
WSRF Grant
Progress Update

Prepared by: 10.10.10, a project of Colorado Nonprofit Development Center (CNDC)
Date: June 30, 2021
PO Number: POGG1, PDAA,202100002519

PROJECT OVERVIEW

10.10.10, a project of the Colorado Nonprofit Development Center, harnesses the power of  systems
thinking, research, and entrepreneurship to address “wicked problems”--those problems in  systems
theory that resist definitive formulation and are difficult to solve due to incomplete,  contradictory, and
changing requirements. WSRF funding will help support research activities and  stakeholder engagement
connected to our 2021 program on Water and Climate. The Water and  Climate virtual program will
transpire over four weeks and will involve participation from 15-20  entrepreneurs, a range of stakeholders
within the broader Colorado water community, and 35-50 other talented professionals.

WSRF funds would fund the exploration of specific challenges relevant to water in the region and  will be
applied to our research efforts. Our research process is wholly unique and proven to  facilitate innovative
solutions to wicked problems. We actively engage “validators”--individuals and  stakeholders with deep
subject matter expertise--from a variety of sectors to produce systems  maps and research briefs that in
turn create nuanced and comprehensive views of an issue and  accelerate collaborative learning and
insight. The three phases of our research process-- stakeholder (aka, “validator”) engagement, systems
mapping, and the production of research  resources--will be devoted to METRO ROUNDTABLE identified
priority issues concerning water  and climate along the front range, specifically in the areas of
conservation and reuse,  implementation of IP&Ps, and--via the very nature of the program and research
process--education  out outreach.

PROJECT OBJECTIVES

The project’s ultimate goal is to facilitate the creation of products, services, and businesses that  address
water and climate challenges while simultaneously reframing the problem through system  maps and
innovative research, thereby providing opportunities for public education and outreach.  Overall, the
research and stakeholder engagement process connected to our Water and Climate  program will:

- facilitate a unique and collaborative learning process for stakeholders,
- unite subject matter experts and highly experienced entrepreneurs to produce new ways of

understanding and thinking about the complex systems of water and climate, ● provide funders
with the information, perspective, and partnerships to lead their fields in  conversations related to
water and climate, and

- Inspire communities to better understand and tackle wicked problems connected to climate and
water.

TASKS



Task 1 - Validator Engagement
Description:

- Who is involved: 10.10.10 research team, funding partners, and a range of other  stakeholders (or
referred to as “validators”) from government, the nonprofit sector, and  private industry

- Purpose: Cultivate a multi-faceted source of expertise to inform a robust understanding  of
wicked problems (WP) related to water and climate

- Timeframe: 6-8 weeks
- Value for METRO ROUNDTABLE: Builds a joint understanding of the WP, why it  persists, and the

roles each stakeholder plays, in turn producing a shared level of  accountability and heightened
collaboration

- Validator Engagement is a key component of the research process & a way of developing a
source of expertise to help inform exploration of wicked problems and is a precursor to systems
mapping. Validator engagement is a 6-8 week process wherein 10.10.10/CNDC works with the
project funders to identify and engage a range of stakeholders in the area of water and climate.
The convening of these stakeholders—(“validators’) --helps flesh out a bigger picture of the
wicked problem and helps those involved “appreciate how they not only support but also often
unwittingly undermine system performance, thereby empowering them to think and act more
effectively” (David Stroh, Systems Thinking for Social Change). CNDC will work closely with the
METRO ROUNDTABLE, to engage in the steps related to validator engagement as outlined  below.

Method/Procedure:
1. Identify the key individuals and organizations that affect and are affected by the  issue. These
may be thought leaders, government or community representatives, for profit and nonprofit
organizations, researchers, community members, and anyone with a  vested interest in solving
the problem or preventing it from being solved.
2. Convene validators and facilitate the creation of a focusing question. Reach out to  validators
and cultivate buy-in, & convene validators in small groups and begin the work  of understanding
the wicked problem.
3. Conduct systems interviews. With the focusing question in mind, conduct systems  interviews
with all validators. These interviews serve as the groundwork for the systems  mapping process
and provide an opportunity to explore the problem in depth.

Grantee Deliverable:
- Validator (aka stakeholder) list
- Raw data from group meetings and interviews
- Narrowed list of wicked problems for additional exploration

CWCB Deliverable:
- Validator (stakeholder) list with names, roles, and contact information
- Narrowed list of wicked problems (in line with Metro Roundtable priorities) for further exploration
- A presentation to brief Metro Roundtable on the findings from the raw data

Progress Update: Recruiting subject matter experts was truly one of the joys of the program and the grant
funding experience. The virtual nature of the program allowed for recruitment of SMEs from across the
nation and representing a range of experience and expertise in each of our 4 water and climate
categories. In total, 30 validators served as SMEs for the program. Validators participated in Ask Me
Anything (AMA) sessions and fielded questions from participating entrepreneurs.

https://drive.google.com/file/d/1usxFW00J9p8oKhI6ooryubLctNUFfIV7/view?usp=sharing
https://program.xgenesis.io/wicked-problems
https://drive.google.com/file/d/1BKnqnTuYahQ90LUSsB0DRoASrIujx-rC/view?usp=sharing


Validator onboarding was conducted as asynchronous orientations and was a smooth process.

Finally, our SME recruitment also included recruitment of four problem advocates who shared their stories
of dedication to each of our water and climate categories during the Big Reveal kickoff event. Obstacles
emerged in recruiting these advocates, particularly as each is highly devoted to current water issues in the
U.S. and in many parts of the country, including Texas and the South, ongoing water crises meant juggling
schedules and shifting problems advocates. In the end, the Big Reveal was a tremendous success as the
X Genesis team pulled together to accommodate our problem advocates.

Task 2 - Systems Mapping
Description:

- Based on the first-hand experience and boots-on-the-ground feedback from the validators, and  in
combination with extended secondary research, CNDC will map the challenges, constraints,
causal relationships, and feedback loops of the most pressing problems related to water and
climate. CNDC will use systems maps to reveal how a wicked problem is grounded in two  things:
interconnectedness and dynamism. Systems maps will allow CNDC to see how various
components of a problem are tied to one another, to observe the often rapid change of a  system,
and to note the full patterns contributing to a wicked problem.

- Who is involved: 10.10.10 research team, in conjunction with METRO ROUNDTABLE and
validators

- Purpose: Move from a focus on components of a problem to a full view of the issue,
thereby revealing knowledge gaps, intervention points, and insights that would otherwise
go undetected

- Timeframe: 4 weeks
- Value for METRO ROUNDTABLE: New ways of seeing, creation or enhancement of a

learning culture, comprehensive view of the systems connected to water and climate
along the front range, identification of intervention points and other insights

Method/Procedure:
- Preliminary systems analysis. The 10.10.10 first creates a preliminary systems  analysis.
- Presentation of all systems maps to METRO ROUNDTABLE and validators for  further discussion

and refinement. This stage is an opportunity to gain any additional  feedback and allows
validators to respond to the tools CNDC will have created. It is also  the stage at which validators
explore interventions.

Grantee Deliverables:
- Initial and final systems maps
- Feedback collected from validators

CWCB Deliverables:
- Presentation of systems maps and how to use them to inspire innovation and identify

opportunities for intervention and collaboration
- All systems maps and accompanying resources cobranded with Metro Roundtable/CWCB

Progress Update: The Director of Research created four system maps representing the following areas
within water challenges and climate change:

1. Deteriorating Water Infrastructure
2. Water Scarcity and Supply
3. Water Quality and Safety

https://drive.google.com/file/d/15sBB9Zdddy58uaxjObUQK9Xp8u1sXBe2/view?usp=sharing
https://drive.google.com/file/d/15sBB9Zdddy58uaxjObUQK9Xp8u1sXBe2/view?usp=sharing
https://program.xgenesis.io/wicked-problems


4. Extreme Climate Events (and their connection to water issues)

Various stakeholders participated in the data collection process used to construct the maps (see previous
deliverable: List of Stakeholders).

In addition to maps, the Director of Research created data visualizations to further enhance the
accessibility of water and climate issues to various audiences, including laypeople and the broader public.
Those visualizations include timelines of significant events in the history of each of the four topic areas,
contributing factors, and relevant agents and players. The creation of these additional research and
communication assets arose out of a desire to more easily translate the complexities of the addressed
water and climate wicked problems.

Task 3 - Create Research Resources
Description:

- CNDC will create research briefs outlining wicked problems in detail, yet with an engaging
narrative style to ensure the resources are accessible to a range of users. These resources are
valuable supplements to existing research and help identify points of leverage for future projects
and plans. Like the systems maps, research briefs are co-branded with 10.10.10/X Genesis and
our funders, and funders can distribute and utilize these resources to enhance their leadership
positions in their fields as well as increase understanding of an issue. These resources would  be
the product of funding from METRO ROUNDTABLE and made available to METRO  ROUNDTABLE
for future use.

- Who is involved: 10.10.10 research team
- Purpose: Ensure all research efforts and resulting resources are accessible to a range of

users
- Timeframe: 4-6 weeks
- Value for METRO ROUNDTABLE: Engaging and accessible series of resources for

METRO ROUNDTABLE distribution to increase education around issues related to  water
and climate, and to serve the METRO ROUNDTABLE priority area of education  and
outreach

Method/Procedure:
- Write research briefs. All research briefs include the following components:

- Discussion of the factors contributing to the wicked problem
- Overview of the history and trends of the wicked problem
- Identification of the populations and agents relevant to the wicked problem
- Exploration of existing approaches and workarounds to the wicked problem

- Digital design of research briefs. CNDC will work with a graphics designer to enhance  the overall
look and navigability of our resources.

Grantee Deliverable:
- Series of engaging research briefs, in electronic, interactive form, designed to fully explore the

wicked problems associated with water and climate
CWCB Deliverable:

- Series of engaging research briefs, in electronic, interactive form, designed to fully explore the
wicked problems associated with water and climate as identified by validators

- All resources cobranded with Metro Roundtable/CWCB
- Presentation to Metro Roundtable offering an overview of all research briefs

https://program.xgenesis.io/wicked-problems
https://program.xgenesis.io/wicked-problems
https://program.xgenesis.io/wicked-problems
https://drive.google.com/file/d/1BKnqnTuYahQ90LUSsB0DRoASrIujx-rC/view?usp=sharing


Progress Update: As outlined above, the Director of Research outlined the following categories for
exploration relevant to water and climate: Deteriorating Water Infrastructure, Water Scarcity and Supply,
Water Quality and Safety, Extreme Climate Events (and their connection to water issues). These
categories were born from the entrepreneur problem identification and solution design process. The
application of this process allows X Genesis to make a unique contribution to ongoing discussions about
water and climate, even to the expertise represented by the Metro Roundtable and the CWCB. Rather than
a lit review or traditional summation of issues, framing the water research in the lens of entrepreneurial
discovery provides a fresh viewpoint and focus on topics such as market opportunity and resource
distribution, history and trends, and current approaches and workarounds. All of the above is delineated in
the research briefs (roughly 25 pages each) addressing the four categories.

An issue to note: the matter of printing such extensive materials became a topic of ongoing discussion
emerging from a desire to make materials as accessible as possible and a competing desire to align with
sustainable environmental practices (such as avoiding printing in favor of digital distribution). In the end,
COVID made this decision easy as people were not gathering to receive materials. All of our research
assets are therefore available digitally.

Task 4 - Grant Management
Description:

- CNDC will manage subcontractors, invoicing, logistics and distributions and provide written
reports to CWCB.

- Who is involved: 10.10.10 research team
- Timeframe: Throughout project

Method/Procedure:
- Ensure subcontractors are working on & completing Tasks 1-3. Provide logistical support  as well

as managing distributions for Tasks 1-3. Write complete progress and a final  report for CWCB.
Grantee Deliverable:

- Invoicing, reporting, and providing logistical support throughout the project
CWCB Deliverable:

- Final reports and six month progress reports

Progress Update: 10.10.10 and CNDC worked together to manage this project. All contractors have
completed all tasks and submitted final deliverables. All invoices and reports have been sent to CNDC for
final processing.

Additional Assets:
Prospective CEO Videos & Training Sessions
Training Videos & Meetings - All Participants
Program Overview, Content, and Tools

https://drive.google.com/drive/folders/1T6-dORQZjiXjJB2tQxcU1x1vTTeQMxPw?usp=sharing
https://drive.google.com/drive/folders/1172oOIhnqvEx4kfV6GQCu_jOyCB8RVYM?usp=sharing
https://drive.google.com/drive/folders/1IhHW5h5CA3oths4y51brhiLQ5B-XoLdN?usp=sharing
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HISTORY

Mid 
1900s

REGULATION

Environmental concerns prompted legislation 
regulating wastewater disposal and drinking 
water quality. 

21st Century

DISREPAIR 

Decades of underinvestment and in places 
century old materials culminate in an industry 
with pressing needs. In 2017, the ASCE 
bestows a grade of D+ on the state of 
infrastructure in America, with drinking water 
and wastewater each receiving a D+. 

1800S

DEVELOPMENT

As towns and cities grew in population the 
need for infrastructure also grew. 

Late 1800s - early 1900s

SAFETY AND HEALTH

Concerns over health and disease at the tail 
of the Industrial Revolution led to a 
corresponding hygiene movement that  
prompted creation of sanitation and water 
treatment methods. 
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SUPPLY & SCARCITY



HISTORY

Mid 
1900s

Public Work Projects

It became clear water supplies in the West 
could not keep pace with demand. The federal 
government intervened with a series of water 
development projects to enhance water 
infrastructure in the West. 

1960s on

The Environmental Movement 

Development sometimes collided with 
environmental concerns and the growing 
environmental movement called for 
legislation to project water resources. The 
movement and its resulting policies created a 
better understanding of the need to protect 
the health of the water cycle and water 
ecosystems. 

1800s

Developing the West

What began with mining booms eventually 
scaled up to extended migration and 
settlement of the West. Water was scarce and 
“first in, first in right” water rights were 
established. Early 

1900s

Selling the West

The railroads and CA State Agricultural 
Society embarked on a campaign promising 
an agricultural paradise for those willing to 
move West. Those who heeded the call were 
met with a far different set of circumstances, 
including water scarcity. 
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QUALITY & SAFETY



HISTORY

Mid 
1900s

Reckoning with Waste

The Industrial Revolution supercharged the 
American economy. It also supercharged 
levels of industrial waste in lakes and rivers as 
factories dumped waste directly into water 
supply sources. 1960s and 

1970s

Environmental Policy

Pollution was eventually met with policy and 
regulation, including the formation of the EPA 
and the Clean Water Act. 

19th 
century

Increasing Urbanization
Increasing urbanization in the 19th century 
and the rising population of the working poor 
in condensed urban neighborhoods in part 

ushered in the era of sanitation.
Early 

1900s

Water Treatment

Water treatment processes such as 
chlorination are introduced  to ensure safe 
water and prevent disease.
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EXTREME EVENTS



HISTORY

1980s-
2019

More--and more extreme--extreme events

More frequent and intense extreme events 
also means a rise in cost. The annual average 
of billion dollar events from 1980-2019 is 6.6. 
As of October 7, 2020, the number of billion 
dollar extreme events in the U.S. was 16.

2020

Another Record-Setting Wildfire Season

In 2020, there were 52,113 wildfires that 
burned 8,889,297 acres in 2020, roughly 2.3 
million more acres burned than the 10-year 
average and almost double the acreage 
burned in the 2019 season.

1930s

Human Influence on Weather

The Dust Bowl of the 1930s is an example of 
human influence over extreme weather 
events. Caused in part by changes in land 
policy and agricultural practices. 









Email First name Last name Linkedin URL Please include a short bio (limit 250 words)
In what program topic areas are you comfortable offering 
your expertise? (Check all that apply)

How would you generally identify yourself or your organization? (Check all 
that apply)

kim@elementalexcelerator.com Kim Baker https://www.linkedin.com/in/kimberly-baker-15446ba/

As the Director of Water Innovation, Kim works directly with Elemental Excelerator’s water portfolio companies and partners. With over a 
decade of experience in launching and growing technology and organizational platforms rooted in sustainable impact, she helps Elemental’s 
portfolio companies co-design and implement successful projects, as well as scale their solutions. 

In addition to guiding portfolio companies, Kim works alongside municipalities, corporates, and investors in the water sector, expanding 
Elemental’s work in the sector through collaboration with multi-dimensional stakeholders and fundraising and acquisition opportunities for 
Elemental’s portfolio companies. Kim launched and led a fast-growing drinking water product line for a growth-stage company that was 
acquired by UGSI Solutions. She co-founded a venture in industrial wastewater treatment, completing multiple capital raises and winning 
awards on behalf of the company. Before becoming an entrepreneur, Kim was a consultant on a variety of public-sector projects including the 
expansion of citywide Green Business Programs, energy transmission projects in San Francisco, and early adoption of California’s 
Greenhouse Gas reporting initiative. Kim’s formal education includes an MBA in Sustainable Management and a BS in Environmental 
Engineering.

Water Scarcity and Supply, Water Quality and Safety, 
Deteriorating Infrastructure

Technology Experts: Water and Climate related AI, Data, Hardware, Software, 
Other

cesar.morales@cereseng.com Cesar Morales http://linkedin.com/in/cesarfmorales

Cesar is a former Naval officer whose professional career has been a diverse and dynamic path, from being a defense analyst for Department 
of Defense, to managing the development of cutting edge technology while working in the research and development field, and now a co-
founder of a flood risk analytics start up, Ceres Engineering.  
Prior to moving to starting Ceres Engineering, Cesar and his wife embarked on a seminal road trip, driving from Washington DC, down the 
PanAmerican Highway through Central and South American, down to Patagonia, Argentina.  
The people and places encountered during this trip has helped shape Cesar’s views and motivations in applying innovative data driven 
technologies to the climate based risks emerging today. Extreme Events Technology Experts: Water and Climate related AI, Data, Hardware, Software

will@waterfoundry.com William Sarni https://www.linkedin.com/in/williamsarni/

Will is an internationally recognized thought leader on water strategy and innovation. He was ranked as;A Key Player Pressuring Businesses 
to Care About Water and one of the Top 15 Interviews In Smart Water Magazine 2019. He has been a water strategy advisor to 
multinationals, water technology companies, investors and NGO’s for his entire career. Will works with multinationals on water strategies, 
technology innovation and market entry strategies. His work with technology companies is as a strategy advisor and investor. 

Will has written numerous books and articles and presents on;the value of water, innovations, the circular economy, and the energy-water-
food nexus. He is currently working on “Digital Water: New Technologies for a More Resilient, Secure and Equitable Water Future” 
(Routledge, 2021).

He is a Board Member of;Flowater, Silver Bullet and Project WET;Chairman of the Scientific Advisory Board for the WAITRO Global 
Water Innovation Summit;on the Editorial Board of the Journal of Water Security and a Technical Advisor for the Climate Bonds Initiative. 
He was an Advisor to the 2020 X-PRIZE, led the 2016 X-PRIZE Safe Drinking Water Team and on the Scientific Program Committee for 
Stockholm World Water Week from 2013 - 2019.

Water Quality and Safety, Water Scarcity and Supply, 
Deteriorating Infrastructure

Industry Experts:large corporations, utilities, etc., Technology Experts: Water 
and Climate related AI, Data, Hardware, Software, Environmentalists

karin.wadsack@nrel.gov Karin Wadsack https://www.linkedin.com/in/karin-wadsack-0723/

Karin Wadsack is a program manager for the National Renewable Energy Laboratory, where she leads multiple tribal renewable energy 
projects and performs applied analysis for energy system decarbonization and resilience projects around the world. She has over a decade of 
experience working with tribes across the United States on energy analysis, policy, and project development. Her background includes 
experience in international development, business management, and more than 20 years developing and executing projects. 

Education:
Karin holds a PhD in Engineering Sustainable Systems, a certificate in Applied Statistics, master’s degrees in Environmental Science & 
Policy and Journalism, and a bachelor’s degree in Government. 
Her dissertation research focused on the implications for air quality regulation of power system modeling of high-renewables-and-storage 
scenarios considering the reduced-hydroelectric effects of climate change in the American Southwest. Extreme Events, Water Scarcity and Supply Scientists

kristinleighcampbell@gmail.com Kristin Campbell https://www.linkedin.com/in/kristinleighcampbell/

Kristin Leigh Campbell is an Environmental and Climate Justice Research and Policy Consultant for the National Associate for the 
Advancement of Colored People (NAACP). Prior to joining this role with the NAACP, Kristin served as the Science and Policy Analyst for 
the Institute for Governance and Sustainable development, focusing on incorporating scientific research on short-lived climate pollutants and 
near-term climate change impacts into policies centered around fast-action mitigation. She has served as an Expert Reviewer for numerous 
Intergovernmental Panel on Climate Change (IPCC) reports, including the three special reports—the 1.5 C of warming, the ocean and 
cryosphere, and the land-use reports—as well as the first drafts of all three Working Groups of the upcoming Sixth Assessment Report. 
Kristin has a Juris Doctor and Masters of Environmental Law and Policy from Vermont Law School, a Master of Arts in Climate and Society 
from Columbia University, and Bachelor of Science in Meteorology from Florida State University. Extreme Events

Scientists, Environmentalists, Legal Experts: policy makers, lawyers, human 
rights advocates

brian.glazebrook@gmail.com Brian Glazebrook https://www.linkedin.com/in/bglazebrook

Brian began his career as an environmental consultant in Washington, DC, working with companies and organizations around the world on a 
wide range of sustainability issues. The work focused heavily on climate change and sustainable product design, and included developing 
GHG offset projects for the Chicago Climate Exchange, designing a tool for the World Bank to help them evaluate the sustainability of their 
investments, and partnering with NIST to develop life cycle environmental data for their BEES green building design tool.
In 2006, he left consulting and joined Cisco to create a program to manage the environmental performance of its $10B supply chain. One of 
the first programs of its kind, it has won awards and praise from outside groups.  He then moved to NetApp to lead the company’s corporate 
sustainability activities, where he worked across functions to quantify and reduce the company’s energy footprint, implement a water 
management plan to address the California drought and revamped the company’s global e-waste program, reducing waste and saving the 
company $500k annually. Most recently, he was at Nutanix, a cloud software company, where he designed a first-of-its-kind supply chain 
security management program, launched the company’s first Business Continuity program and led a hackathon team to develop an 
energy/carbon tracking application that could be integrated into the company’s software platform. 
Brian has a Master’s in Environmental Science and a Master’s in Public Affairs from Indiana University and lives in Half Moon Bay, 
California with his family and a very energetic German Shorthaired Pointer.

Extreme Events, Water Scarcity and Supply, Deteriorating 
Infrastructure

Environmentalists, Technology Experts: Water and Climate related AI, Data, 
Hardware, Software, Industry Experts:large corporations, utilities, etc.

pgrevatt@waterrf.org Peter Grevatt https://www.linkedin.com/in/peter-grevatt-43b983108/

As CEO of The Water Research Foundation (WRF), Peter Grevatt, Ph.D. directs the world’s leading water research cooperative. WRF 
oversees research and promotes innovation across all aspects of the water sector—in pursuit of ensuring the highest water quality and 
improving water services to communities across the globe. With approximately 1,200 subscriber members in the U.S. and abroad, the 
Foundation has over $130 million of contracted research and innovation activities currently underway.

Dr. Grevatt has dedicated over 30 years to the implementation of public health and environmental protection programs, including significant 
national leadership experience in the water sector. He previously served as Director of EPA’s Office of Ground Water and Drinking Water 
(OGWDW) where he was responsible for ensuring the safety of the nation’s drinking water supply.  Dr. Grevatt also served as Senior 
Advisor to EPA’s Administrator for Children’s Environmental Health and has held leadership roles in EPA’s water quality and national 
hazardous waste cleanup programs. 

Dr. Grevatt is a graduate of New York University Medical Center with M.S. and Ph.D. degrees in Basic Medical Sciences. He earned his 
bachelor’s degree in Biology from Earlham College in Richmond, Indiana.

Extreme Events, Deteriorating Infrastructure, Water Scarcity and 
Supply, Water Quality and Safety

Scientists, Environmentalists, Conservationists, Technology Experts: Water and 
Climate related AI, Data, Hardware, Software, Industry Experts:large 
corporations, utilities, etc.

ariel.miara@nrel.gov Ariel Miara https://www.linkedin.com/in/ariel-miara-7567332a/

Ariel Miara is a leading energy, water, and environment research analyst at the National Renewable Energy Laboratory. As an energy-water 
nexus expert, Ariel leads research on a range of topics related to the interactions between energy systems, water resources, the environment, 
and policy. His modeling and analysis work includes integrating water resources and energy models to evaluate water risk, weather, and 
climate impacts on electricity generation infrastructure. His cutting-edge energy-water nexus work includes researching energy requirements 
for water infrastructure and innovative synergies between energy and water systems to maximize productivity and efficiency, under current 
and future conditions. As part of the National Alliance for Water Innovation team, he leads the model development of the WaterTAP3 
techno-economic model that evaluates the cost and performance of water treatment systems. Ariel completed his PhD in Civil Engineering, 
with a focus on water resources and environmental engineering, at The City College of New York. Water Scarcity and Supply, Extreme Events

Scientists, Technology Experts: Water and Climate related AI, Data, Hardware, 
Software, Other

lewynli@gmail.com Lewyn Li https://www.linkedin.com/in/lewynli/

My passion lies in using science and technology to tackle urgent and important problems in health and the environment.  I am a self-driven, 
focused and result-oriented bioinformatics scientist/computational biologist who is an accomplished leader of technical and scientific teams. 
With >14 years of experience in pharmaceutical and diagnostic Product Research and Development, I have expertise in digital droplet PCR 
(ddPCR) and next-generation sequence (NGS) analysis.  My area of specialty is cancer and infectious disease genomics and epigenomics, 
spanning machine learning, biomarker identification, multivariate regression, survival analysis, and protein structural and dynamics 
modeling.  As a recent example, my team and I were responsible for the data analyses and algorithm behind Bio-Rad’s SARS-CoV-2
ddPCR kits, which received Emergency Use Authorization from the US FDA in May 2020. (https://
www.bio-rad.com/en-us/product/sars-cov-2-droplet-digital-pcr-ddpcr-kit?ID=Q9KNF4RT8IG9). Water Quality and Safety

Scientists, Technology Experts: Water and Climate related AI, Data, Hardware, 
Software

mike@aqaix.com michel gardner https://www.linkedin.com/in/gardnermichael/

Mike has a degree in resource economics from UC Berkeley, and has had a long career as an entrepreneur and managing engineering and Big 
Data groups at companies such as eBay, Apigee, and BNY Mellon (one of the largest global banks). Mike has been involved in digitization of 
industries as diverse as retail, fashion, Telco, and others. In 2017 Mike founded Aqaix, an Impact startup, to try to help bring more funding to 
water infrastructure projects of all types. The Aqaix Software platform automates the processes of financing for resilience infrastructure, and 
enables new finance instruments such as green bonds, environmental credits, and social impact bonds.

Deteriorating Infrastructure, Water Scarcity and Supply, Water 
Quality and Safety

Scientists, Economists, Environmentalists, Technology Experts: Water and 
Climate related AI, Data, Hardware, Software, Industry Experts:large 
corporations, utilities, etc.

jessica.brody@denverwater.org Jessica Brody n/a

Jessica Brody joined Denver Water as General Counsel in August 2018. Previously, she served as the lead environmental attorney for the 
City and County of Denver (2013 – 2016) and then as an Assistant Director (2016 – 2018) in the Denver City Attorney’s Office.

A 2003 graduate of The Yale Law School, Jessica started her career as an environmental attorney at Arnold & Porter LLP, an international 
law firm. Jessica has always had a passion for public service. She was a member of the AmeriCorps program inaugural class and was selected 
as a Harry S. Truman Scholar in 1998.

In her spare time, she serves as President of the board of a Denver public charter school. She is also a member of the Colorado Bar 
Association Environmental Law Section Advisory Council.

