater is 
appropriate for the use to which it is being applied.

4.2 OVERABUNDANCE OF WATER AND FLOOD IMPACTS ON CENTRALIZED 
DRINKING WATER SYSTEMS
Too little water can result in no drinking water for a community, but too much water can also 
mean that a community loses its access to drinking water from damage to infrastructure or from 
contamination of water supplies from flooding (Pacific Institute and DigDeep 2024). Centralized 
drinking water treatment and distribution systems are complex systems of hundreds of miles of 
pipes and infrastructure. Flooding along rivers or from coastal storms can damage and destroy 
intake and distribution pipes, treatment systems, and cause power outages that disrupt operation 
(Pacific Institute and DigDeep 2024). Flooding also can lead to contamination of both surface water 
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and groundwater supplies, caused by the mobilization of debris and pollutants from roadways, 
industrial sites, sewage spills, and from other human sources (Wallender et al. 2014). 

Climate change exacerbates the threat of flooding in many parts of the US. Climate changes—such 
as increasing intensity of precipitation events, more frequent rain-on-snow events, and greater 
damage from hurricanes exacerbated by sea level rise—all have the potential to increase the risk 
of damage from flooding to water systems (Hayhoe et al. 2018; Marvel et al. 2023; Payton et al. 
2023). In this section, we discuss examples of how the law addresses (and thereby can help reduce 
or prevent) the impact of flooding on drinking water systems and water resources and how it 
encourages systems to adapt and rehabilitate after flood events. Often the law does not explicitly 
consider climate change potentially leaving centralized drinking water systems exposed.

Laws play a role in helping to anticipate, reduce, and at times, prevent the harmful impacts 
of flooding on drinking water infrastructure. Where the law has been unable to help prepare 
for anticipated impacts from flooding or prevent harm, it creates structures and processes for 
responding to the impact of flooding. First, laws set forth requirements for where and how new 
drinking water infrastructure is developed. Second, laws identify what steps can be taken to reduce 
the impact of flooding on systems that have already been built. Third, laws can help protect water 
supplies from contamination from both inland flooding and saltwater intrusion (caused by sea level 
rise). Fourth, laws also identify post-emergency responses and define requirements for rebuilding 
after an emergency.

4.2.1 Laws that Help Prevent and Reduce the Impact of Flooding through System Design 
and Construction Requirements
The Federal Emergency Management Agency (FEMA) has taken steps to minimize the impact of 
flooding on water supply, buildings, and other infrastructure (including on centralized drinking 
water systems and wastewater systems) by requiring new and retrofitted infrastructure to meet 
baseline standards for development in flood zones. Many of the protective requirements are 
embedded within the National Flood Insurance Program (NIFP). The National Flood Insurance Act 
establishing the NFIP program was adopted in 1968. After low enrollment, Congress passed the 
Flood Disaster Protection Act in 1973 (FEMA 2005). The Act required that any buildings constructed 
in floodplain zones have flood insurance in order to qualify to receive federal financial assistance, 
loans from federally insured or regulated lenders, and federal disaster assistance (FEMA 2005). 
These restrictions in accessing funding served to incentivize communities to participate in the 
program. The Act also prohibited the use of federal dollars toward the purchase or construction 
of buildings in floodplains located in non-participating communities (FEMA 2005). Since 1973, the 
largest changes to the program were realized through the National Flood Insurance Reform Act of 
1994, including the adoption of the Community Rating System (CRS). Through the CRS, properties 
located in communities that adopt floodplain management requirements that exceed the minimum 
requirements of the NFIP qualify for a discount on their flood insurance premiums (FEMA 2005). 

The NFIP regulations set forth the minimum requirements for participating in the program (44 C.F.R. 
§ 59-60 (2022)). The minimum requirements applicable to the community depend on the degree 
of flood hazard and the level of data FEMA has collected and published about the community. 
Therefore, in communities where FEMA has not provided flood maps, there are fewer requirements 
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to meet. More requirements are demanded in communities where FEMA has provided a Flood 
Insurance Rate Map (FIRM) with base flood elevations or communities where FEMA has provided a 
FIRM that shows coastal high hazard areas (44 C.F.R. § 60.3 (2022) (FEMA 2005). 

Several gaps in the NFIP exist and can exacerbate vulnerability to flooding for drinking water 
systems. Homes and businesses, including drinking water systems in communities, outside the NIFP 
are not eligible for flood insurance from the NFIP and are therefore potentially at a higher degree of 
financial risk from a flood event. Historical practices of institutionalized racism, such as the redlining 
that placed housing in flood-prone areas, continue to shape the uneven outcomes from floods 
and other natural disasters with greater impacts on frontline communities and other marginalized 
groups (Linscott et al. 2022). For example, Linscott et al. (2022) used geospatial analysis to show 
how the 2010 Nashville and Davidson County, Tennessee flood event disproportionately impacted 
communities of color that lived in neighborhoods redlined in the 1930s. Scholars have shown 
that even in communities that are participating in the NFIP, 
protections and disaster recovery have been inequitably 
distributed, with costs disproportionately placed on low-
income neighborhoods of these communities (Pralle 2019; 
Turrentine and Palmer 2022). 

Another problem is that climate change was not yet 
considered an issue when the NFIP standards, many of 
the drinking water systems, and their communities were 
developed. Climate change alters both the severity and 
frequency of flooding, and climate change will continue to 
wreak havoc on these communities and systems through 
catastrophic flooding events (Pacific Institute and DigDeep 
2024). The NFIP standards and maps in many places have 
not been substantially updated since the 1970s, leaving 
communities that were developed using the outdated 
standards at higher risk than they once had been (Turrentine 
and Palmer 2022). One way that the NFIP was designed 
to reduce flooding risk was predicated on communities 
adopting and using the FIRMs to both ensure buildings and 
other infrastructure in higher-risk areas were appropriately 
designed and to identify properties that were eligible for 
federal insurance. These maps show areas with 1% or greater risk of flooding in a year, but in some 
places climate change is increasing the frequency of these floods and making more severe floods 
more probable (Yu, Wright, and Li 2020; Payton et al. 2023).28 More recently, FEMA has begun revising 
some aspects of NFIP, such as updating their risk rating methodology, which are supposed to help 
improve their rate setting to make it more equitable and better reflect a property’s flood risk (FEMA 
2022). Whereas the risk rating methods had previously focused on flood zones and elevations, 
it now incorporates frequency of flooding, multiple flood types (river overflow, coastal flooding 

28 FEMA and other federal agencies like the USGS express flood risk based on the probability of occurrence of a certain magnitude of flood 
in a single year. A 100-year flood, therefore, has a 1-in-100 times probability (or 1% chance) of happening in a year. In many places, climate 
change is increasing the probability of a 100-year flood. 
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including storm surges, and flooding from heavy rainfall), proximity to flood sources, and building 
characteristics (such as first floor height) (FEMA 2022).

Communities that are able to participate in the NFIP must adopt and enforce “floodplain 
management requirements that meet or exceed minimum criteria established” by FEMA (44 C.F.R. § 
59.2(b) (2022) (FEMA 2017). These requirements apply to new and substantially improved structures 
in Special Flood Hazard Areas (SFHAs).29 Communities can achieve these requirements by adopting 
and enforcing comprehensive floodplain management or by incorporating the responsibilities set 
forth in the NFIP within existing land use or zoning ordinances. Once a community has adopted the 
NFIP minimum requirements, property owners within the community qualify for flood insurance, 
based on the terms set forth. However, historical flood event data used by the NFIP for establishing 
insurance premiums may not be applicable under future climate change as catastrophic flooding 
occurs more frequently (Turrentine and Palmer 2022). 

The minimum requirements prescribed by the NFIP apply to existing structures. As mentioned above, 
existing structures to which substantial improvements are made are also required to comply with 
the minimum requirements established by the NFIP. Substantial improvement is defined as “any 
reconstruction, rehabilitation, addition, or other improvement 
of a structure, the cost of which equals or exceeds 50 percent 
of the market value of the structure before the start of 
construction” of the improvement (44 C.F.R. § 59.1 (2022). 
Therefore, when any substantial improvements are made to an 
existing structure, the structure must come into compliance 
with the NFIP requirements. This includes projects that are 
completed under multiple permits or over several years. 

Substantial improvement also includes structures that have 
incurred substantial damage, regardless of the actual repair 
work performed (44 C.F.R. § 59.1 (2022). Substantial damage 
is similarly defined as “damage of any origin sustained by a 
structure whereby the cost of restoring the structure to its 
before damaged condition would equal or exceed 50 percent 
of the market value of the structure before the damage 
occurred” (44 C.F.R. § 59.1 (2022). The cost to repair is required to reflect the full cost of restoring 
the system to its before-damage condition, even if the owner chooses to do less (FEMA 2005). That 
cost is then compared to the market value of the structure prior to the damage. In this situation, 
a system is expected to come into full compliance with the NFIP as if it were new construction or 
were undergoing substantial improvement.30

29 A SFHA is defined by FEMA as “an area having special flood, mudflow or flood-related erosion hazards and shown on a Flood Hazard 
Boundary Map (FHBM) or a Flood Insurance Rate Map (FIRM)…” (FEMA 2020b)(Federal Emergency Management Agency 2020). 

30 Although we recognize that flood insurance plays a significant role while also having limitations, more on this topic is beyond the scope 
of this report and will be addressed in the third report in this series on strategies and approaches to equitable, climate-resilient water and 
sanitation in the US. 
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Some states have taken steps to go beyond FEMA’s NFIP requirements. The National Flood Insurance 
Act encourages states to adopt more stringent requirements than those identified by the act (44 
C.F.R. § 60.1(d) (2022)). For example, New Hampshire’s Department of Business and Economic Affairs 
provides model ordinances based on the minimum requirements prescribed by the NFIP and the 
levels of information made available about the community (New Hampshire Department of Business 
and Economic Affairs, n.d.).31 New Hampshire has also adopted a “menu” of more stringent floodplain 
regulation standards that can and have been adopted by communities (New Hampshire Office of 
Strategic Initiatives 2020). The menu provides a description of the higher standard, sample model 
ordinance language, and if a CRS credit (that can contribute to a percent discount on federal flood 
insurance) is available. Within this menu, water supply and wastewater systems are designated as 
“critical facilities,” which means new systems or those under reconstruction must comply with more 
strict flooding design and construction regulations.32 Virginia likewise provides draft ordinances with 
similar requirements for water supply and sewerage systems (Virginia Department of Conservation 
and Recreation 2023). 

4.2.2 The Role of Nature-Based Solutions in Flood Preparedness
Nature-based solutions (NBS), such as restoring and conserving floodplains, installing rain gardens 
or swales, and reducing impermeable surfaces, help prevent the impact of stormwater and flood 
waters on infrastructure, including drinking water systems (Huang et al. 2020).33 NBS can help to 
mitigate flood risk and protect infrastructure by absorbing and slowing the flow of water before 
and during flooding events, although effectiveness of NBS to 
mitigate flooding has been found to vary by location, storm 
size, design, and other factors (Huang et al. 2020). In the US, a 
common NBS approach to stormwater management is through 
green infrastructure (GI). GI is defined in the CWA as “the range 
of measures that use plant or soil systems, permeable pavement 
or other permeable surfaces or substrates, stormwater harvest 
and reuse, or landscaping to store, infiltrate, or facilitate the 
evapotranspiration of stormwater and reduction of flows to 
sewer systems or to surface waters.’’ Whereas gray infrastructure 
channels water, green infrastructure uses permeable surfaces to 
allow water to be absorbed. The definition of GI was added by the 
Water Infrastructure Improvement Act of 2019 to the CWA (Water 
Infrastructure Improvement Act, Pub. L. 115-436; Clean Water Act, 

31 Within the Model Plans for Communities with no Special Flood Hazard Areas (SFHA) and Communities with Special Flood Hazard Areas 
(SFHA) and Zone VE, the same requirements apply to water supply and sanitation systems. New and replacement water supply and sewage 
disposal systems are required to be “designed to minimize or eliminate infiltration of flood waters into the systems” (New Hampshire Office 
of Strategic Initiatives 2020).

32 The sample ordinance language states that all “new critical facilities are prohibited within a special flood hazard area (or within a special 
hazard area and the 0.2 percent annual chance (500-year) floodplain).” Furthermore, “critical facilities that are to be replaced, substantially 
improved, or meet the definition of substantial damage shall be constructed so that the lowest floor, including basement, shall be elevated 
or dry-floodproofed at least one foot above the elevation of the 0.2% annual flood height or three feet above the base flood elevation, 
whichever is higher” (New Hampshire Office of Strategic Initiatives 2020).

33 There is no single definition of NBS, but this report adopts the International Union for the Conservation of Nature (IUCN) definition (IUCN 
2016) because it is the most established and referenced. The IUCN defines NBS as “actions to protect, sustainably manage, and restore 
natural or modified ecosystems, that address societal challenges effectively and adaptively, simultaneously providing human well-being and 
biodiversity benefits.”
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33 USC. 1362(27)). Therefore, GI solutions may be available to help communities adapt to changing 
volumes of stormwater and flood water by mitigating some of the impacts from precipitation events 
on drinking water infrastructure. 

4.3 DRINKING WATER QUALITY FROM CENTRALIZED DRINKING 
WATER SYSTEMS
Climate change is having many impacts on water quality, making it more challenging and costly for 
centralized drinking water systems to adhere to legal drinking water quality standards (Payton et 
al. 2023). For example, extreme heat events lead to cyanobacterial algal blooms in reservoirs, sea 
level rise causes saltwater contamination of groundwater and surface water supplies, and wildfires 
leave burn scars that can contribute toxic sediment into drinking water supplies for years following 
the event (Pacific Institute and DigDeep 2024). Increasing temperatures, flooding, sea level rise, and 
other climate change phenomena have been directly linked to increasing concentrations of toxic 
contaminants, like per- and polyfluoroalkyl substances (PFAS) and microplastics in water sources 
(Gander 2022). Rising costs in the drinking water sector to address these types of challenges create 
affordability challenges for low-income households (Cardoso and Wichman 2022). In this section, 
we examine how the law helps to ensure that the water supplied through centralized drinking water 
systems is safe to drink, considering the additional stress that climate change will put on water 
resource quality and water infrastructure. 

The SDWA applies to all public water systems and sets the 
foundation for ensuring the provision of safe drinking water 
by defining safe drinking water to consume and use.34 This 
foundation will be critical for protecting households that receive 
their water from a centralized drinking water system because 
climate change contributes to water quality degradation. As 
discussed in Section 3, under the SDWA there are two types 
of public water systems: community water systems and 
noncommunity water systems, which includes nontransient 
water systems (such as a school, factory, office building, or 
church) and transient noncommunity water systems (such as 
a campground or gas station). In this report, we are focused 
mostly on community water systems. 

The SDWA sets national standards for the drinking water supplied by public water systems. These 
National Primary Drinking Water Standards are made up of Maximum Contaminant Level Goals 
(MCLG) and Maximum Contaminant Levels (MCL). MCLGs are set at “the level at which no known or 
anticipated adverse effects on the health of persons occur and which allows an adequate margin of 
safety” (42 USC. § 300g-1(4)(A)), but they are not enforceable. MCLs, which are the highest allowed 
level of a contaminant in drinking water, are then set as close to the MCLG as is feasible (42 USC. 

34 The SDWA defines a public water system as a “system for the provision to the public of water for human consumption through pipes or 
other constructed conveyances if such system has at least fifteen service connections or regularly serves at least twenty-five individuals. 
Such term includes (i) any collection, treatment, storage, and distribution facilities under control of the operator of such system and used 
primarily in connection with such system, and (ii) any collection or pretreatment storage facilities not under such control which are used 
primarily in connection with such system” (42 USC. § 300f(4)(a)).
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§ 300g-1(4)(B)).35 Feasibility is based on treatment technologies and techniques, or other means 
identified by the EPA’s administrator (the politically appointed cabinet head of the EPA). While the 
administrator must identify the treatment technologies and techniques that have been established 
as feasible, the regulations do not require the use of a specific technology (42 USC. § 300g-1(4)(E)(i)). 
Along with proposing the MCL, starting in 1996 the SDWA was amended to require the administrator 
to publish a determination as to whether the benefits of the MCL justify the costs of meeting the 
MCL (42 USC. § 300g-1(4)(C)). It also required the administrator to identify treatment technologies 
and techniques that are affordable and available to small systems to ensure that small systems with 
more limited financial resources can comply with the standards (42 USC. § 300g-1(4)(E)(ii)). 

One challenge posed by climate change for centralized 
drinking water systems is that it is causing increases in 
the presence and concentration of toxic contaminants, 
like PFAS (Pacific Institute and DigDeep 2024).36 PFAS 
are a class of chemicals that can leach during rain 
and flooding events from landfills, agricultural lands, 
biosolids from wastewater treatment plants, and 
septic systems (Gander 2022). As recently as April 
2024 the EPA announced the final National Primary 
Drinking Water Regulation (NPDWR) for six forms of 
PFAS (US EPA, OW 2024). The NPDWR establishes a 
legally enforceable MCLs for these six PFAS in drinking 
water. This new regulation is expected to prevent 
PFAS exposure in drinking water for approximately 100 
million people, while compliance by drinking water 
systems and wastewater treatment plants will cost 
approximately $1.5 billion per year (US EPA, OW 2024). 

Both federal and state laws regulate public water 
systems that violate the SDWA and allow for 
interventions like restructuring. At the federal level, 
a law passed as part of the America’s Water Infrastructure Act (AWIA) of 2018 mandates that EPA 
develop and implement the Water System Restructuring Rule (WSSR) (Landes et al. 2021). The WSSR 
facilitates the legal process for restructuring ownership and management of public water systems 
that are struggling to comply with the SDWA. States have also created similar state-level legal 
options. Box 3 describes a program established by law in the state of California that was created to 
address issues at water systems that were failing to meet drinking water standards. 

35 Feasible is defined as “feasible with the use of the best technology, treatment techniques and other means which the Administrator finds, 
after examination for efficacy under field conditions and not solely under laboratory conditions, are available (taking cost into consideration)” 
(42 U.S.C. § 300g-1(4)(D)).

36 PFAS compounds 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. 
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BOX 3. Policies for Failing Drinking Water Systems and the SAFER Program

Approximately 1,050 drinking water systems that serve almost 12 million people are failing 
to meet health-based federal drinking water standards.37 An unknown but likely larger 
proportion of drinking water systems are at risk of failing to provide safe drinking water 
to their communities due to low capacity, inadequate funding, increasingly stringent 
regulations, and climate change (Feinstein et al. 2020). The vast majority (more than 95%) 
of these failing or at-risk systems are small, serving 10,000 people or less (Feinstein 
et al. 2020). Mueller and Gasteyer (2021) found that while lack of complete plumbing 
is primarily a challenge for rural households, unclean and unsafe water is primarily a 
challenge faced by urban households. They also found that SDWA violations are positively 
correlated with the poverty rate. This suggests that the communities served by these 
failing systems are likely not able to shoulder the additional costs necessary to fix 
the problems. 

In 2019, the California State legislature passed Senate Bill 200, establishing the Safe and 
Affordable Funding for Equity and Resilience (SAFER) program (S.B. 200, 2019 Reg. Sess. 
(Cal. 2019)). The SAFER program provides an array of resources and tools for failing and 
at-risk drinking water systems. These include a set of tools (e.g., technical assistance, 
point-of-use/point-of-entry drinking water treatment systems, maps and data), funding 
sources, and regulatory authorities with the goal of advancing sustainable solutions to 
ensure safe, affordable water for all people in California. As of the time of this writing, 
SAFER had provided 300 projects with technical assistance and $700 million in grants 
(California State Water Resources Control Board 2024). However, the pace of progress 
has also been slower than expected. The state auditor found that “over the past five 
years, the average length of time for water systems to complete their applications 
and receive funding nearly doubled, from 17 months to 33 months” (Tilden 2022). 
Nonetheless, this program offers a potential model that could be applied in other states 
to more proactively and holistically address water quality challenges faced by drinking 
water systems. 

Source water quality—which pertains to water sourced from rivers, lakes, groundwater aquifers 
and other water bodies and used for supplies for drinking water—is being altered by climate 
change (Payton et al. 2023).38 Beyond setting the drinking water standards for centralized drinking 
water systems, the SDWA also requires states with primary enforcement responsibility to carry 

37 Values calculated using Safe Drinking Water Information System (SIDWIS) data exported from ECHO.epa.gov on January 20, 23. Data is for 
community water systems with at least one health-based violation within the past three years. A single community water system, New York 
City System (PWSID NY7003493), accounts for 8,271,000 of the 12 million people served by systems with violations. 

38 The EPA defines source water as “sources of water (such as rivers, streams, lakes, reservoirs, springs, and groundwater) that provide 
water to public drinking water supplies and private wells” (US Environmental Protection Agency, Office of Water 2015). .

http://ECHO.epa.gov
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out a source water assessment program (42 USC. § 300j-13(a)(1)).39 Source water assessment 
programs must delineate the boundaries of the assessment areas from which one or more public 
water systems draw drinking water, inventory possible contaminating activities (PCAs) that may 
be responsible for releasing regulated contaminants into the source water, and, in such a case, 
determine how vulnerable the public water system is to the identified PCAs (42 USC. § 300j-13(a)(2)). 
All assessments were required to be conducted by May 2003. States were also required to submit 
their programs to the EPA for approval (42 USC. § 300j-13(a)(2)). 

Different states included different components for their source assessment programs. For example, 
the California Drinking Water Source Assessment and Protection Program Plan (“Plan”) identified the 
following as the minimum components of the drinking water source water assessments for surface 
waters and groundwater: (a) location of the drinking water source, (b) delineation of source area and 
protection zones, (c) drinking water physical barrier effectiveness checklist, (d) inventory of possible 
contaminating activities, (e) vulnerability ranking, (f) assessment map, (g) completion of assessment 
and summary for submission, and (h) public notification through the consumer confidence report 
(California SWRCB 2021). 

Within the Plan, California also identifies voluntary 
steps communities can take to improve source water 
protection based on the assessments. The Plan identifies 
several regulatory management measures as well as non-
regulatory management measures for local source water 
protection programs (California SWRCB 2021). Examples of 
regulatory measures within the Plan include zoning rules, 
such as prohibitions on certain land uses and the adoption 
of growth controls, and land use permit conditions, 
such as requiring for the review of surface water and 
groundwater contamination before beginning a new use or 
regulating underground tank storage. Some examples of 
nonregulatory measures include conservation easements, 
watershed restoration efforts, stormwater monitoring, 
groundwater monitoring, public education, contingency 
plans, and storm drain labeling. By comparison, the SDWA 
only requires the conducting of assessments. No additional 
actions are required under federal law regardless of the 
results of the assessments. And neither state nor federal programs ensure that climate change 
impacts to source water quality will be assessed or addressed. 