Deteriorating Infrastructure, Water Scarcity and Supply, Water 
Quality and Safety Legal Experts: policy makers, lawyers, human rights advocates

lauren.schmeisser@gmail.com Lauren Schmeisser https://www.linkedin.com/in/lauren-schmeisser-89006142/

Lauren Schmeisser is an engineer and scientist with comprehensive expertise in environmental challenges. Lauren has formal education in 
water, earth, and atmospheric sciences, with an emphasis on climate change. She solves complex systemic problems with a spectrum of tools 
and techniques ranging from data analysis to field work to models. She is well versed in environmental datasets, including satellite, 
reanalysis, and in-situ data, and primarily programs in Python in order to investigate science questions using these datasets. Lauren knows her 
way around the global climate model databases and is passionate about analyzing model output to learn more about what a potential future 
climate will look like here on earth. Applied projects with intersection between climate science, engineering, and business are of particular 
interest to her. Lauren holds a PhD in Atmospheric Science from the University of Washington;a MSc in Earth Sciences from the Universiteit 
van Amsterdam, and a BS/MS in Environmental Engineering from the University of Colorado Boulder. She is currently a postdoctoral 
researcher at the Cooperative Institute for Research in Environmental Sciences at the University of Colorado and NOAA in Boulder. When 
not working on science, Lauren enjoys teaching yoga, hiking, and cooking new recipes! Extreme Events Scientists

sam.stein@state.co.us Sam Stein https://www.linkedin.com/in/sam-stein-a4a18670/

Sam Stein (he/him) is a Program Manager in the Water Supply Planning department at the Colorado Water Conservation Board. He is also 
the CWCB’s liaison to the Basin Roundtables where he engages local regional stakeholders to further and inform the Colorado Water Plan. 
Prior to joining the CWCB, Sam served as a Demand Planner for Denver Water where he modeled long-term municipal water demands by 
considering both a changing climate and changing population. Sam holds a bachelor’s degree in Economics from Goucher College, and a 
master’s degree in Natural Resource and Environmental Economics from Colorado State University. Water Scarcity and Supply, Extreme Events

Economists, Environmentalists, Conservationists, Industry Experts:large 
corporations, utilities, etc.

grizz@ixpower.com John R (Grizz) Deal https://www.linkedin.com/in/coloradogrizz/

John R. (Grizz) Deal • Executive Chairman & CEO • IX Power Clean Water, Inc.
John R. (Grizz) Deal has nearly thirty years of experience in technology commercialization, tech-based startups, fast-growing ventures, and 
product development.
Grizz was CEO and a co-founder of Hyperion Power Generation, a Los Alamos National Laboratory (LANL) spinout developing a Small 
Modular Reactor (SMR). He has also served as the chief marketing officer for Space Imaging and was the founder and CEO of LizardTech, 
one of the more successful LANL spinouts. Additionally, Grizz has served as Entrepreneur in Residence for the U.S. Department of Energy 
(DOE) National Nuclear Security Administration (NNSA) at Technology Ventures Corporation and as Visiting entrepreneur at Los Alamos 
National Laboratory. Grizz founded seven firms based on U.S. DOE technologies and holds graduate and undergraduate science degrees in 
geography from Texas A&M University.
Grizz is on the Board of the Riga Innovation Centre (RIC) in Latvia, the former Product Development Sensei for GVA Launch Gurus in 
Russia and Kazakhstan, a former adjunct faculty member at the Moscow School of Management Skolkovo, a member of the Texas A&M 
University College of Geosciences Advisory Council, a Mentor at the University of Northern Colorado BizHub Collaborative, and a Steering 
Committee member of the JeffCo Energy Action Project. Water Quality and Safety, Water Scarcity and Supply

Scientists, Economists, Environmentalists, Conservationists, Technology 
Experts: Water and Climate related AI, Data, Hardware, Software

salzman@ucsb.edu Jim Salzman https://law.ucla.edu/faculty/faculty-profiles/james-salzman

James Salzman holds joint appointments at the UCLA School of Law and at the UCSB School of the Environment. In thirteen books and 
more than 100 articles and book chapters, his broad-ranging scholarship has addressed topics spanning drinking water, policy instrument 
design, and creating markets for ecosystem services. A national expert on drinking water, he formerly served on EPA's drinking water 
advisory council. Author of Drinking Water: A History, he is a frequent media commenter on water issues. Water Scarcity and Supply, Water Quality and Safety Legal Experts: policy makers, lawyers, human rights advocates

erothste@grg-ltd.com Eric Rothstein https://www.linkedin.com/in/eric-rothstein-b73b755/

Eric has over 30 years of experience in water, wastewater, and stormwater utility financial and strategic planning.  His recent projects include 
supporting the City of Atlanta Watershed Management Department’s capital financing program, and as co-author of the report: “Developing 
a New Framework for Household Affordability and Financial Capability Assessment in the Water Sector”. 
Previously, Eric served on the Michigan Governor’s Flint Water Advisory Task Force, and as program manager for establishment of the 
Great Lakes Water Authority.  For the Detroit Water and Sewerage Department, he chaired the Blue Ribbon Panel on Affordability and led 
initial implementation of its impervious area based drainage fee.  He was Jefferson County, AL’s rate consultant and municipal advisor for 
litigation related to the County’s bankruptcy and issuance of $1.7 billion in sewer warrants. Eric prepared the City of Atlanta’s Financial 
Capability-Based Schedule Extension Report.   For several permittees (Atlanta, Akron, EBMUD, Honolulu, Guam, NEORSD, ST. Louis), 
Eric provided strategic and financial consulting and negotiation support services on financial capability assessment and low-income 
affordability issues.
Eric is a member of the USEPA Environmental Finance Advisory Board, an MSRB registered  Municipal Advisor, and a contributing author 
of the WEF Financing and Charges for Wastewater Systems and AWWA Principles of Water Rates, Fees and Related Charges Manual of 
Practices. 
Education
MA, Economics, University of California-Davis;AB, Economics & History, Ripon College, Ripon WI Deteriorating Infrastructure, Water Scarcity and Supply

Economists, Industry Experts:large corporations, utilities, etc., Legal Experts: 
policy makers, lawyers, human rights advocates

javier.marti@divirod.com Javier Marti https://www.linkedin.com/in/javiermarticanales/
Javier is an entrepreneur with strong international experience in anything from satellites to state of the art instrumentation for big data, 
ground based, distributed operations. Since 2016 he is the CEO of divirod addressing water risk problems. Water Scarcity and Supply, Extreme Events

Technology Experts: Water and Climate related AI, Data, Hardware, Software, 
Scientists, Environmentalists, Conservationists

joshua.sperling@nrel.gov Josh Sperling https://www.linkedin.com/in/joshua-sperling-0961289

Josh Sperling is an Urban Futures and Energy-X Nexus Engineer, working at the nexus of rapidly changing urban environments, water, 
energy, and complex decision systems. He is a former Fulbright Scholar, holds a PhD from the interdisciplinary Sustainable Urban 
Infrastructure program at UC-Denver, and co-leads thrusts focused on smart cities, infrastructure and urban-decision sciences. In NSF, DOE, 
to State Dept-funded consortiums, he is focused on a future of integrated systems and services transformations for improving quality of life, 
infrastructure, and with emphasis on addressing priority goals of diverse stakeholders. He joined NREL’s New Concepts Incubator, Joint 
Institute for Strategic Energy Analysis, Urban Science, International, and National Alliance for Water Innovation teams in 2015. He also co-
leads multi-disciplinary, cross-sector initiatives for DOE/NREL;strategic and global partnerships (including with universities);and supports 
early-career mentoring at NREL and beyond.

Extreme Events, Deteriorating Infrastructure, Water Scarcity and 
Supply

Scientists, Economists, Environmentalists, Technology Experts: Water and 
Climate related AI, Data, Hardware, Software, Other
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james@eklundhanlon.com James Eklund eklundhanlon.com

James is co-founder and CEO of Eklund Hanlon, LLC, a water law and policy firm. As Director of the Colorado Water Conservation Board, 
James was the architect of Colorado’s first strategic water plan and is regularly consulted in implementing what has become the “gold 
standard” of water plans in the Western US. During his tenure as director, he quickly built a reputation as a leader in negotiation and 
diplomacy – bringing together multiple stake holders with opposing goals in order to collaboratively craft binding solutions to common 
problems. 

James also served as Colorado’s Colorado River Commissioner. James had the honor of negotiating and signing the first management plan 
for the Colorado River that recognizes climate change and will be the foundation for all future management decisions on a river that serves 40 
million people, seven of the United States, and the Republic of Mexico. In near record time, he successfully helped craft and shepherd critical 
Colorado River legislation through the US Congress and testified in the House of Representatives in support of the bill that was ultimately 
signed into law. 

Recently, while at the international law firm Squire Patton Boggs, James led firm’s global water and climate change practices. He also 
previously served as legal counsel to the Governor of the state of Colorado and an Assistant Attorney General for Colorado specializing on 
interstate and international water issues. 

James also currently teaches graduate environmental classes at the University of Denver and is a frequent presenter on water and climate 
change issues. His favorite endangered species is the Razorback Sucker (he thinks of himself as sharp but gullible at times).

Water Scarcity and Supply, Extreme Events, Deteriorating 
Infrastructure

Legal Experts: policy makers, lawyers, human rights advocates, Other, Industry 
Experts:large corporations, utilities, etc.

kevin.prokop@gmail.com Kevin Prokop https://www.linkedin.com/in/kevinprokop/

Before a career in business, I was a Mechanical Engineer in a variety of applications.  Recently, my experience includes entrepreneurship, 
sustainability projects with a water focus, impact finance, forest health, and the infrastructure surrounding these problem areas. Looking 
forward, my interests include becoming more adept and involved with international projects, finance, technology (software), sustainability, 
and entrepreneurial ventures that have a triple bottom line impact. I hope while on this journey to find new solutions for emerging markets 
and ways to create positive effects for the stakeholders involved.

Deteriorating Infrastructure, Water Scarcity and Supply, Water 
Quality and Safety, Extreme Events

Other, Technology Experts: Water and Climate related AI, Data, Hardware, 
Software, Industry Experts:large corporations, utilities, etc.

dvazpocas@gmail.com Daniel Vaz-Pocas https://www.linkedin.com/in/daniel-vaz-pocas-b074994b

Daniel has 12 years of experience serving as an innovator and has been bringing new equipment to market for CPG companies for the past 9 
years.  After graduating from Manhattan College with a Master of Science in Mechanical Engineering, he began his career designing defense 
systems for government contractors like Lockheed Martin and ITT Exelis.  He then moved into the Food & Beverage industry by joining 
PepsiCo as an Associate Principal Engineer, where he led the development of new vending machine and visi-cooler innovations.  He is now a 
Sr. Manager of Innovation with Nestle Waters USA, leading the end-to-end development of new dispensing equipment and delivery services.  
Outside of his career, Daniel has always been passionate about the environment and the anthropogenic impact on it.  He loves traveling 
around the world to explore the diversity of our planet, and enjoys experiencing nature everywhere he goes.  One of the most inspirational 
experiences of his lifetime was camping in the Okavango Delta of Bostwana, where he experienced nature in its complete ecological balance, 
nearly unaltered by humans.  This has inspired him to take a more proactive role in driving sustainability efforts forward.  He is extremely 
excited to join X Genesis as a Validator and is looking forward to the program. Water Quality and Safety Industry Experts:large corporations, utilities, etc.

rehbrown1@gmail.com Rachel Brown https://www.linkedin.com/in/rehbrown1/

Rachel Brown is a Senior Policy Advisor in the Native American and International Affairs Office at the Bureau of Reclamation. In her 
current role, she works primarily on Indian water rights settlements and water resource issues in the western United States, and on projects 
with foreign countries seeking technical expertise from the Bureau.  Prior to joining Reclamation, she worked for the National Park Service in 
the American Indian Liaison Office. In her position with NPS, she worked on negotiations to create the first Tribal National Park and advised 
the Park Service on issues relating to cultural and natural resource protection. Prior to joining the Department of the Interior, she worked for 
the Senate Homeland Security and Governmental Affairs Committee Subcommittee on Disaster Recovery where her portfolio included Gulf 
Coast recovery following hurricanes Katrina and Rita, and the federal disaster response to the Deepwater Horizon oil spill and the 2010 
earthquake in Haiti. She has a spent her career working in the areas of federal policy making and federal appropriations with a focus on water 
resources development, infrastructure, western water rights, climate change, and disaster response and recovery. Rachel a Presidential 
Management Fellow (class of 2012), and 2020 Presidential Leadership Scholar.

Deteriorating Infrastructure, Water Scarcity and Supply, Extreme 
Events Other, Legal Experts: policy makers, lawyers, human rights advocates

ghale@fullbodysound.com Griffin Hale https://www.linkedin.com/in/griffin-hale-1aaa5a59/

Griffin Hale is an Environmental Control and Life Support (ECLSS) Engineer, hardware entrepreneur and outdoor enthusiast. He received 
his masters degree in aerospace engineering from the University of Colorado with a focus in Bioastronautics and a minor in Biochemistry. He 
has worked with multiple life support systems and has successfully taken concepts from paper to functional prototypes. He is not afraid to get 
his hands dirty and enjoys both researching new technology and running experiments in the lab. During his time as a lab manager, he 
performed a multitude of tasks including: writing procedures, calibrating instruments, performing data analysis and developing sampling 
techniques. Griffin also helped pioneer a water reclamation system that transformed urine to drinking water. The novel process took in situ 
salts from urine and transformed them into chlorine species that then oxidized organic waste. Griffin is also the founder of Full Body Sound 
and has created technology that allows users to feel music and audio. The tech has the potential to increase accessibility as well as create a 
more immersive experience for everyone. When Griffin is not working, he loves to adventure and is passionate about the outdoors. He and 
his amazing wife / co-founder Allison can be found skiing, biking or leading raft expeditions down the Grand Canyon. Water Quality and Safety

Scientists, Technology Experts: Water and Climate related AI, Data, Hardware, 
Software

jerry@westurb.com Jerry Tinianow https://www.westurb.com

Jerry Tinianow is the proprietor of Western Urban Sustainability Advisors, LLC. WestUrb advises local governments on the creation and 
improvement of sustainability plans and programs. WestUrb also assists businesses that offer sustainability-related products and services to 
local governments. WestUrb's work is based on his service as Denver's first Chief Sustainability Officer (2012-19). He worked with all 
departments in Denver's 13,000-employee city/county government on programs across a wide variety if disciplines, including climate change 
and water. During his tenure Denver won Platinum-level certification under the U.S. Green Building Council's LEED for Cities and 
Communities program, one of only five U.S. cities to reach that level. Denver met its ambitious 2020 greenhouse gas reduction goal in 2018, 
two years ahead of schedule. Denver was put on the "A List" of top-performing climate change programs worldwide by CDP (formerly 
known as the Climate Disclosure Project). Jerry was the 2018 winner of the Wirth Chair Sustainability Award given by the University of 
Colorado, based on his role in creating Denver's climate change plan. 

Prior to his work in Denver, Jerry was a national officer in both the Sierra Club and the National Audubon Society. He also served as the 
director of the Center for Energy and Environment at the Mid-Ohio Regional Planning Commission. An attorney by training, Jerry was a 
partner and commercial trial attorney in two large Ohio law firms. Jerry received his undergraduate degree in International Affairs and his 
law degree from the George Washington University.

Extreme Events, Deteriorating Infrastructure, Water Scarcity and 
Supply, Water Quality and Safety

Environmentalists, Legal Experts: policy makers, lawyers, human rights 
advocates

bill.hartman@atargis.com Bill Hartman https://www.linkedin.com/in/wchartman/

The CEO of Atargis Energy Corporation, the first company with the technology to product low-cost, utility-scale electricity from ocean 
waves.  Has been the President/CEO of four other startups in photonics, real-time big data analytics, cancer therapy and semiconductor 
testing.  Retired Navy Captain, USNR.  BS US Naval Academy.  MBA University of Rochester. Deteriorating Infrastructure

Scientists, Technology Experts: Water and Climate related AI, Data, Hardware, 
Software, Industry Experts:large corporations, utilities, etc.

erothste@grg-ltd.com Eric Rothstein https://www.linkedin.com/in/eric-rothstein-b73b755/

Eric has over 30 years of experience in water, wastewater, and stormwater utility financial and strategic planning.  Eric is a member of the 
USEPA Environmental Finance Advisory Board, an MSRB registered  Municipal Advisor, and contributing author of the AWWA and WEF 
ratemaking Manuals of Practices. Economists, Industry Experts:large corporations, utilities, etc.

bmartin@awwa.org Barbara Martin https://www.linkedin.com/in/barbara-martin-7448725/

Barbara Martin is Director of Engineering & Technical Services at AWWA. She has worked for global water service providers, including 
business development for a proprietary process treatment technology. She has a BA in chemistry from Boston University, an MS in 
geochemistry from Colorado School of Mines, and an MBA from Colorado State University.

Water Scarcity and Supply, Water Quality and Safety, 
Deteriorating Infrastructure Scientists, Industry Experts:large corporations, utilities, etc.

james@eklundhanlon.com James Eklund www.linkedin.com/in/jameseklundcolorado

James is co-founder and CEO of Eklund Hanlon, LLC, a water law and policy firm based in Colorado. As Director of the Colorado Water 
Conservation Board, James was the architect of Colorado’s first strategic water plan and is regularly consulted in implementing what has 
become the “gold standard” of water plans in the Western US. During his tenure as director, he quickly built a reputation as a leader in 
negotiation and diplomacy – bringing together multiple stake holders with opposing goals in order to collaboratively craft binding solutions 
to common problems. 

In 2016, James was appointed by Governor John Hickenlooper to serve as the Colorado River Commissioner for the state of Colorado. James 
fought fiercely to protect Colorado’s rights to water on the river, but also worked collaboratively with downstream states in order to ensure a 
good outcome for all 40 million people who rely on the Colorado River for their health and well-being.

To do this, James negotiated and signed ground-breaking agreements binding the seven basin states, the Republic of Mexico and the US 
federal government. In near record time, James successfully helped craft and shepherd critical Colorado River legislation through the US 
Congress and testified in the House of Representatives in support of the bill that was ultimately signed into law by the US President. He, 
along with other state representatives, later signed the Drought Contingency Plan which ensures the near-term sustainability of the Colorado 
River.

Recently, while at the international law firm Squire Patton Boggs, James led the global water and climate change practices. He also 
previously served as legal counsel to the Governor of the state of Colorado and an Assistant Attorney General for Colorado specializing on 
interstate and international water issues. 

James also currently teaches graduate environmental classes at the University of Denver and is a frequent presenter on water and climate 
change issues.

More at EklundHanlon.com. Water Scarcity and Supply, Deteriorating Infrastructure
Environmentalists, Conservationists, Industry Experts:large corporations, 
utilities, etc., Legal Experts: policy makers, lawyers, human rights advocates

info@jbdondolo.org Lumbie Mlambo https://www.linkedin.com/in/lumbie-mlambo-7ab65019/

Lumbie Mlambo is a mother, wife, graduate from Indiana University South Bend and Texas Woman’s University, UNA Women member, a 
2019 UN Global Leadership Award Recipient, a Global Goodwill Ambassador, and an active advocate for Clean Water and Empowerment of 
Women and Youth. She was born in Zimbabwe, but moved to the USA in 1985. She currently resides in Dallas, Texas with her family (2 
sons JB and Sam Jr and her husband Sam of 32 years).  

Lumbie is the President & CEO of JB Dondolo, Inc. (https://.jbdondolo.org ), a nonprofit which helps underserved and impoverished 
communities who struggle with the lack of clean water. Her organization removes barriers of access to clean water, sanitation, and hygiene in 
underserved and impoverished communities to reduce poverty and promote gender equity.

Water Quality and Safety, Water Scarcity and Supply, Extreme 
Events

Technology Experts: Water and Climate related AI, Data, Hardware, Software, 
Conservationists, Environmentalists, Other

jodorfman@gmail.com Josh Dorfman https://www.linkedin.com/in/dorfmanjosh/

Josh Dorfman is a mission-driven entrepreneur. He was CEO of The Collider, an innovation center for climate change resilience solutions. 
He was Managing Director of Asheville Angels, an early-stage angel investment group. He is currently co-founder of Simbly, a modern 
sustainable furniture startup. Extreme Events, Deteriorating Infrastructure

Environmentalists, Conservationists, Technology Experts: Water and Climate 
related AI, Data, Hardware, Software

richardpfisher@gmail.com Richard Fisher https://www.linkedin.com/in/theoneandonlychipfisher

I am an engineer with a diverse 12-year career extending from research (high-temperature solar processes, off-grid sanitation) to spacecraft 
testing (contamination control and thermal-vaccum testing) to consulting in water resources and water rights. I am a registered Professional 
Engineer in the State of Colorado.

Deteriorating Infrastructure, Water Scarcity and Supply, Water 
Quality and Safety Scientists, Other, Environmentalists

toludebbie@gmail.com Tolu Oyewumi www.linkedin.com/in/workingoutforgood

Dr. Tolu Oyewumi’s (MD, MPH) rich background spans across various fields;clinical medicine, research (scientifically published), 
epidemiology, disease prevention, clinical trials, regulatory affairs, innovation, and startup advisory. She leverages her superpower of 
empathy to solve complex healthcare and social problems.

Water Quality and Safety, Extreme Events, Water Scarcity and 
Supply Scientists, Legal Experts: policy makers, lawyers, human rights advocates, Other

jim.ginley23@gmail.com Jim Ginley https://www.linkedin.com/in/jim-ginley-5389059/

I have spent more than 30 years in the water sector as a not-for-profit association professional, utility management and technology consultant.   
My areas of expertise include strategic planning, organizational assessments, and benchmarking, as well as workshop facilitation and 
training.  I have led or facilitated dozens of sessions/workshops that engaged hundreds of utility sector professionals, including senior 
executives, appointed and elected officials, top managers and supervisors, and front-line staff.  I helped build and launch the AWWA 
QualServe program and Utility Benchmarking effort, as well as the series of AWWA/ANSI Utility Management Standards.  I helped build 
the nationally known and multi-association sponsored 
Effective Utility Management (EUM) framework (2007, 2008) and I have been retained by AWWA to build and present the revised version 
of EUM, which has been delivered across the US since 2017.  I also teach a one-day version of the updated EUM framework as a 
subcontractor to the US EPA.  I am a frequent presenter and facilitator at professional conferences such as AWWA, WEFTEC and the Utility 
Management Conference.  I have been published in Journal AWWA, co-authored an AWWA guide book on the AWWA/ANSI Utility 
Management System Standard (G-400), and authored a chapter in an award-winning water sector anthology, “Damned if We Don’t: Ideas for 
Accelerating Change around Water.” 
I am listed as the author for AWWA's M5 Manual on Utility Management (because I chaired the committee of a dozen people who 
contributed) and authored a chapter on strategic planning.  I am a member of the AWWA Strategic Management Practices Committee, the 
AWWA Utility Benchmarking Advisory Committee, the WEF Utility Management Committee, and I am the founder and co-chair of the 
Rocky Mountain Utility Management Committee.

Deteriorating Infrastructure, Water Scarcity and Supply, Water 
Quality and Safety Industry Experts:large corporations, utilities, etc.
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HISTORY

Mid 
1900s

REGULATION

Environmental concerns prompted legislation 
regulating wastewater disposal and drinking 
water quality. 

21st Century

DISREPAIR 

Decades of underinvestment and in places 
century old materials culminate in an industry 
with pressing needs. In 2017, the ASCE 
bestows a grade of D+ on the state of 
infrastructure in America, with drinking water 
and wastewater each receiving a D+. 

1800S

DEVELOPMENT

As towns and cities grew in population the 
need for infrastructure also grew. 

Late 1800s - early 1900s

SAFETY AND HEALTH

Concerns over health and disease at the tail 
of the Industrial Revolution led to a 
corresponding hygiene movement that  
prompted creation of sanitation and water 
treatment methods. 
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SUPPLY & SCARCITY



HISTORY

Mid 
1900s

Public Work Projects

It became clear water supplies in the West 
could not keep pace with demand. The federal 
government intervened with a series of water 
development projects to enhance water 
infrastructure in the West. 

1960s on

The Environmental Movement 

Development sometimes collided with 
environmental concerns and the growing 
environmental movement called for 
legislation to project water resources. The 
movement and its resulting policies created a 
better understanding of the need to protect 
the health of the water cycle and water 
ecosystems. 

1800s

Developing the West

What began with mining booms eventually 
scaled up to extended migration and 
settlement of the West. Water was scarce and 
“first in, first in right” water rights were 
established. Early 

1900s

Selling the West

The railroads and CA State Agricultural 
Society embarked on a campaign promising 
an agricultural paradise for those willing to 
move West. Those who heeded the call were 
met with a far different set of circumstances, 
including water scarcity. 
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QUALITY & SAFETY



HISTORY

Mid 
1900s

Reckoning with Waste

The Industrial Revolution supercharged the 
American economy. It also supercharged 
levels of industrial waste in lakes and rivers as 
factories dumped waste directly into water 
supply sources. 1960s and 

1970s

Environmental Policy

Pollution was eventually met with policy and 
regulation, including the formation of the EPA 
and the Clean Water Act. 

19th 
century

Increasing Urbanization
Increasing urbanization in the 19th century 
and the rising population of the working poor 
in condensed urban neighborhoods in part 

ushered in the era of sanitation.
Early 

1900s

Water Treatment

Water treatment processes such as 
chlorination are introduced  to ensure safe 
water and prevent disease.
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EXTREME EVENTS



HISTORY

1980s-
2019

More--and more extreme--extreme events

More frequent and intense extreme events 
also means a rise in cost. The annual average 
of billion dollar events from 1980-2019 is 6.6. 
As of October 7, 2020, the number of billion 
dollar extreme events in the U.S. was 16.

2020

Another Record-Setting Wildfire Season

In 2020, there were 52,113 wildfires that 
burned 8,889,297 acres in 2020, roughly 2.3 
million more acres burned than the 10-year 
average and almost double the acreage 
burned in the 2019 season.

1930s

Human Influence on Weather

The Dust Bowl of the 1930s is an example of 
human influence over extreme weather 
events. Caused in part by changes in land 
policy and agricultural practices. 









Extreme Climate Events

Credit: David McNew Getty Images

Climate change is fueling the rising intensity and frequency of extreme weather and climate
events such as drought, floods, wildfires, heat waves, extreme cold, and hurricanes. Attribution
research names climate change a “threat multiplier” of extreme events and indicates
human-caused climate change has played a role in the likely occurrence or severity of over 75%
of extreme events in the past 20 years. Each year, these extreme events displace 20 million
people globally as homes, and in some cases, entire communities are destroyed or made
uninhabitable. The year 2019 broke records with 23.9 million people displaced due to
weather-related disasters. The economic cost of extreme events is also staggering. In the
U.S.,the federal government has spent an estimated $30 billion per year in the last 14 years on
weather disaster assistance. Additional costs are borne by homeowners, farmers, ranchers,
businesses, and local government. Both regionally and globally, women, children, and the poor
are the populations most affected by extreme climate events resulting in compounded crises as
extreme events exacerbate existing social inequities relating to health and safety, access to
resources, and personal autonomy. Extreme climate events are wicked problems not only in the
magnitude of their potential ramifications but in the difficulty to predict future events, particularly
considering the uncertainty of climate change and the variability of regional landscapes,
responses, and levels of preparedness.

Focusing Question: How might we reduce the harm and disruption caused by extreme events?

http://www.gettyimages.com/license/591911058
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Contributing Factors
Climate change. Extreme event attribution is a field of study noting the connections between
human activity, climate change, and extreme weather.

→ In particular, global warming, due to an increase in the amount of greenhouse gases
released into the atmosphere, specifically carbon dioxide, contributes to extreme
weather (see Figure ___). Greenhouse gases trap heat in the atmosphere, creating a
warming effect across the globe (see Figure __). And a warming atmosphere produces
more volatile weather. Higher temperatures lead to evapotranspiration, the process by
which water evaporates from the soil and transpirates plant matter, facilitating drought
and dry conditions suitable for wildfires. In other parts of the U.S. and the globe, rising
temperatures increase the air’s ability to hold moisture, creating rain and storm events
such as hurricanes and floods. In sum, climate change enhances the frequency and
severity of extreme weather events. It also means dry areas become drier and wet areas
become wetter, with implications for water use as well as overall safety and economic
security.

An important note is the distinction between climate and weather. While weather refers
to what we may experience in terms of temperature and precipitation day to day, climate
is a more long term view of weather patterns over decades. The difference between
climate and weather helps explain differing views on the February 2021 extreme cold
event and snowstorm in Texas. In general, however, an increased frequency of any
extreme events, be they droughts or snowstorms, is a sign of a transitioning climate.

https://www.carbonbrief.org/mapped-how-climate-change-affects-extreme-weather-around-the-world
https://www.nrdc.org/stories/greenhouse-effect-101
https://www.usgs.gov/special-topic/water-science-school/science/evapotranspiration-and-water-cycle?qt-science_center_objects=0#qt-science_center_objects
https://blogs.ei.columbia.edu/2017/05/31/in-a-warmer-world-expect-the-wet-to-get-wetter-and-the-dry-drier/
https://blogs.ei.columbia.edu/2017/05/31/in-a-warmer-world-expect-the-wet-to-get-wetter-and-the-dry-drier/
https://www.noaa.gov/explainers/what-s-difference-between-climate-and-weather
https://www.vox.com/22287295/texas-uri-climate-change-cold-polar-vortex-arctic
https://www.scientificamerican.com/article/earthtalks-global-warming-harsher-winter/


https://www.nrdc.org/stories/greenhouse-effect-101#gases
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature


→ Anthropogenic carbon dioxide (CO2) emissions increase the greenhouse gas in
the atmosphere and drive global warming. Those emissions primarily stem from the
combustion of fossil fuels for heat, energy, electricity, and transportation. Figures __ and
__ below illustrate greenhouse gas emissions by type of gas and related industry. For
more information on the topic of U.S. CO2 emissions, see page ES-4 to ES-15 of the
executive summary to the expansive Inventory of U.S. Greenhouse Gas Emissions and
Sinks (1990-2018).

Caption: Total U.S. GHG emissions in 2018 = 6,677 Million Metric Tons of CO2 equivalent. Percentages may not add
up to 100% due to independent rounding.

https://www.ucsusa.org/energy/fossil-fuels
https://www.energy.gov/fe/articles/fossil-fuels-power-winter-season
https://www.eia.gov/energyexplained/electricity/electricity-in-the-us.php
https://www.epa.gov/sites/production/files/2020-04/documents/us-ghg-inventory-2020-main-text.pdf
https://www.epa.gov/sites/production/files/2020-04/documents/us-ghg-inventory-2020-main-text.pdf
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#colorbox-hidden


Population growth. The current global population is 7.79 billion--a product of exponential
growth over the past decades and one expected to continue in the decades to follow until we
reach a “leveling off” around the year 2100 as the population nears the 10 billion mark (see
Figure ___). One way to think about the rise in population and the corresponding draw on
earth’s resources is Earth Overshoot Day. This is the day in a calendar year wherein the human
population’s demand on the planet’s resources exceeds what the earth can regenerate in a
year. In 2020, Earth Overshoot Day fell on August 22, meaning in only 234 days, humans had
used up the earth’s resources for the year.

https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.worldometers.info/world-population/world-population-by-year/
https://www.overshootday.org/


[EOD video]

Growth in the global population creates strain on the planet. Such strain is felt primarily in two
areas, each in turn accelerating climate change: one is the production of resources such as
energy and food (see Figure __ for more information on the components of food production
creating GGH emissions) and the second is the concentration of population in specific
geographic areas like megacities. While these trends contribute to climate change, they also
exacerbate vulnerability to extreme climate events.

https://ourworldindata.org/grapher/un-population-projection-medium-variant?tab=chart&region=World
https://youtu.be/z4hMALflIeA
https://www.newscientist.com/article/mg24232310-100-we-need-to-talk-about-how-population-growth-is-harming-the-planet/
https://www.resilience.org/stories/2009-04-20/peak-people-interrelationship-between-population-growth-and-energy-resources/#:~:text=Cheap%20and%20abundant%20fossil%20fuels,the%20past%20century's%20population%20growth.&text=Growing%20populations%20consume%20more%20energy,energy%20resources%20making%20them%20scarcer.
https://ourworldindata.org/food-ghg-emissions
https://www.iberdrola.com/environment/megacities-urban-area


→ Increased food production. From 1961 to 1970, land use for food production (cereal
crops) increased by 240%. The increase in production not only contributes to GGE; the
change in land use for agricultural purposes also leads to degradation and desertification
(see Land and Water Use section below).

→ The rise and shift of megacities. As more of the earth’s population becomes
concentrated in urban areas (see Figure __) and megacities, those cities become
increasingly vulnerable to adverse effects on water systems and sources due to extreme
events. Megacities are urban areas wherein the population exceeds 10 million (see
Figure __ for a list of the 38 megacities in the year 2019). Increasingly, the earth’s
population concentrated in megacities will be outside the high-income world. Predictions
indicate the urban area of New York (including New Jersey and Connecticut), for
example, will fall off the list of largest urban areas--those with populations above 10
million--in the coming decade as other cities, particularly those in Asia and Africa, grow
at faster rates. For in-depth information related to trends in demography in urban areas,
see the Demographia World Urban Areas report from 2020.

https://ourworldindata.org/food-ghg-emissions
https://www.ipcc.ch/site/assets/uploads/2019/08/SPM1-approval-FINAL-1.pdf
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
http://demographia.com/db-worldua.pdf


The growth in urban population is also relevant to the western United States. According
to 2020 U.S. Census Bureau data, the western U.S. experienced rapid population
growth since 2010. Denver, Los Angeles, San Diego, Seattle, and Phoenix are five of the
fifteen fastest growing cities in U.S. in the past decade.

https://www.census.gov/newsroom/press-releases/2020/south-west-fastest-growing.html
https://socialsci.libretexts.org/Bookshelves/Sociology/Book%3A_Sociology_(Boundless)/17%3A_Population_and_Urbanization/17.03%3A_Urbanization_and_the_Development_of_Cities/17.3E%3A_The_Process_of_Urbanization


→ Vulnerability to system disruption. Megacities, particularly those in the low-income
world, are vulnerable to disruptions in services providing necessary resources such as
water, food, and power. A single extreme event such as a hurricane or severe drought
has the potential to create a wide breakdown in a city’s infrastructure. Yet such an event
is difficult to plan for and predict. Researchers note baseline information for predicting
and preparing for droughts is grounded in historical data and trends largely insufficient in
the face of climate change. And while water utilities recognize the need to make shifts in
water policies and practices, representatives from these facilities also acknowledge the
need for better response and intervention mechanisms to address drought, floods,
wildfires, and other extreme events.

Water supplies are particularly vulnerable. In coastal areas, rising sea levels and storm
surges contaminate fresh water supply sources. Flooded areas face challenges related
to water quality and safety as sanitation systems are overrun. Heat waves and droughts
create demand on power and water systems, increase the level of pollutants in the air
and water, and enhance the likelihood of wildfires which in turn affect water and air
quality. For a deep dive into the relationship between climate change, weather, air
quality, and water quality, see the 2013 research publication on the state of knowledge in
the field. For more information on how water and wastewater utilities prepare for extreme
heat, see the EPA’s Incident Action Checklist.

https://www.newgeography.com/content/006272-demographia-world-urban-areas-2019-population-land-area-urban-densities
https://www.nature.com/articles/nclimate2067
https://www-sciencedirect-com.southwesternu.idm.oclc.org/science/article/pii/S2212096318301530#b0215
https://toolkit.climate.gov/case-studies/addressing-water-supply-risks-flooding-and-drought
https://www.sciencedaily.com/releases/2020/06/200601101311.htm
https://www.sciencedaily.com/releases/2020/06/200601101311.htm
https://www.cdc.gov/healthywater/emergency/extreme-weather/floods.html
https://www.directenergy.com/learning-center/heatwave#:~:text=The%20heat%20wave%20itself%20doesn,use%20of%20their%20air%2Dconditioning.&text=If%20this%20happens%20enough%20then,to%20carry%20the%20electricity%20needed.
https://www.tandfonline.com/doi/full/10.1080/10962247.2013.851044
https://www.tandfonline.com/doi/full/10.1080/10962247.2013.851044
https://www.epa.gov/sites/production/files/2015-06/documents/extreme_heat.pdf


On the other hand, water also serves as an adaptation resource in some areas. For
example, cities continue to explore how water may be deployed to help residents cope
with extreme heat.

→ Migration and climate refugees. Breakdowns in infrastructure caused by extreme
climate events will lead to migration of populations seeking refuge from the aftermath of
an extreme climate event. Disruption in services and resources are experienced most
acutely by vulnerable populations such as older adults, children, women, and those
living in poverty. In turn, those populations are susceptible to the most harm from
migration. Additional factors such as COVID-19 and the inevitable continued appearance
of global pandemics further complicate migration and vulnerability.

In 2018, the UN General Assembly adopted the Global Compact on Refugees, in part
acknowledging the increasingly significant role climate change--experienced through
extreme events--would play in driving refugee movements. According to the Internal
Displacement Monitoring Center’s 2020 report on population displacement within
nations, new displacements in 2019 numbered 33.4 billion: 8.5 million of those
displacements were the result of conflict and violence while 23.9 were the result of
weather-related disasters (see Figures ___ and ___ for a breakdown of those
displacements by disaster event and nation).

https://climate-adapt.eea.europa.eu/metadata/adaptation-options/water-uses-to-cope-with-heat-waves-in-cities
https://climate-adapt.eea.europa.eu/metadata/adaptation-options/water-uses-to-cope-with-heat-waves-in-cities
https://www.economist.com/science-and-technology/2020/06/25/pandemic-proofing-the-planet
https://www.economist.com/science-and-technology/2020/06/25/pandemic-proofing-the-planet
https://www.unhcr.org/gcr/GCR_English.pdf
https://www.internal-displacement.org/global-report/grid2020/
https://www.internal-displacement.org/global-report/grid2020/


https://www.internal-displacement.org/global-report/grid2020/
https://www.internal-displacement.org/global-report/grid2020/


The U.S. recorded over 916,000 disaster-related internal displacements in 2019. A
majority of those were the result of floods and wildfires. Wildfires triggered more than
423,000 displacements in 2019; 400,000 of those in the state of California. This year
saw the two largest Colorado wildfires on record and burned roughly 700 square miles at
a cost of over $215 million.

For more information on what has been called The Great Climate Migration, including
images of those displaced, see New York Magazine’s 2020 special issue.

Climate refugees in California after the Camp Fire tore through Paradise and left tens of
thousands homeless. Photo credit: GABRIELLE LURIE / SAN FRANCISCO CHRONICLE / POLARIS / PHOTONEWS VIA GETTY
IMAGES

Land use practices and soil health. The health of our soil is integral to the health of our water.
Soil is a natural filtration system for water. It acts as a sponge to prevent runoff and maintain
moisture. And when soil suffers, water does, too.

Half of the habitable land on the planet is used for agriculture (see Figure __). As mentioned
earlier, shifts in land use to meet food production demands often lead to land degradation and
desertification, processes that in turn contribute to the negative effects of extreme events.
Rainfall in degraded areas--although often badly needed--is not absorbed into the ground due to

https://www.internal-displacement.org/global-report/grid2020/downloads/2020-IDMC-GRID-americas.pdf?v=1.17
https://apnews.com/article/virus-outbreak-mountains-wildfires-colorado-droughts-9047be847ba3fbd19d21fa47250b3b21
https://www.propublica.org/article/climate-change-will-force-a-new-american-migration
https://www.nytimes.com/interactive/2020/07/23/magazine/climate-migration.html
https://truthout.org/articles/californias-climate-refugees/
https://indiana.clearchoicescleanwater.org/soils/why-soil-matters
https://www.usda.gov/media/blog/2015/05/12/hedge-against-drought-why-healthy-soil-water-bank
https://www.ipcc.ch/site/assets/uploads/2019/08/4.-SPM_Approved_Microsite_FINAL.pdf
https://www.who.int/news-room/q-a-detail/climate-change-land-degradation-and-desertification
https://www.who.int/news-room/q-a-detail/climate-change-land-degradation-and-desertification
https://www.downtoearth.org.in/news/environment/land-degradation-makes-containing-floods-and-droughts-tough-62317


packed soil and lack of vegetation. These areas then become primed for floods due to
precipitation runoff. Lack of water or poor water quality resulting from degradation and
desertification contribute to a myriad of health risks including malnutrition and the spread of
water- and airborne diseases. Responsible agricultural practices help ensure the soil and
land--as well as the water used to cultivate the land--remains healthy and therefore more
resistant to extreme events. Those practices include regenerative farming, greenhouse or
vertical farming, terracing, and strip cropping. For an in-depth look at healthy soil and
agricultural practices in the U.S., see the 60 minute documentary Living Soil below.

[Living Soil video]

History & Trends

History

Human influence on weather. Weather is nothing new. Even the extreme variety has a long
and storied history of influence over human activities. What is relatively new is the ability for
human activity to influence weather. The 1930s Dust Bowl drastically changed agriculture and
living conditions across the Great Plains and made a significant impact on the U.S. economy.

https://knowledge.unccd.int/sites/default/files/inline-files/Human_Health_Ecosystems_Desertification_Drought_Implications.pdf
https://regenerationinternational.org/why-regenerative-agriculture/
https://www.agritecture.com/blog/2019/5/22/the-competitive-economics-of-local-vertical-and-greenhouse-farming
https://www.agritecture.com/blog/2019/5/22/the-competitive-economics-of-local-vertical-and-greenhouse-farming
https://www.farmpractices.com/what-is-terrace-farming-importance-environment
https://www.striptillfarmer.com/articles/2529-strip-cropping-experiments-yielding-economic-environmental-advantages
https://ourworldindata.org/land-use
https://youtu.be/ntJouJhLM48
https://www.farmersalmanac.com/top-eleven-most-memorable-weather-events-2828
https://www.farmersalmanac.com/top-eleven-most-memorable-weather-events-2828
https://www.weforum.org/agenda/2017/09/human-impact-extreme-weather-charts/
https://www.history.com/topics/great-depression/dust-bowl#:~:text=The%20Dust%20Bowl%20was%20the,failed%20across%20the%20entire%20region.
https://allthatsinteresting.com/dust-bowl-pictures


However, the Dust Bowl was also caused in part by changes in land policy, agricultural
practices, and cultural philosophies. Also new is the intensity, frequency, and magnitude of
extreme weather events as a result of climate change. Over the past 4 decades, extreme
weather events occur more frequently. The global instances of floods, for examples, have
quadrupled since 1980.

Farm machinery buried by a duststorm in South Dakota, May 1938. Credit: United States
Department of Agriculture via Wikimedia Commons

More--and more intense--extreme events. More extreme events with greater intensity and
reach facilitate another historical shift: a rise in cost. The annual average of billion dollar events
from 1980-2019 is 6.6. As of October 7, 2020, the number of billion dollar extreme events in the
U.S. was 16 (see Figure ___). By every indication, these costs will continue to rise in correlation
with frequency. For more information on the rising cost of extreme events, see the 2017 report
from the Center for American Progress Extreme Weather, Extreme Costs.

https://agfax.com/2019/10/25/1930s-dust-bowl-combination-of-gov-policy-climate-farming-methods/
https://www.fdcenterprises.com/how-soil-erosion-and-farming-practices-lead-to-the-dust-bowl/
https://www.fdcenterprises.com/how-soil-erosion-and-farming-practices-lead-to-the-dust-bowl/
https://www.theatlantic.com/ideas/archive/2018/09/how-the-west-was-lost/569365/
https://www.sciencedaily.com/releases/2018/03/180321130859.htm#:~:text=New%20data%20show%20that%20extreme,according%20to%20a%20new%20publication.&text=These%20extreme%20weather%20events%20carry%20substantial%20economic%20costs.
https://allthatsinteresting.com/dust-bowl-pictures#2
https://www.ncdc.noaa.gov/billions/overview
https://cdn.americanprogress.org/content/uploads/2017/10/27070626/HeavyWeather-brief1.pdf?_ga=2.105521667.1289997295.1605203669-1988825170.1605203669


Trends
Worsening wildfires. Bigger fires. And more of them. That’s the global trend over the past
decade. In the U.S., California has become “ground zero for meteorological turmoil” in part
stemming from dry conditions, high winds, and hot temperatures. After California, Texas and
Colorado are the states most threatened by wildfire risks (see Table ___).

https://www.ncdc.noaa.gov/billions/overview
https://earthjustice.org/features/how-climate-change-is-fueling-extreme-weather


More wildfires mean significant deterioration to water supplies and quality. Most of the drinking
water in the U.S.--roughly 80%--originates from forested watersheds and wildfires threaten the
safety this of source. In communities devastated by fire, water supplies often contain high levels
of contaminants such as benzene, naphthalene, and styrene, all associated with cancer.
Treating water after wildfires--removing debris like ash, as well contaminants, and sediment--is
costly. Adding to the cost is the likelihood of flood following wildfires. Denver Water estimates it
spent over $26 million to repair infrastructure and remove sediment from the flash floods
following wildfires in 1996 and 2002. For more information on the interaction between wildfires
and water quality, see Denver Water’s site “From Forests to Faucets.”

Strategic approaches to wildfires. In 2014, the Wildland Fire Leadership Council (an entity
jointly established in 2002 by the U.S. Secretaries of the Interior and Agriculture) adopted a
strategic approach to mitigating future wildfires. The approach, titled a National Cohesive
Wildland Fire Management Strategy and often referred to as the “Cohesive Strategy” highlights
three key areas (see also Figure __):

1. Restore and Maintain Landscapes
2. Fire Adapted Communities
3. Response to Fire

https://www.iii.org/fact-statistic/facts-statistics-wildfires
https://www.usgs.gov/mission-areas/water-resources/science/water-quality-after-wildfire?qt-science_center_objects=0#
https://www.nytimes.com/2020/10/02/science/wildfires-water-toxic.html
https://www.nytimes.com/2020/10/02/science/wildfires-water-toxic.html
https://www.nrdc.org/stories/wildfires-can-spark-widespread-contamination-public-water-supplies
https://www.nrdc.org/stories/wildfires-can-spark-widespread-contamination-public-water-supplies
https://insideclimatenews.org/news/10022020/water-contaminate-wildfire-health-sanitation-australia-california
https://www.epa.gov/sciencematters/wildfires-how-do-they-affect-our-water-supplies
https://www.denverwater.org/education/blog/protecting-forests-and-watersheds-year-round#:~:text=After%20the%20fires%2C%20flash%20floods,Strontia%20Springs%20and%20Cheesman%20reservoirs.
https://dw.maps.arcgis.com/apps/Cascade/index.html?appid=5fadefb8803d44a3b3ef128528e38eac
https://www.forestsandrangelands.gov/leadership/index.shtml
https://www.fs.fed.us/restoration/cohesivestrategy.shtml
https://www.fs.fed.us/restoration/cohesivestrategy.shtml


The Cohesive Strategy continues to set the tone for current approaches to wildfire management
and mitigation.

Wildfire budgeting. In 2018, in response to the year’s massive and deadly wildfires, including
the fire in Paradise, CA, Congress passed a funding package that included changes to how
funds are allocated for and applied to wildfires. The “fire funding fix” began in fiscal year 2020
and continues through 2027; it approaches wildfires like other natural disasters and
appropriates funds for suppression and establishes a reserve fund for deployment during
extreme wildfire seasons.

https://headwaterseconomics.org/natural-hazards/federal-wildfire-policy/
https://www.americanprogress.org/issues/green/reports/2018/06/13/451901/defining-success-wildfire-funding-fix/
https://www.americanprogress.org/issues/green/reports/2018/06/13/451901/defining-success-wildfire-funding-fix/
https://fireadaptednetwork.org/wildfire-funding-omnibus-bill-need-know/


A melted high density polyethylene water pipe burned in a 2020 fire in the San Lorenzo Valley,
CA. Credit: James Furtado/San Lorenzo Valley Water District

Extreme heat. It’s getting hot in here. And then hotter on top of that. Extreme heat is measured
by intensity, frequency, and duration and all three factors have been on the rise in past decades
due to climate change. Researchers predict higher temperatures and more extreme heat in
every region in the U.S. by the year 2100. By that time, current high temperatures could
increase by 10 degrees. Health effects of heat waves include heat stroke, respiratory illness,
and cardiovascular illness.

Extreme heat is detrimental to agriculture--both crops and livestock--hobbles the energy
infrastructure, and threatens the daily life of residents in cities. Major U.S. metropolitan areas
like Atlanta and New York are expected to see the largest rates of human exposure to extreme
heat in the coming decades. City planning and layout create “heat islands” wherein
temperatures are significantly warmer within the city region than the surrounding rural areas,
mostly as a result of human activity and human construction (see Figure ___).

https://www.nytimes.com/2020/10/02/science/wildfires-water-toxic.html
https://science2017.globalchange.gov/chapter/6/
https://www.ucsusa.org/resources/heat-waves-and-climate-change
https://www.cdc.gov/climateandhealth/pubs/extreme-heat-final_508.pdf
https://www.agriculture.com/news/crops/hot-nights-rob-cn-yields_2-ar24826
https://www.ars.usda.gov/plains-area/clay-center-ne/marc/docs/heat-stress/main/
https://www.scientificamerican.com/article/extreme-heat-exposure-could-really-ramp-up-in-u-s-cities/#:~:text=Human%20exposure%20to%20extreme%20heat,for%20longer%20periods%20of%20time.
https://www.epa.gov/heatislands/learn-about-heat-islands


Water is a resource in extreme heat. Drinking plenty of water tops the list of health
recommendations during heat waves and water can be used to cool bridges and other
structures susceptible to heat failure. This in turn, affects supply levels in cities and areas
wherein water resources are needed to safeguard against fire danger.

Water quality is also vulnerable in extreme heat conditions. Rising water temperatures in
freshwater systems harm fish and other aquatic life with negative effects for the $4.61 billion
recreational fishing industry. Warmer water means ripe conditions for algae blooms which not
only harm fish but create toxic water conditions, making freshwater unsafe for recreational use
and consumption. For more information on the effect of climate change on fishing and

https://earth.org/data_visualization/urban-heat-islands/
https://www.cdc.gov/nceh/features/extremeheat/index.html
https://www.cdc.gov/nceh/features/extremeheat/index.html
https://www.independent.co.uk/environment/climate-change-us-bridges-collapse-steel-crisis-study-weather-a9169256.html
https://www.climatecentral.org/news/in-hot-water-warming-waters-are-stressing-fish-and-the-fishing-industry-2019
https://www.census.gov/content/dam/Census/library/publications/2018/demo/fhw16-nat.pdf
https://medialibrary.climatecentral.org/resources/algae-blooms


aquaculture, see the comprehensive report from the Food and Agricultural Organization of the
United States. Ohio experienced an algal bloom-caused water quality emergency in 2014. High
temperatures combined with agricultural runoff allowed a harmful algae bloom (HAB) to flourish
in Lake Erie and eventually overwhelm the water supply intake serving over 500,000 people in
and around the city of Toledo. The city issued a “do not boil/do not drink” mandate, the governor
declared a state of emergency, and the National Guard arrived to help distribute water to
residents. Six years later, the city is still grappling with the aftermath of its water emergency as it
works to rebuild small businesses and community trust.

Algal bloom in Lake Erie’s western basin. Photo: © John Delmotte

Heat waves aren’t just for land anymore, or freshwater. Rising marine water temperatures,
dubbed “marine heat waves” are on the rise. Recent years have seen two substantial marine
heat waves off the United States’ west coast: one known affectionately as “The Blob” persisted
and grew from 2014-2016. The more recent was noted in 2019. Marine heat waves have dire
consequences for fisheries and aquaculture as well as the overall marine ecosystem.

As temperatures rise, moisture evaporates from soil and vegetation, contributing to drought
conditions.

Intense drought. Feeling parched may be the new norm for many parts of the world as
droughts persist and intensify. In some places of the United States, the term drought doesn’t cut

http://www.fao.org/3/i9705en/i9705en.pdf
https://theconversation.com/climate-change-threatens-drinking-water-quality-across-the-great-lakes-131883
https://greatlakes.org/2019/08/five-years-later-lessons-from-the-toledo-water-crisis/
https://blog.nature.org/science/2014/08/27/understanding-the-lake-erie-algal-bloom-toledo-water-shutdown/
https://research.noaa.gov/article/ArtMID/587/ArticleID/2559/So-what-are-marine-heat-waves#:~:text=From%202014%20to%202016%2C%20the,heat%20wave%20since%20NOAA%20satellites
https://www.fisheries.noaa.gov/feature-story/looking-back-blob-record-warming-drives-unprecedented-ocean-change
https://www.fisheries.noaa.gov/feature-story/new-marine-heatwave-emerges-west-coast-resembles-blob
http://www.marineheatwaves.org/all-about-mhws.html


it anymore. Only “megadrought” will do. According to research, the western U.S. is in the midst
of a megadrought the likes of which haven’t been seen in the last 1,200 years (see Figure ___).

The rising temperatures of climate change have contributed to the duration of the drought as
well as its acceleration. Drought is, of course, tied directly to water, or a lack thereof. Drought
occurs when a period of low rainfall leads to a shortage of water. The environmental results
include lower flows in rivers, dry out along river edges resulting in the death of plant and animal
life, reduced fish migration, algae blooms, and a reduction in the health of wetlands, agricultural
areas, and natural vegetation. And don’t forget wildfires.

While a lack of water causes drought, drought has numerous effects on water quality and
quantity. Less water means less opportunity for pollutants to become diluted in water.
Contaminants become more concentrated and harmful. Ground water sources decrease and
grow more salinated. Supply deteriorates, threatening roughly 40% of the world’s population
with water scarcity. As many as 700 million people are at risk of displacement as a result of
drought and water scarcity across the globe by the year 2030. The escalating realites of drought
are not lost on water utilities. For more information on how water utilities address drought, see
the Environmental Protection Agency’s guide to drought response and recovery.

https://www.kqed.org/science/1962273/megadrought-conditions-not-seen-for-400-years-have-returned-to-the-west-scientists-say
https://blogs.ei.columbia.edu/2020/04/16/climate-driven-megadrought-emerging-western-u-s/
https://www.drought.gov/nadm/content/map/2020/09
https://drought.unl.edu/Education/DroughtBasics.aspx
https://www.worldatlas.com/articles/what-are-the-effects-of-a-drought-on-the-environment.html
https://www.arcgis.com/apps/MapJournal/index.html?appid=720f30bf66074c10b12e64711a4ff5a8
https://water.usgs.gov/ogw/drought/#:~:text=Groundwater%20is%20important%20during%20all%20hydrologic%20droughts%3A&text=Reduced%20groundwater%20levels%20due%20to,flow%20is%20contributed%20by%20groundwater.
http://www.protassiumplus.com/knowledge-center/post/drought-conditions-causing-soil-salinity-concerns-for-growers#:~:text=Drought%20drives%20high%20salinity,an%20abundance%20of%20concentrated%20salt.
https://www.who.int/health-topics/drought#tab=tab_1
https://img1.wsimg.com/blobby/go/27b53d18-6069-45f7-a1bd-d5a48bc80322/downloads/1c2meuvon_105010.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/epa_drought_response_and_recovery_guide.pdf


More hurricanes. Forays into the Greek Alphabet--necessary for naming hurricanes after the
Latin alphabet has been exhausted in a hurricane season--may be the new norm. The 2020
hurricane season was the busiest on record and by many indications, climate changes
contributes to this uptick. Climate change not only ups the frequency of hurricanes, but makes
hurricanes more dangerous as well.

Populations & Agents

Vulnerable Populations
While all populations are vulnerable to extreme events and climate change there are varying
degrees of vulnerability due to demographics and socioeconomic factors. The factors
contributing to vulnerability include:

● Poverty
● People under the age of 5
● People over the age of 65
● Renters (those who are not homeowners)
● Language proficiency
● Vulnerable households (older adults living alone, single mothers, households

without a car)
● Educational attainment
● Vulnerable people (those living with disabilities, those without health insurance)

Neighborhoods at Risk provides census-tract based maps of vulnerable populations in line with
the above measures. For information on each of the measures or to explore vulnerability in a
particular area, see their interactive website.

Agents

Category What they do Examples

Water Utilities Safe and timely distribution of
water and other related
services, such as wastewater
treatment. Water utilities are
generally local but may operate
across states. Create and
follow (or in some cases,
neglect) disaster avoidances
plans related to extreme
events.

Denver Water
American Water Works
Association
XYLEM
Eversource Energy

https://www.noaa.gov/news/2020-atlantic-hurricane-season-takes-infamous-top-spot-for-busiest-on-record
https://www.nytimes.com/2020/11/10/climate/climate-change-hurricanes.html
https://www.nytimes.com/2020/11/10/climate/climate-change-hurricanes.html
https://yaleclimateconnections.org/2019/07/how-climate-change-is-making-hurricanes-more-dangerous/?gclid=Cj0KCQiA48j9BRC-ARIsAMQu3WTmQT2JvnJLNJq86KAbDIYaSlK4gjPyHhf94eZwkVxP3LbqoYvczusaAqQdEALw_wcB
https://headwaterseconomics.org/apps/neighborhoods-at-risk/
https://www.denverwater.org/
https://www.awwa.org/Portals/0/AWWA/ETS/Resources/2019_STATE%20OF%20THE%20WATER%20INDUSTRY_post.pdf
https://www.awwa.org/Portals/0/AWWA/ETS/Resources/2019_STATE%20OF%20THE%20WATER%20INDUSTRY_post.pdf
https://www.xylem.com/en-us/
https://www.eversource.com/content/


Elected Officials Determine energy and water
policy at a local level; this
policy connects to water
issues in the wake of extreme
events, as was the case in
Texas’ energy deregulation

State Water Policy handbook
for state of Colorado

See the Western State Water
Policy database for specific
policies

Communities/Users End users grappling with
disruption in water services
and water quality and safety
issues as a result of extreme
events. May face
displacement.