The CWA plays a critical role in protecting source water quality by regulating the release of 
discharges into rivers and lakes from municipal, commercial, and industrial sources. The CWA 
prohibits the discharge of any pollutant into “waters of the United States” except as allowed 
by the statute (33 USC. § 1311(a)). The term “Waters of the United States” (WOTUS) is critical to 
understanding which waters are subject to the requirements of the CWA. Only discharges into 

39 Primary enforcement responsibility for public water systems can be given to states and Indian Tribes if they meet certain requirements. 
For more information see: https://www.epa.gov/dwreginfo/primacy-enforcement-responsibility-public-water-systems. 
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waters of the US can be regulated under the CWA. The 2023 decision by the Supreme Court in 
Sackett v. Environmental Protection Agency (“Sackett II”) 40 limited the applicability of the CWA (598 
US ____ (2023). The Supreme Court concluded that beyond “traditional navigable waters”41 (such as 
rivers and lakes), the CWA extends only to wetlands that have a continuous surface connection with 
a “water of the United States,” which is defined as a “relatively permanent body of water connected 
to traditional interstate navigable waters” (Sackett, 598 US at ____ ). Broadly, the Supreme Court 
found that the WOTUS include those waterbodies that are relatively permanent and not those that 
are more frequently dry than flowing. Therefore, intermittent water bodies may be included within 
the WOTUS, however, ephemeral streams will likely not. While Sackett II limits the waters to which 
the CWA applies, the Supreme Court’s 2020 decision in County of Maui, Hawaii v. Hawaii Wildlife 
Fund ensures that when there is a “functional equivalent of a direct discharge” (such as discharges 
of wastewater into underground injection wells that quickly reach navigable waters), a permit is 
required under the CWA (590 US ____  (2020)). As climate change alters the flows of water, certain 
waterbodies may no longer be subject to regulation, unless states adopt broader definitions of 
waters of the US.

Meeting drinking water standards will only become more difficult due to climate change, increasing 
the importance of the role that the SDWA and CWA each play in reducing the impact of water quality 
degradation from droughts, wildfires, extreme storms, and other climate change phenomena. 

40 It is referred to as Sackett II to distinguish it from the 2012 Sacket I case.

41 Defined as “interstate waters that were either navigable in fact and used in commerce or readily susceptible of being used in this way.”
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5. Centralized Wastewater Systems
Centralized wastewater systems provide services to the majority of people in the US, with more 
than 16,000 wastewater treatment providers in the country (American Society of Civil Engineers 
2021). These providers serve approximately 75%–80% of the US population, the remaining population 
served by decentralized, onsite, off-grid sanitation systems, including cesspools and other systems 
without treatment (decentralized wastewater will be discussed in Section 6) (Maxcy-Brown, Elliott, 
and Bearden 2023). Centralized wastewater infrastructure is made up of a network of pipes that 
collect and convey household, commercial, and industrial effluents to a wastewater treatment 
plant (WWTP). The wastewater is treated to reduce and eliminate the presence of contaminants, as 
required by the CWA, and typically discharged into nearby streams or waterbodies. Many of the same 
benefits and challenges with respect to centralized drinking water apply to centralized wastewater 
treatment. According to the American Society of Civil Engineers (ASCE), 81% of WWTPs are operating 
at their design capacities, while 15% have reached or exceeded the volume of wastewater the 
systems can take in and treat (ASCE 2021). As treatment plants and collection networks reach the 
end of their lifespans, the cost of service will only increase when replacements become necessary. 
In 2019, the capital investment gap for centralized wastewater systems was calculated at $81 
billion (ASCE 2021). Recent investments through the Bipartisan Infrastructure Act and the Inflation 
Reduction Act may help to close that gap by injecting more financial resources into our nation’s 
water and wastewater systems (discussed more in Section 7.3).

Centralized wastewater systems that are connected to stormwater collection systems are called 
combined sewer systems (CSSs). Approximately 700 communities are served by CSSs in the US 
(US GAO 2023). During dry weather or low to moderate rainfall, the wastewater and stormwater 
is conveyed to the wastewater treatment plant (US GAO 2023). However, heavy rainfall makes 
the system more likely to become overwhelmed both from the high volumes of stormwater and 
from infiltration through cracks in the pipes from other sources like groundwater. When CSSs are 
overwhelmed, the systems are designed to allow untreated wastewater and stormwater to flow 
directly into rivers, lakes, and the ocean; this is called a combined sewer overflow (CSO) event 
(Figure 5). During these CSO events there can also be sewage backups in basements and overflows 
from manholes. As climate change increases the intensity and frequency of rainfall events in certain 
geographies, CSO events will become more common (Zouboulis and Tolkou 2015). For example, in 
2021, Hurricanes Henri and Ida, which made landfall in New York City just a month apart, caused 
increases in sewer backups in homes and sink holes along streets (Aggarwala 2022). 



Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

67 5. Centralized Wastewater Systems

FIGURE 5. Combined Sewer System During an Overflow Event in Which Stormwater, 
Wastewater, and Other Pollution Combine in the Sewer System and Flow into the Environment

Source: US Climate Resilience Toolkit 2022

In response to unregulated CSOs, the CWA was amended in 2000, requiring each permit, order, and 
decree adopted after the amendment enactment date to conform to the 2014 Combined Sewer 
Overflow Control Policy (CSO Control Policy) (33 USC. § 1342(q)). The CSO Control Policy states 
that implementation schedules included in Long Term Control Plans (LTCPs) and enforcement 
mechanisms “may be phased based on the relative importance of adverse impacts upon water 
quality standards and designated uses, priority projects identified in the long-term plan, and on 
a permittee’s financial capability” (Combined Sewer Overflow Control Policy, 59 Fed. Reg. 18688 
(April 19, 1994)) (US EPA 2023b). The EPA developed a Financial Capability Analysis (FCA) to inform 
how the financial capability of a utility and the community it serves is considered when setting 
the compliance schedule. The FCA allows systems to extend the timeline for complying with 
consent decrees (and therefore the requirements of the CWA) based on their communities’ income 
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and ability to absorb rate increases). While this allows utilities to keep water rates down, longer 
compliance schedules expose frontline communities to pollution for longer periods. This undercuts 
the promise of the CWA to provide fishable, swimmable waters across the country. Therefore, while 
the FCA may prevent significant rate hikes, it does so at a cost.

Not all wastewater treatment systems are combined sewer systems. Some systems are separate 
and distinct from the stormwater collection systems, which are called separate sanitary sewer 
systems (SSSSs), which reduce or eliminate the impact of rainwater on the operation of the 
wastewater treatment systems. Typically, with SSSSs there are also systems—called municipal 
separate stormwater systems—whereby stormwater is collected and conveyed separately. These 
systems are also regulated under the CWA via the EPA’s NPDES permits. The permit contains limits 
on what can be discharged, monitoring and reporting requirements, and other provisions to protect 
water quality and public health (US EPA, OW 2014). 

5.1 WATER SCARCITY AND SUPPLY FOR CENTRALIZED 
WASTEWATER SYSTEMS
Centralized wastewater systems are designed to function based on water mixing with and conveying 
waste products from homes and businesses to a treatment facility. In times of drought or scarcity 
when people are using less water, wastewater flows can become more concentrated (Zouboulis 
and Tolkou 2015). Concentrated flows can cause deterioration in effluent quality, which leads 
to challenges for wastewater treatment systems, including increased odors, corrosion of pipes, 
increased likelihood of blockages, and increased need for system cleaning (Zouboulis and Tolkou 
2015; Hughes et al. 2021). Water scarcity also decreases the volume of surface water available to 
attenuate treated wastewater and other effluents that are discharged into streams, lakes, and rivers. 
The impacts on downstream ecosystems and communities can include elevated ambient water 
temperature and higher concentrations of remaining contaminants, such as PFAS and microplastics 
(Gander 2022). Here we examine how laws and policies help support climate change adaptation for 
centralized wastewater systems to function when water is scarce to protect frontline communities 
affected by wastewater discharge (Nguyen and Westerhoff 2019).

5.1.1 Reduced Influent Flow
Both climate change and changes in water demand have contributed to reductions in wastewater 
volumes leaving from communities and going to centralized wastewater systems (Porse et al. 2023) 
As discussed in Section 4.1.6 on managing water demand, conservation and efficiency measures 
help centralized drinking water systems reduce water demands during periods of water scarcity and 
drought. An outcome from reduced water use is reduced influent flow to centralized wastewater 
systems. Reduced influent flow can lead to greater concentrations of certain contaminants in 
wastewater, increased instances of pipe blockages, and reduced availability of treated effluent 
for recycled water production (Office of Water Programs, California State University, Sacramento 
et al. 2022). For example, during the 2012–2016 drought in California, reduced influent resulted in 
an effluent ammonium increase from 35 to 55 milligrams per liter (mg/L) at several case study 
sites. These types of increases require wastewater systems to use more energy and chemicals 
and can require increased labor (Office of Water Programs, California State University, Sacramento 
et al. 2022). The ASCE has claimed that reductions in water use by homes and businesses due 
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to conservation and efficiency measures is one of the factors contributing to increased costs for 
operating and maintaining wastewater treatment systems (ASCE 2021). 

Centralized wastewater systems are designed to ensure the treatment process will adhere to 
specific water quality regulations. While each system in the US is upheld to relatively consistent 
standards under the CWA, local conditions, such as climate, geography, and number of customers 
serviced, create variability in the final design and implementation of these systems. And once they 
are installed, it is often many decades before updates or improvements are made. Because of 
drought, climate change, and reductions in per capita water use, some wastewater systems have 
a mismatch between the volume of influent they were designed for when compared to the volume 
that they now receive (Porse et al. 2023). A survey of large California urban wastewater system 
managers found that they were concerned about these changing conditions and the consequences 
they have on their permit-based discharge requirements (Porse et al. 2023). But this research did not 
indicate that there were any laws or formal policies in place to address this challenge. 

5.2 OVERABUNDANCE OF WATER AND FLOOD IMPACTS ON CENTRALIZED 
WASTEWATER SYSTEMS
Centralized wastewater systems are commonly located along waterways or the ocean at lower 
elevations relative to the communities they serve to allow for easy, gravity-driven transport of 
untreated wastewater from the community to the system and for the flow of treated wastewater 
back into the environment. This can make them highly susceptible to flooding and sea level rise, 
both of which are becoming more frequent and intense due to climate change (Zouboulis and Tolkou 
2015; Pacific Institute and DigDeep 2024). For example, the severe winds and flooding brought on by 
Hurricane Harvey in 2017 caused several wastewater treatment systems in Houston to fail, resulting 
in thousands of gallons of untreated wastewater spilling into the streets of Houston (Stuckey 2017). 
Flooding can also take electrical systems offline, leading to failure of certain treatment components. 
In communities that have a CSS—where wastewater and stormwater are both conveyed in the same 
pipes to the wastewater treatment plant—flooding can lead to CSOs, which contaminate streets and 
waterways with raw sewage (Figure 5 above). 

The law plays an important role in ensuring that wastewater systems, including sewer lines, are 
properly located, designed, constructed, operated, and maintained. This includes ensuring that they 
are sited in locations with low flood risk. In most parts of the US, these systems were installed 
decades ago to manage historical precipitation or around historical understanding of floodplains and 
are not designed to deal with changes in the volume or intensity of precipitation caused by climate 
change (Zouboulis and Tolkou 2015). Some legal approaches take into consideration alternative 
infrastructure designs—such as green infrastructure that uses nature-based approaches like rain 
gardens—to reduce the amount of stormwater and runoff entering the system. In this section, we 
examine how the law reduces the risk of too much water on wastewater systems.

5.2.1 Legal Protections for Climate-Resilient Siting, Construction, and Design of 
Wastewater Treatment
The siting, design, and proper construction of wastewater treatment plants can significantly impact 
the climate resiliency of these systems. Generally, state and local laws and regulations govern these 
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engineering decisions. Federal regulations under the CWA are limited to regulating outflow point-
sources and broader permitting of wastewater discharges, which can impact these decisions at the 
state and local levels.

State-level regulations often require consideration of a variety of factors for siting and constructing 
WWTPs, as with many large-scale construction projects. WWTPs may be subject to heightened 
regulation because of the risk posed to humans by insufficient treatment of wastewater and 
potential exposure to human fecal matter. In many cases, WWTPs have open-air facilities that may 
be compromised by a significant flood or heavy precipitation event. While newly adopted regulations 
can help address the threat of floods and other climate impacts when building new plants, changing 
existing plants may be harder. 

One approach that states can use to try to reduce risk of flooding on new wastewater systems is 
around regulations on siting. For example, Massachusetts, Florida, and Texas all use the 100-year 
floodplain as their main determinant for siting of WWTPs and require design and construction of 
most components to be up to the 100-year flood standard (Fla. Stat. § 403.088; (Massachusetts 
Department of Environmental Protection 2018); 30 Tex. Admin. Code § 217.35). The Massachusetts 
Department of Environmental Protection is empowered by the Massachusetts Clean Waters Act to 
issue regulations for siting, design, and construction. Having suffered severe weather events during 
winter, with paralyzing record snowfalls in 2015 and in 2022, Massachusetts has felt the impacts of 
a changing climate (Massachusetts Climate Change Clearinghouse, n.d.; Staff and wire reports 2022). 
Similarly, Texas and Florida have also experienced significant weather events supercharged by our 
changing climate (Carter et al. 2018; Kloesel et al. 2018). 

There are also federal policies that address siting of various facilities to help reduce risk of flooding 
and other natural disasters. Under Executive Order 11988, federal agencies must avoid placing 
critical facilities—such as hospitals and utilities—in the 0.2% (i.e., 500-year) floodplain or must 
design the facilities to protect against the 0.2% chance flood level (FEMA 2020a).42 However, in some 
places as climate change increases the likelihood of these larger flooding events, what are currently 
referred to as 500-year (or more) events, will become more common, and so regulations need to be 
updated to protect against the increased severity and larger extent of future flooding (Yu, Wright, 
and Li 2020; Payton et al. 2023).

As mentioned above, WWTPs are commonly sited near water features at lower elevations than the 
communities they serve, including ocean and bay shorelines to take advantage of gravity. For these 
facilities, sea level rise is expected to increase the likelihood of flooding during high tides and storm 
events, potentially damaging pumps and other equipment, which can lead to untreated sewage 
discharges (Zouboulis and Tolkou 2015; Pacific Institute and DigDeep 2024). In the San Francisco Bay 
Area, for example, a Pacific Institute analysis found that a 1.0m to 1.4m sea level rise (the amount 
projected for that region under medium and high emissions scenarios) would put 8 to 10 WWTPs, 
respectively, at risk of regular inundation (Heberger et al. 2012). While WWTPs are taking steps to 
protect their infrastructure from sea level rise and erosion (such as San Francisco’s decision to bury 
a low-level seawall at the aptly-named Oceanside Treatment Plant), many of these changes are 
made purely voluntarily (Weiser 2018). 

42 A 500-year flood has a 1-in-500 times probability (0.2% chance) of happening in any given year. A 500-year flood is larger and more 
extensive than a 100-year flood. Climate change is altering these flood probabilities (USGS n.d.).
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The physical impacts of flooding on centralized wastewater systems can also be felt at the 
household level, yet there are few legal mechanisms for protecting homeowners and renters from 
these events. Those impacted by sewer backups are not commonly protected by law from the 
costs associated with these events, and many insurance companies will not insure against water 
damage or sewer backups (Bell 2023). In certain cases, it may be possible to file a claim against the 
wastewater facility (or municipality), but it can be very difficult to prove that the backup event was 
caused by climate change or negligence on the side of the wastewater system, rather than by issues 
related to pipes on the homeowner’s property. 

In many cities, even small rainstorms can pose problems for aging sewers that were built decades 
or centuries in the past and are too small or in such poor condition that they cannot effectively 
transport water. Aging and inadequate infrastructure can lead to homes and businesses experiencing 
backflows of water from the sewer. In New York City, in spite of $20 billion invested in climate 
resilience measures that included improved stormwater management since Superstorm Sandy 
in 2012, aged water infrastructure and poorly equipped storm drainage systems have resulted 
in repeated sewage backups (City of New York 2023; Wilson and Meko 2023). These impacts can 
disproportionately affect 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). A 2021 City of New York report estimated that completely 
recalibrating their sewers for extreme storms would take decades and could cost $100 billion 
(dependent on federal funding), and upgrading the system in Southeast Queens alone could cost $2 
billion (The City of New York 2021). Climate change and the increase in extreme precipitation and 
storm events in many parts of the country will only worsen these types of inequities (Marvel et al. 
2023; Payton et al. 2023)

5.3 WASTEWATER AND WATER QUALITY IN CENTRALIZED SYSTEMS
Untreated or insufficiently treated wastewater threatens the quality of surface waters, presenting 
a threat to drinking water, public health, and the environment. There are several ways that climate 
change impacts the ability of centralized wastewater systems to function properly and maintain 
protection of water quality. As discussed in Part 1 of this series Climate Change Impacts to Water 
and Sanitation for Frontline Communities in the United States, each of the six climate change 
phenomena can damage or destroy wastewater infrastructure, disrupt power sources, or cause 
other challenges for wastewater systems. And damage or destruction can result in untreated 
water in the environment, homes, and businesses (Pacific Institute and DigDeep 2024). Also, as 
discussed in Section 5.1, water scarcity and drought contribute to diminished wastewater flows 
that are often more concentrated and more challenging to treat. In this section, we examine how 
legal requirements reduce the risk of damage or disruption of centralized wastewater systems and 
protect water quality and public health. 

https://pacinst.org/publication/water-sanitation-climate-change-us-part-1/
https://pacinst.org/publication/water-sanitation-climate-change-us-part-1/
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5.3.1 Effluent Limitations
The CWA sets the standards for what can and cannot be discharged from centralized wastewater 
treatment plants. The CWA allows for discharges of effluent (i.e., treated wastewater) into rivers 
and water bodies if the discharger meets the effluent limitations established by regulation and 
is incorporated into the NPDES permits issued by states or the federal government. The effluent 
limitations in NPDES permits are determined based on different technology-based standards,43 
however, adoption and use of these “best available” technologies is not required (33 USC. § 1316(a)
(1)). Notwithstanding, these technologies and their capacity to control pollution determine the 
stringency of the effluent limitations set under law. 

Discharges from publicly operated treatment works are subject to secondary treatment 
requirements. “Publicly operated treatment works” is the term used in the US and in the CWA to 
refer to a wastewater treatment plant owned, and typically operated, by a government agency 
(typically a local government). To meet the CWA standards and properly operate, consistently 
maintain, and periodically rehabilitate and update wastewater infrastructure requires ongoing 
financial resources and technical capacity. The impacts of climate change such as degraded water 
quality and infrastructure damage compound with these ongoing needs, especially for under 
resourced communities, exacerbating their efforts to meet regulatory requirements and provide 
safe, reliable services (Pacific Institute and DigDeep 2024). 

The CWA establishes both technology-based standards that govern effluent discharges from point 
sources and water quality standards based on designated uses and the water quality criteria 
necessary to achieve those uses. WWTPs must achieve an effluent quality attainable through 
the application of secondary treatment, which involves a combination of physical and biological 
treatment requirements (33 USC. § 1311; 33 USC. § 1314(d)(1); 40 C.F.R. 133.102).44 Where the water 
quality standards are not being met for a source water into which the wastewater treatment plant 
is discharging, the effluent standards in an NPDES permit held by the wastewater plant will be 
amended to achieve those water quality standards.45 In fact, more widespread adoption of water 
quality standards used to modify effluent limitations in discharge permits—such as those held by 
wastewater systems—could enable greater climate change adaptation and ecosystem protection 
(Craig 2010).

These legal requirements and regulations are the foundation for ensuring WWTPs are not releasing 
untreated waste into the environment. However, they are designed to improve pollution control, 
not address the impact of extreme weather events and climate change, which leaves opportunities 
to improve these laws to achieve more climate-resilient wastewater systems.

43 Such as the best available technology (BAT) that is economically achievable, best practicable technology (BPT), or best conventional 
technology (BCT). There are also New Source Performance Standards (NSPS) which are based on the “best available demonstrated control 
technology” (33 USC. § 1316(a)(1)).

44 The minimum standards for wastewater treatment plants are reflected in terms of five-day biological oxygen demand (BOD5), Total 
Suspended Solids (TSS), and pH (40 C.F.R. 133.102).

45 States also have the authority to adopt more stringent effluent limitations and additional standards for wastewater treatment plants.
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Water and Wastewater Systems
While most people in the US receive water services from a centralized drinking water provider 
and send their waste to a centralized wastewater treatment plant, some households rely on 
decentralized, onsite drinking water and wastewater systems (Figure 6). Decentralized water 
systems can include domestic wells, rainwater capture and use systems, or modular drinking/
potable water treatment systems (MDWTS). Decentralized systems serve households or a small 
group of households (specifically, fewer than the 15 connections, which would qualify the system as 
a community water system governed by the SDWA). Murray et al. (2021) estimated that 23 million 
people-or 17% of the US population at that time-relied on private domestic wells for drinking water. 
However, this was based on data from pre-2010, and therefore, may be outdated. Neither rainwater 
nor modular water systems are commonly used in the US for indoor domestic use, such as drinking 
and bathing, and rainwater capture and use for drinking water purposes is likely not legal in most 
jurisdictions. Therefore, this section focuses mostly on the laws and regulations related to domestic 
wells and water use by households. 

Decentralized wastewater systems, also known as onsite wastewater systems, include conventional 
septic tanks, cesspools, pit latrines, and alternative onsite wastewater treatment systems (AOWTS), 
which employ alternative treatment technologies (e.g., constructed wetlands, aerobic treatments, 
and recirculating sand filters) to those of conventional methods (US EPA, OW 2002; US EPA, OWM 
2024). Some of these systems use water, while others do not rely on water. More than one in five 
households in the US use onsite septic systems or small community cluster systems to treat 
wastewater with many of those concentrated in the Northeast and Southeast (US EPA, OWM 
2024). The use of septic tanks has continued to grow as more homes are built for people looking 
to live outside urban centers (Hobson and Hagan 2020; LaFond 2015). Similar to decentralized 
drinking water, onsite wastewater systems are primarily found in rural parts of the country, but 
can also be located in peri-urban and even urban environments (Calabretta, Cunningham, and 
Vedachalam 2022).46

46 While there is no one definition, peri-urban areas are those that are generally between urban and rural spaces that are neither completely 
urban nor rural.
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FIGURE 6. Diagram of a Conventional House With Onsite, Decentralized Water and Wastewater 
System in the Form of a Groundwater Well and Septic System

Source: US EPA, OWM 2024

In addition, like onsite drinking water systems, onsite wastewater systems that serve a small 
number of people, specifically fewer than 20 people per day, are not directly regulated by the 
federal government. Federal law under the SDWA requires the EPA to develop regulations for state 
underground injection control programs (42 USC. § 300(h)). But the law specifies that excluded from 
the regulations are “individual or single-family residential waste disposal systems such as domestic 
cesspools or septic tanks” (40 C.F.R. § 144.1(g)(2)).47 Other than these few federal regulations and 
restrictions, the regulation of onsite wastewater systems is expected to be regulated at the state 
and local levels. In most states, the local health departments are responsible for issuing permits for 
the construction of septic tanks.