Households
Businesses
Neighborhoods

Government Agencies Regulate resources, monitor
environmental protections,
and respond to disasters

FEMA, EPA, Federal natural
resource agencies

Industry Sectors Use water on a larger scale
and with specific needs. May
experience service
interruptions due to water
supply and safety with
ramifications for business and
production.

Agriculture, Energy

Insurance Companies Addresses a portion of the
cost of some extreme events
(flooding is considered an
insurance gap in the U.S:
only 15% of U.S.
homeowners have a flood
insurance policy)

Ieuter Insurance Group
AON
(see AON’s 2020 Annual Report
on mitigating risk of climate
change)
Allstate
Amica

Disaster Mitigation and
Response Sector

Offer services for reducing
risk in extreme events or in
cleanup post event

Colorado State Forest Service
Mitico
Wind Mitigation Retrofit
Solutions
Front Range Arborists

Existing Approaches & Workarounds

Approaches

Disaster risk reduction (DRR). Disaster risk reduction is a broad term referring to any efforts to
reduce the risk of natural disasters. The United Nations has an office dedicated to it--the UN

https://leg.colorado.gov/sites/default/files/2017state_water_policy_handbook_update_to_print.pdf
https://leg.colorado.gov/sites/default/files/2017state_water_policy_handbook_update_to_print.pdf
https://westernresourceadvocates.org/state-water-policy-program-database/
https://westernresourceadvocates.org/state-water-policy-program-database/
https://westernresourceadvocates.org/state-water-policy-program-database/
https://www.usgs.gov/special-topic/water-science-school/science/water-qa-how-much-water-do-i-use-home-each-day?qt-science_center_objects=0#qt-science_center_objects
https://watercitizennews.com/water-is-big-business-for-small-business/
http://plan.cap.utah.edu/2019/04/how-do-the-characteristics-of-neighborhoods-influence-water-use/
https://www.fema.gov/
https://www.epa.gov/
https://www.canr.msu.edu/fw/employment/federal_natural_resource_agencies/index
https://www.canr.msu.edu/fw/employment/federal_natural_resource_agencies/index
https://www.ieuter.com/blog/2020/10/extreme-weather-events-and-the-effect-on-the-insurance-industry
https://www.aon.com/home/index.html
https://www.aon.com/global-weather-catastrophe-natural-disasters-costs-climate-change-2020-annual-report/index.html?utm_source=ceros&utm_medium=2019&utm_campaign=natcat21
https://www.allstate.com/landingpages/lsp/auto-brand-general-desktop.html?CMP=KNC-T1-NA-DSK-GG-AU-MISC-B-070805-200515:allstate&TFN=&CAMPAIGN=444490000070805&affcode=p10430065301&ds_rl=1261774&s_kwcid=AL!9024!3!101473088528!e!!g!!allstate&gclid=Cj0KCQiA7NKBBhDBARIsAHbXCB5U7c5Q0c30_PyT_zCMi1K_sd6Asa3abTFFqUFBWbw968NPNT-Jr44aAplgEALw_wcB&gclsrc=aw.ds
https://amica.amicacoverage.com/?ahphd=8442068114&ahphm=8448328584&lphd=8446072468&lphm=8445961382&isc=LWAWEBPSENT&utm_campaign=enterprise+brand-all-call+markets&utm_source=google&utm_medium=cpc&utm_term=amica&utm_matchtype=e&utm_adgroup_id=59924970902&utm_content=427322697774&utm_campaign_id=1636874868&utm_device=c&utm_position=&utm_network=g&utm_extension=&utm_location_physical=9028781&utm_location_interest=&utm_keyword_id=kwd-49135050&Cm_mmc=Marin-_-PaidSearch-_-enterprise+brand-all-call+markets-_-GetAQuote&Cm_mmca1=PaidSearch&cm_mmca2=Amica&cm_mmca3=kwd-49135050&gclid=Cj0KCQiA7NKBBhDBARIsAHbXCB6ezf4-Bemk-4sWFR-p_GP3Ol1J6ozRhsBuf8aw2xQJzZ28v2C2nVwaArMFEALw_wcB
https://csfs.colostate.edu/wildfire-mitigation/
https://miticomo.com/
https://windmitsolutions.com/
https://windmitsolutions.com/
https://frarborists.com/services/fire-mitigation/
https://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/programme/brochure/DRRRoadmap.pdf?02bPNJK9PBExfsfOvqDopUwM_UCeG4UC
https://www.undrr.org/


Office of Disaster Risk Reduction (UNDRR). And a plan. The Sendai Framework for Disaster
Risk Reduction 2015-2030 outlines targets and priorities (see Figure __) for reducing the harm
of disasters, enhancing preparedness, and fostering resilient recovery. In 2015, the UN also
created the Private Sector Alliance for Disaster Resilient Societies (ARISE), a membership
network of private enterprises from around the world working to incentivize risk reduction.
Roughly 520 billion USD is lost globally each year as a result of disasters and as the UNDRR
states, disaster risk reduction is “everybody’s business.” What exactly that business looks like is
quite varied.

The multi-national nonprofit organization CADENA, based in Mexico, is one example of an entity
working to reduce risks posed by disasters and help communities recover and rebuild. Funded
in part by support from large corporations such as Wal-Mart, Home Depot, and Volvo, and P&G,
CADENA serves a logistics hub for DDR.

In the for-profit sector, DRR often takes the form of prediction and monitoring. One example is
Divirod, an analytics company using data to help manage potential water risks. Satellite
technology and drones are the foundation for new technologies and services in monitoring and
predicting weather, climate change, and extreme events. Companies like Baron and FT
Technologies develop new technologies and approaches to enable more accurate forecasting of
extreme events.

https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.ariseglobalnetwork.org/
https://cadena.ngo/en/mexico/
https://www.turing.ac.uk/research/research-projects/extreme-event-prediction-and-monitoring
https://divirod.com/
https://www.baronweather.com/
https://fttechnologies.com/?ppc_keyword=ft%20tech&gclid=CjwKCAiA6aSABhApEiwA6Cbm_-fDt6H_ynpxAqx0uB9IxTQS8pWZL5QVZYJh33jQzJ2kp0nye890kRoCN-sQAvD_BwE
https://fttechnologies.com/?ppc_keyword=ft%20tech&gclid=CjwKCAiA6aSABhApEiwA6Cbm_-fDt6H_ynpxAqx0uB9IxTQS8pWZL5QVZYJh33jQzJ2kp0nye890kRoCN-sQAvD_BwE


Mitigation strategies. Prevention is not often possible with extreme events, therefore,
mitigation--actions to reduce risk to life, property, and disruption of social and economic
activities--is an important route in DDR. Despite the benefits of mitigation activities, many
communities are reluctant to adopt them, citing barriers such as cost, time and effort, or political
will. For each extreme event, there are multiple mitigation strategies offering insight into how to
manage resources, work with weather and climate in particular areas, and simultaneously
pursue economic and community development. A few examples of mitigation strategies are
listed below for droughts, wildfires, and floods.

https://www.undrr.org/implementing-sendai-framework/what-sendai-framework


● Drought mitigation. Drought mitigation strategies include interventions for crop
and animal agriculture such as crop rotation, erosion control structures, and
rainwater harvesting, reduction in herd numbers, and percolation ponds.
Additional strategies are policy or consumer based.

● Wildfire mitigation. Strategies for mitigating wildfire intensity and frequency
include how to protect individual buildings as well as cities (see examples of city
plans from Palo Alto, Boise, and Colorado Springs). Forest management is a
significant tool in wildfire mitigation.

For the private sector, disaster mitigation slides into recovery and restoration, and usually
follows the route of construction clean up or data recovery. Exploring the realm of prevention
through risk and damage mitigation (rather than the realm of reaction post extreme event)
seems a relatively open market opportunity with numerous potential target markets from large
corporate campuses to agricultural. Of course, risk denial--see below can be a barrier to
prevention and mitigation approaches.

Multi-hazard early warning systems. These systems provide warnings for extreme events.
They are much more than a simple warning, however. To be effective, early warning systems
require monitoring, forecasting, and communication. For more information about the
components of warning systems--including their promise and shortcomings--see the World
Meteorological Organization’s Multi-hazard Early Warning Systems: A Checklist . In the wake of
the COVID-19 pandemic, health and disaster researchers have invested more effort in exploring
the use of multi-hazard early warning systems for global health risks.

Information and communication technologies. Warning systems can be considered an
off-shoot of the Information and Communication Technology sector as warnings require a means
by which to relay information and reach a variety of audiences. Figuring out how best to reach
various groups requires review of informational channels and platforms and consideration of
who has access to different modes of communication. Existing ICTs are increasingly deployed to
collect and relay information about extreme weather events. The technologies involved range
from satellite imaging to text messaging.

A 2014 report from the International Telecommunication Union explores the connection between
the ICT sector and climate change, specifically exploring the role ICT can play in addressing
climate change related disasters. Opportunities lie not only in thinking about how to deploy ICT
in service to warning systems, information gathering, and outreach but in how to continue to
ensure ICT resilience in the face of extreme events.

Extreme event attribution. Making evidence-based connections between extreme weather
events and climate change is a growing scientific research field. This work helps enhance an
understanding of the role of climate change, grounds mitigation, and DRR efforts in predicting
and preparing for extreme events. Determining how to plug this new field into existing and
emerging technologies and services in the ICT sector or within DRR efforts will be an increasing

http://threeissues.sdsu.edu/three_issues_droughtfacts04.html
http://hs.envirotechservices.com/blog/drought-stricken-farmers-new-erosion-control-methods
https://valleywaternews.org/2020/07/14/are-there-plans-to-fill-more-of-valley-waters-percolation-ponds-in-santa-clara-county-this-summer/
https://www.ppic.org/publication/policy-priorities-for-managing-drought/
https://www.redcross.org/get-help/how-to-prepare-for-emergencies/types-of-emergencies/drought.html
https://www.nifc.gov/PUBLICATIONS/communicators_guide/9%20Fire%20Mitigation.PDF
https://www.nachi.org/wildfire-mitigation-strategies-inspection.htm
https://www.preventionweb.net/publications/view/49041
https://www.cityofpaloalto.org/gov/depts/utl/about/safety/wildfire_mitigation.asp
https://www.cityofboise.org/departments/fire/fire-operations/wildfire-mitigation/
https://coloradosprings.gov/fire-department/page/wildfire-mitigation-0
https://www.globalchange.gov/browse/multimedia/effectiveness-forest-management-reducing-wildfire-risk#:~:text=Forest%20management%20that%20selectively%20removes,prevent%20large%20wildfires%20from%20spreading.
https://www.thompsonbuilding.com/commercial-services/commercial-disaster-recovery/
https://www.bmscat.com/disasters/commercial-disaster-recovery/
https://www.sungardas.com/en-us/services/connected-recovery/managed-recovery/?utm_medium=ppc&utm_source=google&utm_campaign=%7BCampaignName%7D&utm_term=%2Bdisaster%20%2Brecovery&gclid=CjwKCAiA6aSABhApEiwA6Cbm_6zmFR9vFdGajehmUVLDQ9vVPSk8APZtskUJKVFnQHfYt9ehaTkL4RoCMYcQAvD_BwE
https://library.wmo.int/index.php?lvl=notice_display&id=20228#.X7KzL5NKjBJ
https://www.researchgate.net/publication/342913827_COVID-19_and_lessons_from_multi-hazard_early_warning_systems
https://reliefweb.int/report/world/learning-multi-hazard-early-warning-systems-respond-pandemics
https://www.brookings.edu/research/trends-in-the-information-technology-sector/
https://www.itu.int/en/ITU-D/Emergency-Telecommunications/Pages/Multi-hazard-early-warning-systems.aspx
https://www.wri.org/our-work/project/world-resources-report/icts-key-technology-help-countries-adapt-effects-climate
https://www.nasa.gov/vision/earth/everydaylife/Severe_Weather.html
https://journals.ametsoc.org/bams/article/99/11/2245/70237/Weather-on-the-Go-An-Assessment-of-Smartphone
https://www.itu.int/en/ITU-T/climatechange/Documents/Publications/Resilient_Pathways-E.PDF
https://www.climate.gov/news-features/understanding-climate/extreme-event-attribution-climate-versus-weather-blame-game#:~:text=Extreme%20event%20attribution%20tells%20us,patterns%20or%20random%20climate%20variability.


need in coming years. Extreme event attribution fills a gap in knowledge by taking into account
a growing body of data in the age of climate change and has implications for designing
infrastructure, legal liability, insurance, and a number of additional fields.

Workarounds

Urban development and structural measures. Traditional approaches to spatial planning in
urban development include structural measures to lessen the risk from extreme events. These
are often engineering approaches such as seawalls, embankments, and floodgates or building
retrofitting like HVAC systems for heating and cooling or strengthening buildings to withstand
extreme weather conditions. Decision-making to adopt these approaches is often based on a
cost analysis benefiting higher income areas. Buildings and neighborhoods in lower income
areas may not be included or may suffer from “down stream” measures--the effects of
implementing structural changes in one area thereby making another area even more
vulnerable to damage. For more information on these discussions and structural measures, see
pp. 291-306 in the Intergovernmental Panel on Climate Change special report, “Managing the
Risks of Extreme Events and Disasters to Advance Climate Change Adaptation.”

Reducing emissions. While it is important to decrease the amount of CO2 in the atmosphere,
research shows reductions in emissions have little overall effect on global temperatures and
reduction strategies must go hand in hand with additional measures.

Substitutes for oil. Fuel alternatives receive a lot of attention. However, often the production of
those alternatives requires oil and gas, and in some cases, energy alternatives are used to
extract more oil. Any discussion of fuel alternatives must occur with a critical look at how that
alternative is produced and brought to market.

The human response to risk. You know that thing many of us do when we think about risk?
We tend to see risk as more relevant to people other than ourselves. Sure, Bob down the street
may see his home go in a wildfire, but ours will be ok. Sometimes we ignore risk because we
don’t know much about the risk or its relevance to us. Other times, we very pointedly elect not to
think about or take efforts to avoid risk, despite the information available. This is called
neglected risk. One of the most well-known examples of neglected risk is the city of New
Orleans. Various stakeholders had been aware of the risk posed by extreme weather and a
weakened levee system for years but elected to neglect the risk. For a fascinating look at large
scale neglected risk see Kathryn Shulz’s New Yorker article “The Really Big One.”

Additional Resources

https://www.thoughtco.com/how-engineers-stop-floods-177699
http://www.byfy.lth.se/personalgammal/vahid-nik/projects/climate-change-and-retrofitting-buildings/
http://www.byfy.lth.se/personalgammal/vahid-nik/projects/climate-change-and-retrofitting-buildings/
https://toolkit.climate.gov/tool/neighborhoods-risk
https://www.ipcc.ch/site/assets/uploads/2018/03/SREX_Full_Report-1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/SREX_Full_Report-1.pdf
https://www.wired.com/story/emissions-have-fallen-that-wont-fix-climate-change/
https://www.nationalgeographic.com/news/energy/2014/11/141111-solar-panel-manufacturing-sustainability-ranking/
https://www.nationalgeographic.com/news/energy/2014/11/141111-solar-panel-manufacturing-sustainability-ranking/
https://www.aljazeera.com/economy/2020/7/23/heres-another-use-for-solar-panels-producing-oil-more-cheaply
https://boswellgroup.com/thought_leadership/the-denial-of-risk/
https://scholar.harvard.edu/files/shleifer/files/neglectedrisks.aer2015.pdf
https://www.newyorker.com/magazine/2015/07/20/the-really-big-one


● For more information on the connection between extreme events and the energy
industry, see https://nca2014.globalchange.gov/report/sectors/energy and
https://www.energy.gov/sites/prod/files/2013/07/f2/20130716-Energy%20Sector%20Vuln
erabilities%20Report.pdf

● For more on drought across the globe and in specific regions, see
https://noaa.maps.arcgis.com/apps/Cascade/index.html?appid=aec0b8fc5b504a449f99b
a162af904fd

● For more on climate change and extreme events, with expansive attention to managing
the risk of extreme events, see
https://www.ipcc.ch/site/assets/uploads/2018/03/SREX_Full_Report-1.pdf

● For more information on neighborhoods at risk for extreme events and climate change,
see https://toolkit.climate.gov/tool/neighborhoods-risk

● For more on the Incident and Emergency Management market (Figure ___), see
https://www.marketsandmarkets.com/Market-Reports/incident-emergency-management-
market-1280.html

● For more information on climate change and climate refugees, see
https://www.brookings.edu/research/the-climate-crisis-migration-and-refugees/

● For more on vulnerable populations and extreme events, see
https://www.samhsa.gov/sites/default/files/dtac/srb-low-ses_2.pdf

●

https://nca2014.globalchange.gov/report/sectors/energy
https://www.energy.gov/sites/prod/files/2013/07/f2/20130716-Energy%20Sector%20Vulnerabilities%20Report.pdf
https://www.energy.gov/sites/prod/files/2013/07/f2/20130716-Energy%20Sector%20Vulnerabilities%20Report.pdf
https://noaa.maps.arcgis.com/apps/Cascade/index.html?appid=aec0b8fc5b504a449f99ba162af904fd
https://noaa.maps.arcgis.com/apps/Cascade/index.html?appid=aec0b8fc5b504a449f99ba162af904fd
https://www.ipcc.ch/site/assets/uploads/2018/03/SREX_Full_Report-1.pdf
https://toolkit.climate.gov/tool/neighborhoods-risk
https://www.marketsandmarkets.com/Market-Reports/incident-emergency-management-market-1280.html
https://www.marketsandmarkets.com/Market-Reports/incident-emergency-management-market-1280.html
https://www.brookings.edu/research/the-climate-crisis-migration-and-refugees/
https://www.samhsa.gov/sites/default/files/dtac/srb-low-ses_2.pdf
https://www.marketsandmarkets.com/Market-Reports/incident-emergency-management-market-1280.html


https://in2ecosystem.com/wp-content/uploads/2021/01/IN2-State-of-the-Cleantech-Landscape-
White-Paper-2021_final.pdf

https://in2ecosystem.com/wp-content/uploads/2021/01/IN2-State-of-the-Cleantech-Landscape-White-Paper-2021_final.pdf
https://in2ecosystem.com/wp-content/uploads/2021/01/IN2-State-of-the-Cleantech-Landscape-White-Paper-2021_final.pdf


Infrastructure

Infrastructure: The average age of water and sewage pipes in the U.S. is 45 years; in over 600
towns and cities in the U.S. the age of pipes is north of 100. These pipes--in some cases
exceeding their intended life span by more than four decades--are not aging gracefully. A water
main breaks in the U.S. every two minutes, resulting in a loss of 6 billion gallons per day and an
estimated cost of $7.6 billion in treated water per year. Climate change worsens the conditions
of aging infrastructure via an onslaught of extreme events such as storms or floods that stretch
the limits of infrastructure resiliency. To combat the deluge in costs and face ongoing threats,
local governments will spend an estimated $300 billion on repairing and updating water and
sewage pipes in the next ten years. These figures represent the deteriorating nature of much
water infrastructure locally and globally. And it’s not just pipes. Water infrastructure refers to the
systems, including the workforce, the technology, and the processes related to the treatment,
delivery, storage, supply, and resource management of drinking water, wastewater, and
stormwater, increasing the complexity of infrastructure challenges. The American Society of Civil
Engineers gave grades of D and D+, respectively, to the entire U.S. water and wastewater
infrastructure systems. As these systems continue to age, the cost of operating and maintaining



them will rise, exponentially increasing the cost of deteriorating infrastructure and further
opening infrastructure to the threats of climate change, including rising water demands in
response to heat waves, drought, and other extreme events. Not only is water infrastructure
essential to individuals and households, entire industries from healthcare to manufacturing to
mining rely on water and wastewater systems to function. Without significant investments to and
changes in water infrastructure within the shifting reality  of climate change, service disruptions
could cost water-reliant businesses roughly $250 billion by the year 2039 and costs to U.S.
households could reach seven times that of current water costs. Finally, a deteriorating water
infrastructure produces a multitude of health risks, be it metal seeping into the water from aging
pipes as was the case in Flint, Michigan, to waterborne diseases resulting from sewage
contamination. These risks threaten familial and community health and often occur in
municipalities and neighborhoods with high levels of poverty, further complicating mitigation or
innovation efforts.

How might we create resilient water infrastructure in the face of growing demand and
climate change threats?

Contributing Factors

Aging infrastructure (lead service lines)
Climate change (extreme events, pollution)
Underinvestment
Population growth

History & Trends

History Trends

Workforce challenges
Rising O&M costs
Full-cost pricing
COVID-19
Public opinion
Water quality regulations



Populations & Agents

Existing Approaches & Workarounds

Workarounds

Business as usual/failure to act
Energy efficient appliances

Approaches

Contributing Factors

100 years and counting. Much of the infrastructure in the U.S. is old. Decades, and in some
cases, centuries old. This is a problem in a number of areas, from transportation to water, as
each of these systems experience further degradation and potentially failure. The American
Society of Civil Engineers (ASCE) regularly reviews the state of U.S. infrastructure and in its last
review, awarded U.S. infrastructure in general a grade of D+, with the a D and D+ for the
nation’s water and wastewater systems respectively.

Water infrastructure represents the structures, facilities, operations, and personpower required
to provide drinking water as well as wastewater and stormwater services to a majority of U.S.
homes and businesses through public or investor-owned utilities. It’s the treatment facilities, the
workforce operating the facility, the pumps, the storage, and the pipes. All of it is aging and all of
it requires investment, innovation, and attention.

According to the American Water Works Association (AWWA), a majority of water pipes in the
U.S. will need to be replaced by the year 2040. These pipes have outlived their intended
lifespan (see Table __). The AWWA also releases a yearly report on the state of the water
industry. The report includes data from surveys of water professionals across the U.S. and
Canada. For the past five years, addressing aging infrastructure has topped the list of concerns
facing the industry (see Table ___). Old pipes are dangerous and costly. They may leach

https://www.asce.org/
https://www.asce.org/
https://www.asce.org/
https://www.infrastructurereportcard.org/
https://www.infrastructurereportcard.org/
http://www.utilityconnection.com/page4s.html
https://www.bluefieldresearch.com/research/us-investor-owned-water-utilities-ma-deals-2017/
https://www.asce.org/uploadedFiles/Issues_and_Advocacy/Our_Initiatives/Infrastructure/Content_Pieces/failure-to-act-water-wastewater-report.pdf
https://doc-14-6s-apps-viewer.googleusercontent.com/viewer/secure/pdf/tvfgrpqk5dh31i4pn3rk6aeqcfqd7dbg/du59nrit0fg4se0iv8khl7bg07lliuo0/1607365275000/gmail/09003228007212922224/ACFrOgAj0kf9sVD1e8UCBNvakACqtkpM1gE-dc_F9gNUhuMv20iF-Zca2TTpzjitwItHTFpI5dll1bYk4unkBAXGvtAJeanLYPmOhLCw7iSD2hR_NkaWVtYxFgELzwE=?print=true&nonce=r7chcgu0tl17u&user=09003228007212922224&hash=un6j2pvkgg08eh0v30h9fat9ar4bpijo
https://doc-14-6s-apps-viewer.googleusercontent.com/viewer/secure/pdf/tvfgrpqk5dh31i4pn3rk6aeqcfqd7dbg/du59nrit0fg4se0iv8khl7bg07lliuo0/1607365275000/gmail/09003228007212922224/ACFrOgAj0kf9sVD1e8UCBNvakACqtkpM1gE-dc_F9gNUhuMv20iF-Zca2TTpzjitwItHTFpI5dll1bYk4unkBAXGvtAJeanLYPmOhLCw7iSD2hR_NkaWVtYxFgELzwE=?print=true&nonce=r7chcgu0tl17u&user=09003228007212922224&hash=un6j2pvkgg08eh0v30h9fat9ar4bpijo


materials and minerals into the water supply, as was the case in Flint, MI, and are prone to leaks
and breaks. The gallons of water lost per year due to leaks and breaks is roughly 1.7 trillion at a
national yearly cost of $2.8 billion. In one year, from 2017-2018, the rate of water main breaks
increased by 27%, resulting in 250,000-300,000 water main breaks per year, or an average of a
break every 2 minutes.

Property lines delineate the pipes and systems under the purview of utilities and those for which
a homeowner or business are responsible (see Figure __). Repairing breaks or leaks within a
home or individual property is also costly. The average cost of water main break repair for
homeowners is between $800-$1,200. Finding and fixing leaks, on the other hand, can lead to
roughly 10% in monthly water bill savings.

https://cen.acs.org/articles/94/i7/Lead-Ended-Flints-Tap-Water.html
https://www.zdnet.com/article/aging-water-infrastructure-wastes-17-trillion-gallons-a-year/
https://www.zdnet.com/article/aging-water-infrastructure-wastes-17-trillion-gallons-a-year/
http://www.uswateralliance.org/sites/uswateralliance.org/files/publications/The%20Economic%20Benefits%20of%20Investing%20in%20Water%20Infrastructure_final.pdf
https://www.waterworld.com/drinking-water/infrastructure-funding/article/14182721/the-value-of-investing-in-water-infrastructure
https://www.improvenet.com/r/costs-and-prices/water-main-repair-cost#:~:text=Keep%20in%20mind%20that%20if,a%20water%20main%20break%20repair.
https://www.epa.gov/watersense/fix-leak-week


Useful lifespan of water infrastructure components.

https://pubs.naruc.org/pub.cfm?id=CB1AAEE1-ADF5-1218-AD18-BC431F6F4A1B


Climate change. Anticipating gradual changes in climate is part of the long term planning
process for infrastructure needs and capital improvements. It’s called climate stationarity--the
use of past data to provide a picture of the relative stability of climate in the future. Except,
climate stationarity doesn’t apply today in the same way it did 50 or 100 years ago, when much
existing infrastructure was designed and built. Today, the intensity and rate of climate change
throws one giant monkey wrench into anticipating the demand on infrastructure and that reality
is most evident when considering extreme events.

→ Extreme events. When something is old and degrading, it’s generally not able to
stand up to extreme circumstances. This is certainly the case when it comes to water
infrastructure. Aging pipes and facilities are increasingly under pressure from the
manifestations of a changing climate, especially the pressure of extreme events.
Hurricanes, droughts, floods, and heat waves strain existing systems. The 2020 AWWA
State of the Water Industry report notes water professionals ranked extreme events as
the most significant large-scale phenomena of negative impact for water utilities. The

https://doc-14-6s-apps-viewer.googleusercontent.com/viewer/secure/pdf/tvfgrpqk5dh31i4pn3rk6aeqcfqd7dbg/du59nrit0fg4se0iv8khl7bg07lliuo0/1607365275000/gmail/09003228007212922224/ACFrOgAj0kf9sVD1e8UCBNvakACqtkpM1gE-dc_F9gNUhuMv20iF-Zca2TTpzjitwItHTFpI5dll1bYk4unkBAXGvtAJeanLYPmOhLCw7iSD2hR_NkaWVtYxFgELzwE=?print=true&nonce=r7chcgu0tl17u&user=09003228007212922224&hash=un6j2pvkgg08eh0v30h9fat9ar4bpijo
https://www.researchgate.net/publication/308991053_National_Water_Infrastructure_Adaptation_Assessment_Part_I_Climate_Change_Adaptation_Readiness_Analysis
https://www.globe.gov/explore-science/scientists-blog/archived-posts/sciblog/index.html_p=1471.htm
https://cpo.noaa.gov/sites/cpo/SARP/CC7C11%20web.pdf
https://cpo.noaa.gov/sites/cpo/SARP/CC7C11%20web.pdf
https://www.epa.gov/arc-x/climate-impacts-water-utilities
https://doc-14-6s-apps-viewer.googleusercontent.com/viewer/secure/pdf/tvfgrpqk5dh31i4pn3rk6aeqcfqd7dbg/du59nrit0fg4se0iv8khl7bg07lliuo0/1607365275000/gmail/09003228007212922224/ACFrOgAj0kf9sVD1e8UCBNvakACqtkpM1gE-dc_F9gNUhuMv20iF-Zca2TTpzjitwItHTFpI5dll1bYk4unkBAXGvtAJeanLYPmOhLCw7iSD2hR_NkaWVtYxFgELzwE=?print=true&nonce=r7chcgu0tl17u&user=09003228007212922224&hash=un6j2pvkgg08eh0v30h9fat9ar4bpijo


year 2020 was the sixth consecutive year in which the U.S. experienced ten or more
billion dollar weather and climate events, meaning the cost in damage to cities, utilities,
homeowners, and business totaled at least $1 billion. These events are not costly in the
immediate term but wreak havoc on water systems and facilities, often exacerbating
current states of disrepair. See Table ___ for more detail on how climate change affects
various components of water infrastructure. For the complete table, see pages 4-8 of the
USAID Climate Resilient Infrastructure Report.

https://www.ncdc.noaa.gov/billions/#:~:text=2020%20is%20the%20sixth%20consecutive,2012%2C%20and%202015%2D2020.
https://www.climatelinks.org/sites/default/files/asset/document/2017_USAID_Climate-Resilient%20Water%20Infrastructure%20-%20Guidelines%20and%20Lessons%20from%20the%20USAID%20Be%20Secure%20Project.pdf
https://www.climatelinks.org/sites/default/files/asset/document/2017_USAID_Climate-Resilient%20Water%20Infrastructure%20-%20Guidelines%20and%20Lessons%20from%20the%20USAID%20Be%20Secure%20Project.pdf
https://www.climatelinks.org/sites/default/files/asset/document/2017_USAID_Climate-Resilient%20Water%20Infrastructure%20-%20Guidelines%20and%20Lessons%20from%20the%20USAID%20Be%20Secure%20Project.pdf


The terms “resilient infrastructure” or “infrastructure resilience” appear often in
considering how to address the threat of extreme events on water systems and refer to
the ability to recover from or withstand disruptions, thereby saving costs and potentially
saving lives. The National Infrastructure Advisory Council includes people/processes and
infrastructure/assets into its thinking about the four fundamental concepts of resilience in
infrastructure: robustness, resourcefulness, rapid recovery, and adaptability (see Figure
__). Each of these areas represents potential for innovation and intervention in helping
water utilities prepare for extreme events.

→Water quality and pollution. Extreme events alter water quality and contribute to
pollution, further taxing infrastructure. Water runoff and rising sea levels increases the
salinity in water, requiring extensive treatment. The chemicals historically used to fight
wildfires make their way into the water yielding dangerous levels of what are referred to
as “forever chemicals” or PFSAs in groundwater, surface water, and drinking water
supplies. Treating water to eliminate pollutants is not only costly, it is an every-shifting
battle as nascent contaminants require monitoring and testing to ensure safe water.

Underinvestment. Addressing the nation’s aging infrastructure will require significant financial
investment. The EPA estimates the investment needed to bring water infrastructure up to date
by making repairs and replacing deteriorating systems is $472.6 billion over the next 20 years.
Current infrastructure investments cover a small portion of this amount. The ASCE notes the
US. needs to invest $129 billion per year in water infrastructure to keep water systems working.
In 2019, that investment total was $48 billion for a gap of $81 billion. As investments fail to keep

https://assets.publishing.service.gov.uk/media/57d6bc17e5274a34de000040/Introducing_Infrastructure_Resilience_25May16_rev_external.pdf
https://www.dhs.gov/xlibrary/assets/niac/niac-a-framework-for-establishing-critical-infrastructure-resilience-goals-2010-10-19.pdf
https://www.dhs.gov/xlibrary/assets/niac/niac-a-framework-for-establishing-critical-infrastructure-resilience-goals-2010-10-19.pdf
https://www.dhs.gov/xlibrary/assets/niac/niac-a-framework-for-establishing-critical-infrastructure-resilience-goals-2010-10-19.pdf
https://iwra.org/member/congress/resource/ABSID514_ABSID514_Klasical_Water_Quality_and_Extreme_Events_in_the_Face_of_Climate_Change.pdf
https://iwra.org/member/congress/resource/ABSID514_ABSID514_Klasical_Water_Quality_and_Extreme_Events_in_the_Face_of_Climate_Change.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6283966/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6283966/
https://www.advisian.com/en/global-perspectives/the-cost-of-desalination
https://www.upi.com/Top_News/US/2020/04/09/Health-damaging-PFAS-forever-chemicals-likely-released-at-2500-sites/1631586449508/
https://www.epa.gov/dwsrf/epas-6th-drinking-water-infrastructure-needs-survey-and-assessment
http://www.uswateralliance.org/sites/uswateralliance.org/files/publications/The%20Economic%20Benefits%20of%20Investing%20in%20Water%20Infrastructure_final.pdf


pace with need, the infrastructure investment gap will continue to grow. Currently cities cover a
majority of water externally funded infrastructure costs, with local governments covering 95% to
98% of drinking water and wastewater infrastructure costs. Utilities and local and state
governments seeking to invest in infrastructure do so by funding it directly through spending
reserves or rate increases or through financing such as loans or bonds repaid over time. See
Table ___ for a list of utility funding sources as noted in the AWWA 2020 State of the Water
Industry Report.

The potential return for investing in water infrastructure is substantial, in part due to the reliance
of a variety of industries on water. The US Department of Commerce’s Bureau of Economic
Analysis estimates for each additional dollar of revenue invested in the water or wastewater
industry in a year, the increase in economic output across all industries is $2.62 in that year. In
the long term, each dollar invested increases the GDP by $6.53. The return on investment is
also experienced in job growth. The same analysis by the Bureau of Economic Analysis notes
adding one job in water and wastewater management and infrastructure creates 3.68 jobs in the
national economy, or a total of 1.3 million American jobs.

https://www.waterworld.com/drinking-water/infrastructure-funding/article/14182721/the-value-of-investing-in-water-infrastructure
https://www.cbo.gov/system/files/2018-10/54539-Infrastructure.pdf
https://www.usmayors.org/2019/11/26/local-government-makes-record-high-investments-in-public-water-sewer-infrastructure/
https://www.usmayors.org/2019/11/26/local-government-makes-record-high-investments-in-public-water-sewer-infrastructure/
https://www.awwa.org/Professional-Development/Utility-Managers/State-of-the-Water-Industry
https://www.awwa.org/Professional-Development/Utility-Managers/State-of-the-Water-Industry
https://www.awwa.org/Professional-Development/Utility-Managers/State-of-the-Water-Industry
https://www.bea.gov/sites/default/files/methodologies/mp5.pdf
https://www.bea.gov/sites/default/files/methodologies/mp5.pdf
http://thevalueofwater.org/sites/default/files/Fact%20Sheet_Economic%20Impact%20of%20Investing%20in%20Water%20Infrastructure%20FINAL.pdf


→ Rising costs. As utilities stretch to address the gap in infrastructure investment, one
lever they can pull is raising rates. In fact, most utilities plan to raise costs in the coming
year, causing challenges for some customers. For more information on how water
utilities need to adjust their financial benchmarking and consider new models to address
rising costs, see the video below.

Link to video: https://youtu.be/pfs0brT_jkU

Population shifts. The U.S. population, currently at ___, is expected to hit __ by 2050. Much of
this growth will occur in areas of water scarcity such as the American West (see Table ___).
Population growth and internal migration in the U.S. will contribute to strain on infrastructure by
increasing demand for treated water and taxing the facilities for drinking and wastewater
treatment. And it’s not growth alone. Shrinking populations in smaller communities also presents
challenges to water utilities due to shrinking customer bases and decreasing revenue. To learn
more about internal population shifts, see the interactive internal migration map from Forbes.

https://www.blackrock.com/corporate/literature/whitepaper/viewpoint-infrastructure-investment-november-2015.pdf
https://efc.sog.unc.edu/project/defining-resilient-business-model-water-utilities
https://youtu.be/pfs0brT_jkU
https://www.forbes.com/special-report/2011/migration.html


History & Trends

History

The history of water and wastewater infrastructure is the history of development. As settlements
grew into towns and cities, infrastructure was required to literally “build America.” Today, we
hear “rebuild America” as an oft repeated refrain, one pointedly employed during President
Barack Obama’s second term. Rebuilding America refers to the need to upgrade
infrastructure--from aviation to roads and bridges to school to hazardous waste to water--across
the U.S. and in so doing, create jobs. It’s also a history of economic growth and public-private
partnerships. Canals were built to facilitate transport goods. Businesses and cities together bore
the cost of canal construction. Railroads, then highways replaced canals as the predominant

https://www.esri.com/arcgis-blog/products/arcgis-online/mapping/visualizing-population-migration-by-where-people-filed-their-taxes/
https://obamawhitehouse.archives.gov/campaign/rebuild-america
https://www.theguardian.com/business/2013/mar/29/obama-us-infrastructure-spending-miami-speech
https://www.theguardian.com/business/2013/mar/29/obama-us-infrastructure-spending-miami-speech
https://www.businessinsider.com/asce-gives-us-infrastructure-a-d-2017-3#schools-d-13
https://www.businessinsider.com/asce-gives-us-infrastructure-a-d-2017-3#schools-d-13
https://www.bloomberg.com/news/articles/2013-03-29/obama-touts-rebuild-america-plan-for-u-s-job-creation


form of traversing distance, yet the combination of public-private partnerships remained
constant.

The history of water infrastructure is similar, with the addition of health as an influential factor.
As cities became more crowded during the Industrial Revolution, concerns about safety and
hygiene grew more prominent and water was seen as a connection to either sickness or health.
Safe and accessible water was needed to quell disease, help grow businesses, and protect the
community from fire. In 1850, there were 83 public water supplies in the U.S., 50 of which were
privately owned. That number grew to 136 by 1886 and reached 3,000 by the turn of the
century, split relatively equally between public and private entities. Not long after these entities
were established, they began to serve important roles in health. As early as 1908, the city of
Jersey City, NJ was treating its drinking water to ensure its safety.

Photo: Nebraska State Historical Society, image RG2608.PH2494

Sewer pipe installation in Kearney Nebraska, 1889.

The provision of wastewater services by way of comprehensive sewage systems emerged in the
U.S. in the mid 19th century. Around this time treatment of wastewater became part of the
wastewater process. Previously, sewage was pumped back into the nearest body of water which
usually doubled as a community’s water source. In 1892, the U.S. included only 27 cities with
wastewater treatment works. Most cities thought treating wastewater was an unnecessary cost.
Thinking changed in the mid-20th century. In 1948, the Federal Water Pollution Control Act
outlined the need for sanitation infrastructure and directed local and state governments to
pursue this need. Decades later, the 1972 Clean Water Act made wastewater treatment
mandatory and in 1974, the Safe Drinking Water Act was adopted to regulate public drinking
water supplies. For an expansive review of the history of the Safe Drinking Water Act see the
EPA’s report Twenty-five Years of the Safe Drinking Water Act: History and Trends.

Drinking and wastewater regulation continues today. Dictated and enforced by the EPA, these
regulations pose opportunities for providing safe and reliable water services but also present
challenges in ongoing compliance requirements. For a full list of drinking water regulations see

https://origins.osu.edu/article/how-public-and-private-enterprise-have-built-american-infrastructure/page/0/0
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm4829a1.htm
https://www.nap.edu/read/10135/chapter/4#38
https://www.cdc.gov/healthywater/drinking/history.html
https://www.circleofblue.org/2012/world/americas-water-infrastructure-shows-its-age-the-national-debate-about-how-to-pay-for-repairs/
https://www.nap.edu/read/10135/chapter/4#38
https://www.hsdl.org/?abstract&did=449348


the EPA’s table of National Primary Drinking Water Regulations. For more information on
wastewater, see the EPA’s National Pollutant Discharge Elimination System program areas.
Stormwater collection is also a primary function of most water utilities; for more information on
stormwater management see the EPA’s NPDES’ Stormwater Program.

Trends

Public private partnerships. While public private partnerships (P3s) have a solid place in the
history of building infrastructure in the U.S. a developing trend is the return to these partnerships
to help address rising costs, supply funds for improvements, and provide technology and
innovation. P3s allow utilities to partner with outside entities to bring in the investment and
expertise needed to address the expanding challenges of water supply and treatment (see
Figure ___). According to the AWWA, more than 2,000 municipalities have entered into a P3
arrangement for all or part of their water supply needs. For more information on P3s in water
infrastructure, see the AWWA’s report To P3 or not to P3.

Typically cited benefits deemed most appealing to P3 involvement.

https://www.epa.gov/sites/production/files/2016-06/documents/npwdr_complete_table.pdf
https://www.epa.gov/npdes/all-npdes-program-areas
https://www.epa.gov/npdes/npdes-stormwater-program
https://www.bluefieldresearch.com/whats-holding-public-private-partnerships-us-municipal-water/
https://www.bluefieldresearch.com/whats-holding-public-private-partnerships-us-municipal-water/
https://www.govtech.com/fs/As-Water-Infrastructure-Crumbles-Many-Cities-Seek-Private-Help.html
https://www.awwa.org/Portals/0/AWWA/Communications/P3Report.pdf
https://www.awwa.org/Portals/0/AWWA/Communications/P3Report.pdf


COVID-19. Water utilities have felt the repercussions of the pandemic in budget shortfalls. As
water use in areas like restaurants and hospitality dip drastically and many businesses are
closed, revenue--based on usage--falls. Rural community utilities are some of the hardest hit,
bringing in roughly half of typical monthly revenue. The pandemic has also heightened
inequities around water access and vulnerable populations reinforcing the need to examine
cost, access, and supply to those who need it most.

An infrastructure bank. In recent years a number of trends have emerged to address the need
to finance infrastructure projects across the U.S. One of these trends is the National
Infrastructure Reinvestment Bank, proposed by legislators in 2007 and backed by President
Obama in 2008. The bank’s proposal has since been through many iterations the most recent of
which was introduced in Congress in June 2020 as the Infrastructure Bank for America. Unlike
previous proposals, the Infrastructure Bank of American would be privately owned, managed,
and funded.

Climate bonds. Fixed-income financial instruments, climate bonds (also known as green
bonds) have positive environmental or climate benefits. Proceeds from their issuance are
applied to pre-specified projects such as the creation of a hydropower plant. Projects must
comply with standards established by the Climate Bonds Initiative. For more information on
climate bonds see the Climate Bonds Initiative website.

Green cities. As more people populate cities and many cities in turn work to curb carbon
emissions, development of green cities and green city planning is on the rise. This year,
Resonance Consultancy identified the world’s ten greenest cities based in part on a city’s
walkability, public transportation, number of green spaces, and levels of air pollution. Water
systems and water planning will increasingly play a role in the creation and maintenance of
green cities as cities consider how to plan for future events and build and develop in line with
water conservation practices.

Public support. Support for investment in infrastructure is one of the few bipartisan areas of
agreement. A whopping 80% of Americans support investing in infrastructure and 84% support
investment in water infrastructure specifically. For more on public opinion about water
infrastructure see the presentation from the Value of Water Campaign.

Regulation. Emerging contaminants mean the need for more regulation addressing harmful
elements in water. While regulation is necessary, meeting shifting regulatory requirements is
costly for utilities. Water utilities are regulated at the national level by the EPA and the Safe
Drinking Water Act but are also subject to state and a variety of local regulations as well.

Deregulated electricity markets. Since mid-February of 2021, Texas is the best-known state
with a deregulated electricity market. While a number of states have deregulated electricity
markets, the recent extreme cold weather in Texas and near-catastrophic barely-avoided
complete grid failure has drawn attention to the difference between regulated and unregulated
markets and what those differences mean for water quality and availability.

https://www.npr.org/2020/06/24/882678483/covid-19-is-bad-for-business-for-water-utilities-but-consumers-may-benefit
https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2020/09/11/strained-rural-water-utilities-buckle-under-pandemic-pressure
https://www.brookings.edu/blog/the-avenue/2020/10/20/the-hidden-role-of-water-infrastructure-in-driving-a-covid-19-recovery/
https://www.brookings.edu/blog/the-avenue/2020/10/20/the-hidden-role-of-water-infrastructure-in-driving-a-covid-19-recovery/
https://www.washingtonpost.com/business/2020/10/01/power-water-gas-bills/
https://www.forconstructionpros.com/blogs/construction-toolbox/blog/10363818/obamas-national-infrastructure-reinvestment-bank
https://www.forconstructionpros.com/blogs/construction-toolbox/blog/10363818/obamas-national-infrastructure-reinvestment-bank
https://crsreports.congress.gov/product/pdf/R/R46343
https://www.everycrsreport.com/reports/IF11608.html
https://www.climatebonds.net/resources/overview/climate-bonds-for-beginners
https://www.climatebonds.net/standard/water
https://www.climatebonds.net/
https://www.bestcities.org/news/2020/04/22/the-worlds-greenest-cities/
https://www.un-ihe.org/green-cities-pathway-sustainable-urban-water-systems
https://www.infrastructurereportcard.org/poll-voters-overwhelmingly-support-more-investment-in-water-infrastructure/
http://thevalueofwater.org/sites/default/files/VOW%20Poll%20Results%20for%20External%20Distro%2004272020.pdf
https://nawc.org/about-2/industry/water-management-companies/#:~:text=Regulated%20water%20companies%20are%20regulated,and%20Safe%20Drinking%20Water%20Act.
https://www.statesman.com/story/news/2021/02/20/texas-power-grid-outages-did-ken-lays-deregulation-set-calamity/4495921001/


Regulated electricity markets mean energy utilities own and control the entire energy vertical,
from energy production to individual home energy metering. Market competition is minimal or
nonexistent. In a deregulated market, a number of providers may be responsible for electricity
supply, allowing for more market competition and in turn, the potential for better prices and
services.

Texas deregulated its electricity market in 1999. Texas is also completely energy independent.
By refusing to share energy across state lines, Texas isolated itself from the national energy grid
and avoided regulations for utilities involved in interstate commerce. Deregulation and energy
independence-turned-isolation were significant precursors to the disaster wrought by days of
cold weather in mid-February. Temperatures plummeted, households across the state turned up
their heat, and the energy draw coupled with lack of energy reserves and safeguarding
procedures, saw the state seconds away from a catastrophic blackout event.

Families huddled in their cars or gathered closely together around makeshift campfires to stay
warm. As communities across the state faced ongoing outages, more challenges unfolded,
turning the crisis in energy into a water crisis. Pipes in homes and businesses and domestic
violence shelters froze, cutting off the water supply, and then burst causing extensive damage.
Water treatment plants struggled to keep up with broken water mains, pipes, and inactive
pumps and treatment mechanisms useless without power. Water reservoirs were depleted due
to leaks and increased use. More than 800 public water systems serving 13.1 million people
experienced disruptions. The state of Texas implemented a boil water notice for roughly 7
million individuals in response to concerns over the water’s safety due to utilities’ inability to
maintain water pressure. The crisis in Texas demonstrates the interconnectedness of energy
and water and the susceptibility of water utilities to disruption as a result of crises in other
infrastructure sectors.

Skilled workforce. The average age of the water infrastructure workforce is higher than the
average age of the overall workforce, revealing the need for the water infrastructure sector to
consider how to replace retiring workers. As the industry increasingly incorporates technological
approaches and solutions, the need for a skilled and tech-savvy workforce will be all the more
pressing, requiring water infrastructure players adopt new approaches to securing a future
workforce.

Populations & Agents

Vulnerable Populations
A neighborhood’s racial composition is a strong indicator of the degree to which its infrastructure
is capable of withstanding threats, or its degree of deterioration. In contrast to communities of
predominantly white residents, communities of people of color and low-income communities
have a disproportionate amount of outdated infrastructure systems, putting them at greater risk
for water scarcity, safety issues, and hazardous conditions resulting from extreme events.

https://www.enelx.com/n-a/en/stories/energy-efficiency-management/regulated-and-deregulated-energy-markets-explained
https://energywatch-inc.com/regulated-vs-deregulated-electricity-markets/
https://www.usatoday.com/story/news/nation/2021/02/17/texas-power-grid-why-state-has-its-own-operated-ercot/6782380002/
https://www.nytimes.com/2021/02/21/us/texas-electricity-ercot-blackouts.html
https://www.nytimes.com/2021/02/21/us/texas-electricity-ercot-blackouts.html
https://www.nbcdfw.com/news/local/2-domestic-violence-shelters-evacuate-women-and-children-after-damaging-pipe-bursts/2557429/
https://www.nbcdfw.com/news/local/2-domestic-violence-shelters-evacuate-women-and-children-after-damaging-pipe-bursts/2557429/
https://www.kxan.com/news/local/austin/no-water-for-many-in-austin-with-few-answers-so-far-ahead-of-2-p-m-news-conference/
https://www.npr.org/sections/live-updates-winter-storms-2021/2021/02/17/968887365/millions-in-texas-under-boil-water-notices-because-of-winter-storm
https://www.brookings.edu/research/water-workforce/
https://hazards.colorado.edu/news/research-counts/understanding-the-unprecedented-social-vulnerability-infrastructure-failure-and-catastrophe


Yet issues related to water infrastructure also span the nation. A few of the cities listed as
having the worst tap water problems in the nation include Pittsburgh, Milwaukee, Detroit, and
Baltimore. And Mississippi, Massachusetts, and New Jersey are at the top of the list of states
with the worst infrastructure. Despite the prevalence of infrastructure issues, vulnerable
populations such as those of lower socio-economic status, or those experiencing unstable
housing conditions, are most susceptible to the intersection of challenges accompanying poor
infrastructure including less access to healthcare and other basic resources.

Agents

Category What they do Examples

Regulatory bodies Oversee issues related to water quality
and safety.

EPA
FDA

Water utilities Provide water supply systems,
maintain infrastructure

Denver Water
American Water Works
Association

Associations Provide resources and expertise as
well as an external check for
infrastructure.

ASCE
AWWA

Communities Neighborhoods, cities, or
municipalities with varying degrees
of water service and infrastructure
needs.

Rural communities
Urban areas

Consumers Receive varying levels of
infrastructure support and water
supply. Shape water conservation
and reuse practices via public
opinion. Advocate for access to safe
water and engage in a range of
water use behaviors.

Indian Tribes
Urban centers
Rural communities

Industry Rely on water to produce goods/services
and sustain industry. Participate in both
positive and harmful water use practices
thereby affecting other industries and
their water uses.

Recreation
Agriculture
Energy

Investors Provide financial backing for water
infrastructure and in some cases,
own water utilities.

Water Asset Management
Climate Change Bond funds

https://www.businessinsider.com/cities-worst-tap-water-us-2019-3#baltimore-has-a-cloudy-reservoir-with-potentially-toxic-particles-8
https://www.cnbc.com/2018/06/28/the-10-states-most-in-need-of-an-infrastructure-overhaul.html
https://www.cnbc.com/2018/06/28/the-10-states-most-in-need-of-an-infrastructure-overhaul.html
https://www.epa.gov/
https://www.fda.gov/food/buy-store-serve-safe-food/fda-regulates-safety-bottled-water-beverages-including-flavored-water-and-nutrient-added-water#:~:text=The%20Food%20and%20Drug%20Administration,FDA%20regulates%20bottled%20drinking%20water.
https://www.denverwater.org/
https://www.awwa.org/
https://www.awwa.org/
https://www.asce.org/
https://www.awwa.org/
https://www.americanbar.org/groups/crsj/publications/human_rights_magazine_home/vol--44--no-2--housing/rural-america-s-drinking-water-crisis/
https://newcities.org/basic-infrastructure-services-are-essential-for-urbanization-but-who-will-pay/#:~:text=Basic%20Infrastructure%20Services%20are%20Essential%20for%20Urbanization%20%E2%80%93%20But%20Who%20Will%20Pay%3F,-Julie%20Kim&text=Urbanization%20cannot%20happen%20in%20a,of%20their%20citizens%20and%20businesses.
https://www.watereducation.org/western-water/shortages-loom-colorado-river-basin-indian-tribes-seek-secure-their-water-rights
https://www.thechicagocouncil.org/blog/global-food-thought/water-scarcity-urbanization-and-climate-change-are-combined-threat-supply#:~:text=Urbanization%20creates%20its%20own%20forms,drinking%20water%20and%20basic%20sanitation.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427320/#:~:text=About%20844%20million%20people%20on,need%20improved%20services%20%5B9%5D.
https://www.drought.gov/drought/news/new-report-drought-and-outdoor-recreation
https://www.oecd.org/agriculture/topics/water-and-agriculture/
https://economicsofwater.weebly.com/water-and-the-energy-industry.html
http://waterinv.com/investment_opportunity
https://www.pimco.com/en-us/investments/mutual-funds/climate-bond-fund/inst


Existing Approaches & Workarounds

Approaches

Smart water management and advanced metering infrastructure. Smart water management
includes the hardware, software, processes, analytics, and advanced pressure management
systems for monitoring water via the IoT. As a whole, the smart water management market was
$9.6 billion in 2017 and is expected to reach $31.6 billion by 2024.

Advanced metering infrastructure is one technological innovation within smart water
management. Integrated sets of smart meters work together to create advanced metering
infrastructure (AMI). AMI allows for advanced data collection, as well as the potential for
two-way communication between the customer and utility. Unlike traditional water meters
requiring regular visits from utility personnel to a household or businesses, automatic meter
readers (AMRs) provide ongoing data to a utility on an hourly basis. AMI is one step up,
enabling data sharing with the customer as well as the utility. While AMI presents many
possibilities for utilities in the realm of more accurate and immediate data and benefits to the
customer, transitioning to AMI also presents cost challenges as utilities segue to new hardware
and structures as well as new employee skill sets. Smart metering companies include Itron, Inc,
WaterSmart, Badger Meter, and Elster Group.

The AMI market consists of smart meters and the communication modules required for their
use, with the smart meters representing the larger share of the market. Market expectations are
strong in the near future due in part to pressures on utilities to improve customer service and
increase efficiencies. The worldwide smart water metering market is $5.9 billion and expected to
reach $9.6 billion by 2024 (see Figure ___ for global growth predictions).

https://blog.technavio.com/blog/smart-water-management-way-forward#:~:text=Smart%20water%20management%20is%20essentially,transport%20water%20are%20managed%20effectively.
https://www.environmentalleader.com/2019/03/water-management-tech/
https://internetofthingsagenda.techtarget.com/definition/advanced-metering-infrastructure-AMI
https://internetofthingsagenda.techtarget.com/definition/advanced-metering-infrastructure-AMI
https://www.sjwater.com/our-company/news-media/water-blogged/how-utilities-work-smarter-advanced-metering-infrastructure
https://www.sjwater.com/our-company/news-media/water-blogged/how-utilities-work-smarter-advanced-metering-infrastructure
https://texaswaternewsroom.org/articles/advanced_metering_infrastructure_allows_water_data_to_flow.html
https://waterfm.com/4-reasons-upgrading-to-ami-means-more-than-you-think-for-your-system/#:~:text=AMI%20%E2%80%94%20an%20integrated%20system%20of,%2C%20data%2Ddriven%20strategic%20decisions.
https://www.advancedenergy.org/2020/09/07/advanced-metering-infrastructure-is-unlocking-opportunities-for-utilities-and-their-customers/
https://www.advancedenergy.org/2020/09/07/advanced-metering-infrastructure-is-unlocking-opportunities-for-utilities-and-their-customers/
https://www.itron.com/
https://www.watersmart.com/
https://www.badgermeter.com/
https://www.elster.com/en/index
https://www.grandviewresearch.com/industry-analysis/advanced-metering-infrastructure-ami-market
https://www.marketsandmarkets.com/Market-Reports/smart-water-metering-market-250996975.html


A range of technological innovations are increasingly helping to protect against leaks and
breaks, both in the home and on behalf of utilities. Smart water metering as addressed through
devices like WaterOn offer automated water monitoring (see Figure ___) for apartment buildings
or multi-family homes to reduce consumption and help identify leaks and potential water waste.
Geographic Information System (GIS) data as supplied by companies like Esri through their
service ArcGIS aids utilities by providing location specific data. To learn more about the
integration of ArcGIS with utilities, see the Esri case study of Arkansas water.

Example of WaterOn’s information dashboard.

https://www.marketsandmarkets.com/Market-Reports/smart-water-metering-market-250996975.html
https://smarterhomes.com/
https://www.esri.com/en-us/about/about-esri/overview
https://www.esri.com/en-us/industries/water/segments/water-utilities
https://www.esri.com/en-us/landing-page/industry/water/2019/central-arkansas-water
https://smarterhomes.com/


Green infrastructure. Effective, economical, and environmentally sound, green
infrastructure--sometimes referred to as natural infrastructure--uses natural processes and
materials to manage water and protect the water cycle. Often, green infrastructure may
supplement or replace costly traditional infrastructure; restoring wetlands and green spaces
instead of investing in a water treatment plant, for example. In addition to saving costs, green
infrastructure also creates jobs. New York City’s sustainability plan is projected to create 4,449
water infrastructure jobs per year.