Climate change poses many risks to onsite water and wastewater systems. As discussed above 
in Section 4.1 and in Part 1 in this series, climate change is altering water availability of for all 
users, including households with their own well or septic tank (Pacific Institute and DigDeep 2024). 

47 Per the regulations, any existing large-capacity (serving 20 or more people per day) cesspools were to be closed within five years by April 
5, 2005 (40 C.F.R. § 144.88), and construction of new large-capacity cesspools not started before April 5, 2000, is prohibited (40 C.F.R. § 
144.88).

https://pacinst.org/water-sanitation-climate-change-us-series/
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Increasing temperatures contribute to increased groundwater pumping, leading to household 
wells going dry (Flavelle and Rojanasakul 2023). Through wildfires, temperature changes, and 
other extreme events like hurricanes that cause flooding, climate change affects water quality of 
surface water and groundwater and can contribute to higher 
concentrations of contaminants in water supplies, making it 
unsafe for drinking without treatment (Rowles III et al. 2020). 
Climate change is expected to have an outsized impact on 
smaller, more rural, and/or harder to reach communities that 
rely on domestic wells (Pacific Institute and DigDeep 2024; 
McNeeley, Rigley, and Will 2024). Septic tanks can be damaged 
by flooding and sea level rise (Pacific Institute and DigDeep 
2024). Flooding can damage septic systems through siltation 
and debris and oversaturation of leach fields (Calabretta, 
Cunningham, and Vedachalam 2022). If a septic tank becomes 
oversaturated, such as from a rising groundwater table due to 
sea level rise, then it can lead to sewage backups into homes 
(Calabretta, Cunningham, and Vedachalam 2022). Because 
many of these systems are underground, changes in ground 
temperature can also affect their ability to function. In Indiana, 
where historical snowpack provided an insulating layer, a 
lack of snow during the winter resulted in frozen drain fields 
and septic system failures in 2014 (Jones 2014). When these 
systems are damaged or destroyed untreated wastewater can 
be released into the environment and contaminate nearby 
water sources.

In this section we examine laws related to domestic wells, 
groundwater resources, and septic tanks. This includes laws 
that - in the face of climate change - support the use of more 
efficient waterless toilets, which can reduce the risk of losing 
access to water or safe sanitation for households that rely on 
onsite systems.

6.1 WATER SCARCITY AND AVAILABILITY IN ONSITE WATER SYSTEMS AND 
WASTEWATER SYSTEMS
As described in Section 4.1.2 on groundwater rights and use, each state is responsible for creating 
and enforcing its own laws that govern how groundwater can be used. But these laws vary by state 
and not all states have groundwater regulations or protections for domestic wells (Gerlak et al. 
2013). In states with groundwater regulations and/or protections for domestic wells, climate change 
is not always explicitly addressed in these laws.

Florida adopted laws and regulations to govern groundwater use and the listing and construction 
of wells. The Department of Water Resources is required to develop a Florida Water Plan (Fla. 
Stat. § 373.036(1)) and included within the plan are the district water management plans (Fla. 
Stat. § 373.036(2)). District water management plans must include the minimum flows (for surface 

Through wildfires, 
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changes, and other 
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like hurricanes that 
cause flooding, 
climate change 
affects water quality 
of surface water 
and groundwater 
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for drinking 
without treatment.
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water sources) and minimum (groundwater) levels, a districtwide water supply assessment, 
and any completed regional water supply plans, among other components. Minimum levels are 
defined as “the level of groundwater in an aquifer and the level of surface water at which further 
withdrawals would be significantly harmful to the water resources or ecology of the area” (Fla. 
Stat. § 373.042). Furthermore, the law requires the Department of Water Resources to authorize the 
water management districts to “implement a program for the issuance of permits for the location, 
construction, repair, and abandonment of water wells” (Fla. Stat. § 373.308). Once authorized, it is 
the responsibility of the water management district, local 
government, or local county health department to issue 
well permits. These laws are intended to help protect 
domestic well owners and other groundwater users from 
losing access to water, but they do not explicitly address 
climate change. 

In California, state law requires well owners—including 
domestic well owners—to obtain a permit from local 
environmental health agencies or local water districts 
before any construction, modification, or destruction takes 
place (California SWRCB 2023).48 The California Department 
of Water Resources and the State Water Resources Control 
Board have established well construction standards that 
require domestic wells be drilled by a licensed contractor 
and that any wells must also comply with local and State 
well standards. These standards are intended to ensure that 
domestic wells are properly constructed, reducing their chance of failure and risk of contamination. 
The California Sustainable Groundwater Management Act, discussed in Section 4.1.2, may provide 
some protection to households with domestic wells by addressing sustainable use of groundwater. 
However, as noted above, a key criterion for assessing sustainability within each groundwater 
basin—the minimum thresholds for groundwater levels (i.e., the deepest groundwater level allowable 
for basins to be considered in compliance)—has been set below the level of thousands of domestic 
wells and hundreds of wells serving public water systems, leaving them at risk of losing their access 
to water (Bostic et al. 2020; Bostic 2021; Bostic et al. 2023).

In Arizona, regulations meant to ensure domestic wells have sufficient supplies have already failed 
to protect some households from losing access to groundwater. Arizona state law requires that 
developers prove the development will have a 100-year water supply for any housing community 
with six or more lots that includes domestic wells (Arizona Department of Water Resources, 
n.d.). However, there is an exemption that allows developers to forego this requirement if they 
only develop five or fewer lots. This exemption has been attributed as the cause of at least one 
community near Scottsdale running out of groundwater (Partlow 2023a; Associated Press 2022). 
In this example, the laws and regulations were inadequate for ensuring sufficient water supply for 
domestic wells. 

48 Well destruction is a process by which a damaged or abandoned well is decommissioned to help  prevent contamination of the aquifer 
(California SWRCB 2023).
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Where onsite sanitation systems rely on water, the law plays an important role in ensuring that 
sufficient water resources are available for domestic household purposes, including to flush toilets. 
The law can also allow for, and thereby encourage, the use of toilets that do not rely on water to 
function. In 1999 and 2000, the EPA published informational materials on dry composting toilets, 
incinerating toilets, and oil recirculating toilets, all of which do not rely on water (US EPA, OW 
1999a; 1999b; 2000). Not all states allow the use of composting toilets or have adopted regulations 
governing their installation. For example, Alaska, California, Delaware, Alabama, Missouri, Oklahoma, 
and Iowa, have not adopted regulations governing composting toilets (HomeBiogas 2024). Other 
states allow waterless or greywater toilets and have adopted regulations to govern their use. 

The Washington State legislature recognized as an 
alternative approach to waste disposal the importance of 
waterless sanitation systems that could reduce the impacts 
of failing septic systems on public health, the environment, 
and property values.49 The Washington Department of 
Health issued the Recommended Standards and Guidance 
for the Performance, Application, Design, and Operation & 
Maintenance Water Conserving Onsite Wastewater Treatment 
Systems in 2012. The recommendations state that four 
types of waterless toilets have been approved for use within 
the state, including (1) composting toilets, (2) incinerating 
toilets, (3) vault toilets, and (4) pit toilets (Washington 
State Department of Health 2012). For each system type, it 
explains the type of system and provides recommendations 
for the standards that should govern their use. Allowing 
and developing regulations for the installation and use 
of waterless or greywater systems for onsite sanitation 
collection, treatment and disposal will help to encourage 
their use, and possibly their replacement of water-based 
household sanitation systems.

6.2 OVERABUNDANCE OF WATER AND FLOOD IMPACTS TO ONSITE DRINKING 
WATER AND WASTEWATER SYSTEMS
Too much water presents similar risks to onsite drinking water and wastewater systems as 
centralized systems. Large rain events, inundation from sea level rise, and inland flooding threaten 
contamination of drinking water supplies and the integrity of onsite infrastructure (Pieper et al. 
2021). Inundation of a septic tank can cause sewage to back up into a house or to surface through 
the ground, presenting a significant risk to public health and the environment, damaging the 

49 The legislature wrote: “The legislature finds that over one million, two hundred thousand persons in the State are not served by sanitary 
sewers and that they must rely on septic tank systems. The failure of large numbers of such systems has resulted in significant health 
hazards, loss of property values, and water quality degradation. The legislature further finds that failure of such systems could be reduced 
by utilization of non-water-carried sewage disposal systems, or other alternative methods of effluent disposal, as a correctional measure. 
Wastewater volume diminution and disposal of most of the high bacterial waste through composting or other alternative methods of effluent 
disposal would result in restorative improvement or correction of existing substandard systems” (Wash. Rev. Code § 70A.105.010). Nonwater-
carried sewage disposal systems are defined as “any device that stores and treats non-water-carried human urine and feces” (Wash. Rev. 
Code § 70A.105.020). 
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house where it occurs, and requiring costly, time-consuming fixes (Calabretta, Cunningham, and 
Vedachalam 2022). The risk can range from a temporary disruption to a complete failure of the 
system that requires replacement. Damaged septic systems can leach untreated waste and cause 
well-water contamination (Rowles III et al. 2020). Laws that regulate domestic well or septic system 
siting may help to ensure onsite systems are designed and installed to minimize flooding risk. 

Flooding protection for septic systems can also be addressed in state or local law. The Washington 
State Washington Administrative Code (WAC) sets requirements for local health agencies to 
ensure decentralized wastewater systems are not installed in areas of high flood risk (WAC 246-
272A-0015 1.a.viii). The Mississippi State Department of Health has also set regulations for “onsite 
wastewater disposal systems,” including the requirement that prior 
to installation, a site evaluation must be performed and include 
criteria of flooding frequency and the depth to the seasonal high-
water table (Mississippi State Department of Health n.d.). While 
both Washington and Mississippi have laws to regulate the location 
of newly installed decentralized wastewater systems that consider 
flooding, neither take climate change into account. In regions where 
flooding is becoming more frequent, or where sea level is causing 
the groundwater table to rise, these installation criteria may not be 
adequate for protecting systems from inundation. 

As noted earlier in Section 6.1, California law regulates well 
construction, which includes well siting. The regulations state that 
“[i]f possible, a well should be located outside areas of flooding,” 
with further description of how to construct a well so it is protected from flood water (DWR § 8 
Bulletin 74-81). These regulations are from 1991 and do not explicitly mention climate change, so a 
similar issue as was noted above for siting of septic systems applies here, which is, in regions where 
flooding is becoming more frequent, these installation criteria may not be adequate for protecting 
systems from inundation. 

6.3 WATER QUALITY IN DECENTRALIZED DRINKING WATER AND 
WASTEWATER SYSTEMS
The SDWA (which provides regulation of drinking water quality) and the CWA (which sets wastewater 
treatment requirements for centralized systems) do not apply to decentralized systems serving 
single or small groups of households. State and local governments provide limited oversight of 
water quality in domestic wells by establishing guidelines or standards for drinking water quality 
parameters, such as harmful bacteria, nitrates, heavy metals, and other pollutants. Climate change 
phenomena, such as floods, droughts, wildfires, and extreme temperatures, contribute to the 
increase in these pollutants in surface water and groundwater (Pacific Institute and DigDeep 2024). 
Typically, there is more regulatory oversight for the construction of domestic wells, and some states 
require regular water quality testing to ensure domestic wells meet certain standards. For septic 
systems, state and local laws dictate their design and siting to protect the environment, public 
health, and drinking water sources. In the examples presented below, these types of laws can help 
prevent or reduce vulnerability to water quality challenges, but all but one example from Virginia 
(Box 4) fail to directly incorporate climate change. 
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BOX 4. Climate Change to Wastewater Infrastructure Regulations in Virginia

Many states have not updated their septic tank or onsite sanitation laws or regulations 
since they were first adopted. Virginia is one state that has. In 2019, the Virginia Secretaries 
of Natural and Historic Resources, Health and Human Resources, and Commerce and 
Trade established an interagency Wastewater Infrastructure Work Group to assess the 
state’s wastewater infrastructure needs and to develop recommendations for addressing 
those needs (Virginia Wastewater Infrastructure Working Group 2021). In 2020, some of 
the recommendations made by the work group were adopted into law via SB 1396 (Virginia 
Wastewater Infrastructure Working Group 2021). The bill makes three key amendments 
to existing law. First, the law adopts a state policy for community and onsite wastewater 
treatment (Va. Code Ann. § 62.1-223.1). 

The law states, “It is the policy of the Commonwealth to prioritize universal access to 
wastewater treatment that protects public health and the environment and supports local 
economic growth and stability” (Va. Code Ann. § 62.1-223.1). To advance that policy, the state 
supports several activities and approaches, including public education about the importance 
of adequate wastewater treatment, a preference for community and regional projects rather 
than individual site-by-site projects, and the incorporation of the effects of climate change 
into wastewater treatment regulatory and funding programs. As part of the policy, the state 
formally established the work group as an advisory board to the governor’s office (Va. Code 
Ann. § 62.1-223.2). 

Furthermore, the Virginia Department of Health, in partnership with a wide range of stake-
holders, is required to conduct a needs assessment every four years and estimate the 
amount of funding necessary to implement the policy beyond what would be funded through 
grant funding provided under the Virginia Water Quality Improvement Act of 1997 (Va. Code 
Ann. § 62.1-223.3). The law establishes an “Onsite Sewage Indemnification Law,” which 
created a fund intended to provide compensation to property owners whose septic systems 
have failed due to negligence of the Department of Health (Va. Code Ann. § 32.1-164.1:01).  
The fund may also “provide grants and loans to property owners with income at or below 200 
percent of the federal poverty guidelines to repair failing onsite sewage systems or install 
onsite sewage systems on properties that lack adequate sewage disposal” (Va. Code Ann. 
§ 32.1-164.1:01). The new law also declares that the regulations developed to govern onsite 
sanitation may consider the impacts of climate change on the proposed system (Va. Code 
Ann. § 32.1-164(B)(16)). The law states that regulations must be designed to be protective 
of public health and promote public welfare but only may consider climate change impact. 
Flooding is one impact of climate change and a very real threat to the safety and operation of 
septic tanks and onsite sanitation. Therefore, any consideration of climate change could help 
to anticipate the impacts from flooded onsite sanitation and prevent harmful impacts on 
public health and the environment.
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Water contamination is not always detectable by taste, smell, or appearance and households that 
rely on domestic wells are responsible for ensuring their water is safe to drink and use. Climate 
change is increasing the presence of some of these difficult-to-detect contaminants, such as PFAS 
and microplastics (Gander 2022). To ensure domestic well owners are aware of the safety of their 
water, some states have adopted laws that require domestic well water testing during property 
transfers or real estate transactions (e.g., N.J.S.A 58:12A-26 et seq. and ORS 448.271). In California, 
the Groundwater Quality Monitoring Act of 2001 (AB 599) set statutory requirements that include a 
program for monitoring water quality from domestic wells in specific regions with high dependence 
on groundwater. Participation in the program is voluntary for those well owners. These laws are 
potentially helpful for improving awareness of water quality 
in domestic wells, but they do not directly address the 
increasing risk of water contamination from climate change. 

Some states have adopted regulations that protect 
groundwater quality broadly, which can offer protection of 
water quality for domestic wells. In California, there are 
nine Regional Water Quality Control Boards responsible for 
setting water quality standards and regulating activities that 
can impact the beneficial uses of groundwater in the region. 
In places where groundwater quality is considered adequate 
for drinking water (a designated beneficial use), activities in 
that area are regulated to reduce the risk of degrading the 
groundwater quality for that use (California SWRCB 2018). 
This approach seeks to provide protection from human 
activity like agriculture, oil and gas development, or other 
forms of land use, but it does not offer explicit protection 
of groundwater from climate change phenomena, like sea 
level rise or the increasing intensity of wildfires.

Properly constructed and maintained septic tanks do 
not present a threat to groundwater or surface water. 
However, if improperly constructed, poorly maintained, 
or used beyond its lifespan, onsite wastewater 
infrastructure can cause environmental and groundwater 
contamination. Impacts from floods, rising sea levels, or 
extreme temperatures can also threaten the ability onsite 
wastewater systems to effectively treat waste (Calabretta, 
Cunningham, and Vedachalam 2022). A report conducted 
by Miami-Dade County explains how rising sea levels 
are reducing the distance between septic drain fields 
and groundwater along Florida’s southeastern coastline, reducing these system’s ability to treat 
wastewater and reduce nutrients and pathogens from these households (Miami-Dade County and 
Florida Department of Health 2018). Large scale rain events or flooding can also cause damage to 
onsite wastewater systems or overwhelm systems with water causing the release of untreated 
wastewater into the environment. In many states, onsite wastewater system regulations were 
created to ensure these systems are installed and designed to adequately process household 
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wastewater and protect public health and the environment from contamination. But unless they are 
updated, they may not adequately address anticipated flooding or sea level rise. Ongoing operation 
and maintenance are commonly the responsibility of the property owner and may not be regulated 
by any specific laws.

One way that states have tried to regulate onsite wastewater systems to ensure they continue to 
protect water quality is through reinspection requirements during the point-of-sale or after a natural 
disaster. In Maryland, for example, onsite wastewater systems must be inspected by a licensed 
inspector at the point-of-sale (Annotated Code of Maryland, Environment § 9-217.1). In Kentucky, in 
the jurisdiction of the North Central District Health Department, septic system inspections occur 
at the point-of-sale, during a remodel, or during a rebuild after a natural disaster (North Central 
District Health Department, n.d.). Post-disaster inspections may become more critical as more 
extreme weather events damage and disrupt onsite systems. 
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7. Laws and Policies for Equitable, 
Climate-Resilient Water and 
Wastewater Systems
Laws and policies can play important roles in ensuring that people will have equitable access to 
climate-resilient water and sanitation services. Here we address the role of laws and policies in 
ensuring equity in the provision of water and sanitation services in the effort to make them more 
climate resilient. Laws create rights and protections that enable greater and more equitable access 
to water and sanitation services. Laws also create funding mechanisms to help ensure that funding 
is equitably distributed to communities, especially overburdened and under resourced communities. 
Law should ensure that climate-resilient water access is available to everyone and is not denied 
based on race, ethnicity, religion, income level, gender, citizenship status, or location. 

7.1 THE HUMAN RIGHT TO WATER AND SANITATION50

Internationally, the United Nations recognized the human right to water and sanitation in 2010 
(Resolution 64/292, United Nations 2014). 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 US, however, abstained from the United Nations vote, has repeatedly 
voiced official opposition to the legal human right to water, and has not codified legal protections for 
water and sanitation access at the federal level (Gleick 2023). Access to clean water and sanitation 
is broadly taken for granted in the US, and the continued access to clean water and sanitation is not 
guaranteed, which leaves frontline communities without legal protections when access is denied 
(Davis 2015). 

While the US federal government has not legally recognized the human right to water and sanitation, 
as of this writing five states—California, Virginia, Massachusetts, New York, and Pennsylvania—and 
several local governments have recognized these rights to varying degrees. Each state has taken 
different approaches and defined the rights differently. However, none of the adopted rights provide 
the legal protection or regulatory authority necessary to guarantee a household or individual will 

50 We recognize that the human rights to water and sanitation are legally two distinct rights: the human right to water and the human right 
to sanitation. Together they are the human rights to water and sanitation. The decoupling is common at the international level in the past 
five years, in particular. Herein, and in all the reports in the series, we refer to them together as the human right to water and sanitation. 
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receive water and sanitation services. In establishing human right to water and sanitation, the 
law can codify and, in theory, mandate that every person has access to water and sanitation (also 
referred to as “universal access to water and sanitation”). However, the concept of the legal human 
right to water remains a controversial idea, particularly in the US (Fantini 2020; Murthy 2013). 
Because of the risk-multiplying threat that climate change poses to access, implementation of the 
right to water and sanitation will need to be climate-resilient. Further, the increasing impact of 
climate change on water and sanitation infrastructure requires greater efforts in reinforcing and 
rehabilitating existing infrastructure to prevent short- and long-term interruptions in access (Pacific 
Institute and DigDeep 2024).

The first US state to formally adopt the human right to water was California in 2012. California 
Assembly Bill No. 685 (AB 685) states that “every human being has the right to safe, clean, 
affordable, and accessible water adequate for human consumption, cooking, and sanitary purposes.” 
However, California’s law does not create a justiciable right—a right that can be legally enforced in 
a court of law. The law does not require the state to provide drinking water or to allocate additional 
financial resources for water infrastructure or water supply development. The law requires all 
relevant state agencies to “employ all reasonable means to implement this state policy,” which is 
not the same as saying the state must realize the state policy. 
The law further states that it does not create obligations for 
the state to provide water or to interfere with the decisions 
made by the public water system in providing water and 
sanitation services. This law would not, for example, prevent 
a water system from terminating water service to a household 
for nonpayment even if they do not have the financial 
resources to pay. One outcome of AB 685 was to catalyze 
the creation of the Safe and Affordable Drinking Water Fund 
through Senate Bill 200 (S.B. 200, 2019 Reg. Sess. (Cal. 2019)). 
The Fund is used to implement projects that help centralized 
drinking water systems comply with drinking water quality 
challenges with the monies coming from a 5% contribution 
from the Greenhouse Gas Reduction Fund (SB 200). 

Massachusetts, New York, and Pennsylvania have each made 
amendments to their state constitutions, recognizing the right 
to clean water, but not necessarily the right to drinking water. 
The Pennsylvania Constitution states, “The people have a right 
to clean air, pure water, and to the preservation of the natural, 
scenic, historic and esthetic values of the environment” (Pa. 
Const. art. 1, § 27). Given the context of the provision, it is a right to uncontaminated, unpolluted 
water resources more than a right to drinking water. The Massachusetts Constitution states, “The 
people shall have the right to clean air and water, freedom from excessive and unnecessary noise, 
and the natural, scenic, historic, and esthetic qualities of their environment; and the protection 
of the people in their right to the conservation, development and utilization of the agricultural, 
mineral, forest, water, air and other natural resources is hereby declared to be a public purpose” 
(Mass. Const. art. of amend. XCVII). Similarly, this is a right to uncontaminated water resources. 
In 2021, New York voters passed an amendment to the state’s constitution, stating, “[e]ach person 
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shall have a right to clean air and water, and a healthful environment” (N.Y. Const. art. 1, § 19). Again, 
based on the language used and the context of the amendment, the provision says more about 
water resources than drinking water. Furthermore, these amendments do not create explicit rights 
and obligations for state agencies to take prescribed actions to achieve these protections. However, 
with the evidence of increasing climate change impacts on both the quality and quantity of water 
resources, these constitutional amendments could serve as a foundation for taking the climate-
informed actions necessary to protect water resources.

The State of Virginia has taken a different approach in 
their recent adoption of a non-binding human right to 
water. In 2021, the Virginia Legislature adopted a Joint 
Resolution recognizing the importance of drinking water 
(H.J. 538, 2021 Spec. Sess. I (Va. 2021). The resolution 
states, “Access to clean, potable water in amounts that 
will ensure an acceptable standard of living is a necessary 
human right.” However, this resolution does not create 
any rights or obligations and merely represents the “sense 
of the General Assembly.” Therefore, no actions must be 
taken under the resolution to realize the human right to 
drinking water. Adopting a resolution represents a formal 
statement of policy from the legislature but does not 
represent a legal requirement.