In Nevada City, California, a rain garden is used to catch rainwater runoff from parking lots and allow the water to sink
into the ground. Photo: Jacob Dyste.

Further examples of green infrastructure include rain gardens, permeable pavement, and green
or blue roofs.

Retrofitting medium-sized office, apartment, or retail buildings with green infrastructure is
expected to yield positive returns in energy savings, incentives, and reduced risks for extreme
events as well as non-monetary benefits to livability, community, and quality of life (see Figure
___).

https://www.epa.gov/green-infrastructure/what-green-infrastructure
https://www.epa.gov/green-infrastructure/what-green-infrastructure
https://www.eesi.org/papers/view/fact-sheet-nature-as-resilient-infrastructure-an-overview-of-nature-based-solutions
http://www.waterandnature.org/sites/default/files/wise_up_nibi_final_infographic_0.pdf
https://www1.nyc.gov/site/orr/index.page
https://www.americanrivers.org/threats-solutions/clean-water/green-infrastructure/what-is-green-infrastructure/
https://thewatershed.org/green-infrastructure-rain-gardens/
https://info.wesslerengineering.com/blog/green-infrastructure-permeable-pavement
https://greenroofs.org/
http://css.umich.edu/sites/default/files/publication/CSS2019-29.pdf
https://www.nrdc.org/sites/default/files/commercial-value-green-infrastructure-report.pdf
https://www.epa.gov/green-infrastructure/economics-green-infrastructure


Potential benefits of green infrastructure in a mid-size retail center.

Philadelphia, PA, has adopted widespread green infrastructure projects to conserve and protect
water. I highly recommend checking out the abbreviated Green City, Clean Waters plan as well
as the video below for inspiration. In the semi-arid west, green infrastructure may also be
referred to as low-impact development (LID). See the city of Fort Collins for example of LID.

Video link: https://vimeo.com/17306371

According to the Organization for Economic Development and Cooperation (OECD), roughly
60% of urban infrastructure that will exist in 2030 has yet to be built. For more information on
how to invest in and scale up green infrastructure see chapter three of the OECD’s online report
Green Infrastructure in the Decade for Delivery.

Green infrastructure companies include Pattern Energy Group, Clearway Energy Group,
Hannon Armstrong, and Brookfield Renewable Partners.

New materials. Water pipes of old were often iron or even wood. Today, a variety of materials
are considered to replace aging pipes. These materials range from a variety of plastics to
pre-stressed concrete (see Table __ for comparison info on pipe material). Rehabilitation of
existing pipes is expected to be the greatest category of spending for utilities in the near future
with annual growth from $253 million in 2019 to $576 million by 2028. Pipe rehabilitation and
replacement is generally conducted by utilities or private developers. According to Water
Finance and Management Magazine, the market and capital spend for “legacy materials” such
as iron and steel still comprises a large segment of material use--65% representing $32 billion
over ten years--however, plastic and emerging materials are growing and represent the
remaining 35% of market share for $17.3 billion over a ten year period. Additionally, emerging
materials growth is outpacing the sector as a whole. Average annual growth of plastic pipe
investment is 4.5% versus 2.1% for legacy materials.

https://www.nrdc.org/sites/default/files/commercial-value-green-infrastructure-report.pdf
http://archive.phillywatersheds.org/doc/GCCW_AmendedJune2011_LOWRES-web.pdf
http://archive.phillywatersheds.org/doc/GCCW_AmendedJune2011_LOWRES-web.pdf
https://www.epa.gov/green-infrastructure/green-infrastructure-semi-arid-west
https://www.fcgov.com/utilities/what-we-do/stormwater/stormwater-quality/low-impact-development
https://vimeo.com/17306371
https://www.oecd-ilibrary.org/sites/f51f9256-en/1/3/3/index.html?itemId=/content/publication/f51f9256-en&_csp_=7d5d22ec82800d8235fe1f2706f7224f&itemIGO=oecd&itemContentType=book
https://patternenergy.com/
https://www.clearwayenergygroup.com/
https://www.hannonarmstrong.com/
https://bep.brookfield.com/
https://blog.envirosight.com/a-brief-history-of-pipe-materials
https://www.mswmag.com/editorial/2014/08/theres_a_perfect_pipe_for_every_water_and_wastewater_project
https://www.wateronline.com/doc/water-and-wastewater-pipeline-infrastructure-opportunities-0001
https://www.thespruce.com/types-of-pipe-used-for-water-2718736#:~:text=PVC%20is%20an%20acronym%20that,home%2C%20and%20building%20supply%20piping.
https://puretechltd.com/pipes/prestressed-concrete-cylinder-pipe-pccp/
https://waterfm.com/pipe-market-turns-to-new-materials-to-address-aging-water-infrastructure/
https://waterfm.com/pipe-market-turns-to-new-materials-to-address-aging-water-infrastructure/


Water Main Failure Data Over A 12-Month Period. Source: Water Main Break Rates in the USA and Canada, April
2012, by Steven Folkman, Utah State University (CI=cast iron, DI=ductile iron, PVC=polyvinyl chloride/non-metallic
coated plastic, CPP=concrete pressure pipe, AC=asbestos cement)

Investing in water. Infrastructure investment is increasingly an approach to addressing
infrastructure needs and offers the potential for payoff, albeit with a turn around often involving
decades and specific risk considerations, for investors who are looking for alternatives to
traditional investments (see Figure ___ for an example from BlackRock regarding infrastructure
and investor needs met from infrastructure investment). Infrastructure private equity is similar to
real estate private equity in that both invest in properties but with one key distinction:
infrastructure private equity invests in properties that in some way involve the provision of an
essential service. For more on infrastructure investment and private equity see Mergers and
Acquisitions' Infrastructure Private Equity: The Definitive Guide and for more information
regarding who finances infrastructure see the American Rivers’ Advocates Guide on Drinking
Water Infrastructure.

Workarounds

Failure to act. Also known as looking the other way or kicking the can down the road. It
represents much of the U.S. approach to infrastructure needs over the past few decades, which
is why the U.S. ranks 13th globally for the state of its infrastructure (see Figure ___). The
American Society of Civil Engineers estimates a continued failure to respond to the increasingly
pressing demands in water infrastructure needs will have significant economic costs. To quote
the ASCE report:

● Service disruptions would cost water-reliant businesses $250 billion by 2039.
● Underinvestment would lead to a cumulative $2.9 trillion decline in the gross domestic

product by 2039.
● Costs incurred by US households due to water and wastewater failures would be seven

times higher in 20 years than they are today.
● Failing water infrastructure would result in $7.7 billion in cumulative healthcare costs to

households over the next 20 years.

https://www.wateronline.com/doc/water-and-wastewater-pipeline-infrastructure-opportunities-0001
https://www.benzinga.com/money/infrastructure-investments-types-and-opportunities/
https://www.raconteur.net/infrastructure/infrastructure-investment-bonds/
https://www.worldwatercouncil.org/sites/default/files/Thematics/WWC-Typology-of-Water-Infrastructure-Projects_WEB.pdf
https://www.blackrock.com/corporate/literature/whitepaper/viewpoint-infrastructure-investment-november-2015.pdf
https://www.mergersandinquisitions.com/real-estate-private-equity/
https://www.mergersandinquisitions.com/infrastructure-private-equity/#:~:text=Some%20PE%20firms%20focus%20on,Capital%2C%20and%20Energy%20Capital%20Partners.
https://americanrivers.org/wp-content/uploads/2016/05/AmericanRivers_drinking-water-infrastructure-report.pdf
https://americanrivers.org/wp-content/uploads/2016/05/AmericanRivers_drinking-water-infrastructure-report.pdf
https://www.pgpf.org/chart-archive/0215_infrastructure-ranking-by-country-world-economic-forum
http://www.uswateralliance.org/sites/uswateralliance.org/files/publications/The%20Economic%20Benefits%20of%20Investing%20in%20Water%20Infrastructure_final.pdf


Home water-leak management. As soon as I read an article telling me to manage leaks and
cut down on water waste by putting food coloring in my toilet bowl, I stop reading. I’m all for
mitigating water loss and doing my part in the home but when home solutions start to sound like
15 step craft projects I am out. However, and as mentioned earlier, these kinds of artsfair
activities call attention to the blurry lines between home systems and community infrastructure.
Is it possible to find simple, shared approaches to infrastructure issues in the home and
beyond?

Trained incapacity. Literary theorist Kenneth Burke, using a concept from an earlier economic
theorist, Thorstein Veblen calls attention to the idea of trained incapacity in Burke’s 1954 book,
Permanence and Change. Trained incapacity, Burke says, is the state wherein one’s training or
education may function as blindness. In other words, Burke believed our way of seeing things
limited our ability to see potential solutions and closed us off to possibilities. For example, when
faced with congested highways the solution often seems to be to add more lanes and increase
the number of cars on the road, which only causes more congestion. This solution is in part a
function of the training and previous experience of those tasked with addressing the problem. If
infrastructure like roads or water pipes has served a particular purpose for a century, and people
have been trained to address any deterioration in those roads or pipes, then an ongoing cycle of
repairing and rebuilding infrastructure as it currently exists seems like the only viable solution.

https://www.pgpf.org/chart-archive/0215_infrastructure-ranking-by-country-world-economic-forum
https://www.epa.gov/watersense/fix-leak-week
https://www.britannica.com/biography/Kenneth-Burke
https://www.britannica.com/biography/Thorstein-Veblen
https://www.nlc.org/article/2019/03/07/what-will-it-take-to-rebuild-modern-water-infrastructure-in-the-us/


Indeed, that is the predominant approach to water infrastructure issues. Rather than rely on
repair and rebuild is it possible to transcend our blindnesses and also include reinvention in our
approaches?

In the meantime, the water infrastructure repair market is substantial. Top players in the industry
include companies such as Xylem (its tagline is “Let’s Solve Water”), Danaher Corporation,
Mueller Water Products, Aegion, Black and Veatch, and Sulzer working in every region across
the globe. Each company presents varying levels of innovations in addition to repair. Black and
Veatch devote services to sustainable infrastructure and Mueller Water Products features the
smart water hydrant. As of 2019, the global water infrastructure repair market size was $88,190
million with a compound annual growth rate of 6.9% over the next few years to reach $141,410
million by the end of 2026.

Additional Resources
The ASCE runs an ongoing list of #Gamechangers in water and infrastructure on its website:
https://www.infrastructurereportcard.org/solutions/gamechangers/

More information on infrastructure bank proposals throughout history:
https://www.enotrans.org/article/look-infrastructure-banks-part-1/

Check out this case study of a the state of Connecticut’s Green Bank:
https://cdn.gihub.org/umbraco/media/2631/usa-case-study.pdf

For more on climate bonds, see https://climatetrust.org/climate-bonds-overview/

A list of the top companies in water and wastewater treatments:
https://meticulousblog.org/top-10-companies-in-water-wastewater-treatment-market/

https://www.brookings.edu/blog/the-avenue/2018/04/18/water-infrastructure-todays-funding-for-tomorrows-needs/
https://www.xylem.com/en-us/
https://www.danaher.com/
https://muellercompany.com/
https://www.aegion.com/
https://www.bv.com/
https://www.sulzer.com/en
https://www.bv.com/solutions/sustainability
https://www.smarthydrant.com/
https://www.wboc.com/story/42492117/global-water-infrastructure-repair-market-size-topnbspmanufacturers-entry-global-industry-analysis-market-share-growth-trends-showing-impressive
https://www.wboc.com/story/42492117/global-water-infrastructure-repair-market-size-topnbspmanufacturers-entry-global-industry-analysis-market-share-growth-trends-showing-impressive
https://www.infrastructurereportcard.org/solutions/gamechangers/
https://www.enotrans.org/article/look-infrastructure-banks-part-1/
https://cdn.gihub.org/umbraco/media/2631/usa-case-study.pdf
https://climatetrust.org/climate-bonds-overview/
https://meticulousblog.org/top-10-companies-in-water-wastewater-treatment-market/


Water Supply & Scarcity

According to the United Nations, water is “at the heart” of adaptation to climate change.
Human-caused climate change, including the contributing factor of population growth, has
resulted in less reliability in water supply resources as well as greater variability between water
excesses and shortages. The result is growth in the frequency and intensity of water scarcity
across the globe and escalating uncertainties concerning water supply. Over 748 million people
around the world are without basic water access. That’s more than twice the population of the
United States. As population growth continues--particularly in urban areas--so will instances of
water supply scarcity. Almost half the world's population will be living in areas of high water
stress by 2030 and water scarcity in some arid and semi-arid places will displace between 24
million and 700 million people. Climate change can significantly alter the water cycle, making
predictions and planning for scarcity or water crisis events all the more challenging. As scarcity
increases, attention to various sources and supplies of water, as well as more efficient water
allocation and use, become essential for human survival and for economic growth. The
estimated cost benefit to the U.S. of reducing agricultural water scarcity globally is $94 billion a
year. Each water source--from groundwater, to sea water, to rivers, to rainfall, to reused
water--includes climate change related challenges ranging from pollution and supply levels to
consumer comfort and cost. Further, supply issues overlap with infrastructure and capacity
limitations, technology considerations, and neglect of rural areas.

How might we provide water to those who need it and protect or enhance water supply
sources?

https://www.outsideonline.com/2402320/west-water-shortage-usage-tracking


Contributing Factors

Water in the West
The Colorado River
Climate change (varying snowmelt, drought)
Pollution
Competing stakeholder interests
Consumer comfort
Data/information
Water policy and water rights
Sourcing

History & Trends

History

Western waters
Developing the West
Selling the West
The Law of the River
Environmental Movement

Trends

Population growth
Conflict and collaboration
Water use
Extreme events
Municipal utility consolidation
Tribal water rights

Populations & Agents

Populations

Women and children
Residents of water scarce areas

Agents

Industry sectors
Consumers
Water-managing bodies



Existing Approaches & Workarounds

Approaches

Ancestral and Indigenous water
practices
Water markets and water trading
Desalination
Water-sensitive cities
Water and technology
Satellite data

Workarounds

Deeper wells drawing more groundwater
Ignoring infrastructure
Privatization of water sources
Water rights sector
Private companies

Contributing Factors
Water in the West. Water scarcity and supply issues are relevant in many places all over the
globe. In fact, the countries most at risk of a water crisis are located primarily in the Middle East
(Figure __). While issues of water in the West may not be the most pressing globally when it
comes to water supply and scarcity, in many ways, the West is a microcosm wherein two
pressing realities related to water intersect. The first is interconnectedness. Water in the West
represents a level of interconnection demonstrating the need for collaboration and transparency
when it comes to water challenges in any region. What happens in the Rocky Mountains has
direct results for how water is used in California. And vice versa: how water is allocated in
California affects supply levels and demand in the headwater state of Colorado. The second
reality is in some ways paradoxical to the first: water issues--despite the interconnectedness of
regions--are driven and molded by local concerns. When communities are suffering from
drought or dwindling water supplies, local concerns take precedence over conditions in the next
state over. Is it possible to reconcile local concern with regional interdependence? In many
ways, this question is at the crux of water issues in the West and serves as inspiration for further
exploration.

“It seems odd to characterize an entire region by what it lacks, but water has always been the
most consistent and frequently cited tie that binds the West.” -- Fahlund, Choy, and Szeptycki,
“Water in the West”

https://www.bloomberg.com/graphics/2019-countries-facing-water-crisis/
https://www.climatecentral.org/news/climate-change-in-the-rockies-water-supply-17891
https://gotbooks.miracosta.edu/earth_science/water/California_Water_System.html
https://sites.duke.edu/mullin/files/2018/08/MullinRubado_UAR.pdf
https://www.semanticscholar.org/paper/Water-in-the-West-Fahlund-Choy/6fe9d244f121865bc191ed025fbff27cf97b7b0e


The Colorado River. It’s been called “The American Nile.” Indeed, the Colorado River is the
lifeblood of much of the western U.S. and plays a central role in the economic vibrancy of nearly
half of the United States. But as climate change and population growth (see Figure __) have
increased pressure on the river, much of the west has grappled, and will continue to grapple,
with best managing this resource. For in depth exploration of the challenges relating to the
Colorado River, see the Yale School of the Environment five-part series titled, Crisis on the
Colorado.

The population of Colorado River basin states is expected to grow 53% by the year 2030.

https://www.bloomberg.com/graphics/2019-countries-facing-water-crisis/
https://www.nationalgeographic.com/americannile/
http://businessforwater.org/wp-content/uploads/2016/12/PTF-Final-121814.pdf
https://www.sciencenews.org/article/climate-change-warming-slowly-drying-up-colorado-river-water
http://savethecolorado.org/threats/population-growth/#:~:text=Human%20populations%20are%20expected%20to,the%20Colorado%20River%20basin%20states.
https://www.glencanyon.org/grand-canyon/
https://e360.yale.edu/features/the-wests-great-river-hits-its-limits-will-the-colorado-run-dry
https://e360.yale.edu/series/crisis-on-the-colorado
https://e360.yale.edu/series/crisis-on-the-colorado


Climate change. The effects of climate change on water include a change in the timing of water
availability as snowpack melts faster due to increased temperature, change in demand due to
higher temperatures or drought conditions, change in surface water availability and groundwater
storage levels, change in the number and intensity of extreme events, change in sea levels, and
a change in water quality due to varying levels of chemicals, toxins, and saline. In sum, climate
change interferes with segments of the hydrologic cycle (Figure ___). This interference makes it
difficult to predict and count on water resources. Cities, industries, and consumers face
increasing uncertainty when it comes to water.

→ Varying snowmelt. One of the most significant factors related to water in the western
United States is snowpack levels. Roughly 75% of the water supplying the western U.S.
comes from snowmelt. Less snow, or snow melting earlier in the year due to increasingly
warm winter and spring temperatures means less water for many of the states relying on

these supplies. The amount of food grown in some of the most productive agricultural
counties in the U.S. depends on surface water originating from snow in the Rocky
Mountains (see Figure __). California is the leading producer of fruits and vegetables
(Figures __ and __) yet the state’s climate is primarily desert. Farmers rely on snowmelt
to fill rivers; those rivers become irrigation sources for farmers.

→ Drought. As temperatures warm less snow falls and in general, warming temperatures
due to climate change contribute to drought conditions. Prolonged drought in turn leads
to water scarcity. In times of drought, the water in rivers, streams, and lakes dries up
causing communities to rely more heavily on other sources, such as groundwater--a
resource itself depleted in times of drought. Drought is tied to the economic health of a
region. Cities, communities, and industries require resilient water sources in times of
drought, yet, particularly in arid climates, resiliency is difficult to achieve.

https://scied.ucar.edu/longcontent/water-cycle-climate-change
https://www.sciencedaily.com/releases/2020/04/200420125512.htm
https://www.usgs.gov/special-topic/water-science-school/science/snowmelt-runoff-and-water-cycle?qt-science_center_objects=0#qt-science_center_objects
https://vegetablegrowersnews.com/news/3-states-produced-76-percent-u-s-veggies-2017/
https://psmag.com/environment/the-schemers-who-turned-california-into-an-agricultural-wonder
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/newsroom/features/?cid=stelprdb1101556
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/newsroom/features/?cid=stelprdb1101556
https://www.climatecentral.org/news/report-the-case-of-the-shifting-snow
https://www.pbs.org/wnet/peril-and-promise/2019/05/climate-change-contributed-to-droughts/#:~:text=In%20general%2C%20scientists%20agree%20that,in%20the%20southwestern%20United%20States.
https://blog.arcadia.com/causes-and-effects-of-water-scarcity/
https://www.usgs.gov/special-topic/water-science-school/science/drought-and-groundwater-levels?qt-science_center_objects=0#qt-science_center_objects
https://www.ncdc.noaa.gov/news/drought-monitoring-economic-environmental-and-social-impacts#:~:text=Examples%20of%20economic%20impacts%20include,in%20the%20price%20of%20cheese.


https://www.denverpost.com/2020/04/21/colorado-river-basin-snowpack/
https://vegetablegrowersnews.com/news/3-states-produced-76-percent-u-s-veggies-2017/


Pollution. Water seems plentiful. In fact, 72% of our planet is covered in water. And there’s
even more under the ground. So we are ok, right? Not exactly. Of that bounty, most--97%--is
seawater and only 1% of the freshwater on the planet is available to us. A majority is locked
away in icecaps. Pollution threatens the freshwater we do have, decreasing the supply of safe
water consumed in homes, agricultural, and business. Water pollution, in the form of toxins,
chemicals, or microorganisms, degrades water quality and the surrounding environment.
Causes of water pollution include sewage, industrial water, eutrophication, and nuclear waste.
For a thorough exploration of the myriad causes of water pollution, including exploration of the
types of water pollution like microplastics and chemicals, see The Water Pollution Guide.

Competing stakeholder interests. Because everyone needs water, everyone has a stake in
how it is used. Table ___ breaks down a number of the stakeholder groups involved in water
discussions. Often these groups have different approaches and opinions. The amount of water
in any given area at a particular time is unpredictable and certainly finite. Therefore, what are
called “water wars” or water conflicts can be contentious as they crop up among different groups
and populations as well as different countries. Water conflict in the western U.S. is an ongoing
concern as exemplified in the story of Porterville, CA, a small town where wells ran dry during
the state’s 2011-2019 drought and hundreds of residents were left without water. Water
restrictions in urban areas were met with pushback and criticism, particularly from those who felt
the agricultural industry, responsible for 40 to 80% of water use in the state (depending on the
data source), wasn’t sacrificing enough. Competition for water among various stakeholders

https://jehovahwitnessmingle.weebly.com/about.html
https://www.livescience.com/29673-how-much-water-on-earth.html
https://www.britannica.com/science/water-pollution
https://www.britannica.com/science/water-pollution
https://www.water-pollution.org.uk/sewage-and-wastewater/
https://www.water-pollution.org.uk/industrial-water-pollution/
https://www.water-pollution.org.uk/eutrophication-and-water-pollution/
https://www.water-pollution.org.uk/nuclear-waste/
https://www.water-pollution.org.uk/the-causes-of-water-pollution/
https://www.water-pollution.org.uk/types/
https://www.water-pollution.org.uk/microplastic/
https://www.water-pollution.org.uk/chemical-water-pollution/
https://www.water-pollution.org.uk/
https://www.weforum.org/agenda/2018/10/where-the-water-wars-of-the-future-will-be-fought
https://newrepublic.com/article/155043/water-wars
https://www.theguardian.com/us-news/2015/apr/20/east-porterville-california-drought-bottled-water-showers-toilets
https://www.fresnobee.com/news/local/water-and-drought/article98224037.html
https://www.vcstar.com/story/news/2018/05/31/permanent-california-water-restrictions-approved-gov-jerry-brown/662456002/
https://www.vcstar.com/story/news/2018/05/31/permanent-california-water-restrictions-approved-gov-jerry-brown/662456002/
https://www.ppic.org/publication/water-use-in-california/#:~:text=Water%20in%20California%20is%20shared,between%20wet%20and%20dry%20years.
https://www.washingtonpost.com/blogs/govbeat/wp/2015/04/03/agriculture-is-80-percent-of-water-use-in-california-why-arent-farmers-being-forced-to-cut-back/
https://www.nrdc.org/stories/california-hasnt-come-clean-about-its-water-use-during-drought
https://www.nrdc.org/stories/california-hasnt-come-clean-about-its-water-use-during-drought
https://www.sacbee.com/news/california/water-and-drought/article17268866.html


including urban, agricultural, and energy sectors will most likely increase as population and
demand also rise.

https://www.e-education.psu.edu/geog438w/node/283
https://s3.amazonaws.com/tnc-craft/library/Stakeholder_Mapping_Reference.pdf?mtime=20180127202839


Many Porterville residents had to import water from outside their homes for basic use. Here, Guillermina
Andrade, who hadn’t had water for two years, pours water into her toilet to flush it. Credit: Genaro Molina,
LA Times.

Consumer comfort. As traditional water supplies come under threat from climate change,
increased demand, and pollution, alternative water sources are an option. Sea water and
recycled water (also called reclaimed water or referred to as “toilet to tap” efforts) are two of the
most referenced alternative sources. While these alternatives present viable possibilities for
water supply, they aren’t well accepted among consumers and the costs of desalination can be
prohibitive. Research demonstrates recycled water is often met with disgust and associations of
contamination from consumers. See Table __ below for common associations researchers
found related to recycled and desalinated water from sample groups in Africa and Australia.
Transcending existing consumer comfort levels will be key to moving forward with supply
alternatives.

https://www.latimes.com/local/drought/la-me-east-porterville-drought-20160506-story.html
https://adventure.howstuffworks.com/survival/wilderness/convert-salt-water.htm
https://www.epa.gov/waterreuse/basic-information-about-water-reuse#:~:text=Water%20reuse%20(also%20commonly%20known,industrial%20processes%2C%20and%20environmental%20restoration.
https://www.bbc.com/future/article/20160105-why-we-will-all-one-day-drink-recycled-wastewater
https://www.technologyreview.com/2014/12/03/170231/how-can-desalination-become-cheaper/


Data and information. Water use is measured via withdrawal and consumption. Although these
metrics appear relatively straightforward, there is much we don’t know about measuring water
and even more we don’t utilize when it comes to data-sharing. There are currently no
frameworks for measuring water resiliency, for example. To explore attempts to create such a
framework see, the 2018 UK “Measuring Resilience in the Water Industry” report. Additionally,
Groundwater science is an increasingly significant area of study focusing on groundwater levels,
movement, and use.

Challenges relating to data and information include data sharing, particularly among regions,
entities, or nations using varying metrics and platforms as indicators of water supply. For an
indepth look at the challenges and possibilities related to water and data, see the Aspen
Institute’s report Internet of Water: Sharing and Integrating Water Data for Sustainability.

Additional measures, like city sustainability are relevant to understanding water supply data, but
are also nascent. One example is the Water Sensitive Cities (WSC) Index, a tool from the
Cooperative Research Center for Water Sensitive Cities. See the “Approaches” section below
for more information on the WSC Index.

https://www.usbr.gov/mp/arwec/water-facts-ww-water-sup.html
https://www.unitedutilities.com/globalassets/z_corporate-site/about-us-pdfs/looking-to-the-future/measuring-resilience-in-the-water-industry_final.pdf
https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/oregon/freshwater/groundwater/Pages/default.aspx
https://assets.aspeninstitute.org/content/uploads/2017/05/Internet-of-Water-Report-May-2017.pdf
https://watersensitivecities.org.au/about-the-crcwsc/


Water policy and water rights. Water is a mobile resource. It moves and is therefore difficult to
bind and contain much less own. Yet, particularly in the American West, this hasn’t stopped
anyone from trying to do just that for centuries. In the west, appropriative water rights dominate
(as compared to the east wherein riparian water rights are used) which means water is
disconnected from land ownership. Via appropriative rights, water can be diverted at one point
and appropriated to use at another point. Priority is given to the most senior
appropriators--those who were “first in line” may use as much water as is appropriated to
them--and states grant water rights to users. For more information on water rights see the
overview provided by the National Agricultural Law Center or see the slideshow breaking down
western water rights via the example of Arizona. Water rights, and the contentions they cause in
considering tribal water rights, play a role in supply. Increasingly, there is more water
appropriated than there is water available for use.