Local governments have also taken steps to provide 
protection to the human right to water and sanitation. 
For example, the City of Titusville, Florida passed a 
referendum adopting a right to clean water (Vazquez 
2023). The referendum states, “Residents of the City of 
Titusville possess the right to clean water, which shall 
include the right to Waters of Titusville which flow, exist in 
their natural form, are free of pollution, and which maintain a healthy ecosystem” (City of Titusville 
v. Speak Up Titusville, Inc., Fla. Cir. Ct. Case No. 2022-CA-038303 (Order on Motions for Summary 
Judgement) (May 22, 2023)). The referendum prohibits governmental or corporate entities from 
conducting activities that interfere with these rights. However, this referendum may be overturned 
by a state law in Florida, the Clean Waterways Act. The Clean Waterways Act, signed into law in 
2021, prevents local governments from protecting the rights of nature (Vazquez 2022). The act has 
already forced the repeal of a referendum passed by Orange County, Florida that contained similar 
language to Titusville’s.

While none of these explicitly address climate change, when crafted well, laws recognizing the 
human right to water and sanitation create an obligation on states to take steps to ensure every 
person has access to safe water and sanitation services, consistently, and without climate change-
driven interruptions. 
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7.2 EQUITY THROUGH AFFORDABILITY LAWS AND POLICIES 
Climate change contributes to rising costs for drinking water and wastewater utilities, which in 
turn are passed on to ratepayers, with the greatest impacts on low-income households (Heyman, 
Mayer, and Alger 2022). Delayed maintenance and emergencies—such as broken water mains—
caused by storm events or other triggers, can increase the cost of operating and maintaining these 
systems, and many utilities respond by raising their rates to cover those costs (Hiller 2022). For 
example, in 2023, in Lafayette, Colorado (a town of over 30,000 people north of Denver), the local 
water utility cited climate change as a key driver behind its need to increase rates to pay for water 
storage infrastructure and other projects that would reduce the risk of water scarcity during future 
droughts (Drugan 2023). As rates increase, customers who were originally struggling will struggle 
more to afford their water and wastewater bills, and customers who were on the cusp of water 
unaffordability will also find themselves unable to pay their water bills. 

If a water utility customer does not pay their water bill, many utilities in the US threaten or pursue 
water service disconnection (also called a “shutoff”) to incentivize payment (Holmes et al. 2020). 
Different legal, policy, and programmatic approaches have been used to help customers remain 
connected to their water services, even when they are unable to pay. In some states, laws restrict, 
prevent, or provide conflicting or ambiguous guidance for utilities who wish to offer assistance 
programs to those who cannot pay (UNC Environmental Finance Center, Corona Environmental, 
and Abt Associates 2017). For example, Proposition 218, a California State law, prohibits utilities 
from using water and wastewater service revenue to fund assistance programs. Bolt v. Lansing, a 
Michigan Supreme Court decision interpreting the Headlee 
Amendment, was also widely accepted as barring the use of 
ratepayer dollars to subsidize rates for low-income families, 
though this has been challenged in recent affordability 
efforts (587 N.W.2d 264 (1998)). Consequently, some utilities 
must figure out how to fund assistance or affordability 
programs by other means. 

Affordability and assistance programs become even 
more important where state or local law allows for water 
shutoffs and water and wastewater costs are on the rise. 
Communities that permit water shutoffs typically do not 
establish any exceptions for nonpayment, even if the 
household does not have the financial resources to pay. The 
law treats those who cannot pay in the exact same way as 
those who forget or choose not to pay (CWSC 2019). For example, 87% percent of municipalities 
and 78% of counties in the state of Maryland allow water services to be terminated for nonpayment 
(CWSC 2019). Unpaid water bills can be turned into liens on property, commonly the home where the 
people who have not paid live, and ultimately, these can be foreclosed upon, compounding inequities 
for households without means to pay their utility bills. In Maryland, 87% of municipalities allow for 
unpaid water bills to become a lien, and just under 13% of municipalities’ laws are silent, leaving 
open the possibility that liens are allowed (CWSC 2019). These findings are not unique to Maryland 
as cities throughout the US lack legal protections for low-income households who cannot afford 
their water and wastewater services, demonstrated through the American Water Access Survey 
(CWSC 2022).
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Several recent water assistance laws at the federal and state levels have passed. The American 
Rescue Plan Act (ARPA) of 2021 established the first-ever federal water assistance program. The 
Department of Health and Human Services was given funding under ARPA and the Consolidated 
Appropriations Act of 2021 to launch an emergency water assistance program called the Low-
Income Household Water Assistance Program (LIHWAP) (US Department of Health and Human 
Services 2021). With broad guidance from HHS, states, the District of Columbia, Puerto Rico, US 
territories, federally and state-recognized Tribes and tribal organizations were given the authority to 
develop implementation plans and determine the rules and responsibilities informing participation 
in the program. Funding provided through LIHWAP was available to pay off arrearages (existing debt 
for water service) up to a designated maximum as well as to reduce future household water costs 
to prevent the accrual of debt. The LIHWAP program was not reauthorized before the end of 2023; 
therefore, the program concluded at the end of 2023. However, Senator Padilla introduced the Low-
Income Household Water Assistance Program (LIHWAP) Establishment Act at the end of February 
2024 to create a permanent nationwide water assistance program.

Under the Bipartisan Infrastructure Law (discussed further in Section 7.3 to follow), Congress 
authorized the establishment of a pilot water rate assistance program. The Rural and Low-Income 
Water Assistance Pilot program authorizes the EPA to 
award grants to forty water service providers of different 
sizes to trial a water rate assistance program (H.R. Res. 
3684, 117th Cong. (2001) (enacted), § 50109). The type 
of assistance that can be offered includes, but is not 
limited to, direct financial assistance, lifeline rates, bill 
discounting, special hardship provisions, percentage of 
income payment plans, and debt relief. While the program 
has been authorized, no funding has been appropriated 
to launch the program. Funding has been allocated for 
the completion of a needs assessment to study and 
understand the circumstances of water providers who 
service communities with a disproportionate percentage 
of low-income households or providers who have taken 
on a greater amount of debt because of nonpayment by 
customers (§ 50108). The needs assessment is currently 
being conducted by the EPA.
	
Some states have taken alternative approaches to 
protecting people’s access to water. For example, 
Washington State legislature passed Engrossed Substitute 
House Bill 1329 in 2023, which will require water and 
energy utilities and landlords to delay utility shutoffs 
during extreme heat events. Many state and local laws 
limit water shutoffs during the colder months because of the use of water in certain heating 
systems. This law is a unique example of a state’s intent to reduce the risk posed by a climate 
threat by attempting to ensure that households struggling to pay will be able to access water and 
electricity during hotter weather.
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7.3 LAW AND POLICY FOR EQUITABLE FUNDING AND FINANCING
The law plays an important role in authorizing funding for certain programs and for determining how 
funding is to be distributed. Loans and grants from funding programs, such as the Drinking Water 
State Revolving Loan Funds (DWSRF) and Clean Water State Revolving Loan Funds (CWSRF), are 
used by centralized drinking water and wastewater systems to pay for planning and infrastructure 
projects. Federal laws, like the Bipartisan Infrastructure Law (BIL, also called the Infrastructure 
Investment and Jobs Act) and the Inflation Reduction Act (IRA), provide water and wastewater 
funding and financing programs with billions of dollars to address aging infrastructure, replace lead 
water pipes, support water-related climate resilience and safe and clean water projects, restore 
ecosystems, and support climate and hydrology science and data collection. 

The BIL, signed into law on November 15, 2021, made a once-in-a-generation investment in 
infrastructure. The BIL authorized a total of $1.2 trillion for rebuilding and replacing failing, aging, 
and outdated water, energy, transportation, and communications systems with approximately 
$82.5 billion for a wide range of critical water investments (Gleick, Bielawski, and Cooley 2021). The 
BIL also includes over $13 billion in direct investments towards tribal governments and entities. 
Programs funded by the law span several sectors, including water, climate resilience, and energy. 
Notably, the BIL allocated over $200 million to the Bureau of 
Indians Affairs’ Tribal Climate Resilience Program. Funding for 
water and sanitation includes $3.5 billion to the Indian Health 
Service for the Sanitation Facilities Construction Program and 
set-asides for Tribes under the CWSRF and DWSRF (The White 
House 2022). 

Achieving the standards set out in the CWA and SDWA and 
ensuring such infrastructure is climate-resilient requires 
federal funding. In 1996, a State Revolving Fund (SRF) program 
was launched under the SDWA (Pub. L. No. 104-182, 110 Stat. 
1613 (Act of Aug. 6, 1996)). The CWSRF and DWSRF have since 
primarily functioned as loan programs, whereby the recipients 
are responsible for paying loans back, which requires the 
financing costs to be recuperated from ratepayers. Subsequent 
amendments to the SDWA and CWA allowed “additional 
subsidization” for SRFs, which includes “forgiveness of principle, 
grants, negative interest loans, other loan forgiveness, and … 
buying, refinancing, or restructuring debt” (42 USC. §300j-12(d)). 
In 1996 when the SRF was established as part of the SDWA, 
Congress authorized states to use up to 30% of their DWSRF capitalization grants to provide 
additional assistance to disadvantaged communities as defined by the statute. 

The SDWA has allowed each state to define “disadvantaged community,” creating 50 unique criteria 
for qualifying for federal grants (US EPA 2022a). Under existing laws, the percentage available for 
these communities as grants has increased to 35% (42 USC. § 300j-12(d)(2)). Under the SDWA, states 
are also required to provide a 20% match to the grant funding provided (42 USC. § 300j-12(e)). A 
similar “additional subsidization” provision was added to the CWA in 2014. States are authorized 
to use up to 30%, and no less than 10%, of their CWSRF capitalization grants toward additional 

The Safe 
Drinking 
Water Act has 
allowed each 
state to define 
“disadvantaged 
community,” 
creating 50 
unique criteria 
for qualifying for 
federal grants. 



Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

88 Conclusion

assistance to eligible communities (33 USC. §1383(i)(3)). The 2021 BIL made a significant investment 
in both the CWSRF and DWSRF for fiscal years 2022–2026, allocating $11.7 billion to DWSRF and $11.7 
billion to CWSRF. Under both programs, 49% of funding is required to be in the form of “additional 
subsidization” as grants or forgivable loans. Under DWSRF, this additional subsidy is required to be 
provided to disadvantaged communities (US EPS 2022a). 

Other laws help to ensure that funding is equitably distributed. In 2021, the Justice 40 (J40) Initiative 
(Executive Order 14008) was established. The purpose of J40 is to ensure the benefits of funding 
and programs from these federal laws are more equitably shared and that they reach communities 
that have historically or are currently marginalized or discriminated against due to race, ethnicity, 
economic standing, gender, or other forms. The initiative requires certain federal agencies to ensure 
that “40 percent of the overall benefits of certain federal investments flow to disadvantaged 
communities that are marginalized, underserved, and overburdened by pollution” (The White House, 
n.d.). To be clear, J40 is not a new funding program, it is focused on the benefits, or outcomes, 
of existing federal funding and programs. The requirements of J40 apply to federal programs that 
invest in climate change and the development of critical clean water and wastewater infrastructure, 
which include, among others, the EPA’s Drinking Water and Clean Water SRFs—the main source of 
federal, state, and other non-locally derived funds and financing for drinking water, wastewater, and 
stormwater projects.51 Through these programs, the federal government is attempting to create more 
equitable outcomes from federal funding programs.

There are many other related funding policies and programs that we will discuss in more detail in the 
forthcoming Part 3 of Water, Sanitation, and Climate Change in the United States Series, focusing on 
achieving equitable, climate-resilient water and sanitation for frontline communities. 

51 A list of covered Justice 40 programs can be found in the Interim Implementation Guidance for the Justice 40 Initiative memorandum (M-
21-28) (Young, Mallory, and McCarthy 2021). 

https://pacinst.org/water-sanitation-climate-change-us-series/
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8. Conclusion
Laws and policies together serve as a critical foundation for achieving equitable, climate-resilient 
water and sanitation access for frontline communities in the US. Laws set forth the rules, rights, 
processes, programs, and institutions necessary to inform and guide decision making, especially 
decision making and action before a crisis. Government policies help define political or sector 
objectives that are used as guidelines to inform the creation or implementation of law. As it 
stands, the water law frameworks governing the management, distribution, and protection of water 
resources; the construction, maintenance and financing of water and wastewater infrastructure; 
and the distribution of drinking water and sanitation services to the public fall short of addressing 
the impacts of climate change. Many of the laws do not explicitly and intentionally consider or 
include mentions of climate change nor were they crafted in a way that will sufficiently protect 
water and sanitation access or systems for everyone, especially for frontline communities. There is 
also a lack of enforcement of the laws that do exist. And for people who currently lack access to 
safe, affordable drinking water and sanitation in their homes (a base necessity for being resilient to 
climate change), existing laws do not ensure that they will ever receive it. These gaps leave drinking 
water and sanitation systems and the communities they serve more vulnerable to the impacts of 
climate change and the possibility of backsliding and losing access to water. 

Furthermore, as new systems are built to serve frontline communities that currently lack access to 
water and sanitation, laws are not in place to ensure these systems are built to be resilient in the 
face of climate change. 

Table 1 summarizes the key findings and conclusions from this review of climate change 
considerations or protections in the laws and policies that govern water and sanitation in the US. 
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TABLE 1. Key Findings and Conclusions

TOPIC FOCUS (SECTION) KEY FINDING OR CONCLUSION

Background

The Importance of 
Water Law for Drinking 
Water and Sanitation in 
the Context of Climate 
Change (Section 3.2)

One of the challenges with water law is that, generally, it is developed 
to provide predictability, yet water under a changing climate is highly 
unpredictable.

While some laws may not explicitly mention climate change, they can 
be foundational to adapting to climate change impacts, for example, by 
providing oversight of water supply availability or setting drinking water 
quality standards.

While better water management and service provision laws inherently 
help to address the impacts of climate change on water and sanitation 
systems, laws should purposefully consider the intersection of climate 
change and water to ensure that climate change impacts are properly 
anticipated and adequately addressed.

Centralized Drinking 
Water Systems

Water Scarcity and 
Supply Impacts to 
Centralized Drinking 
Water Systems 
(Section 4.1)

In general, water management laws and policies in the US do not 
explicitly take climate change into account, increasing the likelihood 
that centralized drinking water systems will face challenges in providing 
services due to climate change.

Surface Water Rights 
and Use (Section 4.1.1)

Water use permits under regulated-riparianism that must be renewed 
periodically may provide opportunities for states to revisit permit uses 
and allocations where climate change is impacting flows, precipitation, 
or other factors.

State laws that govern surface water rights and use that require 
consideration of “the public interest” in making permitting decisions 
may create an opportunity for considering climate change impacts.

State-level water use restrictions that are inclusive of all users, often 
reserved for times when water is scarce, may ensure greater equity in 
sharing the burden of the impact of climate change rather than being 
shouldered by just the most junior water users.

In some states with appropriative water rights, there can be 
requirements for water users to secure advance permission before 
using new water, which may allow for future water use permitting 
decisions to better incorporate climate change.

In a time of emergency, such as during a drought, some states 
have laws that allow for certain water uses to be designated as 
“unreasonable” and for authorities to restrict those uses. This may 
provide an opportunity for adapting to more intense and/or frequent 
drought conditions under climate change.

Groundwater Rights 
and Use (Section 4.1.2)

Climate change has the potential to exacerbate unsustainable 
groundwater uses and practices, especially in places where the law 
either allows for unsustainable groundwater use or does not protect 
groundwater sustainability.

As climate change creates greater dependence on groundwater in some 
places, laws like California’s Sustainable Groundwater Management Act 
have the potential to provide an important management mechanism for 
protecting vulnerable groundwater supplies and contributing to more 
inclusive governance processes, however, implementation of this law 
has not yet proved to be completely successful in these goals.
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TOPIC FOCUS (SECTION) KEY FINDING OR CONCLUSION

Centralized Drinking 
Water Systems

Prioritizing Domestic 
and Municipal Use 
(Section 4.1.3)

Laws that prioritize available water resources for domestic purposes 
could become more imperative as climate change shifts precipitation 
patterns and reduces the availability of water in some geographies.

There are examples of states with laws that both create automatic 
prioritization of domestic uses and authorize water managers to 
address emergency water shortages. Together, these provisions can 
help protect domestic needs when there is insufficient water to meet 
every demand.

In some state laws where prioritization between water uses is not clear, 
such as between domestic and agricultural uses, there may be potential 
for conflict between water uses during times of scarcity.

Tribal Water Rights 
and Water Codes 
(Section 4.1.4)

Tribes are often legally entitled to more water than they can use, which 
is inconsistent with the state prior appropriation doctrine approach 
by which water rights are maintained through actual use (“use it or 
lose it”). This can create tensions between state and tribal entities, 
especially where climate change and other factors decrease the volume 
of available water resources.

Many Tribes have adopted their own water codes for determining their 
own priorities, monitoring uses, and dealing with violations, which can 
also incorporate flexibility the Tribes need for climate adaptation.

The 2023 Arizona et al. v. Navajo Nation SCOTUS decision will 
significantly impact tribal water rights and the federal government’s 
legal responsibilities, especially in the context of the drying West, 
where water resources are overallocated.

Water Resource 
Management Planning 
(Section 4.1.5)

Some states have laws that mandate water resource management 
planning, which is a process whereby water managers (including 
those operating centralized drinking water systems) plan for future 
investments, like infrastructure upgrades and water supply needs, by 
analyzing water supply availability, water quality, and use in concert 
with projected changes in population, the economy, and other factors 
that impact water demand. Increasingly, water resource management 
planning processes incorporate climate change considerations, but 
many do not.

Some states have passed laws to create programs that provide 
technical assistance to small drinking water systems that often 
lack the capacity for water management planning and planning for 
climate change.

While not specific to climate change, though with implications, drought 
planning laws and policies are approaches that have been used for 
requiring or incentivizing consideration of how water systems will 
function and adapt to water scarcity and supply constraints. Less than 
half of all states have laws that require drought preparedness plans for 
water systems. 

Managing Water 
Demand (Section 4.1.6)

While demand management is often applied through voluntary 
measures, there are several ways that laws and policies have led 
to long-term water demand reductions and supported adaptation 
to increasing water scarcity and more intense, prolonged periods of 
drought. Some key demand management laws and approaches have 
included: the Energy Policy Act of 1992, state-level laws that set 
standards for fixture water efficiency in building codes, requirements 
to upgrade to high-efficiency devices upon change of ownership of 
a property, and regulations for urban water suppliers to manage 
water demand.
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TOPIC FOCUS (SECTION) KEY FINDING OR CONCLUSION

Centralized Drinking 
Water Systems

Alternative Water 
Supplies (Section 4.1.7)

Laws that permit and regulate water reuse and recycling, both 
centralized and decentralized, may contribute to improved water supply 
resilience by adding to the community’s supply portfolio or by freeing 
up freshwater to be used for other purposes.

Laws that permit and regulate rainwater harvesting and stormwater 
capture may also contribute to improved water supply resilience, 
but climate change is altering the timing and volume of rainfall and 
stormwater runoff.

Laws that Help 
Prevent and Reduce 
the Impact of Flooding 
through System Design 
and Construction 
Requirements 
(Section 4.2.1)

Historical flood event data used by NFIP for establishing insurance 
premiums and designating flood risk areas may not be applicable under 
future climate change as catastrophic flooding occurs more frequently. 
Existing drinking water systems and other infrastructure that were sited 
and designed based on NFIP’s old, outdated maps may be at risk from 
flooding damage.

In communities that are participating in the NFIP, protections and 
disaster recovery have been inequitably distributed with costs 
disproportionately being placed on low-income neighborhoods of these 
communities.

Drinking water and wastewater systems in communities that are not 
eligible for the NFIP or are excluded by outdated flood maps that do not 
account for climate change may lack flood insurance.

Some states have taken steps to go beyond the federal NFIP 
requirements, which may provide more protection against flooding 
events. But even these can fail to explicitly include climate change.

The Role of Nature-
Based Solutions in 
Flood Preparedness 
(Section 4.2.2)

Green infrastructure, as authorized in the CWA, may be useful for 
mitigating some of the impacts from stormwater runoff and floods on 
drinking water treatment plants.

Drinking Water Quality 
from Centralized 
Drinking Water 
Systems (Section 4.3)

Meeting drinking water standards will only become more difficult due 
to climate change, increasing the importance of the role that the SDWA 
and CWA play in reducing the impact of water quality degradation 
from droughts, wildfires, extreme storms, and other climate 
change phenomena.

Following the 2023 Sackett v. Environmental Protection Agency SCOTUS 
decision, there is the potential that if climate change alters the flow 
of water in some waterbodies, they may no longer be subject to 
regulation, unless states adopt broader definitions for “waters of the 
United States.”

Centralized 
Wastewater Systems

Water Scarcity and 
Supply for Centralized 
Wastewater Systems 
(Section 5.1)

Once built, it is often many decades before updates or improvements 
are made to centralized wastewater systems. Due to drought, climate 
change, and reductions in per capita water use, some wastewater 
systems have a mismatch between the volume of influent they were 
designed for compared to the volume that they now receive, yet there 
are few legal approaches for addressing this mismatch.

The siting, design, and proper construction of wastewater treatment 
plants can significantly impact the climate resiliency of these 
systems. Generally, state and local laws and regulations govern these 
engineering decisions.

While regulations can address the threat of floods and other climate 
impacts when building new wastewater treatment plants, changing 
existing plants may be harder.
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TOPIC FOCUS (SECTION) KEY FINDING OR CONCLUSION

Centralized 
Wastewater Systems

Legal Protections for 
Climate-Resilient 
Siting, Construction, 
and Design of 
Wastewater Treatment 
(Section 5.2.1)

Like centralized drinking water systems, centralized wastewater 
systems that were sited and designed based on historical flood event 
data may be at risk from flooding damage. Current federal law exists 
to ensure new systems are in areas with lower flood risks, but these 
laws are still based on historical flood maps and do not protect existing 
infrastructure.

There are few, if any, legal recourses for homeowners whose sewers 
backup into their homes during flooding events. Climate change and 
the increase in extreme precipitation and storm events in many parts 
of the country will only worsen these events, especially for frontline 
communities. 

While wastewater treatment systems are taking steps to protect their 
infrastructure from sea level rise and erosion, many of these changes 
are made purely voluntarily.

Effluent Limitations 
(Section 5.3.1)

More widespread adoption of water quality standards, which are then 
used to modify effluent limitations in discharge permits such as those 
held by wastewater systems, could enable greater climate change 
adaptation and ecosystem protection.

Existing legal requirements and regulations were designed to improve 
pollution control from wastewater treatment plants, not to address the 
impact of extreme weather events and climate change.