Sourcing. A variety of sources provide the freshwater needed for consumption, agriculture, and
additional water needs. Each of those sources involves distinct challenges (such as pollution)
and opportunities for supplying water. Reviewing the hydrologic cycle offers further insight into
the connectedness of each water source (see Figure ___ for a schematic representation). In
essence, a few factors serve as core components of the hydrologic cycle: precipitation,
evaporation, storage, and runoff. Precipitation may be in the form of snow or rain; storage
involves intercepting precipitation in some way and includes surface storage (see Figure ___)
such as lakes or rivers, or below surface storage via groundwater and aquifers (Figure ___).
Interception may be naturally occurring or involve human participation, such as rainwater
collection. Each component influences the availability of water at a given time and location.
California, for example, has turned to groundwater in the face of ongoing drought and must
replenish aquifers. Nineteen of Colorado’s 64 counties rely heavily on groundwater. Globally,
over half of aquifers are at a critical threshold of sustainability as groundwater is withdrawn
faster than it is replenished. For more information on components of the water cycle, including a
review of the variables and equations used to determine water availability, see the European
Commission’s technical report on water balances.

https://www.watereducation.org/aquapedia/appropriative-rights#:~:text=An%20appropriative%20right%20to%20use,on%20a%20permit%20or%20license.
https://undeerc.org/water/Decision-Support/Water-Law/pdf/Water-Appr-Systems.pdf
https://nationalaglawcenter.org/overview/water-law/
https://eplanning.blm.gov/public_projects/lup/36503/43977/47328/Introduction_to_Arizona_Water_Rights_-_rev._07-15-13_(2).pdf
https://cals.ncsu.edu/are-extension/news/winters_rights/
https://thenevadaindependent.com/article/in-correcting-misappropriation-of-water-state-must-balance-legal-rights-with-existing-use
https://thenevadaindependent.com/article/in-correcting-misappropriation-of-water-state-must-balance-legal-rights-with-existing-use
https://www.nrdc.org/stories/water-pollution-everything-you-need-know
https://www.weather.gov/jetstream/hydro
https://echo2.epfl.ch/VICAIRE/mod_1a/chapt_7/main.htm#:~:text=7.1.,lakes%2C%20swamps%2C%20pools).
https://www.groundwater.org/get-informed/basics/whatis.html
https://www.safewater.org/fact-sheets-1/2017/1/21/aquifers
https://www.energy.gov/eere/femp/water-efficient-technology-opportunity-rainwater-harvesting-systems
https://www.energy.gov/eere/femp/water-efficient-technology-opportunity-rainwater-harvesting-systems
https://www.sciencemag.org/news/2020/04/droughts-exposed-california-s-thirst-groundwater-now-state-hopes-refill-its-aquifers
https://waterknowledge.colostate.edu/hydrology/groundwater-resources/#:~:text=Groundwater%20is%20the%20water%20found,between%20rocks%2C%20gravel%20and%20sand.&text=Of%20Colorado's%2064%20counties%2C%2019,approximately%2020%25%20of%20the%20population.
https://www.pewtrusts.org/en/trend/archive/spring-2019/a-map-of-the-future-of-water
https://climate-adapt.eea.europa.eu/metadata/guidances/guidance-document-on-the-application-of-water-balances-for-supporting-the-implementation-of-the-wfd/11309477
https://climate-adapt.eea.europa.eu/metadata/guidances/guidance-document-on-the-application-of-water-balances-for-supporting-the-implementation-of-the-wfd/11309477


The hydrologic cycle, represented schematically.

https://climate-adapt.eea.europa.eu/metadata/guidances/guidance-document-on-the-application-of-water-balances-for-supporting-the-implementation-of-the-wfd/11309477
https://echo2.epfl.ch/VICAIRE/mod_1a/chapt_7/main.htm#:~:text=7.1.,lakes%2C%20swamps%2C%20pools).


History & Trends

History
Western waters. The tale of water in the West is, in many ways, the tale of a connection
between Colorado, the headwater state for the Colorado River as well as secondary rivers such
as the Fraser and Eagle, and California, where the river ends just shy of the Gulf of California.
All along the Colorado River’s 1,450-mile course are human interventions--places where the
river has been diverted, dammed, siphoned, and piped--in service to making the arid and
semi-arid landscape not only habitable, but hauntingly hospitable. One of the most heavily
engineered waterways in the world, the Colorado River has been a fundamental mechanism in
fulfilling the promise of the American West.

Developing the West. Much of the West was settled in response to mining booms. These
settlements, and the mining itself, required water. And because water as a resource was less
abundant than it was in the East, water rights were grounded in whoever got their first (often
referred to as “first in, first in right”). This system allowed miners, and later farmers to divert
water from its source and put it to “good use.” Historically good use referred to irrigation, mining,
domestic, or municipal use. The foundation of this system still exists today via prior
appropriation water rights.

Water in the West short video: https://youtu.be/qq6JCVguHtM

https://www.digitalhistory.uh.edu/disp_textbook.cfm?smtid=2&psid=3152
https://wrrc.arizona.edu/publications/arroyo-newsletter/sharing-colorado-river-water-history-public-policy-and-colorado-river
https://www.worldatlas.com/articles/how-many-dams-are-there-on-the-colorado-river.html
https://www.worldatlas.com/articles/how-many-dams-are-there-on-the-colorado-river.html
https://westernmininghistory.com/map/
https://www.webpages.uidaho.edu/winr/applewater.htm
http://www.waterencyclopedia.com/Po-Re/Prior-Appropriation.html
https://youtu.be/qq6JCVguHtM


Selling the West. In his book The Dreamt Land: Chasing Water and Dust Across California,
author Mark Arax refers to the early 1900s as a time infiltrated by the “folklore of California
climatology.” And this folklore was everywhere. Sponsored by the California State Agricultural
Society and companies like the Southern Pacific railroad, editorials and articles appeared in the
likes of Harper’s alongside ads for travel by train. While advertisements featured a paradise of
plenty--oranges and watermelons the size of small boulders--Arax notes the subterfuge behind
the sales pitch: “This was fertility supercharged by irrigation and the science of the Agricultural
College at the University of California--the most extensive and intensive farming experiment in
the world. No other landscape in history had been so bent by the design of man.”

https://www.penguinrandomhouse.com/books/249090/the-dreamt-land-by-mark-arax/
https://www.american-rails.com/sp.html
http://www.vintageadbrowser.com/transportation-ads-1920s


As settlements in the West continued to grow, it became clear the water resources couldn’t keep
up with demand. The federal government intervened in the early 20th century with the passage
of the Reclamation Act, allowing the Bureau of Reclamation under the Department of the Interior
to study and fund water development projects in each state. The Great Depression and
subsequent public works and job creation efforts meant more water development projects in the
early to mid 1900s. While many of these projects were initially intended to provide the
infrastructure for irrigation, federal projects--and emerging state water projects--expanded to
provide water infrastructure for cities. Las Vegas, Phoenix, and Los Angeles experienced rapid
growth in population as well as storage and sanitation infrastructure. For an expansive
education on public work projects in the West, see The History of Large Federal Dams:
Planning, Design, and Construction in the Era of Big Dams, a report by the U.S. Bureau of the

http://www.vintageadbrowser.com/search?q=california&page=2
http://www.vintageadbrowser.com/search?q=california+farm
https://www.usbr.gov/history/borhist.html
http://socialstudies.org/sites/default/files/publications/se/6005/600506.html
http://www.swhydro.arizona.edu/archive/V7_N5/feature1.pdf
https://www.usbr.gov/history/HistoryofLargeDams/LargeFederalDams.pdf
https://www.usbr.gov/history/HistoryofLargeDams/LargeFederalDams.pdf


Interior Bureau of Reclamation, the U.S. Army Corps of Engineers, and U.S. Department of the
Interior National Park Service.

The Law of the River. It may sound like an early 90s western starring Kevin Costner, but the
Law of the River is a term used to represent the laws, court decisions, governing documents,
and policies directing management of the Colorado River. The foundation is the Colorado River
Compact of 1922, entered into by seven western states. The Compact outlines how the water of
the Colorado River is divided among the states. It’s governed use for decades but as climate
stress continues to cause drought the ongoing utility of the agreement is a topic of debate.

The Environmental Movement. The burgeoning modern environmental movement of the
1960s and 1970s featured a greater understanding for the health of water ecosystems, including
the role of water pollution in environmental degradation. A string of legislation reflected the
desire to protect water as a resource: the Wild and Scenic Rivers Act of 1968, the National
Environmental Policy Act of 1970, the Clean Water Act of 1972, and the 1973 Endangered
Species Act. Ongoing development in some cases collided with environmental concerns, setting
the stage for conflicting perspectives that continue today.

Trends
Population growth. Population growth is a global phenomenon and, for the West, a local one
as well. Western states--the driest in the U.S.--have seen some of the largest population
increases in the past decade (see Figure  __). Population increases put pressure on resources,
including water. Yet we seem to be doing more with less. A 2015 report from the U.S. Geological
Survey found as a result of water efficiency behaviors and technologies, water use levels in
American households decreased to usages rates not seen since the 1990s.

https://www.usbr.gov/lc/region/g1000/lawofrvr.html
https://www.usbr.gov/lc/region/pao/pdfiles/crcompct.pdf
https://www.usbr.gov/lc/region/pao/pdfiles/crcompct.pdf
https://www.watereducation.org/western-water-excerpt/1922-2007-85-years-colorado-river-compact#:~:text=The%20Colorado%20River%20Compact%20signed,allocated%20the%20water%20between%20them.
https://elementalreports.com/water/2018/11/16/colorado-river-compact-flawed-negotiations-to-fix/
https://www.pbs.org/wgbh/americanexperience/features/earth-days-modern-environmental-movement/
https://www.energy.gov/nepa/downloads/wild-and-scenic-rivers-act-1968#:~:text=The%20National%20Wild%20and%20Scenic,of%20present%20and%20future%20generations.
https://www.epa.gov/laws-regulations/summary-national-environmental-policy-act
https://www.epa.gov/laws-regulations/summary-national-environmental-policy-act
https://fas.org/sgp/crs/misc/RL30030.pdf
https://www.fws.gov/endangered/laws-policies/
https://www.fws.gov/endangered/laws-policies/
https://biologicaldiversity.org/w/news/press-releases/protection-sought-southern-california-freshwater-minnow-2020-05-11/
https://ourworldindata.org/world-population-growth
https://www.pewtrusts.org/en/research-and-analysis/articles/2019/02/27/western-southern-states-gain-residents-the-fastest#:~:text=More%20recently%2C%20population%20change%20from,and%20Colorado%20(1.42%20percent).
https://www.pewtrusts.org/en/research-and-analysis/articles/2019/02/27/western-southern-states-gain-residents-the-fastest#:~:text=More%20recently%2C%20population%20change%20from,and%20Colorado%20(1.42%20percent).
https://pubs.er.usgs.gov/publication/ofr20171131
https://pubs.er.usgs.gov/publication/ofr20171131


Conflict and collaboration. While water conflicts have continued into the 21st century,
cooperative approaches are increasingly common. Examples include the Colorado River
Cooperative Agreement of 2013 and efforts among utilities to collaborate when it comes to
supply options.

Addressing water conflict globally via collaboration is a means to not only prevent scarcity, but
protect vulnerable populations and build peace. For more on water conflict and global peace
building, see the brief animated short from the Wilson Center.

Water use. The driest states also tend to include the greatest domestic consumers of water per
capita (see Figure __), in large part because of landscaping and lawn watering.

https://www.vox.com/2014/10/17/6994811/map-household-water-use-american-west-drought
https://www.nytimes.com/2014/03/17/us/wests-drought-and-growth-intensify-conflict-over-water-rights.html
https://agnetwest.com/taking-cooperative-approach-to-issues-such-as-water/
https://www.denverwater.org/your-water/water-supply-and-planning/environmental-planning-and-stewardship/colorado-river-cooperative-agreement
https://www.denverwater.org/your-water/water-supply-and-planning/environmental-planning-and-stewardship/colorado-river-cooperative-agreement
https://www.watereducationcolorado.org/publications-and-radio/blog/collaboration-key-to-pikes-peak-region-vitality/
https://www.wilsoncenter.org/article/water-conflict-and-peacebuilding-new-animated-short-the-wilson-center-and-usaid
https://www.hamiltonproject.org/papers/in_times_of_drought_nine_economic_facts_about_water_in_the_us/


Extreme events. Extreme weather events, made more intense and frequent due to climate
change, affects water supply and scarcity. Intense drought and extreme heat contribute to water
scarcity and test resource resiliency. Dry areas are more prone to wildfire threats and, due to dry
and hard packed soil, precipitation runoff and floods.

Municipal utility consolidation. The water industry has long been a fragmented market. The
predominant model is one in which each community is served by its own water utility. There are
roughly 53,000 water suppliers in the U.S. compared to around 3,300 electricity suppliers.
Shrinking populations in rural markets and the need for high-volume service to generate profit
have prompted water utilities like EJ Water Cooperative to consider consolidation. Other recent
consolidations include the DELCORA Aqua merger and a variety of in process deals facilitated
by the expansion of Fair Market Legislation. FML allows municipalities access to resources for
infrastructure improvements.

Tribal water rights. To refer to tribal water rights as a “trend” feels egregious, however, it is
representative of the extent to which the rights of indigeneous people have been granted
consideration over the past few hundred years. The Supreme Court case Winters v. United
States confirmed water rights were implicitly granted to reservations at the time of their creation,
granting them senior prior appropriation. In 2018, the Bureau of Reclamation and the Ten Tribes
Partnership produced the Colorado River Basin Ten Tribes Partnership Tribal Water Study. The
study quantified the amount of water allocated to the 29 tribes in the Colorado River Basin and
acknowledged--despite the significant amount of over 2.8 million acre feet allocated to tribes
each year--the ongoing conditions of water scarcity for many tribes. The report also concludes:
“none of the Partnership Tribes currently has the basic infrastructure or legal and administrative
flexibility to fully use or realize the full economic value of its reserved water rights.” For more

https://www.hamiltonproject.org/papers/in_times_of_drought_nine_economic_facts_about_water_in_the_us/
https://www.valueline.com/Stocks/Industries/Industry_Overview__Water_Utility.aspx#.X7gKjhNKjBI
https://www.waterworld.com/water-utility-management/article/14073576/top-water-trends-to-watch-in-2020
https://cwfnc.org/rural-cities-and-towns-struggle-to-pay-for-water-systems-during-the-pandemic/
https://www.currentwater.org/blog/ej-water-cooperative-urban-rural-connections-for-water-and-beyond
https://www.delcora.org/aqua-merger/
https://suedeinvesting.com/blog/fmv-water-utilities-explained
https://www.wateronline.com/doc/nawc-applauds-passage-fair-market-value-legislation-0002#:~:text=Fair%20Market%20Value%20legislation%20is,their%20water%20and%20wastewater%20systems.
https://law.jrank.org/pages/13674/Winters-v-United-States.html
https://law.jrank.org/pages/13674/Winters-v-United-States.html
https://tentribespartnership.org/
https://tentribespartnership.org/
https://www.usbr.gov/lc/region/programs/crbstudy/tws/finalreport.html


information on Indian water rights see the 2019 Congressional Research Service report Indian
Water Rights Settlements.

Populations & Agents

Vulnerable Populations
Women and children. Water scarcity places an undue burden on women and children.
Globally, women walk an average of 4 miles a day--often with children in tow--to retrieve water.
A study in Tanzania found reducing the journey a girl takes to retrieve water from 30 minutes to
15 minutes results in a 12% increase in girls’ attendance at school. Further, low water supply
levels are often accompanied by other risks such as decreased water quality and sanitation,
both of which also affect women and children in greater numbers.

Residents of water scarce areas. Additional populations at risk include those in regions where
water is scarce and drought is more likely such as the western United States, and the Middle
East. Within these regions, water scarcity and supply challenges affect a variety of industries
beyond agriculture and recreation. Affected industries include the paper and pulp industry, the
semiconductor industry, and textile production.

Agents

Category What they do Examples

Industry Sectors Rely on water to produce goods/services and
sustain industry. Participate in both positive and
harmful water use practices thereby affecting
other industries and their water uses.

Recreation
Agriculture
Energy

Consumers Receive varying levels of infrastructure
support and water supply. Shape water
conservation and reuse practices via public
opinion. Advocate for access to safe water
and engage in a range of water use
behaviors.

Indian Tribes
Urban centers
Rural communities

Water-managing
bodies

Represent larger water interests including
various populations, spread out among
different areas, with a range of water needs.
Plan for water needs and collaborate with
other entities to address needs via policy,
infrastructure, or conservation.

Bureau of
Reclamation
(manages much of
the Colorado River’s
supplies)
Regional water
boards

https://fas.org/sgp/crs/misc/R44148.pdf
https://fas.org/sgp/crs/misc/R44148.pdf
https://www.unwater.org/water-facts/gender/
https://water.org/our-impact/water-crisis/childrens-and-education-crisis/
https://www.unicef.org/esa/gender-equality
https://www.unwater.org/publications/water-sanitation-and-hygiene-in-health-care-facilities-practical-steps-to-achieve-universal-access-for-quality-care/
https://www.unicef.org/wash/index_womenandgirls.html
https://www.wri.org/resources/charts-graphs/water-stress-country
https://www.wri.org/resources/charts-graphs/water-stress-country
https://www.tandfonline.com/doi/full/10.1080/07900627.2019.1698413
https://tuafi.com/4-unexpected-industries-impacted-by-water-shortages/
https://tuafi.com/4-unexpected-industries-impacted-by-water-shortages/
https://www.waterlogicaustralia.com.au/blog/how-water-scarcity-affects-industry-across-the-globe/
https://www.drought.gov/drought/news/new-report-drought-and-outdoor-recreation
https://www.oecd.org/agriculture/topics/water-and-agriculture/
https://economicsofwater.weebly.com/water-and-the-energy-industry.html
https://www.watereducation.org/western-water/shortages-loom-colorado-river-basin-indian-tribes-seek-secure-their-water-rights
https://www.thechicagocouncil.org/blog/global-food-thought/water-scarcity-urbanization-and-climate-change-are-combined-threat-supply#:~:text=Urbanization%20creates%20its%20own%20forms,drinking%20water%20and%20basic%20sanitation.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6427320/#:~:text=About%20844%20million%20people%20on,need%20improved%20services%20%5B9%5D.
https://crsreports.congress.gov/product/pdf/R/R45546
https://crsreports.congress.gov/product/pdf/R/R45546
https://cdphe.colorado.gov/state-water-agencies-and-external-water-quality-resources
https://cdphe.colorado.gov/state-water-agencies-and-external-water-quality-resources


Transboundary river
basin management
authorities

Water rights sector Industries and professions related to water
that offer advice or guidance on water
supply issues.

Attorneys
Land management

Private companies Package and sell water, often in plastic
bottles.

Nestlé Waters
Danone

Water utilities Provide water supply systems, maintain
infrastructure

Denver Water
American Water
Works Association

Existing Approaches & Workarounds

Approaches

Before analog was analog. When it comes to water, everything old is new again. Communities
in South America are returning to ancestral and Indigenous water practices to conserve water
resources and increase resiliency. Studies or these ancient practices are revealing new ways to
think about water technology.

Water markets and water trading. Water markets introduce a degree of flexibility into existing
water rights arrangements. Water is traded and sold through short and long term leases as well
as permanent sales. In December of 2020, water became the most recent commodity to be
traded on Wall Street with $1.1 billion in contracts tied to water prices in California. The Nasdaq
Veles California Water Index (NQH2O Index)--launched in 2018 at a value of $371.11 per acre
foot--monitors the price of water rights across California’s largest regions for water trading. As of
January 20, 2021 the value was $506.66, representing water leases and sales of the prior week.
For more information on water markets, see the article, “Water Markets in the United States:
Trends and Opportunities.”

Reactions to water futures and water trading are mixed. Do these mechanisms commodify water
in ways antithetical to notions of water as a human right or do they offer safety nets for water
consumption in an uncertain future?

Desalination. Seawater is abundant. So can we convert that abundance into a means of
addressing the scarcity of freshwater in some regions? Desalination--the process of removing
mineral components from salt water--is an increasingly common practice, with more than eleven
desal plants in California and over 20,000 worldwide serving more than 300 million people. But

https://www.ibwc.gov/home.html
https://www.ibwc.gov/home.html
https://www.ibwc.gov/home.html
https://www.cobar.org/For-Members/CBA-Sections/Water-Law
https://www.planning.org/policy/guides/adopted/water/
https://www.nestle-waters.com/get-to-know-us#:~:text=Nestl%C3%A9%20Waters%20is...,world's%20largest%20bottled%20water%20company.
https://blog.technavio.com/blog/top-10-bottled-water-brands-worldwide
https://www.denverwater.org/
https://www.awwa.org/
https://www.awwa.org/
http://www.ideassonline.org/public/pdf/PeruSistemasAncestralesAgua-ENG.pdf
https://www.forest-trends.org/wp-content/uploads/2020/07/doc_5757_3.pdf
https://www.hillsdale.edu/educational-outreach/free-market-forum/2008-archive/the-state-of-water-rights-and-western-u-s-water-markets/#:~:text=In%20the%20U.S.%20there%20are,appropriated%20surface%20water%20for%20sluicing
https://www.forest-trends.org/wp-content/uploads/2018/10/Mapping-Potential-Demand-for-Water-Quality-Trading-in-the-United-States-1.pdf
https://www.bloomberg.com/news/articles/2020-12-06/water-futures-to-start-trading-amid-growing-fears-of-scarcity?sref=oUjKJw8m
https://indexes.nasdaqomx.com/Index/Overview/NQH2O
https://www.mdpi.com/2073-4441/12/1/233
https://www.mdpi.com/2073-4441/12/1/233
https://investmentu.com/water-futures/
https://www.usgs.gov/special-topic/water-science-school/science/desalination?qt-science_center_objects=0#qt-science_center_objects
https://www.wired.com/story/desalination-is-booming-as-cities-run-out-of-water/
https://www.wired.com/story/desalination-is-booming-as-cities-run-out-of-water/
https://e360.yale.edu/features/as-water-scarcity-increases-desalination-plants-are-on-the-rise#:~:text=Globally%2C%20more%20than%20300%20million,turn%20sea%20water%20into%20fresh.


it is also costly and not without its environmental drawbacks. What happens to all of that salt, for
example? Recent resource retrieval efforts are exploring ways to reuse the brine produced as a
byproduct of desalination.

The desalination market is delineated by the technological method used to separate salt from
the water such as membrane or thermal technology. The compound annual growth rate for the
market overall is 10% in the next five years, with the largest growth opportunities in the Middle
East and North Africa (see Figure ___). Major market players include Veollia, Suez, ITT
Corporation, and Fisia Italimpianti.

Water sensitive cities. Learning how cities may do more with less is a growing consideration
and one that applies to water. The Water Sensitive Cities (WSC) Index charts a city’s progress
to water sustainability and is an example of an holistic approach to a city’s water supply.

Water sensitive cities index video: https://youtu.be/ybG9lOhbDDc
https://watersensitivecities.org.au/solutions/wsc-index/

Water and tech. The digitization of water. The internet of water. There are many ways to talk
about the growing synergies between water and technology and a good deal of those synergies
apply to water supply and scarcity. A few examples involve the use of data to aid consumers,
the use of drones to locate water leaks, and the use of “smart membranes” to desalinate water.
The EPA released a report in 2014 outlining a number of promising areas within water ripe for
technological innovation and encouraged broader application of technology to the water sector.
Thought leaders agree and discussions over the future of water technologies are interesting

https://sciencing.com/disadvantages-desalination-5961767.html
https://earther.gizmodo.com/the-dirty-truth-about-turning-seawater-into-drinking-wa-1831768754
https://www.abc.net.au/science/expert/realexpert/desalination/01.htm#:~:text=A%3A%20The%20salt%20is%20usually%20a%20waste%20product%20from%20desalination.&text=The%20brine%20generated%20as%20a,result%20of%20the%20desalination%20process.
https://news.mit.edu/2019/brine-desalianation-waste-sodium-hydroxide-0213
https://iwaponline.com/wpt/article/13/4/738/65108/Membrane-desalination-technologies-in-water
https://www.ide-tech.com/en/solutions/desalination/thermal-desalination-med-mvc/?data=item_1
https://www.mordorintelligence.com/industry-reports/desalination-system-market
https://www.veolia.com/en
https://www.suezwatertechnologies.com/
https://www.itt.com/home
https://www.itt.com/home
https://www.fisiait.com/en/index.html
https://www.mordorintelligence.com/industry-reports/desalination-system-market
https://watersensitivecities.org.au/content/water-sensitive-cities-index/#:~:text=The%20Water%20Sensitive%20Cities%20(WSC,based%20on%20water%20sensitivity%20performance%3B&text=Inform%20management%20responses%20to%20improve,Foster%20industry%20collaboration.
https://youtu.be/ybG9lOhbDDc
https://watersensitivecities.org.au/solutions/wsc-index/
https://www.thesolutionsjournal.com/article/future-water-digital/
https://internetofwater.org/
https://www.epa.gov/water-innovation-tech
https://drop4drop.org/new-innovations-future-water/#:~:text=A%20more%20affordable%20approach%20to,term%20solution%20to%20water%20scarcity.&text=Traditional%20desalination%20has%20used%20a,separate%20it%20from%20the%20water.
https://banyanwater.com/
https://cordis.europa.eu/article/id/413419-drones-can-support-massive-reductions-in-lost-drinking-water
https://phys.org/news/2017-09-smart-graphene-membrane-desalinate.html
https://www.epa.gov/sites/production/files/2014-04/documents/clean_water_blueprint_final.pdf
https://www.aquatechtrade.com/news/water-treatment/water-trends-2020/


entry points into understanding the myriad of possibilities. Examples of companies devoted to
noteworthy water technologies (as identified by BlueTech Forum, a water innovation conference
and showcase) include Nijhuis Industries’ mechanism to desludge water and WaterMax’s
aeration technology for wastewater treatment.

Water reuse and repurposing. One of the most promising areas for the application of
technology is reusing and repurposing waste water. Wastewater facilities in the U.S. discharge
roughly 32 billion gallons of wastewater per day. Reusing that water would alleviate much of the
stress on existing sources of supply, like groundwater. This burgeoning area of innovation is not
without its hurdles, however, chief among them is public reaction to wastewater reuse. A handful
of cities around the world have seized upon repurposing as a solution; their work and efforts
serve as examples for greater attention to water reuse and repurposing more broadly. The
global water and wastewater treatment market is expected to reach $211.3 billion by 2025.

Satellite data. On-the-ground data has traditionally been the only way to learn about water
supply. Today, satellites help provide more accurate data about surface water and more
importantly, can reveal info about water quantity under the ground. NASA’s Gravity Recovery
and Climate Experiment (GRACE) mission has been providing satellite data and imagery
regarding global water levels for the past 15 years and will continue to provide information via a
launch of Grace Follow On (GRACE-FO) in 2018. Future considerations, however, include how
to best make sense of, compare, and share the vast amounts of incoming satellite data across
platforms. A Sentinel-1 satellite for example, maps the world every 12 days and delivers 1 raw
terabyte of data per day. Where to store that data, how to organize it, and how to train users on
its application are just a few of many pertinent questions.

Workarounds

Deeper wells drawing more groundwater. Groundwater depletion is the state of groundwater
extraction exceeding replenishment. When surface water resources are depleted, groundwater
is even more taxed. But more and deeper wells drawing greater quantities of groundwater is a
short term solution to an ongoing problem.

Ignoring infrastructure. Roughly 2.1 trillion gallons of treated water is lost each year in the
U.S. due to infrastructure failings such as leaky pipes or broken water mains. In fact, 30% of
global water is lost each year due to infrastructure failings (see Figure ___).

https://www.nijhuisindustries.com/
http://watermaxtech.com/
https://www.epa.gov/sites/production/files/2014-04/documents/clean_water_blueprint_final.pdf
https://core.ac.uk/download/pdf/188364657.pdf
https://www.iwa-network.org/wp-content/uploads/2018/02/OFID-Wastewater-report-2018.pdf
https://www.globenewswire.com/news-release/2020/06/18/2050151/0/en/Water-and-Wastewater-Treatment-Market-Worth-211-3-Billion-by-2025-Growing-at-a-CAGR-of-6-5-from-2019-Global-Market-Opportunity-Analysis-and-Industry-Forecasts-by-Meticulous-Researc.html
https://www.pewtrusts.org/en/trend/archive/spring-2019/a-map-of-the-future-of-water
https://www.nasa.gov/mission_pages/Grace/index.html
https://www.nasa.gov/mission_pages/Grace/index.html
https://gracefo.jpl.nasa.gov/
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/satellite-description/geographical-coverage
https://worldwaterreserve.com/water-crisis/artificial-groundwater-recharge/
https://www.newscientist.com/article/2210661-us-groundwater-shortage-is-forcing-us-to-dig-extremely-deep-wells/
https://www.npr.org/2014/10/29/359875321/as-infrastructure-crumbles-trillions-of-gallons-of-water-lost
https://inweh.unu.edu/wp-content/uploads/2017/11/Global-Water-Crisis-The-Facts.pdf


Privatization of water sources. Blame bottled water. As sales of bottled water have boomed in
recent decades companies have eagerly gobbled up sources. Nestle, for example, owns 50
freshwater springs in the U.S. Access to natural springs and pristine supplies are central
marketing claims for companies selling water in a bottle. Criticisms of these efforts are
numerous and widespread, ranging from the use of plastics (and the ramifications for the body
as well as the planet) to how the privatization of water denies water to those in close proximity
to a source.