Decentralized Onsite 
Drinking Water and 

Wastewater Systems

Water Scarcity and 
Availability in Onsite 
Water Systems 
(Section 6.1)

Climate change is not always explicitly addressed in state laws that 
regulate groundwater to protect water supply or well construction for 
domestic wells.

State laws that seek to ensure groundwater availability for domestic 
wells and other users have at times been inadequate for achieving 
these goals. As climate change adds more water stress, these laws may 
not be sufficient.

Allowing and developing regulations for the installation and use of 
waterless or greywater systems for onsite sanitation collection, 
treatment, and disposal will help to encourage their use, and possibly 
their replacement of water-based household sanitation systems.

Overabundance of 
Water and Flood 
Impacts to Onsite 
Drinking Water and 
Wastewater Systems 
(Section 6.2)

Some states have laws that regulate domestic well and/or septic 
system siting and design that are intended to minimize flooding risk 
when these systems are being installed or designed. But these laws do 
not always account for changes to flooding severity or frequency due to 
climate change.

In regions where sea level is causing the groundwater table to rise, laws 
may be needed to address potential groundwater contamination from 
septic systems.

Water Quality in 
Decentralized Drinking 
Water and Wastewater 
Systems (Section 6.3)

Few of the water quality laws governing management of decentralized, 
onsite drinking water or wastewater systems incorporate climate 
change. Virginia is one exception where they have integrated climate 
change into wastewater infrastructure regulations.

Domestic well quality testing regulations are potentially helpful for 
improving awareness of water quality in domestic wells, but they do 
not directly address the increasing risk of water contamination from 
climate change.

Broad groundwater quality protection seeks to provide protection from 
human activity like agriculture, oil and gas development, or other forms 
of land use, but it does not offer explicit protection of groundwater 
from climate change phenomena. 

Some state or local entities require reinspection of septic systems 
post-disaster or during resale of a home. Post-disaster inspections may 
become more critical to ensuring these systems remain functional as 
more extreme weather events damage and disrupt onsite systems.
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TOPIC FOCUS (SECTION) KEY FINDING OR CONCLUSION

Equity Considerations

The Human Right to 
Water and Sanitation 
(Section 7.1)

While none of the existing state or local human right to water and 
sanitation laws or resolutions in the US explicitly address climate 
change, when crafted well, these laws create an obligation on states or 
local governments to take steps to ensure every person has access to 
safe water and sanitation services now and into the future.

While the human right to water and sanitation have yet to be legally 
recognized at the federal level, some states have amended their 
constitutions in ways that could serve as a foundation for taking action 
to protect water resources when climate change causes harm to 
water quality or reduces water availability, even if not explicitly for the 
purposes of drinking water access. 

Equity Through 
Affordability Laws and 
Policies (Section 7.2)

Climate change contributes to rising costs for drinking water and 
wastewater utilities, which in turn, are passed on to ratepayers, with 
the greatest impact on low-income households. One example from 
Washington intends to reduce the risk of loss of water access posed 
by extreme heat by providing protections for households that are 
struggling to pay their utility bills during hotter weather.

Law and Policy for 
Equitable Funding and 
Financing (Section 7.3)

Achieving the standards set out in the CWA and SDWA and ensuring 
water and wastewater infrastructure is climate-resilient requires 
federal funding that is commonly authorized by laws.

The Bipartisan Infrastructure Law and Inflation Reduction Act provide 
historic levels of funding that can help address climate-resilience of 
drinking water and wastewater systems.

After reviewing laws and policies from across the US, our main conclusion is that existing laws are 
inadequate for preparing and protecting from the impacts of climate change water and wastewater 
systems and water and sanitation access for frontline communities. There are several ways that the 
law leaves communities exposed to the impacts of climate change. 

	• First, the law often does not proactively manage water resources in the context of climate 
change, especially groundwater use, or create a system where uses are weighed against each 
other or reviewed for their continued appropriateness for a given water source or basin. The 
basic rules governing water use and water rights are insufficient. As climate change alters 
precipitation patterns, which subsequently changes water use patterns and the broader 
availability of water, the laws will be inadequate to ensure there is sufficient water to meet our 
needs and sustain the environment. 

	• Second, laws provide insufficient requirements or guidance on the design and siting of 
climate-resilient water and wastewater systems. Water and wastewater infrastructure 
is under threat from floods, droughts, saltwater intrusion, wildfires, and other extreme 
events. As the frequency and severity of natural disasters increases, our infrastructure may 
be unable to withstand these events, leaving communities without drinking water and/or 
wastewater services. 

	• Third, access to water and sanitation infrastructure is inequitable leaving the most 
overburdened and under resourced communities highly vulnerable to climate change. The 
laws in the US do not ensure the human right to water or sanitation, leaving some households 
without any safe or regular services and other households under constant threat of shutoffs. 
This may leave homes and communities that lose access to their water and/or sanitation 
without recourse for regaining it, causing backsliding, and widening the water access gap. 
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This is especially true for households in frontline communities affected first and worst 
by climate change and who may not be able to afford to rebuild or repair their onsite or 
decentralized systems. 

By changing the availability of water and the frequency and severity of storms, climate change 
will continue to make universal water and sanitation access difficult to achieve without legal 
protections in place. Without explicit consideration of how climate change will impact water 
availability, or the operation of infrastructure, or the quality of surface waters, existing laws leave 
homes and communities, especially those on the frontlines, exposed and unprepared. Our current 
legal frameworks are insufficient to provide water security, particularly with the significant impacts 
of climate change on the near horizon. Without changes to the law, more water and wastewater 
systems will fail and will do so more frequently, leaving entire communities without basic services 
they need to lead a healthy, dignified life.

Many communities struggling with water and sanitation access face other challenges as well. These 
include inadequate or unenforced laws, structural and systemic racism, fragmentation of decision 
making for water and climate change, institutional constraints, and lack of resources to begin 
and sustain adaptation efforts. A first step to overcoming these challenges and barriers is better 
understanding the key attributes of and strategies for achieving equitable, climate-resilient water 
and sanitation. Our next report, Part 3 in this series, will provide a framework for equitable, climate-
resilient water and sanitation in the US, as well as an overview of strategies and approaches that 
frontline communities are taking to overcome barriers and create equitable, climate-resilient water 
and sanitation. 

https://pacinst.org/water-sanitation-climate-change-us-series/


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

References
Abraham, Sonali, Sarah Diringer, and Heather Cooley. 2020. “An Assessment of Urban Water Demand Forecasts 

in California.” Pacific Institute. https://pacinst.org/publication/urban-water-demand-forecasts-california/

Aggarwala, Rohit T. 2022. “Department of Environmental Protection.” Mayors Management Report. Mayor’s 
Office of Operations, New York City. https://www.nyc.gov/site/operations/performance/mmr.page.

Allaire, Maura, Haowei Wu, and Upmanu Lall. 2018. “National Trends in Drinking Water Quality Violations.” 
Proceedings of the National Academy of Sciences 115 (9): 2078–83. https://doi.org/10.1073/
pnas.1719805115.

Alliance for Water Efficiency. 2014. “20 Years of the Energy Policy Act: 18 Trillion Gallons Saved Through More 
Efficient Toilets.” March 21, 2014. https://www.allianceforwaterefficiency.org/news/ 
20-years-energy-policy-act-18-trillion-gallons-saved-through-more-efficient-toilets

American Society of Civil Engineers. 2021. “Wastewater: Infrastructure Report Card 2021.” 2021 Infrastructure 
Report Card. American Society of Civil Engineers. https://infrastructurereportcard.org/wp-content/
uploads/2020/12/Wastewater-2021.pdf.

Anderson, Robert T. 2015. “Water Rights, Water Quality, and Regulatory Jurisdiction in Indian Country.” Stanford 
Environmental Law Journal 34 (2): 195–245. https://law.stanford.edu/wp-content/uploads/2017/01/
anderson_article.pdf.

Arizona Department of Water Resources. n.d. “Overview of the Arizona Groundwater Management 
Code.” Accessed August 30, 2023. https://new.azwater.gov/sites/default/files/media/Arizona%20
Groundwater_Code_1.pdf.

Aspinwall, Nick. 2023. “Millions Lack Access to Running Water. Is the Solution Hiding in Plain Sight?” The 
Washington Post, March 27, 2023, sec. Climate Solutions. https://www.washingtonpost.com/climate-
solutions/2023/03/27/raincatching-arizona-navajo-water-access/.

Associated Press. 2022. “Exchange: Rio Verde Foothills Homes to Lose Water Source.” US News and World 
Report, January 22, 2022, Online edition, sec. Arizona News.

Beck, Robert E., and Amy K. Kelley, eds. 2009. Waters and Water Rights. Third edition. New Providence, NJ: 
LexisNexis. https://lawcat.berkeley.edu/record/412368?ln=en.

Becker, Rachel. 2021. “As Drought Intensifies, State Warns Users to Stop Pumping Water from Major Rivers.” 
CalMatters, June 16, 2021, sec. Environment. http://calmatters.org/environment/2021/06/drought-
california-rivers-water/.

Bell, Lauren. 2023. “Does Homeowners Insurance Cover Sewer Backup?” 2023. https://
homeownersinsurancecover.net/sewer-backup/.

https://pacinst.org/publication/urban-water-demand-forecasts-california/ 
https://www.nyc.gov/site/operations/performance/mmr.page
https://doi.org/10.1073/pnas.1719805115
https://doi.org/10.1073/pnas.1719805115
https://infrastructurereportcard.org/wp-content/uploads/2020/12/Wastewater-2021.pdf
https://infrastructurereportcard.org/wp-content/uploads/2020/12/Wastewater-2021.pdf
https://law.stanford.edu/wp-content/uploads/2017/01/anderson_article.pdf
https://law.stanford.edu/wp-content/uploads/2017/01/anderson_article.pdf
https://new.azwater.gov/sites/default/files/media/Arizona%20Groundwater_Code_1.pdf
https://new.azwater.gov/sites/default/files/media/Arizona%20Groundwater_Code_1.pdf
https://www.washingtonpost.com/climate-solutions/2023/03/27/raincatching-arizona-navajo-water-access/
https://www.washingtonpost.com/climate-solutions/2023/03/27/raincatching-arizona-navajo-water-access/
https://lawcat.berkeley.edu/record/412368?ln=en
http://calmatters.org/environment/2021/06/drought-california-rivers-water/
http://calmatters.org/environment/2021/06/drought-california-rivers-water/
https://homeownersinsurancecover.net/sewer-backup/
https://homeownersinsurancecover.net/sewer-backup/


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

97 References

Bennett, Alexander, Contessa Gay, Ashley Graves, Thomas Long, Erin Milliken, Margaret Reed, Laura Smith, 
Lauren Thomas, and Gabriel Eckstein. 2020. “Groundwater Laws and Regulations: A Preliminary Survey of 
Thirteen U.S. States (Second Edition).” Texas A&M University School of Law Program in Natural Resources 
Systems. https://doi.org/10.37419/EENRS.USStateGroundwaterLaws.2020.

Benson, Reed D. 2012. “Alive but Irrelevant: The Prior Appropriation Doctrine in Today’s Western Water Law.” 
SSRN Scholarly Paper. Volume 83, Issue 3. Rochester, NY. https://papers.ssrn.com/abstract=1839923.

Berhanu, Bruk, Morgan Shimabuku, Shannon Spurlock, Jessica Dery, and Heather Cooley. 2024. “Untapped 
Potential: An Assessment of Urban Stormwater Runoff Potential in the United States.” Pacific Institute. 
https://pacinst.org/wp-content/uploads/2024/02/StormwaterCapture_FullReport.pdf.

Blumm, Michael C., David H. Becker, and Joshua D. Smith. 2006. “The Mirage of Indian Reserved Water 
Rights and Western Streamflow Restoration in the Mccarran Amendment Era: A Promise Unfulfilled.” 
Environmental Law 36:1157–1203. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=922865.

Bostic, Darcy. 2021. “At Risk: Public Supply Well Vulnerability Under California’s Sustainable Groundwater 
Management Act.” Oakland, CA: Pacific Institute. https://pacinst.org/publication/at_risk_wells_sgma/.

Bostic, Darcy, Kristin B. Dobbin, R. A. Pauloo, Jessica Mendoza, Michael Kuo, and Jonathan London. 2020. 
“Sustainable for Whom? The Impact of Groundwater Sustainability Plans on Domestic Wells.” UC Davis 
Center for Regional Change. https://pacinst.org/wp-content/uploads/2020/09/Sustainable-for-Whom_
UC-Davis_Sept-2020.pdf.

Bostic, Darcy, Linda Mendez-Barrientos, Rich Pauloo, Kristin Dobbin, and Victoria MacClements. 2023. 
“Thousands of Domestic and Public Supply Wells Face Failure despite Groundwater Sustainability Reform 
in California’s Central Valley.” Scientific Reports 13 (14797). https://doi.org/10.1038/s41598-023-41379-9.

Bureau of Indian Affairs. 2017. “What Is a Federal Indian Reservation?” 2017. https://www.bia.gov/faqs/what-
federal-indian-reservation.

———. n.d. “Indian Water Rights Settlements.” Indian Affairs. Accessed July 11, 2023. https://www.bia.gov/
service/indian-water-rights-settlements.

Burke, Ron, Liesel Hans, Kelly Connolly Palmer, Brad Spilka, and Adam Schempp. 2022. “2022 State Policy 
Scorecard for Water Efficiency and Sustainability.” Chicago, IL: Alliance for Water Efficiency and 
Environmental Law Institute. https://www.allianceforwaterefficiency.org/2022scorecard.

Butler, Kathlene, Kathryn Hess, Peter Otness, Danielle Tesch, and Charles Triebwasser. 2020. “EPA’s Compliance 
Monitoring Activities, Enforcement Actions, and Enforcement Results Generally Declined from Fiscal 
Years 2006 Through 2018.” 20-P-0131. Washington, DC, USA: US EPA Office of Inspector General. https://
www.epa.gov/sites/default/files/2020-04/documents/_epaoig_20200331_20-p-0131_0.pdf.

Cabot, P.E., C.C. Olson, R.M. Waskom, and K.G. Rein. 2016. “Rainwater Collection in Colorado - 6.707.” Colorado 
State University Extension. https://extension.colostate.edu/topic-areas/natural-resources/rainwater-
collection-colorado-6-707/.

Calabretta, Sion, Maureen Cunningham, and Sridhar Vedachalam. 2022. “Investing in America’s Onsite 
Wastewater Treatment Systems for Equity and Sustainability.” Environmental Policy Innovation Center. 
https://static1.squarespace.com/static/611cc20b78b5f677dad664ab/t/62e7bcf56ab0635d9c1ecf
0c/1659354397043/FINAL_EPIC_SepticFinancingReport_2022.pdf.

California. 1914. “WATER COMMISSION ACT California Proposition 29 (1914).”

California Department of Water Resources. 2022a. “Drought Funding.” 2022. https://water.ca.gov/Water-Basics/
Drought/Drought-Funding.

https://doi.org/10.37419/EENRS.USStateGroundwaterLaws.2020
https://papers.ssrn.com/abstract=1839923
https://pacinst.org/wp-content/uploads/2024/02/StormwaterCapture_FullReport.pdf.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=922865
https://pacinst.org/publication/at_risk_wells_sgma/
https://pacinst.org/wp-content/uploads/2020/09/Sustainable-for-Whom_UC-Davis_Sept-2020.pdf
https://pacinst.org/wp-content/uploads/2020/09/Sustainable-for-Whom_UC-Davis_Sept-2020.pdf
https://doi.org/10.1038/s41598-023-41379-9
https://www.bia.gov/faqs/what-federal-indian-reservation
https://www.bia.gov/faqs/what-federal-indian-reservation
https://www.bia.gov/service/indian-water-rights-settlements
https://www.bia.gov/service/indian-water-rights-settlements
https://www.allianceforwaterefficiency.org/2022scorecard
https://www.epa.gov/sites/default/files/2020-04/documents/_epaoig_20200331_20-p-0131_0.pdf
https://www.epa.gov/sites/default/files/2020-04/documents/_epaoig_20200331_20-p-0131_0.pdf
https://extension.colostate.edu/topic-areas/natural-resources/rainwater-collection-colorado-6-707/
https://extension.colostate.edu/topic-areas/natural-resources/rainwater-collection-colorado-6-707/
https://static1.squarespace.com/static/611cc20b78b5f677dad664ab/t/62e7bcf56ab0635d9c1ecf0c/1659354397043/FINAL_EPIC_SepticFinancingReport_2022.pdf
https://static1.squarespace.com/static/611cc20b78b5f677dad664ab/t/62e7bcf56ab0635d9c1ecf0c/1659354397043/FINAL_EPIC_SepticFinancingReport_2022.pdf
https://water.ca.gov/Water-Basics/Drought/Drought-Funding
https://water.ca.gov/Water-Basics/Drought/Drought-Funding


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

98 References

———. 2022b. “Small Community Drought Relief.” 2022. https://water.ca.gov/Water-Basics/Drought/Drought-
Funding/Small-Community-Drought-Relief.

California State Water Resources Control Board. 2018. “How Do the Water Boards Protect Groundwater?” 
Protecting Groundwater. July 23, 2018. https://www.waterboards.ca.gov/water_issues/programs/
groundwater/protecting_gw.html.

———. 2021. “Drinking Water Source Assessment and Protection (DWSAP) Program.” CA.Gov. May 20, 2021. 
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/DWSAP.html

———. 2023. “A Guide for Private Domestic Well Owners.” California State Water Resources Control Board. 
https://www.waterboards.ca.gov/gama/docs/wellowner_guide.pdf.

———. 2024. “SAFER Drinking Water Accomplishments.” 2024. https://www.waterboards.ca.gov/safer/
accomplishments.html.

Cardoso, Diego S., and Casey J. Wichman. 2022. “Water Affordability in the United States.” Water Resources 
Research 58 (12): e2022WR032206. https://doi.org/10.1029/2022WR032206.

Carter, L., A. Terando, K. Dow, K. Hiers, K.E. Kunkel, A. Lascurain, D. Marcy, M. Osland, and P. Schramm. 2018. 
“Southeast.” In Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, 
Volume II, 743–808. Washington, DC, USA: U.S. Global Change Research Program. doi: 10.7930/
NCA4.2018.CH1.

Center for Water Security and Cooperation. 2019. “The Accessibility Trap: Maryland’s Invisible 
Water Crisis.” Washington, DC. https://www.ourwatersecurity.org/_files/ugd/5b69db_
ec476217202a4eb29585cacada9363b2.pdf.

———. 2021. “Access Defined: Linking Source, Shelter, and Service.” Discussion Paper. The Center for Water 
Security and Cooperation. https://drive.google.com/file/d/1Pgnp3vFI6b2vzTbHo0C094g0xz2fJJ8W/view.

———. 2022. “The American Water Access Survey.” The Center for Water Security and Cooperation. https://
drive.google.com/file/d/10LjfhNyzz3q8p368XjQTn5I2VegSikub/view?usp=sharing&usp=embed_
facebook.&usp=embed_facebook. 

Centers for Disease Control and Prevention. 2024. “How Water Treatment Works.” Drinking Water. February 
6, 2024. https://www.cdc.gov/drinking-water/about/how-water-treatment-works.html?CDC_AAref_
Val=https://www.cdc.gov/healthywater/drinking/public/water_treatment.html

Centers for Disease Control and Prevention. 2024. “How Water Treatment Works.” Drinking Water. February 
6, 2024. https://www.cdc.gov/drinking-water/about/how-water-treatment-works.html?CDC_AAref_
Val=https://www.cdc.gov/healthywater/drinking/public/water_treatment.html

City of New York. 2021. “The New Normal: Combating Storm-Related Extreme Weather in New York City.” 
Mayor’s Office of Climate and Environmental Justice, New York City. https://climate.cityofnewyork.us/wp-
content/uploads/2022/10/WeatherReport.pdf

City of New York. 2023. “A Livable Climate.” Volume 7 of 9. OneNYC 2050. Mayor’s Office of Climate and 
Environmental Justice, New York City. https://climate.cityofnewyork.us/reports/onenyc-2050/.

City of Tucson. n.d. “Residential Customer Rebates.” Accessed June 25, 2023. https://www.tucsonaz.gov/
Departments/Water/Conservation/Residential-Customer-Rebates#:~:text=Tucson%20Water%20will%20
reimburse%2050,of%20the%20product(s).

Cooley, Heather, Morgan Shimabuku, and Christine DeMyers. 2022. “Advancing Affordability through Water 
Efficiency – Pacific Institute.” Oakland, CA: Pacific Institute. https://pacinst.org/publication/advancing-
affordability-through-water-efficiency/.

https://water.ca.gov/Water-Basics/Drought/Drought-Funding/Small-Community-Drought-Relief
https://water.ca.gov/Water-Basics/Drought/Drought-Funding/Small-Community-Drought-Relief
https://www.waterboards.ca.gov/water_issues/programs/groundwater/protecting_gw.html
https://www.waterboards.ca.gov/water_issues/programs/groundwater/protecting_gw.html
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/DWSAP.html
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/DWSAP.html
https://www.waterboards.ca.gov/safer/accomplishments.html
https://www.waterboards.ca.gov/safer/accomplishments.html
https://doi.org/10.1029/2022WR032206
doi: 10.7930/NCA4.2018.CH1 
https://www.ourwatersecurity.org/_files/ugd/5b69db_ec476217202a4eb29585cacada9363b2.pdf
https://www.ourwatersecurity.org/_files/ugd/5b69db_ec476217202a4eb29585cacada9363b2.pdf
https://drive.google.com/file/d/1Pgnp3vFI6b2vzTbHo0C094g0xz2fJJ8W/view
https://drive.google.com/file/d/10LjfhNyzz3q8p368XjQTn5I2VegSikub/view?usp=sharing&usp=embed_facebook.&usp=embed_facebook
https://drive.google.com/file/d/10LjfhNyzz3q8p368XjQTn5I2VegSikub/view?usp=sharing&usp=embed_facebook.&usp=embed_facebook
https://drive.google.com/file/d/10LjfhNyzz3q8p368XjQTn5I2VegSikub/view?usp=sharing&usp=embed_facebook.&usp=embed_facebook
https://www.cdc.gov/drinking-water/about/how-water-treatment-works.html?CDC_AAref_Val=https://www.cdc.gov/healthywater/drinking/public/water_treatment.html
https://www.cdc.gov/drinking-water/about/how-water-treatment-works.html?CDC_AAref_Val=https://www.cdc.gov/healthywater/drinking/public/water_treatment.html
https://www.cdc.gov/drinking-water/about/how-water-treatment-works.html?CDC_AAref_Val=https://www.cdc.gov/healthywater/drinking/public/water_treatment.html 
https://www.cdc.gov/drinking-water/about/how-water-treatment-works.html?CDC_AAref_Val=https://www.cdc.gov/healthywater/drinking/public/water_treatment.html 
https://climate.cityofnewyork.us/wp-content/uploads/2022/10/WeatherReport.pdf
https://climate.cityofnewyork.us/wp-content/uploads/2022/10/WeatherReport.pdf
https://climate.cityofnewyork.us/reports/onenyc-2050/
https://www.tucsonaz.gov/Departments/Water/Conservation/Residential-Customer-Rebates#:~:text=Tucson%20Water%20will%20reimburse%2050,of%20the%20product(s)
https://www.tucsonaz.gov/Departments/Water/Conservation/Residential-Customer-Rebates#:~:text=Tucson%20Water%20will%20reimburse%2050,of%20the%20product(s)
https://www.tucsonaz.gov/Departments/Water/Conservation/Residential-Customer-Rebates#:~:text=Tucson%20Water%20will%20reimburse%2050,of%20the%20product(s)
https://pacinst.org/publication/advancing-affordability-through-water-efficiency/
https://pacinst.org/publication/advancing-affordability-through-water-efficiency/


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

99 References

Cooley, Heather, Anne Thebo, Sonali Abraham, Morgan Shimabuku, Peter Gleick, and Sarah Diringer. 2022. “The 
Untapped Potential of California’s Urban Water Supply: Water Efficiency, Water Reuse, and Stormwater 
Capture.” Oakland, CA: Pacific Institute. https://pacinst.org/publication/california-urban-water-supply-
potential-2022/.

Cozzetto, Karen, Collen Cooley, and April Taylor. 2021. “Drinking Water Infrastructure.” In Status of Tribes 
and Climate Change Report, edited by D Marks-Marino, 142–58. Flagstaff, AZ: Institute for Tribal 
Environmental Professionals, Northern Arizona University.

Craig, Robin Kundis. 2010. “Climate Change Comes to the Clean Water Act: Now What?” Journal of Energy, 
Climate, & Environment, no. 9. https://heinonline.org/HOL/LandingPage?handle=hein.journals/
jnloeny1&div=5&id=&page=.

———. 2020. “Water Law and Climate Change in the United States: A Review of the Legal Scholarship.” WIREs 
Water 7 (3). https://doi.org/10.1002/wat2.1423.

Davis, Martha F. 2015. “Let Justice Roll down: A Case Study of the Legal Infrastructure for Water Equality and 
Affordability.” Georgetown Journal on Poverty Law and Policy 23 (3): 355–94. https://heinonline.org/HOL/
P?h=hein.journals/geojpovlp23&i=367.

Dellapenna, Joseph W. 2011. “The Evolution of Riparianism in the United States.” Marquette Law Review, 
Symposium: Changing Conceptions of Water in the Law, 95 (I): 53–90. http://scholarship.law.marquette.
edu/mulr/vol95/iss1/7.

DeOreo, William B., Peter W. Mayer, Benedykt Dziegielewski, and Jack Kiefer. 2016. “Residential End Uses of 
Water, Version 2: Executive Report.” Denver, CO: Water Research Foundation. https://www.circleofblue.
org/wp-content/uploads/2016/04/WRF_REU2016.pdf.

Dieter, Cheryl A., and Molly A. Maupin. 2017. “Public Supply and Domestic Water Use in the United States, 2015.” 
Open-File Report 2017–1131. Open-File Report. U.S. Geological Survey. https://doi.org/10.3133/ofr20171131.

DigDeep and US Water Alliance. 2019. “Closing the Water Access Gap in the US: An Action Plan.” DIGDEEP. 2019. 
https://www.digdeep.org/close-the-water-gap.

Diver, Sibyl, Daniel Ahrens, Talia Arbit, and Karen Bakker. 2019. “Engaging Colonial Entanglements: ‘Treatment 
as a State’ Policy for Indigenous Water Co-Governance.” Global Environmental Politics 19 (3): 33–56. 
https://doi.org/10.1162/glep_a_00517.

Dobbin, Kristin B., and Mark Lubell. 2021. “Collaborative Governance and Environmental Justice: Disadvantaged 
Community Representation in California Sustainable Groundwater Management.” Policy Studies Journal 
49 (2): 562–90. https://doi.org/10.1111/psj.12375.

Döll, Petra. 2009. “Vulnerability to the Impact of Climate Change on Renewable Groundwater Resources: A 
Global-Scale Assessment.” Environmental Research Letters 4 (3): 035006. https://doi.org/10.1088/1748-
9326/4/3/035006.

Drechsel, Pay, Manzoor Qadir, and Jurgen Baumann. 2022. “Water Reuse to Free up Freshwater for Higher-Value 
Use and Increase Climate Resilience and Water Productivity.” Irrigation and Drainage 71 (S1): 100–109. 
https://doi.org/10.1002/ird.2694.

Drugan, Tim. 2023. “Sudden Water Rate Hikes Reflect Lafayette’s Climate and Water Struggles.” The Boulder 
Reporting Lab, July 26, 2023, sec. Water. http://boulderreportinglab.org/2023/07/26/sudden-water-rate-
hikes-reflect-lafayettes-climate-change-and-water-struggles/.

Dunbar-Ortiz, Roxanne. 2015. An Indigenous Peoples’ History of the United States. YBP Print DDA. Boston, 
Massachusetts: Beacon Press. https://www.beacon.org/An-Indigenous-Peoples-History-of-the-United-
States-P1164.aspx.

https://pacinst.org/publication/california-urban-water-supply-potential-2022/
https://pacinst.org/publication/california-urban-water-supply-potential-2022/
https://heinonline.org/HOL/LandingPage?handle=hein.journals/jnloeny1&div=5&id=&page=
https://heinonline.org/HOL/LandingPage?handle=hein.journals/jnloeny1&div=5&id=&page=
https://doi.org/10.1002/wat2.1423
https://heinonline.org/HOL/P?h=hein.journals/geojpovlp23&i=367
https://heinonline.org/HOL/P?h=hein.journals/geojpovlp23&i=367
http://scholarship.law.marquette.edu/mulr/vol95/iss1/7
http://scholarship.law.marquette.edu/mulr/vol95/iss1/7
https://www.circleofblue.org/wp-content/uploads/2016/04/WRF_REU2016.pdf
https://www.circleofblue.org/wp-content/uploads/2016/04/WRF_REU2016.pdf
https://doi.org/10.3133/ofr20171131
https://www.digdeep.org/close-the-water-gap
https://doi.org/10.1162/glep_a_00517
https://doi.org/10.1111/psj.12375
https://doi.org/10.1088/1748-9326/4/3/035006
https://doi.org/10.1088/1748-9326/4/3/035006
https://doi.org/10.1002/ird.2694
http://boulderreportinglab.org/2023/07/26/sudden-water-rate-hikes-reflect-lafayettes-climate-change-and-water-struggles/
http://boulderreportinglab.org/2023/07/26/sudden-water-rate-hikes-reflect-lafayettes-climate-change-and-water-struggles/
https://www.beacon.org/An-Indigenous-Peoples-History-of-the-United-States-P1164.aspx
https://www.beacon.org/An-Indigenous-Peoples-History-of-the-United-States-P1164.aspx


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

100 References

Eckstein, Gabriel, Amy Hardberger, Abigail Adams, Jack Beasley, Rebekah Bratcher, Justin Clas, Jackson Field, 
et al. 2022. “Groundwater Laws and Regulations: Survey of Sixteen U.S. States Volume II.” Texas A&M 
University School of Law Program in Energy, Environmental & Natural Resources Systems. https://doi.
org/10.37419/EENRS.USStateGroundwaterLaws.2022.

Elena H. Humphreys. 2022. “Small Water Systems: Selected Safe Drinking Water Act (SDWA) Provisions.” 
Congressional Research Service, November. https://crsreports.congress.gov/product/pdf/R/R47315/2.

Elshall, Ahmed S, Aida D Arik, Aly I El-Kadi, Suzanne Pierce, Ming Ye, Kimberly M Burnett, Christopher 
A Wada, Leah L Bremer, and Gregory Chun. 2020. “Groundwater Sustainability: A Review of the 
Interactions between Science and Policy.” Environmental Research Letters 15 (9): 093004. https://doi.
org/10.1088/1748-9326/ab8e8c.

Fantini, Emanuele. 2020. “An Introduction to the Human Right to Water: Law, Politics, and Beyond.” WIREs Water 
7 (2): e1405. https://doi.org/10.1002/wat2.1405.

Federal Emergency Management Agency. 2005. “National Flood Insurance Program (NFIP) Floodplain 
Management Requirements: A Study Guide and Desk Reference for Local Officials.” FEMA 480. 
https://www.fema.gov/sites/default/files/documents 
/fema-480_floodplain-management-study-guide_local-officials.pdf

———. 2017. “Protecting Building Utility Systems From Flood Damage: Principles and Practices for the Design 
and Construction of Flood Resistant Building Utility Systems.” FEMA P-348, Edition 2. Federal Emergency 
Management Agency (FEMA). https://www.fema.gov/sites/default/files/2020-07/fema_p-348_protecting_
building_utility_systems_from_flood_damage_2017.pdf.

———. 2020a. “Critical Facility.” July 7, 2020. https://www.fema.gov/glossary/critical-facility.

———. 2020b. “Special Flood Hazard Area (SFHA).” July 7, 2020. https://www.fema.gov/glossary/special-flood-
hazard-area-sfha.

———. 2023. “NFIP’s Pricing Approach.” 2023. https://www.fema.gov/flood-insurance/risk-rating

Feinstein, Laura. 2018. “Measuring Progress Toward Universal Access to Water and Sanitation in California.” 
Pacific Institute. https://pacinst.org/publication/measuring-progress/.

Feinstein, Laura, Katie Porter, Darcy Bostic, Morgan Shimabuku, Cindy Paulson, Alex Waite, 
and Rucker Alex. 2020. “Solutions for Underperforming Drinking Water Systems in 
California.” #5015. Water Research Foundation, California Urban Water Agencies. 
https://www.waterrf.org/research/projects/solutions-underperforming-drinking-water-systems-california

Flavelle, Christopher, and Mira Rojanasakul. 2023. “Five Takeaways From Our Investigation Into America’s 
Groundwater Crisis.” The New York Times, August 29, 2023, sec. Climate. https://www.nytimes.
com/2023/08/29/climate/groundwater-aquifer-overuse-investigation-takeaways.html.

Fleming, P., J.H. Matthews, A. Chapagain, G. Brill, and D. Carlin. 2024. “Water Resilience Assessment Framework: 
Guidance for Water Utilities.” Alliance for Global Water Adaptation, CEO Water Mandate, Pacific Institute 
and WaterValue LLC. https://ceowatermandate.org/files/Water-Resilience-Assessment-Framework-
Guidance-for-Water-Utilities.pdf.

Gander, Malcolm J. 2022. “Climate Change and the Water Quality Threats Posed by the Emerging Contaminants 
Per- and Polyfluoroalkyl Substances (PFAS) and Microplastics.” Water International, September, 1–23. 
https://doi.org/10.1080/02508060.2022.2120255.

https://doi.org/10.37419/EENRS.USStateGroundwaterLaws.2022
https://doi.org/10.37419/EENRS.USStateGroundwaterLaws.2022
https://crsreports.congress.gov/product/pdf/R/R47315/2
https://doi.org/10.1088/1748-9326/ab8e8c
https://doi.org/10.1088/1748-9326/ab8e8c
https://doi.org/10.1002/wat2.1405
https://www.fema.gov/sites/default/files/documents/fema-480_floodplain-management-study-guide_local-officials.pdf
https://www.fema.gov/sites/default/files/documents/fema-480_floodplain-management-study-guide_local-officials.pdf
https://www.fema.gov/sites/default/files/2020-07/fema_p-348_protecting_building_utility_systems_from_flood_damage_2017.pdf
https://www.fema.gov/sites/default/files/2020-07/fema_p-348_protecting_building_utility_systems_from_flood_damage_2017.pdf
https://www.fema.gov/glossary/critical-facility
https://www.fema.gov/glossary/special-flood-hazard-area-sfha
https://www.fema.gov/glossary/special-flood-hazard-area-sfha
https://www.fema.gov/flood-insurance/risk-rating
https://pacinst.org/publication/measuring-progress/
https://www.waterrf.org/research/projects/solutions-underperforming-drinking-water-systems-california
https://www.nytimes.com/2023/08/29/climate/groundwater-aquifer-overuse-investigation-takeaways.html
https://www.nytimes.com/2023/08/29/climate/groundwater-aquifer-overuse-investigation-takeaways.html
https://ceowatermandate.org/files/Water-Resilience-Assessment-Framework-Guidance-for-Water-Utilities.pdf
https://ceowatermandate.org/files/Water-Resilience-Assessment-Framework-Guidance-for-Water-Utilities.pdf
https://doi.org/10.1080/02508060.2022.2120255


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

101 References

Gerlak, Andrea K, Sharon B Medgal, Robert G Varady, and Hunter Richards. 2013. “Groundwater 
Governance in the U.S.: Summary of Initial Survey Results.” Tucson, Az: Udall Center for 
Studies in Public Policy and Water Resources Research Center of University of Arizona. 
https://wrrc.arizona.edu/publication/groundwater-governance-us.

Gleeson, Tom, Mark Cuthbert, Grant Ferguson, and Debra Perrone. 2020. “Global Groundwater 
Sustainability, Resources, and Systems in the Anthropocene” 48 (1). https://doi.org/10.1146/annurev-
earth-071719-055251.

Gleick, Peter H. 1996. “Basic Water Requirements for Human Activities: Meeting Basic Needs.” Water 
International 21 (2): 83–92. https://doi.org/10.1080/02508069608686494.

———. 2023. The Three Ages of Water. New York, NY: Public Affairs, Hachette Book Group. https://www.
hachettebookgroup.com/titles/peter-gleick/the-three-ages-of-water/9781541702271/?lens=publicaffairs.

Gleick, Peter H., Amanda Bielawski, and Heather Cooley. 2021. “The U.S. Infrastructure Investment and Jobs 
Act: Water Components.” Issue Brief. Pacific Institute. https://pacinst.org/wp-content/uploads/2021/11/
US_Infrastructure_Brief.pdf.

Gleick, Peter H., and Heather Cooley. 2021. “Freshwater Scarcity.” Annual Review of Environment and Resources 
46 (1): 319–48. https://doi.org/10.1146/annurev-environ-012220-101319.

Haque, Md Mahmudul, Ataur Rahman, and Bijan Samali. 2016. “Evaluation of Climate Change Impacts on 
Rainwater Harvesting.” Journal of Cleaner Production 137 (November):60–69. https://doi.org/10.1016/j.
jclepro.2016.07.038.

‘Hayhoe, K., D.J. Wuebbles, D.R. Easterling, DW. Fahey, S. Doherty, J.P. Kossin, W.V. Sweet, R.S. Vose, and M.F. 
Wehner. 2018. “Our Changing Climate.” In Impacts, Risks, and Adaptation in the United States: Fourth 
National Climate Assessment, Volume II, edited by D.R. Reidmiller, C.W. Avery, D.R. Easterling, K.E. Kunkel, 
K.L.M. Lewis, T.K. Maycock, and B.C. Stewart, pp. 72–144. Washington, DC, USA: U.S. Global Change 
Research Program, Washington, DC. https://doi.org/10.7930/NCA4.2018.CH2.’

Heberger, Matthew, Heather Cooley, Eli Moore, and Pablo Herrera (Pacific Institute). 2012. The Impacts of Sea 
Level Rise on the San Francisco Bay. California Energy Commission. Publication number: CEC-500-2012-
014. https://pacinst.org/publication/the-impacts-of-sea-level-rise-on-the-san-francisco-bay/.

Heyman, Josiah M., Alex Mayer, and Jessica Alger. 2022. “Predictions of Household Water Affordability under 
Conditions of Climate Change, Demographic Growth, and Fresh Groundwater Depletion in a Southwest US 
City Indicate Increasing Burdens on the Poor.” PLOS ONE 17 (11): e0277268. https://doi.org/10.1371/journal.
pone.0277268.

Hiller, Jennifer. 2022. “Utility Bills Rise as Americans Pay Off Storm-Recovery Costs for Decades to Come.” 
Wall Street Journal, December 11, 2022, sec. Business. https://www.wsj.com/articles/utility-bills-rise-as-
americans-pay-off-storm-recovery-costs-for-decades-to-come-11670714171.

Hobson, Jeremy, and Allison Hagan, dirs. 2020. “Increased Use of Septic Tanks Raises Concerns for 
Environment, Public Health.” Radio. Here & Now. Boston, MA: WBUR. https://www.wbur.org/
hereandnow/2020/05/15/septic-tanks-climate-change.

Holmes, Lillian, Morgan Shimabuku, Laura Feinstein, Peter H. Gleick, Sarah Diringer, and Gregory Pierce. 2020. 
“Water and the COVID-19 Pandemic: Equity Dimensions of Utility Disconnections in the U.S.” Issue Brief. 
Oakland, CA: Pacific Institute. https://pacinst.org/publication/equity-dimensions-of-disconnections/.

HomeBiogas. 2024. “Composting Toilets for a Sustainable Future - HomeBiogas.” February 19, 2024. https://
www.homebiogas.com/blog/composting-toilets/, https://www.homebiogas.com/blog/composting-toilets/.

https://wrrc.arizona.edu/publication/groundwater-governance-us
https://doi.org/10.1146/annurev-earth-071719-055251
https://doi.org/10.1146/annurev-earth-071719-055251
https://doi.org/10.1080/02508069608686494
https://www.hachettebookgroup.com/titles/peter-gleick/the-three-ages-of-water/9781541702271/?lens=publicaffairs
https://www.hachettebookgroup.com/titles/peter-gleick/the-three-ages-of-water/9781541702271/?lens=publicaffairs
https://pacinst.org/wp-content/uploads/2021/11/US_Infrastructure_Brief.pdf
https://pacinst.org/wp-content/uploads/2021/11/US_Infrastructure_Brief.pdf
https://doi.org/10.1146/annurev-environ-012220-101319
https://doi.org/10.1016/j.jclepro.2016.07.038
https://doi.org/10.1016/j.jclepro.2016.07.038
https://doi.org/10.7930/NCA4.2018.CH2.’
https://pacinst.org/publication/the-impacts-of-sea-level-rise-on-the-san-francisco-bay/
https://doi.org/10.1371/journal.pone.0277268
https://doi.org/10.1371/journal.pone.0277268
https://www.wsj.com/articles/utility-bills-rise-as-americans-pay-off-storm-recovery-costs-for-decades-to-come-11670714171
https://www.wsj.com/articles/utility-bills-rise-as-americans-pay-off-storm-recovery-costs-for-decades-to-come-11670714171
https://www.wbur.org/hereandnow/2020/05/15/septic-tanks-climate-change
https://www.wbur.org/hereandnow/2020/05/15/septic-tanks-climate-change
https://pacinst.org/publication/equity-dimensions-of-disconnections/
https://www.homebiogas.com/blog/composting-toilets/
https://www.homebiogas.com/blog/composting-toilets/
https://www.homebiogas.com/blog/composting-toilets/


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

102 References

Huang, Yijing, Zhan Tian, Qian Ke, Junguo Liu, Masoud Irannezhad, Dongli Fan, Meifang Hou, and Laixiang Sun. 
2020. “Nature‐based Solutions for Urban Pluvial Flood Risk Management.” WIREs Water 7 (3). https://doi.
org/10.1002/wat2.1421.

Hughes, James, Katherine Cowper-Heays, Erica Olesson, Rob Bell, and Adolf Stroombergen. 2021. “Impacts 
and Implications of Climate Change on Wastewater Systems: A New Zealand Perspective.” Climate Risk 
Management 31 (January):100262. https://doi.org/10.1016/j.crm.2020.100262.

Indian Health Service 2020. “Safe Water and Waste Disposal Facilities Fact Sheet.” https://www.
ihs.gov/sites/newsroom/themes/responsive2017/display_objects/documents/factsheets/
SafeWaterandWasteDisposalFacilities.pdf.

International Union for Conservation of Nature (IUCN). 2016. WCC-2016-Res-069-EN Defining Nature-Based 
Solutions. https://portals.iucn.org/library/sites/library/files/resrecfiles/WCC_2016_RES_069_EN.pdf.

Interstate Council on Water Policy. 2020. “A Primer: Interstate Water Resource Management Agreements and 
Organizations.” Interstate Council on Water Policy. https://icwp.org/wp-content/uploads/2020/12/Primer_
ICWP-Interstate-Water-Agreements_FINAL_12_18_2020.pdf.

Johnson, Norman K., and Charles T. DuMars. 1989. “A Survey of the Evolution of Western Water Law in 
Response to Changing Economic and Public Interest Demands.” Natural Resources Journal 29 (347). 
https://digitalrepository.unm.edu/nrj/vol29/iss2/3/.

Jones, Briana. 2014. “Ice-Covered Septic Tanks Freeze Pumpers in Their Tracks.” Pumper, March 17, 2014. 
Https://www.pumper.com/. https://www.pumper.com/online_exclusives/2014/03/ice_covered_septic_
tanks_freeze_pumpers_in_their_tracks.

Kloesel, K., B. Bartush, J. Banner, D. Brown, J. Lemery, X. Lin, C. Loeffler, G. McManus, E. Mullens, J. Nielsen-
Gammon, M. Shafer, C. Sorensen, S. Sperry, D. Wildcat, and J. Ziolkowska, 2018: Southern Great Plains. 
In Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II 
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart 
(eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 987–1035. doi: 10.7930/
NCA4.2018.CH23

LaFond, Kaye. 2015. “Infographic: America’s Septic Systems.” Circle of Blue. https://www.circleofblue.org/2015/
world/infographic-americas-septic-systems/.

Lall, U., T. Johnson, P. Colohan, A. Aghakouchak, C. Brown, G. McCabe, R. Pulwarty, and A. Sankarasubramanian, 
2018: Water. In Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, 
Volume II [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. 
Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 145–173. doi: 10.7930/
NCA4.2018.CH3

Landes, Laura, Eric LaRose, Sarah Buck, Nathan Ohle, Ted Stiger, Glenn Barnes, Malini Sekhar, and Coye Gerald. 
2021. “Regionalization: RCAP’s Recommendations for Water and Wastewater Policy.” Research Report. 
Rural Community Assistance Partnership (RCAP). https://www.rcap.org/wp-content/uploads/2021/09/
RCAP-Regionalization-Research-Report-May-2021-Final-1.pdf.

Linscott, Gabrielle, Andrea Rishworth, Brian King, and Mikael P. Hiestand. 2022. “Uneven Experiences of Urban 
Flooding: Examining the 2010 Nashville Flood.” Natural Hazards 110 (1): 629–53. https://doi.org/10.1007/
s11069-021-04961-w.

Loper, SA. 2015. “Rainwater Harvesting State Regulations and Technical Resources.” PNNL-24347. Richland, WA: 
Prepared by Pacific Northwest National Laboratories for U.S. Department of Energy. https://www.pnnl.
gov/main/publications/external/technical_reports/PNNL-24347.pdf.

https://doi.org/10.1002/wat2.1421
https://doi.org/10.1002/wat2.1421
https://doi.org/10.1016/j.crm.2020.100262
https://www.ihs.gov/sites/newsroom/themes/responsive2017/display_objects/documents/factsheets/SafeWaterandWasteDisposalFacilities.pdf
https://www.ihs.gov/sites/newsroom/themes/responsive2017/display_objects/documents/factsheets/SafeWaterandWasteDisposalFacilities.pdf
https://www.ihs.gov/sites/newsroom/themes/responsive2017/display_objects/documents/factsheets/SafeWaterandWasteDisposalFacilities.pdf
https://portals.iucn.org/library/sites/library/files/resrecfiles/WCC_2016_RES_069_EN.pdf
https://icwp.org/wp-content/uploads/2020/12/Primer_ICWP-Interstate-Water-Agreements_FINAL_12_18_2020.pdf
https://icwp.org/wp-content/uploads/2020/12/Primer_ICWP-Interstate-Water-Agreements_FINAL_12_18_2020.pdf
https://digitalrepository.unm.edu/nrj/vol29/iss2/3/
Https://www.pumper.com/
https://www.pumper.com/online_exclusives/2014/03/ice_covered_septic_tanks_freeze_pumpers_in_their_tracks
https://www.pumper.com/online_exclusives/2014/03/ice_covered_septic_tanks_freeze_pumpers_in_their_tracks
doi: 10.7930/NCA4.2018.CH23 
doi: 10.7930/NCA4.2018.CH23 
https://www.circleofblue.org/2015/world/infographic-americas-septic-systems/
https://www.circleofblue.org/2015/world/infographic-americas-septic-systems/
doi: 10.7930/NCA4.2018.CH3
doi: 10.7930/NCA4.2018.CH3
https://www.rcap.org/wp-content/uploads/2021/09/RCAP-Regionalization-Research-Report-May-2021-Final-1.pdf
https://www.rcap.org/wp-content/uploads/2021/09/RCAP-Regionalization-Research-Report-May-2021-Final-1.pdf
https://doi.org/10.1007/s11069-021-04961-w
https://doi.org/10.1007/s11069-021-04961-w
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-24347.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-24347.pdf


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

103 References

Marin Municipal Water District. 2021. “Grant Proposal for Marin Municipal Water District Marin Watershed 
Recharge Study for WaterSMART: Environmental Water Resources Projects for FY 2022 Notice of Funding 
Opportunity No. R22AS00026.”

Marvel, K., W. Su, R. Delgado, S. Aarons, A. Chatterjee, M.E. Garcia, Z. Hausfather, K. Hayhoe, D.A. Hence, E.B. 
Jewett, A. Robel, D. Singh, A. Tripati, and R.S. Vose, 2023: Ch. 2. Climate trends. In: Fifth National Climate 
Assessment. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock, Eds. 
U.S. Global Change Research Program, Washington, DC, USA. https://doi.org/10.7930/NCA5.2023.CH2

Massachusetts Climate Change Clearinghouse. n.d. “Extreme Weather.” ResilientMass. Accessed August 30, 
2023. https://resilientma.mass.gov/changes/extreme-weather.

Massachusetts Department of Environmental Protection. 2018. “Guidelines for the Design, Construction, 
Operation, and Maintenance of Small Wastewater Treatment Facilities with Land Disposal.” Department 
of Environmental Protection, Division of Watershed Permitting. https://www.mass.gov/doc/design-
construction-operation-and-maintenance-of-small-wastewater-treatment-facilities-with-0/download.

Maxcy-Brown, Jillian, Mark A. Elliott, and Bennett Bearden. 2023. “Household Level Wastewater Management 
and Disposal Data Collection in the U.S.: The History, Shortcomings, and Future Policy Implications.” 
Water Policy 25 (9): 927–47. https://doi.org/10.2166/wp.2023.147.

McCallister, Elizabeth. 1976. “Water Rights: The McCarren Amendment and Indian Tribes’ Reserved Water 
Rights.” American Indian Law Review 4 (2): 303. https://doi.org/10.2307/20067997.

McNeeley, Shannon M. 2017. “Sustainable Climate Change Adaptation in Indian Country.” Weather, Climate, and 
Society 9 (3): 393–404. https://doi.org/10.1175/WCAS-D-16-0121.1.

McNeeley, Shannon M., Jackie Rigley, and Rachel Will. 2024. “Climate Change and Rural Water for Frontline 
Communities in the Southwest United States.” Issue Brief. Oakland, CA: Pacific Institute. https://
pacinst.org/publication/climate-change-and-rural-water-for-frontline-communities-in-the-southwest-
united-states/.

Megdal, Sharon B., Andrea K. Gerlak, Robert G. Varady, and Ling‐Yee Huang. 2015. “Groundwater 
Governance in the United States: Common Priorities and Challenges.” Groundwater 53 (5): 677–84. 
https://wrrc.arizona.edu/sites/wrrc.cals.arizona.edu/files/2022-03/GWREF_Report_6_6_18.pdf

Megdal, Sharon B, Ethan Vimont, Andrea K Gerlak, and Jacob D Petersen-Perlman. 2017. “State-Level 
Groundwater Governance and Management in the U.S.: Summary of Survey Results of Groundwater 
Quality Strategies and Practices.” Udall Center for Studies in Public Policy and Water Resources 
Research Center of University of Arizona. https://wrrc.arizona.edu/sites/wrrc.arizona.edu/files/GWREF_
Report_6_6_18.pdf.

Meixner, Thomas, Andrew H. Manning, David A. Stonestrom, Diana M. Allen, Hoori Ajami, Kyle W. Blasch, 
Andrea E. Brookfield, et al. 2016. “Implications of Projected Climate Change for Groundwater Recharge 
in the Western United States.” Journal of Hydrology 534 (March):124–38. https://doi.org/10.1016/j.
jhydrol.2015.12.027.

Miami-Dade County and Florida Department of Health. 2018. “Septic Systems Vulnerable to Sea Level 
Rise.” No. R-911-16. Miami-Dade County Department of Regulatory & Economic Resources, Miami-
Dade County Water and Sewer Department, Florida Department of Health in Miami-Dade County. 
https://www.miamidade.gov/green/library/vulnerability-septic-systems-sea-level-rise.pdf

Milly, P C D, Julio Betancourt, Malin Falkenmark, R M Hirsch, Zbigniew W Kundzewicz, Dennis P Lettenmaier, 
and Ronald J Stouffer. 2008. “Stationarity Is Dead: Whither Water Management?” Science 319 (5863): 
573–74. https://www.science.org/doi/10.1126/science.1151915.

https://doi.org/10.7930/NCA5.2023.CH2
https://resilientma.mass.gov/changes/extreme-weather
https://www.mass.gov/doc/design-construction-operation-and-maintenance-of-small-wastewater-treatment-facilities-with-0/download
https://www.mass.gov/doc/design-construction-operation-and-maintenance-of-small-wastewater-treatment-facilities-with-0/download
https://doi.org/10.2166/wp.2023.147
https://doi.org/10.2307/20067997
https://doi.org/10.1175/WCAS-D-16-0121.1
https://pacinst.org/publication/climate-change-and-rural-water-for-frontline-communities-in-the-southwest-united-states/
https://pacinst.org/publication/climate-change-and-rural-water-for-frontline-communities-in-the-southwest-united-states/
https://pacinst.org/publication/climate-change-and-rural-water-for-frontline-communities-in-the-southwest-united-states/
https://wrrc.arizona.edu/sites/wrrc.arizona.edu/files/GWREF_Report_6_6_18.pdf
https://wrrc.arizona.edu/sites/wrrc.arizona.edu/files/GWREF_Report_6_6_18.pdf
https://doi.org/10.1016/j.jhydrol.2015.12.027
https://doi.org/10.1016/j.jhydrol.2015.12.027
https://www.science.org/doi/10.1126/science.1151915


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

104 References

Mississippi State Department of Health. n.d. “Title: Mississippi State Department of Health, Part 18: Division 
of On-Site Wastewater, Subpart 77: On-Site Wastewater Regulations.” Mississippi Secretary of State’s 
Office. Accessed May 19, 2024. https://www.sos.ms.gov/adminsearch/ACCode/00000210c.pdf.

Mueller, J. Tom, and Stephen Gasteyer. 2021. “The Widespread and Unjust Drinking Water and Clean 
Water Crisis in the United States.” Nature Communications 12 (1): 3544. https://doi.org/10.1038/
s41467-021-23898-z.

Mullane, Shannon. 2023. “What Will the U.S. Supreme Court’s Decision on a Navajo Nation Water Rights Case 
Mean for Other Tribes?” The Colorado Sun, March 23, 2023. http://coloradosun.com/2023/03/23/supreme-
court-navajo-nation-tribal-water-rights/.

Murray, Andrew, Alexander Hall, James Weaver, and Fran Kremer. 2021. “Methods for Estimating Locations of 
Housing Units Served by Private Domestic Wells in the United States Applied to 2010.” JAWRA Journal of 
the American Water Resources Association 57 (5): 828–43. https://doi.org/10.1111/1752-1688.12937.

Murthy, Sharmila L. 2013. “The Human Right(s) to Water and Sanitation: History, Meaning, and the Controversy 
over-Privatization.” Berkeley Journal of International Law 31:89. https://ssrn.com/abstract=2195071

New Hampshire Department of Business and Economic Affairs. n.d. “Sample Resolution for Joining the National 
Flood Insurance Program.” New Hampshire Department of Business and Economic Affairs. Accessed 
February 5, 2024. https://www.nheconomy.com/getmedia/c2b953c8-4b01-4f6e-b776-759bc8f2b013/
Sample-resolution-intent.pdf.

New Hampshire Office of Strategic Initiatives. 2020. “Model Floodplain Management Ordinance For New 
Hampshire Communities with No Mapped Special Flood Hazard Areas,” July. https://www.nheconomy.
com/office-of-planning-and-development/what-we-do/floodplain-management-program/floodplain-
regulations-and-state-model-ordinances

Nguyen, Thuy T., and Paul K. Westerhoff. 2019. “Drinking Water Vulnerability in Less-Populated Communities 
in Texas to Wastewater-Derived Contaminants.” Npj Clean Water 2 (1): 1–9. https://doi.org/10.1038/
s41545-019-0043-0.

Nodine, Tyler G., Gary Conley, Catherine A. Riihimaki, Craig Holland, and Nicole G. Beck. 2024. “Modeling 
the Impact of Future Rainfall Changes on the Effectiveness of Urban Stormwater Control Measures.” 
Scientific Reports 14 (1): 4082. https://doi.org/10.1038/s41598-024-53611-1.

North Central District Health Department. n.d. “Onsite Sewage Disposal Systems.” Accessed May 19, 2024. 
https://ncdhd.com/septic-inspections/.

Nylen, Nell Green, Dave Owen, Jennifer Harder, Michael Kiparsky, and Michael Hanemann. 2023. “Managing 
Water Scarcity: A Framework for Fair and Effective Water Right Curtailment in California.” Policy Report. 
The center for Law, Energy & The Environment, Berkeley Law. https://www.law.berkeley.edu/wp-content/
uploads/2023/04/Managing-Water-Scarcity-Report-April2023.pdf.

Office of Water Programs, California State University, Sacramento, UCLA Institute of the Environment and 
Sustainability, Plant Sciences, UC Davis, and Humbolt State University, Department of Economics. 2022. 
“Summary of Environmental Effects: Evaluating Effects of Urban Water Use Efficiency Standards (AB 
1668-SB 606) on Urban Retail Water Suppliers, Wastewater Management Agencies, and Urban Landscapes 
(Trees and Urban Parklands)*.” California State Water Resources Control Board. https://www.waterboards.
ca.gov/water_issues/programs/conservation_portal/regs/docs/task5-wastewater-excerpt.pdf.

Opiela, Eric. 2002. “The Rule of Capture in Texas: An Outdated Principle beyond Its Time.” Water Law Review 6 
(1). https://digitalcommons.du.edu/cgi/viewcontent.cgi?article=2368&context=wlr.

https://www.sos.ms.gov/adminsearch/ACCode/00000210c.pdf
https://doi.org/10.1038/s41467-021-23898-z
https://doi.org/10.1038/s41467-021-23898-z
http://coloradosun.com/2023/03/23/supreme-court-navajo-nation-tribal-water-rights/
http://coloradosun.com/2023/03/23/supreme-court-navajo-nation-tribal-water-rights/
https://doi.org/10.1111/1752-1688.12937
https://www.nheconomy.com/getmedia/c2b953c8-4b01-4f6e-b776-759bc8f2b013/Sample-resolution-intent.pdf
https://www.nheconomy.com/getmedia/c2b953c8-4b01-4f6e-b776-759bc8f2b013/Sample-resolution-intent.pdf
https://www.nheconomy.com/office-of-planning-and-development/what-we-do/floodplain-management-program/floodplain-regulations-and-state-model-ordinances
https://www.nheconomy.com/office-of-planning-and-development/what-we-do/floodplain-management-program/floodplain-regulations-and-state-model-ordinances
https://www.nheconomy.com/office-of-planning-and-development/what-we-do/floodplain-management-program/floodplain-regulations-and-state-model-ordinances
https://doi.org/10.1038/s41545-019-0043-0
https://doi.org/10.1038/s41545-019-0043-0
https://doi.org/10.1038/s41598-024-53611-1
https://ncdhd.com/septic-inspections/
https://www.law.berkeley.edu/wp-content/uploads/2023/04/Managing-Water-Scarcity-Report-April2023.pdf
https://www.law.berkeley.edu/wp-content/uploads/2023/04/Managing-Water-Scarcity-Report-April2023.pdf
https://www.waterboards.ca.gov/water_issues/programs/conservation_portal/regs/docs/task5-wastewater-excerpt.pdf
https://www.waterboards.ca.gov/water_issues/programs/conservation_portal/regs/docs/task5-wastewater-excerpt.pdf
https://digitalcommons.du.edu/cgi/viewcontent.cgi?article=2368&context=wlr


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

105 References

Oxfam Mexico. 2020. “Rain Harvesting at CDMX.” Oxfam Mexico. https://oxfammexico.org/captacion-de-
lluvia-en-la-cdmx/.

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

Pacific Institute, Wright Water Engineers, and One Water Econ. 2024. “Diversifying Colorado’s Water Portfolio: 
The Potential for Stormwater Capture and Use to Contribute to a Water Resilient Future.” Colorado Water 
Conservation Board.

Partlow, Joshua. 2023a. “Arizona City Cuts off a Neighborhood’s Water Supply amid Drought.” The Washington 
Post, January 16, 2023, Online edition, sec. Environment. https://www.washingtonpost.com/climate-
environment/2023/01/16/rio-verde-foothills-water-scottsdale-arizona/.

———. 2023b. “Fear, Frustration and Fatigue: How a Deal to Save the Colorado River Was Struck.” The 
Washington Post, May 27, 2023. https://www.washingtonpost.com/climate-environment/2023/05/27/how-
colorado-river-deal-was-reached/.

Payton, E.A., A.O. Pinson, T. Asefa, L.E. Condon, L.-A.L. Dupigny-Giroux, B.L. Harding, J. Kiang, D.H. Lee, S.A. 
McAfee, J.M. Pflug, I. Rangwala, H.J. Tanana, and D.B. Wright, 2023: Ch. 4. Water. In: Fifth National Climate 
Assessment. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock, Eds. 
U.S. Global Change Research Program, Washington, DC, USA. https://doi.org/10.7930/NCA5.2023.CH4

Perrone, Debra, Melissa M. Rohde, Courtney Hammond Wagner, Rebecca Anderson, Samantha Arthur, Ngodoo 
Atume, Meagan Brown, et al. 2023. “Stakeholder Integration Predicts Better Outcomes from Groundwater 
Sustainability Policy.” Nature Communications 14 (1): 3793. https://doi.org/10.1038/s41467-023-39363-y. 

Petersen-Perlman, Jacob D., Ismael Aguilar-Barajas, and Sharon B. Megdal. 2022. “Drought and Groundwater 
Management: Interconnections, Challenges, and Policy Responses.” Current Opinion in Environmental 
Science & Health 28 (August). https://doi.org/10.1016/j.coesh.2022.100364.

Pieper, Kelsey J., C. Nathan Jones, William J. Rhoads, McNamara Rome, Drew M. Gholson, Adrienne Katner, 
Diane E. Boellstorff, and R. Edward Beighley. 2021. “Microbial Contamination of Drinking Water Supplied 
by Private Wells after Hurricane Harvey.” Environmental Science & Technology 55 (12): 8382–92. https://
doi.org/10.1021/acs.est.0c07869.

Porse, Erik, Caitlyn Leo, Erick Eschker, Harold Leverenz, Jonathan Kaplan, John Johnston, Dakota Keene, and 
David Babchanik. 2023. “Adapting Wastewater Management Systems in California for Water Conservation 
and Climate Change.” Sustainable and Resilient Infrastructure 8 (4): 437–50. https://doi.org/10.1080/23789
689.2023.2180251.

Pralle, Sarah. 2019. “Drawing Lines: FEMA and the Politics of Mapping Flood Zones.” Climatic Change 152 (2): 
227–37. https://doi.org/10.1007/s10584-018-2287-y.

Reimer, Jessica, and Michelle Bushman. 2021. “Water Reuse in the West, Western State Water Reuse 
Governance and Programs.” Western States Water Council. https://westernstateswater.org/wp-content/
uploads/2019/05/FINAL_2021_WSWC_WaterReuseReport.pdf.

Rojanasakul, Mira, Christopher Flavelle, Blacki Migliozzi, and Eli Murray. 2023. “America Is Using Up Its 
Groundwater Like There’s No Tomorrow.” The New York Times, August 28, 2023, sec. Climate. https://
www.nytimes.com/interactive/2023/08/28/climate/groundwater-drying-climate-change.html. 

Roller, Zoë, Stephen Gasteyer, Nora Nelson, WenHua Lai, and Marie Carmen Shinge. 2019. “Closing The Water 
Access Gap In The United States: A National Action Plan.” Action Plan. Dig Deep and U.S. Water Alliance. 
https://urbanwaterslearningnetwork.org/resources/closing-the-water-access-gap-in-the-united-states-
a-national-action-plan-nov-2019/.

https://oxfammexico.org/captacion-de-lluvia-en-la-cdmx/
https://oxfammexico.org/captacion-de-lluvia-en-la-cdmx/
https://pacinst.org/publication/water-sanitation-climate-change-us-part-1/
https://pacinst.org/publication/water-sanitation-climate-change-us-part-1/
https://www.washingtonpost.com/climate-environment/2023/01/16/rio-verde-foothills-water-scottsdale-arizona/
https://www.washingtonpost.com/climate-environment/2023/01/16/rio-verde-foothills-water-scottsdale-arizona/
https://www.washingtonpost.com/climate-environment/2023/05/27/how-colorado-river-deal-was-reached/
https://www.washingtonpost.com/climate-environment/2023/05/27/how-colorado-river-deal-was-reached/
https://doi.org/10.7930/NCA5.2023.CH4 
https://doi.org/10.1038/s41467-023-39363-y
https://doi.org/10.1016/j.coesh.2022.100364
https://doi.org/10.1021/acs.est.0c07869
https://doi.org/10.1021/acs.est.0c07869
https://doi.org/10.1080/23789689.2023.2180251
https://doi.org/10.1080/23789689.2023.2180251
https://doi.org/10.1007/s10584-018-2287-y
https://westernstateswater.org/wp-content/uploads/2019/05/FINAL_2021_WSWC_WaterReuseReport.pdf
https://westernstateswater.org/wp-content/uploads/2019/05/FINAL_2021_WSWC_WaterReuseReport.pdf
https://www.nytimes.com/interactive/2023/08/28/climate/groundwater-drying-climate-change.html
https://www.nytimes.com/interactive/2023/08/28/climate/groundwater-drying-climate-change.html
https://urbanwaterslearningnetwork.org/resources/closing-the-water-access-gap-in-the-united-states-a-national-action-plan-nov-2019/ 
https://urbanwaterslearningnetwork.org/resources/closing-the-water-access-gap-in-the-united-states-a-national-action-plan-nov-2019/ 


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

106 References

Rowles III, Lewis Stetson, Areeb I. Hossain, Isac Ramirez, Noah J. Durst, Peter M. Ward, Mary Jo Kirisits, Isabel 
Araiza, Desmond F. Lawler, and Navid B. Saleh. 2020. “Seasonal Contamination of Well-Water in Flood-
Prone Colonias and Other Unincorporated U.S. Communities.” The Science of the Total Environment 740 
(October):140111. https://doi.org/10.1016/j.scitotenv.2020.140111.

Royster, Judith V. 2013. “Climate Change and Tribal Water Rights: Removing Barriers to Adaptation Strategies.” 
Tulane Environmental Law Journal 26 (2): 197–219. https://www.jstor.org/stable/24673666.

Russo, Tess A., and Upmanu Lall. 2017. “Depletion and Response of Deep Groundwater to Climate-Induced 
Pumping Variability.” Nature Geoscience 10 (2): 105–8. https://doi.org/10.1038/ngeo2883.

Schimpf, Cordelia, and Curtis Cude. 2020. “A Systematic Literature Review on Water Insecurity from an Oregon 
Public Health Perspective.” International Journal of Environmental Research and Public Health 17 (3). 
https://doi.org/10.3390/ijerph17031122.

Schwartz, Mainon, and Kristen Hite. 2023. “‘Reserved’ but Not ‘Secured’: Supreme Court Sinks Navajo 
Nation’s Attempt to Compel Federal Action on Tribal Water Right.” Congressional Research Service. 
https://crsreports.congress.gov/product/pdf/LSB/LSB11001

Scott, Roxanne. 2022. “Sewer Backups, Increasing from Climate Change, Are Costing City’s Homeowners.” 
Investigative Journalism. City Limits. October 12, 2022. https://citylimits.org/2022/10/12/sewer-backups-
increasing-from-climate-change-are-costing-citys-homeowners/.

Smith, Ryan, Rosemary Knight, and Scott Fendorf. 2018. “Overpumping Leads to California Groundwater Arsenic 
Threat.” Nature Communications 9 (2089). https://doi.org/10.1038/s41467-018-04475-3.

Snyder, Cora, Heather Cooley, and Anne Thebo. 2023. “Guide for Developing Onsite Water Systems to Support 
Regional Water Resilience.” Oakland, CA: Pacific Institute. https://pacinst.org/publication/onsiteguide/.

Staff and wire reports. 2022. “Big Cleanup Underway After Record-Setting Snowfall.” NBC Boston, January 
30, 2022. https://www.nbcboston.com/news/local/big-cleanup-underway-after-record-tying-
snowfall/2628369/.

Status of Tribes and Climate Change Working Group. 2021. “The Status of Tribes and Climate Change Report.” 
Flagstaff, AZ: Institute for Tribal Environmental Professionals,  Northern Arizona University. http://nau.
edu/stacc2021.

Stuckey, Alex. 2017. “Harvey Caused Sewage Spills.” Houston Chronicle, September 20, 2017, sec. Houston. 
https://www.houstonchronicle.com/news/houston-texas/houston/article/Harvey-caused-sewage-
spills-12213534.php.

Sudha, Prasad N., Thandapani Gomathi, P. Angelin Vinodhini, and K. Nasreen. 2014. “Chapter Seven - Marine 
Carbohydrates of Wastewater Treatment.” In Advances in Food and Nutrition Research, edited by Se-Kwon 
Kim, 73:103–43. Marine Carbohydrates: Fundamentals and Applications, Part B. Academic Press. https://
doi.org/10.1016/B978-0-12-800268-1.00007-X.

Teodoro, Manuel P. 2019. “Water and Sewer Affordability in the United States.” AWWA Water Science 1 (2): e1129. 
https://doi.org/10.1002/aws2.1129.

Termyn, Christian. 2019. “Federal Indian Reserved Water Rights and the No Harm Rule.” Columbia Journal of 
Environmental Law 43 (2). https://doi.org/10.7916/cjel.v43i2.3746.

Texas Rainwater Harvesting Evaluation Committee. 2006. “Rainwater Harvesting Potential and Guidelines for 
Texas.” Report to the 80th Legislature. Austin, Texas: Texas Water Development Board. https://www.twdb.
texas.gov/innovativewater/rainwater/doc/RainwaterCommitteeFinalReport.pdf.

https://doi.org/10.1016/j.scitotenv.2020.140111
https://www.jstor.org/stable/24673666
https://doi.org/10.1038/ngeo2883
https://doi.org/10.3390/ijerph17031122
https://citylimits.org/2022/10/12/sewer-backups-increasing-from-climate-change-are-costing-citys-homeowners/
https://citylimits.org/2022/10/12/sewer-backups-increasing-from-climate-change-are-costing-citys-homeowners/
https://doi.org/10.1038/s41467-018-04475-3
https://pacinst.org/publication/onsiteguide/
https://www.nbcboston.com/news/local/big-cleanup-underway-after-record-tying-snowfall/2628369/
https://www.nbcboston.com/news/local/big-cleanup-underway-after-record-tying-snowfall/2628369/
http://nau.edu/stacc2021
http://nau.edu/stacc2021
https://www.houstonchronicle.com/news/houston-texas/houston/article/Harvey-caused-sewage-spills-12213534.php
https://www.houstonchronicle.com/news/houston-texas/houston/article/Harvey-caused-sewage-spills-12213534.php
https://doi.org/10.1016/B978-0-12-800268-1.00007-X
https://doi.org/10.1016/B978-0-12-800268-1.00007-X
https://doi.org/10.1002/aws2.1129
https://doi.org/10.7916/cjel.v43i2.3746
https://www.twdb.texas.gov/innovativewater/rainwater/doc/RainwaterCommitteeFinalReport.pdf
https://www.twdb.texas.gov/innovativewater/rainwater/doc/RainwaterCommitteeFinalReport.pdf


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

107 References

The White House. 2022. “Bipartisan Infrastructure Law Tribal Playbook.” https://www.whitehouse.gov/wp-
content/uploads/2022/05/Bipartisan-Infrastructure-Law-Tribal-Playbook-053122-.pdf.

———. n.d. “Justice40 Initiative | Environmental Justice.” The White House. Accessed March 28, 2023. https://
www.whitehouse.gov/environmentaljustice/justice40/.

Tilden, Michael S. 2022. “State Water Resources Control Board: It Lacks the Urgency Necessary to Ensure That 
Failing Water Systems Receive Needed Assistance in a Timely Manner.” California State Auditor. http://
auditor.ca.gov/reports/2021-118/index.html.

Turrentine, Jeff, and Brian Palmer. 2022. “It’s Time to Fix Our Water-Logged National Flood Insurance Program.” 
NRDC (blog). July 22, 2022. https://www.nrdc.org/stories/time-fix-water-logged-national-flood-
insurance-program.

UNC Environmental Finance Center, Corona Environmental, and Abt Associates. 2017. “Navigating Legal 
Pathways to Rate-Funded Customer Assistance Programs: A Guide for Water and Wastewater Utilities.” 
Chapel Hill, NC: University of North Carolina School of Government. https://efc.sog.unc.edu/wp-content/
uploads/sites/1172/2021/06/Nagivating-Pathways-to-Rate-Funded-CAPs.pdf.

United Nations. 2014. “The Human Right to Water and Sanitation.” 2014. https://www.un.org/
waterforlifedecade/human_right_to_water.shtml.

United Nations Framework Convention on Climate Change. 1994. United Nations Framework Convention on 
Climate Change: Article 1, Definitions. https://unfccc.int/resource/ccsites/zimbab/conven/text/art01.htm.

US Bureau of Reclamation. 2023. “Bureau of Reclamation - About Us.” 2023. https://www.usbr.gov/main/about/.

US Climate Resilience Toolkit. 2022. “Combined Sewer System versus Separated Sewer System.” U.S. Climate 
Resilience Toolkit. 2022. https://toolkit.climate.gov/image/3494.

US Department of Energy. 2014. “The Water-Energy Nexus: Challenges and Opportunities.” U.S. Department 
of Energy. https://www.energy.gov/sites/prod/files/2014/07/f17/Water%20Energy%20Nexus%20Full%20
Report%20July%202014.pdf.

US Department of Health and Human Services. 2021. “LIHWAP Laws and Regulations.” https://www.acf.hhs.gov/
ocs/law-regulation/lihwap-laws-and-regulations.

US Department of the Interior. 2022. “Secretary Haaland Takes Action to Restore Tribal Authority to Adopt 
Water Laws.” April 7, 2022. https://www.doi.gov/pressreleases/secretary-haaland-takes-action-restore-
tribal-authority-adopt-water-laws.

US Environmental Protection Agency. 2015a. “Information about Public Water Systems.” Collections and Lists. 
September 21, 2015. https://www.epa.gov/dwreginfo/information-about-public-water-systems.

———. 2015b. “Tribal Public Water System Supervision Program.” Other Policies and Guidance. 2015. https://
www.epa.gov/tribaldrinkingwater/tribal-public-water-system-supervision-program.

———. 2016. “Clean Water and Drinking Water Infrastructure Sustainability Policy.” Other Policies and Guidance. 
January 15, 2016. https://www.epa.gov/sustainable-water-infrastructure/clean-water-and-drinking-water-
infrastructure-sustainability.

———. 2022a. “DWSRF Disadvantaged Community Definitions: A Reference for States.” EPA 810-R-22-002. US 
Environmental Protection Agency. https://www.epa.gov/system/files/documents/2022-10/DWSRF%20
DAC%20Definitions%20Report_October%202022%20Updates_FINAL_508.pdf.

———. 2022b. “Pure Potential: The Case for Stormwater Capture and Use.” https://www.epa.gov/system/files/
documents/2022-03/wrap-pure-potential-report.pdf.

https://www.whitehouse.gov/wp-content/uploads/2022/05/Bipartisan-Infrastructure-Law-Tribal-Playbook-053122-.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/05/Bipartisan-Infrastructure-Law-Tribal-Playbook-053122-.pdf
https://www.whitehouse.gov/environmentaljustice/justice40/
https://www.whitehouse.gov/environmentaljustice/justice40/
http://auditor.ca.gov/reports/2021-118/index.html
http://auditor.ca.gov/reports/2021-118/index.html
https://www.nrdc.org/stories/time-fix-water-logged-national-flood-insurance-program
https://www.nrdc.org/stories/time-fix-water-logged-national-flood-insurance-program
https://efc.sog.unc.edu/wp-content/uploads/sites/1172/2021/06/Nagivating-Pathways-to-Rate-Funded-CAPs.pdf
https://efc.sog.unc.edu/wp-content/uploads/sites/1172/2021/06/Nagivating-Pathways-to-Rate-Funded-CAPs.pdf
https://www.un.org/waterforlifedecade/human_right_to_water.shtml 
https://www.un.org/waterforlifedecade/human_right_to_water.shtml 
https://unfccc.int/resource/ccsites/zimbab/conven/text/art01.htm
https://www.usbr.gov/main/about/
https://toolkit.climate.gov/image/3494
https://www.energy.gov/sites/prod/files/2014/07/f17/Water%20Energy%20Nexus%20Full%20Report%20July%202014.pdf
https://www.energy.gov/sites/prod/files/2014/07/f17/Water%20Energy%20Nexus%20Full%20Report%20July%202014.pdf
https://www.acf.hhs.gov/ocs/law-regulation/lihwap-laws-and-regulations
https://www.acf.hhs.gov/ocs/law-regulation/lihwap-laws-and-regulations
https://www.doi.gov/pressreleases/secretary-haaland-takes-action-restore-tribal-authority-adopt-water-laws
https://www.doi.gov/pressreleases/secretary-haaland-takes-action-restore-tribal-authority-adopt-water-laws
https://www.epa.gov/dwreginfo/information-about-public-water-systems
https://www.epa.gov/tribaldrinkingwater/tribal-public-water-system-supervision-program
https://www.epa.gov/tribaldrinkingwater/tribal-public-water-system-supervision-program
https://www.epa.gov/sustainable-water-infrastructure/clean-water-and-drinking-water-infrastructure-sustainability
https://www.epa.gov/sustainable-water-infrastructure/clean-water-and-drinking-water-infrastructure-sustainability
https://www.epa.gov/system/files/documents/2022-10/DWSRF%20DAC%20Definitions%20Report_October%202022%20Updates_FINAL_508.pdf
https://www.epa.gov/system/files/documents/2022-10/DWSRF%20DAC%20Definitions%20Report_October%202022%20Updates_FINAL_508.pdf
https://www.epa.gov/system/files/documents/2022-03/wrap-pure-potential-report.pdf
https://www.epa.gov/system/files/documents/2022-03/wrap-pure-potential-report.pdf


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

108 References

———. 2023a. “Basic Information about Water Reuse.” Water Reuse. May 17, 2023. 
https://www.epa.gov/waterreuse/basic-information-about-water-reuse

———. 2023b. “Combined Sewer Overflow Control Policy.” National Pollutant Discharge Elimination System 
(NPDES). April 28, 2023. https://www.epa.gov/npdes/combined-sewer-overflow-control-policy.

———. 2023c. “Energy Efficiency for Water Utilities.” Sustainable Water Infrastructure. March 20, 2023. https://
www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities.

———. 2023d. “Tribes Approved for Treatment as a State (TAS).” Data and Tools. 2023. https://www.epa.gov/
tribal/tribes-approved-treatment-state-tas.

US Environmental Protection Agency, Office of Wastewater Management. 2024. “Types of Septic Systems.” 
Overviews and Factsheets. Epa.Gov. 2024. https://www.epa.gov/septic/types-septic-systems.

US Environmental Protection Agency, Office of Water. 1999a. “Water Efficiency Technology Fact Sheet: 
Composting Toilets.” EPA 832-F-99-066. Washington, DC, USA: US EPA, Office of Water. https://www.epa.
gov/sites/default/files/2015-06/documents/comp.pdf.

———. 1999b. “Water Efficiency Technology Fact Sheet: Incinerating Toilets.” EPA 832-F-99-072. Washington, 
DC, USA: US EPA, Office of Water. https://www.epa.gov/sites/default/files/2015-06/documents/
incinera.pdf.

———. 2000. “Water Efficiency Technology Fact Sheet: Oil Recirculating Toilets.” EPA 832-F-00-048. 
Washington, DC, USA: US EPA, Office of Water. https://www.epa.gov/sites/default/files/2015-06/
documents/oil_toilet.pdf.

———. 2002. “Onsite Wastewater Treatment Systems Manual.” EPA/625/R-00/008. US EPA, Office of 
Water, Office of Research and Development. https://www.epa.gov/sites/default/files/2015-06/
documents/2004_07_07_septics_septic_2002_osdm_all.pdf.

———. 2014. “National Pollutant Discharge Elimination System (NPDES).” Collections and Lists. August 6, 2014. 
https://www.epa.gov/npdes.

———. 2015. “Basic Information about Source Water Protection.” Overviews and Factsheets. March 27, 2015. 
https://www.epa.gov/sourcewaterprotection/basic-information-about-source-water-protection.

———. 2017. “Infographic: How Does Your Water System Work?” Overviews and Factsheets. October 26, 2017. 
https://www.epa.gov/ground-water-and-drinking-water/infographic-how-does-your-water-system-work.

———. 2024. “Per- and Polyfluoroalkyl Substances (PFAS).” Reports and Assessments. 2024. https://www.epa.
gov/sdwa/and-polyfluoroalkyl-substances-pfas.

US Geological Survey. 2018. “Aquifers: Map of the Principal Aquifers of the United States | U.S. Geological 
Survey.” New Mexico Water Science Center, U.S. Geological Survey. https://www.usgs.gov/media/images/
aquifers-map-principal-aquifers-united-states.

———. 2019. “Total Water Use.” Water Resources Mission Area. March 3, 2019. https://www.usgs.gov/mission-
areas/water-resources/science/total-water-use.

———. n.d. “Floods and Recurrence Intervals.” Accessed August 27, 2024. https://www.usgs.gov/special-topics/
water-science-school/science/floods-and-recurrence-intervals.

US Government Accountability Office. 2021. “Clean Water Act: EPA Needs to Better Assess and Disclose Quality 
of Compliance and Enforcement Data.” Report to Congressional Requesters GAO-21-290. https://www.
gao.gov/assets/gao-21-290.pdf.

https://www.epa.gov/npdes/combined-sewer-overflow-control-policy
https://www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities
https://www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities
https://www.epa.gov/tribal/tribes-approved-treatment-state-tas
https://www.epa.gov/tribal/tribes-approved-treatment-state-tas
https://www.epa.gov/septic/types-septic-systems
https://www.epa.gov/sites/default/files/2015-06/documents/comp.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/comp.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/incinera.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/incinera.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/oil_toilet.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/oil_toilet.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/2004_07_07_septics_septic_2002_osdm_all.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/2004_07_07_septics_septic_2002_osdm_all.pdf
https://www.epa.gov/npdes
https://www.epa.gov/sourcewaterprotection/basic-information-about-source-water-protection
https://www.epa.gov/ground-water-and-drinking-water/infographic-how-does-your-water-system-work
https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas
https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas
https://www.usgs.gov/media/images/aquifers-map-principal-aquifers-united-states
https://www.usgs.gov/media/images/aquifers-map-principal-aquifers-united-states
https://www.usgs.gov/mission-areas/water-resources/science/total-water-use
https://www.usgs.gov/mission-areas/water-resources/science/total-water-use
https://www.usgs.gov/special-topics/water-science-school/science/floods-and-recurrence-intervals
https://www.usgs.gov/special-topics/water-science-school/science/floods-and-recurrence-intervals
https://www.gao.gov/assets/gao-21-290.pdf
https://www.gao.gov/assets/gao-21-290.pdf


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

109 References

———. 2023. “Clean Water Act: EPA Should Track Control of Combined Sewer Overflows and Water Quality 
Improvements.” Report to Congressional Requesters GAO-23-105285. https://www.gao.gov/assets/gao-
23-105285.pdf.

Vazquez, Tyler. 2022. “Titusville Sends Right to Clean Water to Ballot, despite Warnings It Could Be Illegal.” 
Florida Today, August 11, 2022, sec. News. https://www.floridatoday.com/story/news/2022/08/10/
titusville-sends-clean-water-ballot-but-move-could-illegal/10278901002/.

———. 2023. “Titusville Fails to Certify Right to Clean Water despite Judge’s Ruling in Favor of Voters.” Florida 
Today, May 24, 2023, sec. News. https://www.floridatoday.com/story/news/2023/05/24/titusville-does-
not-certify-right-to-clean-water-judges-ruling-environment-indian-river-lagoon/70251614007/.

Virginia Department of Conservation and Recreation. 2023. “Floodplain Management Regulations and 
Ordinances: National Flood Insurance Program Regulations.” 2023. https://www.dcr.virginia.gov/dam-
safety-and-floodplains/fpordnce.

Virginia Wastewater Infrastructure Working Group. 2021. “Wastewater Infrastructure Working Group Report.” 
https://rga.lis.virginia.gov/Published/2021/RD883/PDF.

Wallender, Erika K., Elizabeth C. Ailes, Jonathan S. Yoder, Virginia A. Roberts, and Joan M. Brunkard. 2014. 
“Contributing Factors to Disease Outbreaks Associated with Untreated Groundwater.” Groundwater 52 (6): 
886–97. https://doi.org/10.1111/gwat.12121.

Washington State Department of Health. 2012. “Recommended Standards and Guidance for Performance, 
Application, Design, and Operation & Maintenance Water Conserving On-Site Wastewater Treatment 
Systems.” https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs//337-016.pdf.

WateReuse Association. 2016. “Glossary.” WateReuse Association | Engage. Educate. Advocate. February 1, 2016. 
https://watereuse.org/educate/water-reuse-101/glossary/.

———. 2023. “California Adopts Regulations for Implementing Direct Potable Reuse | WateReuse Association.” 
WateReuse Association (blog). December 19, 2023. https://watereuse.org/california-adopts-regulations-
for-implementing-direct-potable-reuse/.

WateReuse Association, The Water Research Foundation, and US Water Alliance. 2021. “National Blue Ribbon 
Commission for Onsite Non-Potable Water Systems: Fact Sheet.” https://watereuse.org/wp-content/
uploads/2021/08/NBRC_Factsheet_FINAL.pdf.

Weiser, Matt. 2018. “On the Front Lines of Sea-Level Rise, Sewage Treatment Plants Adapt.” The New 
Humanitarian, February 26, 2018, sec. News Deeply Water Deeply. https://deeply.thenewhumanitarian.org/
water/community/2018/02/26/on-the-front-lines-of-sea-level-rise-sewage-treatment-plants-adapt.

Wheeler, Kevin G., Brad Udall, Jian Wang, Eric Kuhn, Homa Salehabadi, and John C. Schmidt. 2022. “What 
Will It Take to Stabilize the Colorado River?” Science 377 (6604): 373–75. https://doi.org/10.1126/
science.abo4452.

Williams, A. Park, Benjamin I. Cook, and Jason E. Smerdon. 2022. “Rapid Intensification of the Emerging 
Southwestern North American Megadrought in 2020–2021.” Nature Climate Change 12 (3): 232–34. https://
doi.org/10.1038/s41558-022-01290-z.

Wilson, Michael, and Hurubie Meko. 2023. “Flooding in New York: Rain Eases, but Officials Warn That Flood 
Risks Remain.” The New York Times, September 29, 2023. https://www.nytimes.com/live/2023/09/29/
nyregion/nyc-rain-flash-flooding.

Young, Shalanda D., Brenda Mallory, and Gina McCarthy. 2021. “Memorandum for the Heads of Departments 
and Agencies: Interim Implementation Guidance for the Justice40 Initiative,” July 20, 2021. https://www.
whitehouse.gov/wp-content/uploads/2021/07/M-21-28.pdf.

https://www.gao.gov/assets/gao-23-105285.pdf
https://www.gao.gov/assets/gao-23-105285.pdf
https://www.floridatoday.com/story/news/2022/08/10/titusville-sends-clean-water-ballot-but-move-could-illegal/10278901002/
https://www.floridatoday.com/story/news/2022/08/10/titusville-sends-clean-water-ballot-but-move-could-illegal/10278901002/
https://www.floridatoday.com/story/news/2023/05/24/titusville-does-not-certify-right-to-clean-water-judges-ruling-environment-indian-river-lagoon/70251614007/
https://www.floridatoday.com/story/news/2023/05/24/titusville-does-not-certify-right-to-clean-water-judges-ruling-environment-indian-river-lagoon/70251614007/
https://www.dcr.virginia.gov/dam-safety-and-floodplains/fpordnce
https://www.dcr.virginia.gov/dam-safety-and-floodplains/fpordnce
https://rga.lis.virginia.gov/Published/2021/RD883/PDF
https://doi.org/10.1111/gwat.12121
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs//337-016.pdf
https://watereuse.org/educate/water-reuse-101/glossary/
https://watereuse.org/california-adopts-regulations-for-implementing-direct-potable-reuse/
https://watereuse.org/california-adopts-regulations-for-implementing-direct-potable-reuse/
https://watereuse.org/wp-content/uploads/2021/08/NBRC_Factsheet_FINAL.pdf
https://watereuse.org/wp-content/uploads/2021/08/NBRC_Factsheet_FINAL.pdf
https://deeply.thenewhumanitarian.org/water/community/2018/02/26/on-the-front-lines-of-sea-level-rise-sewage-treatment-plants-adapt
https://deeply.thenewhumanitarian.org/water/community/2018/02/26/on-the-front-lines-of-sea-level-rise-sewage-treatment-plants-adapt
https://doi.org/10.1126/science.abo4452
https://doi.org/10.1126/science.abo4452
https://doi.org/10.1038/s41558-022-01290-z
https://doi.org/10.1038/s41558-022-01290-z
https://www.nytimes.com/live/2023/09/29/nyregion/nyc-rain-flash-flooding
https://www.nytimes.com/live/2023/09/29/nyregion/nyc-rain-flash-flooding
https://www.whitehouse.gov/wp-content/uploads/2021/07/M-21-28.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/07/M-21-28.pdf


Law and Policies that Address Equitable, Climate-Resilient Water and Sanitation

110 References

Yu, Guo, Daniel B. Wright, and Zhe Li. 2020. “The Upper Tail of Precipitation in Convection-Permitting Regional 
Climate Models and Their Utility in Nonstationary Rainfall and Flood Frequency Analysis.” Earth’s Future 8 
(10): e2020EF001613. https://doi.org/10.1029/2020EF001613.

Zac, Jeremiah. 2024. “Is It Illegal to Collect Rainwater: 2024 Complete State Guide.” World Water Reserve 
(blog). January 5, 2024. https://worldwaterreserve.com/is-it-illegal-to-collect-rainwater/.

Zamuda, C., D.E. Bilello, G. Conzelmann, E. Mecray, A. Satsangi, V. Tidwell, and B.J. Walker, 2018: Energy 
Supply, Delivery, and Demand. In Impacts, Risks, and Adaptation in the United States: Fourth National 
Climate Assessment, Volume II [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, 
T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 
174–201. doi: 10.7930/NCA4.2018.CH4

Zanoni, M.U. 2010. “Evaluating the Consequences of Climate Change on Indian Reserved Water Rights and the 
PIA: The Impracticably Irrigable Acreage Standard.” Public Land and Resources Law Review 125:126–48.

Zouboulis, Anastasios, and Athanasia Tolkou. 2015. “Effect of Climate Change in Wastewater Treatment Plants: 
Reviewing the Problems and Solutions.” In Managing Water Resources under Climate Uncertainty, edited 
by Sangam Shrestha, Anil K. Anal, P. Abdul Salam, and Michael Van Der Valk, 197–220. Springer Water. 
Cham: Springer International Publishing. https://doi.org/10.1007/978-3-319-10467-6_10.

https://doi.org/10.1029/2020EF001613
https://worldwaterreserve.com/is-it-illegal-to-collect-rainwater/
https://doi.org/10.1007/978-3-319-10467-6_10


pacinst.org

http://pacinst.org