Additional Resources
For a story map depicting the issues related to water in the west, see
https://storymaps.arcgis.com/stories/7dcc2493f3a04e9e972b36914a9c66b7

For more on the “Groundwater Crisis” see
https://blogs.ei.columbia.edu/2015/08/03/the-growing-groundwater-crisis/

https://inweh.unu.edu/wp-content/uploads/2017/11/Global-Water-Crisis-The-Facts.pdf
https://www.seriouseats.com/2017/07/how-bottled-water-became-americas-most-popular-beverage.html
https://www.theshelbyreport.com/2020/05/21/bottled-water-consumption-increases/
https://foodispower.org/water-usage-privatization/
https://foodispower.org/water-usage-privatization/
https://www.businessinsider.com/what-drinking-plastic-does-to-your-body-2018-3
http://www.container-recycling.org/index.php/issues/.../275-down-the-drain#:~:text=More%20than%2060%20million%20plastic%20bottles%20end%20up%20in%20landfills,in%202004%20as%20in%201997.
https://www.foodandwaterwatch.org/insight/water-privatization-facts-and-figures
https://www.citizen.org/wp-content/uploads/Top_10_PDF.pdf
https://storymaps.arcgis.com/stories/7dcc2493f3a04e9e972b36914a9c66b7
https://blogs.ei.columbia.edu/2015/08/03/the-growing-groundwater-crisis/


For one of the most celebrated tomes on water in the West, read Cadillac Desert: The American
West and its Disappearing Water, by Marc Reisner.

For more on water affordability in Colorado see the article from Water Education Colorado on
COVID-19 and water cost.

For more information on water affordability nationwide, see the National Association of Clean
Water Industries 2019 Clean Water Index.

https://www.penguinrandomhouse.com/books/323685/cadillac-desert-by-marc-reisner/
https://www.penguinrandomhouse.com/books/323685/cadillac-desert-by-marc-reisner/
https://www.watereducationcolorado.org/fresh-water-news/study-colorados-water-still-affordable-but-that-may-change-as-covid-19-stresses-utilities/
https://www.nacwa.org/news-publications/financial-survey-nacwa-index


Water Quality and Safety

More people die from unsafe water than from all forms of violence, including war. While  surface
water quality has improved in many parts of the developed world in recent decades, those
improvements face threats from economic growth, population increases and shifts, and climate
change. Climate change and its effects increase the possibility of compromised water quality in
the U.S. and around the globe. A warming climate produces warmer water temperatures
wherein harmful bacteria or algal toxins thrive, creating dangerous conditions for water use and
water recreation. The growing frequency and intensity of extreme climate events such as storms
and floods means more water runoff, eutrophication, and pollution of water sources and in
coastal areas, salt-water contamination of freshwater sources poses a threat to water quality.
Those living in poverty, in rural areas, and those who are members of vulnerable communities
are disproportionately susceptible to unsafe water. Populations most at risk for lead exposure in
drinking water, for example, are low-income, minority status, in urban areas, or residing in
buildings constructed prior to 1978. Water quality is also tied to food production. Salinated
water, resulting from runoff, poor irrigation systems in dry areas, and intrusion of sea water
reduces global agricultural output each year by numbers equal to feeding 170 million people.
Finally, water quality runs downstream. Literally. When the quality of a river is compromised,

https://www.michiganradio.org/post/expert-says-michigan-officials-changed-flint-lead-report-avoid-federal-action


economic growth for areas downstream drops by roughly one-third due to water quality’s central
role in recreation and tourism, community health, agriculture, energy production, and
manufacturing. Water quality is a wicked problem for many reasons. It is highly connected to
other wicked problems such as extreme climate events, infrastructure, and sanitation. It is highly
susceptible to the various effects of climate change. Finally, there is a great deal of unknowns
when it comes to measuring, understanding, and regulating water quality, including the potential
harm of emerging pollutants like microplastics and pharmaceuticals. Despite these challenges,
a concern over water quality tops public opinion on water issues throughout the U.S. and safe,
accessible water is fundamental to human growth and development around the world.

How might we safeguard water quality to provide clean, safe water to all users?

Contributing Factors

Climate change (rising temperatures, vulnerability to extreme events, scarcity, pollution)
Public opinion
Individual households (lack of plumbing, waste disposal, individual wells)
Community challenges (contamination, depletion, cost, infrastructure)
Data gaps

History & Trends

Development and urbanization
Water treatment
Pollution and Policy

Tribal water access
Online plumbing
Stress on urban water systems
Rising income inequality

Populations & Agents

Infants and older adults
Rural and urban populations

Regulatory agencies
Water utilities
Individual households
Industry
Environmental and advocacy groups



Private companies
Food and beverage sector
Tourism and recreation sector

Existing Approaches & Workarounds

Information sharing
Water monitoring technologies
The IoT
Water safety planning
Septic technologies

Bottled water
Nonprofit assistance
In-home systems
Dated regulations

Contributing Factors
Climate change. The change in our climate has consequences for the quality and safety of
water. This is not difficult to imagine. After all, climate is a term used to represent the
interconnected conditions of temperature, precipitation, humidity, atmospheric pressure, and
other meteorological events over time. A change in one has consequences for the other
components of this connected system. Interventions in any of the following contributing factors
related to climate change will have an effect on water quality and safety.

→ Rising water temperatures. Greenhouse gases in the air--a result of fossil fuel
emissions--directly contribute to the air’s warming temperature. In turn, rising
temperatures have a number of consequences for water quality. Rising air temperatures
means corresponding rises in water temperatures with effects on the levels of pollutants,
pathogens, microbes, and toxins.

→ Pollution. Burning fossil fuels releases a variety of gases and chemicals into the air.
Many of those make their way back to the earth’s surface via precipitation and pollute
water supplies. Pollution isn’t simply toxic chemicals, however. Metals, organic materials,
microplastics, and pharmaceuticals are all found in drinking water supplies in various
amounts and all pose risks to individual, community, and economic health. The
existence of each of these pollutants in drinking water is the result of human activity,
often stemming from unsustainable growth, climatic conditions, or failure to take
note of or invest in “downstream” consequences of waste disposal, manufacturing, and
energy production.

https://www.theverge.com/2017/7/27/16035776/climate-change-rain-nitrogen-algae-blooms-water-quality
https://climate.nasa.gov/faq/19/what-is-the-greenhouse-effect/
https://www.extension.iastate.edu/agdm/articles/others/TakMar08.html#:~:text=So%20the%20amount%20of%20greenhouse,warming%20of%20the%20earth's%20surface.
https://cfpub.epa.gov/watertrain/moduleFrame.cfm?parent_object_id=2456&object_id=2459#:~:text=An%20increase%20in%20the%20air,habitats%20will%20be%20negatively%20affected.&text=As%20the%20temperature%20of%20the%20water%20increases%2C%20dissolved%20oxygen%20levels%20decrease.
https://cfpub.epa.gov/watertrain/moduleFrame.cfm?parent_object_id=2456&object_id=2459#:~:text=An%20increase%20in%20the%20air,habitats%20will%20be%20negatively%20affected.&text=As%20the%20temperature%20of%20the%20water%20increases%2C%20dissolved%20oxygen%20levels%20decrease.
https://e360.yale.edu/digest/air-pollution-from-fossil-fuels-costs-8-billion-per-day-new-research-finds
https://www.water-pollution.org.uk/atmospheric-water-pollution/
https://contestlabs.com/client-resources/blog?id=1145841/5-major-water-pollutants
https://www.americanrivers.org/2015/01/what-happens-upstream-will-affect-downstream/


There are multiple methods for decontaminating water as well as resources for avoiding
water risks in the first place. For the latter, see the World Health Organization’s Water
Safety Plan Manual. For an in-depth discussion of water safety in the face of climate risk,
see the World Health Organization’s report on Climate Resilient Water Safety Plans.

Groundwater pollution is an additional concern. Roughly 26% of our drinking water
comes from groundwater, which is also used for other sources such as agriculture (see
Figure ___). Groundwater pollution may be caused by infiltration of chemicals into the
soil and underground water supply. Oil and chemical spills, urban runoff, and illegal
waste dumping are a few potential sources of groundwater pollution (see Figure __).

https://apps.who.int/iris/handle/10665/75141
https://apps.who.int/iris/handle/10665/75141
https://apps.who.int/iris/bitstream/handle/10665/258722/9789241512794-eng.pdf;jsessionid=D9673BE3C40183BB9C866710D52A8A50?sequence=1
https://www.usgs.gov/special-topic/water-science-school/science/groundwater-use-united-states?qt-science_center_objects=0#qt-science_center_objects
https://www.groundwater.org/get-informed/groundwater/contamination.html#:~:text=Groundwater%20is%20also%20one%20of,and%20unfit%20for%20human%20use.
https://www.usgs.gov/special-topic/water-science-school/science/groundwater-use-united-states?qt-science_center_objects=0#qt-science_center_objects


→ Vulnerability to extreme events. Climate change increases the frequency and intensity
of extreme events such as hurricanes, droughts, floods, and wildfires. Each of these
events threaten water safety both by affecting access and the quality of water sources.
Hurricanes and floods can overwhelm water and sanitation systems, creating overflow
and potential contamination. Droughts create water scarcity scenarios wherein health
and safety of communities is at risk due to less access to water supplies. Wildfires leave
landscapes barren, thereby increasing the likelihood of water runoff and the presence of
contaminants in supplies. Wildfires also threaten infrastructure, creating dangerous
scenarios regarding the ability to get clean, safe water to those who need it.

→ Scarcity. Extreme heat, droughts, and growing populations place demand on existing
water supplies. When supplies are already limited and then overtaxed, water safety
becomes an issue (see Figure __). Existing wells may need to be dug deeper into
groundwater supplies, an untenable solution. Communities may need to consider costly
mechanisms for importing water. Water scarcity may also create poor sanitation
conditions.

https://www.groundwater.org/get-informed/groundwater/contamination.html#:~:text=Groundwater%20is%20also%20one%20of,and%20unfit%20for%20human%20use.
https://www.everycrsreport.com/reports/RS22285.html
https://e360.yale.edu/features/how-wildfires-are-polluting-rivers-and-threatening-water-supplies
https://e360.yale.edu/features/how-wildfires-are-polluting-rivers-and-threatening-water-supplies
https://www.bcg.com/publications/2020/thinking-globally-about-local-water-crises
https://www.bcg.com/publications/2020/thinking-globally-about-local-water-crises
https://www.sciencedaily.com/releases/2019/07/190722115943.htm
https://www.worldwildlife.org/threats/water-scarcity
https://www.worldwildlife.org/threats/water-scarcity


The Water Risk Matrix reflects the connection between water quality and quantity.

Public opinion. In the midst of a social and political climate wherein it seems difficult to find a
group of people who agree about anything, there appears to be one uniting factor: clean, safe
water. According to a Water Foundation poll of U.S. voters in the west, clean, safe water tops
the list of water concerns (see Figure __) and transcends party lines. A national poll reveals
Americans rank safe water as a top health concern, less serious than cancer but in line with
heroin use (see Figure __).

https://waterfdn.org/
https://waterpolls.org/water-foundation-poll-2017/


https://waterpolls.org/water-foundation-poll-2017/
https://waterpolls.org/updated-synthesis/


Infrastructure. Infrastructure plays a large role in water quality and safety. It includes what is
available to individual households as well as the mechanisms used to get water to cities and
towns via community systems.

→ Individual households. It is tempting to think of water access and safety issues as
irrelevant to the United States. When we think about those without access to clean, safe
water, we tend to consider places across the globe. In fact, access to clean, safe water is
an issue closer to home than many of us realize.

Indoor plumbing. More than 2 million Americans lack access to safe running
water and basic indoor plumbing. This includes roughly 1.6 million households
without at least one of the following: indoor plumbing providing hot and cold
running water, a sink, a bathtub or shower, or a flush toilet. Native American
households are 19 times more likely than white households to lack indoor
plumbing. For a comprehensive view of access to safe and clean water, see the
report titled Closing the Water Access Gap in the United States: A National
Action Plan.

Substandard waste disposal. Over 21 million households in the U.S. use a
private septic system, and not the public sewer system, for waste disposal.
Underground septic tanks are most common in rural areas, particularly in New
England and the South. The number of septic systems for individual homes is on
the rise, an area of concern during stay-at-home orders during the pandemic.
However, there is a good deal of missing information when it comes to septic
system use. The last time each household was asked about their waste disposal
system was the 1990 U.S. Census. While regions and communities may keep
track of this data individually, it is not widely shared or standardized, contributing
to data gaps in our understanding of the issue. Private septic systems may be
more prone to failure and pose a health risk, especially for those with older
systems, and are vulnerable to disruption in times of disaster or extreme events.

One example of this health threat is the resurgence of hookworm in the rural
South. Associated with regions of extreme poverty, hookworm’s widespread
appearance in Lowndes County, Alabama, is a wakeup call for facing the
disparity in access to safe water.

https://www.washingtonpost.com/
http://uswateralliance.org/sites/uswateralliance.org/files/publications/Closing%20the%20Water%20Access%20Gap%20in%20the%20United%20States_DIGITAL.pdf
http://uswateralliance.org/sites/uswateralliance.org/files/publications/Closing%20the%20Water%20Access%20Gap%20in%20the%20United%20States_DIGITAL.pdf
https://www.circleofblue.org/2015/world/infographic-americas-septic-systems/#:~:text=Nearly%20one%2Dfifth%20of%20U.S.,and%20filter%20their%20toilet%20waste.
https://www.epa.gov/septic/how-your-septic-system-works
https://www.circleofblue.org/2015/world/infographic-americas-septic-systems/#:~:text=Nearly%20one%2Dfifth%20of%20U.S.,and%20filter%20their%20toilet%20waste.
https://www.circleofblue.org/2015/world/infographic-americas-septic-systems/#:~:text=Nearly%20one%2Dfifth%20of%20U.S.,and%20filter%20their%20toilet%20waste.
https://www.wbur.org/hereandnow/2020/05/15/septic-tanks-climate-change
https://www.cdc.gov/healthywater/emergency/sanitation-wastewater/septic.html
https://www.theguardian.com/us-news/2017/sep/05/hookworm-lowndes-county-alabama-water-waste-treatment-poverty
https://www.vice.com/en/article/pa5wdg/scientists-raised-the-alarm-about-hookworm-in-alabama-a-year-ago-the-state-has-done-little-about-it
https://www.vice.com/en/article/pa5wdg/scientists-raised-the-alarm-about-hookworm-in-alabama-a-year-ago-the-state-has-done-little-about-it
https://earthjustice.org/blog/2019-may/tired-of-backyard-sewage-communities-demand-basic-sanitation-rights


Untreated sewage in a Blackbelt neighborhood. CREDIT ALABAMA CENTER FOR RURAL
ENTERPRISE

At-risk wells. About 43 million people--15% of the population in the U.S.--get their
water from private wells. These wells are not regulated by the Federal Drinking
Water Act or by state laws and regulations. A 2009 study of private wells found
roughly 1 in 5 wells contained at least one containanment at higher than
human-health benchmark levels. The rates of contamination emphasize the need
for widespread testing and monitoring. See the US Geological Survey study for a
complete review of these contaminants and the implications of each.

→ Community system issues. In addition to the challenges within individual households,
infrastructure challenges exist within the water systems serving cities and towns. Those
challenges include:

Contaminated systems. Contaminated groundwater can threaten an entire city’s
drinking water supply. Denver, Colorado, is one example of a metro area with
traces of “forever chemicals” in the groundwater. Forever chemicals, called so for
their resistance to any decomposition or dilution, include per- and polyfluoroalkyl
substances (PFAS) used in firefighting foam and some consumer products. While
the PFAS levels were found to be under EPA health advisory guidelines in most
tested areas, four locations exceeded these levels and a number of surface water
sources also exceeded health advisory levels. For complete sampling data, see
the sampling dashboard. The state of Colorado has passed new restrictions on
use of the firefighting foam but concerns remain, especially given the moniker of

https://www.usgs.gov/mission-areas/water-resources/science/domestic-private-supply-wells?qt-science_center_objects=0#qt-science_center_objects
https://pubs.usgs.gov/circ/circ1332/includes/circ1332.pdf
https://pubs.usgs.gov/circ/circ1332/includes/circ1332.pdf
https://drive.google.com/file/d/1fqbF2KNy3bPuKTDE1N0CltuE4luEnftw/view
https://drive.google.com/file/d/1WSGGcjTVAmAvEIb1cMbhJNEQviL4yWGU/view
https://drive.google.com/file/d/1WSGGcjTVAmAvEIb1cMbhJNEQviL4yWGU/view
https://cohealthviz.dphe.state.co.us/t/EnvironmentalEpidemiologyPublic/views/PFAS_results_DRAFT/SamplingSummary?%3AshowAppBanner=false&%3Adisplay_count=n&%3AshowVizHome=n&%3Aorigin=viz_share_link&%3AisGuestRedirectFromVizportal=y&%3Aembed=y


the contaminants. Adding to concerns are questions regarding the accuracy and
safety of the EPA health advisory guidelines and the need for more current and
appropriate metrics. Personal note: as a result of learning more about PFAS, this
researcher is installing a reverse osmosis system under her kitchen sink.

Depleted systems. What happens when the water runs out? This is a question
more and more communities in the west are finding themselves answering. A
study of groundwater wells in western states found one out of every 30 wells was
dry between 2013-2015 and in the Central California Valley and the western High
Plains, that number was one out of five. When already depleted systems are
pumped for more water, the quality of the water may decline as surface water or
proximate saltwater reserves are inadvertently pumped into the aquifer (see
Figure __). Accurate and ongoing well and aquifers measurements are
necessary to monitor and track supply and quality.

Cost and affordability. The cost of water services vary widely, even within a
county (see Table ___). In areas where many people live below the poverty line,
water customers may have difficulty keeping up with rates and can face
interruptions in their water service. This is even more pointed during the
pandemic. Certain areas in the U.S. are seeing increase in water rates due to
drought or the cost of needed infrastructure improvements. Water utilities may
make financial assistance available to customers but these efforts fall short of
meeting the needs of the increasing number of low-income households
nationwide. Rates in Baltimore, Maryland, for example, are projected to more
than double in an eight-year period. Water shut offs have health repercussions
for individuals and unpaid water bills can increase the cost for utilities. For more
information on the issue of affordable water and the legal challenges involved in
providing water assistance, see the University of North Carolina’s Environmental
Finance Center overview of “Navigating Legal Pathways to Rate Funded

https://www.epa.gov/chemical-research/research-and-polyfluoroalkyl-substances-pfas
https://www.freshwatersystems.com/blogs/blog/what-is-reverse-osmosis
https://www.newsweek.com/2014/02/07/what-happens-when-town-runs-out-water-245478.html
https://iopscience.iop.org/article/10.1088/1748-9326/aa8ac0
https://www.wellmanager.com/how-over-pumping-can-result-in-well-contamination-and-yield-decline/
https://pubs.usgs.gov/fs/fs-103-03/#:~:text=Ground%2Dwater%20depletion%20is%20primarily,and%20lakes%2C%20or%20land%20subsidence.
https://blogs.ei.columbia.edu/2015/08/03/the-growing-groundwater-crisis/
https://worldpopulationreview.com/state-rankings/water-prices-by-state
https://www.cpr.org/2020/07/22/colorado-utilities-nonprofits-ask-congres-help-water-customers-federal-coronavirus-stimulus/
https://www.consumerreports.org/personal-finance/millions-of-americans-cant-afford-water-as-bills-rise-80-percent-in-a-decade/
https://www.baltimoresun.com/maryland/baltimore-city/bs-md-ci-water-rate-discounts-20170701-story.html
https://efc.sog.unc.edu/project/navigating-legal-pathways-rate-funded-customer-assistance-programs


Customer Assistance Programs” and the EPA compendium on Customer
Assistance Programs.

Aging infrastructure. Perhaps the most challenging component of the issues
related to infrastructure is their intersection. Who is responsible for maintaining
pipes throughout a city once those pipes reach into a home? This question
became a pressing one in the case of Flint, Michigan, where one contributing
factor in the water crisis was lead leakage from aging pipes stretching throughout
the city and into homes. For more on the complex story of water quality in Flint
see “Flint Water Crisis: Everything You Need to Know.”

https://efc.sog.unc.edu/project/navigating-legal-pathways-rate-funded-customer-assistance-programs
https://www.epa.gov/sites/production/files/2016-04/documents/dw-ww_utilities_cap_combined_508.pdf
https://www.urbanwaterslearningnetwork.org/wp-content/uploads/2019/05/UNC-Clean-Water-Access-Challenges2017.pdf
https://www.npr.org/sections/thetwo-way/2016/04/20/465545378/lead-laced-water-in-flint-a-step-by-step-look-at-the-makings-of-a-crisis
https://www.smithsonianmag.com/science-nature/chemical-study-ground-zero-house-flint-water-crisis-180962030/
https://www.nrdc.org/stories/flint-water-crisis-everything-you-need-know


A corroded pipe a Flint, Michigan, resident removed from her home. PHOTO: KIMBERLY P.
MITCHELL/ZUMA PRESS

Data gaps. When it comes to water, there is a lot we don’t know. There is even more we don’t
share. Gaps in data may occur within a particular area, as is the case of the Buckman well field
in New Mexico where water level data was collected for years then inexplicably ignored for
nearly a decade (see Figure ___). Over this period the water level declined almost 300 feet.
Gaps in data also occur across wide swaths of the country as demonstrated by failure to collect
data on in-home plumbing over the past thirty years. And while individual communities may
collect their own data on water quality and quantity, there is no existing mechanism for sharing
that data with other regions or communities, despite the interconnectedness of water sources.
For more information on the opportunities related to data and water, see Deloitte’s report on the
top trends in the water sector.

https://www.wsj.com/articles/lead-levels-in-flint-remain-extremely-high-at-some-locations-1454335692
https://geoinfo.nmt.edu/geoscience/research/home.cfml?id=4
https://geoinfo.nmt.edu/geoscience/research/home.cfml?id=4
https://www2.deloitte.com/content/dam/Deloitte/pl/Documents/Reports/pl_Water-Tight-2-0-The-top-trends-in-the-global-water-sector.pdf
https://www2.deloitte.com/content/dam/Deloitte/pl/Documents/Reports/pl_Water-Tight-2-0-The-top-trends-in-the-global-water-sector.pdf


History & Trends

History

In the 5th century BCE, the Greek physician Hippocrates wrote Airs, Waters, and Places,
believed to be the first book connecting health and human disease to the physical environment.
In it Hippocrates notes the effect of water quality on health. In the millennia since his
observation, we still struggle with how best to manage the relationship between healthy
communities and water quality.

Development and urbanization. Historically, problems with water quality in the U.S. were often
tied to development. More people in an area meant the need for more water and reliable access
to it. This, in turn led to the creation of informal systems for delivering water. These systems
became quickly overtaxed and degraded, resulting in water quality and sanitation problems and
the eventual rise of illness.

Increasing urbanization in the 19th century and the rising population of the working poor in
condensed urban neighborhoods in part ushered in the era of sanitation. Called “The Great
Sanitation Awakening” the first half of the nineteenth century featured changes in engineering
and health recognizing the connection between “cleanliness”--be it on the streets or in the
drinking glass--and lower instances of disease. More money and attention was paid to the
mechanisms of supplying and accessing water, resulting in extensive public works efforts for the
next century.

Water treatment. The turn of the century saw the introduction of water treatment processes to
ensure safe water and prevent disease. Chlorination--the purification of water through the
application of compressed, liquefied, chlorine gas--became widespread practice in the U.S. in

https://pubs.usgs.gov/fs/fs-103-03/#:~:text=Ground%2Dwater%20depletion%20is%20primarily,and%20lakes%2C%20or%20land%20subsidence.
https://brill.com/view/book/9789004232549/B9789004232549-s010.xml
https://acwi.gov/monitoring/webinars/industrial_internet_11242015.pdf
https://www.ncbi.nlm.nih.gov/books/NBK218224/
https://www.ncbi.nlm.nih.gov/books/NBK218224/
https://scadata.net/brief-history-clean-drinking-water/#:~:text=In%20the%20late%201800%EF%BF%BD,and%20gravel%20to%20remove%20sediment.&text=Due%20to%20thousands%20of%20cases,was%20still%20an%20urgent%20matter.
https://www.cdc.gov/healthywater/drinking/public/chlorine-disinfection.html
https://www.cdc.gov/healthywater/drinking/history.html


the early 20th century and drastically reduced the instances of typhoid, cholera, and dysentery
(see Figure ___).

Incidence of Typhoid Fever, 1920-1960.

https://www.entrepreneurshipinabox.com/18013/plumbing-innovations-new-breakthrough-techn
ology/

Pollution and policy. The Industrial Revolution supercharged the American economy. It also
supercharged levels of industrial waste in lakes and rivers as factories dumped waste directly
into bodies of water. Pollution was met with policy meant to regulate levels and protect water
quality. The Water Pollution Control Act of 1948 was the first federal law to address water quality
and gave the Surgeon General the ability to sue states polluting transboundary waterways. A
pivotal moment in addressing water pollution came when the Cuyahoga River caught fire in
Cleveland, OH, in 1969. The fire itself wasn’t that unusual--the river, rife with chemicals and
manufacturing pollutants, had caught fire nine times already in the past few decades. But this
time, and in line with the growing environmental movement, public sentiment across the nation
demanded more attention to the health of rivers. A few years later in 1972, in response to
widespread concern over environmental and public health as a result of pollutants, the
Environmental Protection Agency was formed. To this day, the EPA provides guidelines on the
quality and safety of water. That year Congress also passed the Clean Water Act to reduce
pollution, regulate waste, and set quality standards for water. In 1974, Congress passed the
Safe Drinking Water Act. The SDWA regulates the public drinking water supply for the U.S. and
was updated in 1986 and 1996 to expand protections. To learn more about the SDWA, its
enforcements, economic impact, and specific regulations, see the EPA’s SDWA overview.

https://www.entrepreneurshipinabox.com/18013/plumbing-innovations-new-breakthrough-technology/
https://www.entrepreneurshipinabox.com/18013/plumbing-innovations-new-breakthrough-technology/
https://www.history.com/topics/natural-disasters-and-environment/water-and-air-pollution
https://www.history.com/topics/natural-disasters-and-environment/water-and-air-pollution
https://www.history.com/news/epa-earth-day-cleveland-cuyahoga-river-fire-clean-water-act
https://www.epa.gov/history
https://search.epa.gov/epasearch/?querytext=water+guidelines&areaname=&areacontacts=&areasearchurl=&typeofsearch=epa&result_template=2col.ftl#/
https://www.epa.gov/laws-regulations/summary-clean-water-act#:~:text=(1972),quality%20standards%20for%20surface%20waters.&text=EPA's%20National%20Pollutant%20Discharge%20Elimination,NPDES)%20permit%20program%20controls%20discharges.
https://www.epa.gov/sites/production/files/2015-04/documents/epa816f04030.pdf
https://www.epa.gov/sdwa


Trends
The ongoing failure to provide water to tribes. Although tribes often hold the most senior
water rights in most western water basins, roughly 48% of all tribal homes do not have access
to clean, reliable sources of water. Tribes are often left with what is referred to as “paper
water”--meaning despite their water rights, they lack the financial resources to create the
infrastructure for receiving water. Lack of infrastructure can also threaten the safety of the water
sources and supply systems that are available on tribal lands. Rising public consciousness of
the history and current realities of indigenous peoples will hopefully lead to closing the gap
between the right to water and access to it.

Home plumbing online. Smart sinks, toilets, and showers. These may be terms we hear more
and more about in the coming years. As our homes in general go online and get “smarter,” we
can expect the same for our water fixtures. Smart plumbing can identify leaks, help eliminate
overuse, and provide information on water quality and quantity. ‘As these monitoring systems
take off, it raises the possibility of similar interventions for wider application. Smart pipes? Smart
wells?

Stress on urban water systems. Population growth, climate change, and the stressors both
place on urban infrastructure will continue. As these trends march forward, so must innovation
and new thinking when it comes to how cities manage water quality.

Rising income inequality. The ongoing rise of income inequality in the U.S. will mean lower
standards of living for more of the population, affecting household ability to access the
resources they need, including clean and safe water. The distance between the haves and have
nots (see Figure ___) will not only be financial but geographic. Those who can afford it will live
in areas with higher quality infrastructure and those who cannot will live in neighborhoods with
substandard pipes, plumbing, and services.

http://blackfeetnation.com/wp-content/uploads/2016/10/House-NRC-Water-Report-Minority-10-10-16.pdf
https://watershed.ucdavis.edu/education/classes/files/content/page/Ecogeomorphology.PaperFinal.JesseJankowski_0.pdf
https://watershed.ucdavis.edu/education/classes/files/content/page/Ecogeomorphology.PaperFinal.JesseJankowski_0.pdf
http://www.sric.org/nbcs/docs/NATIVE_EH_EQUITY_NEWSLETTER_11Oct2016.pdf
http://www.sric.org/nbcs/docs/NATIVE_EH_EQUITY_NEWSLETTER_11Oct2016.pdf
https://www.desmoinesregister.com/story/news/education/2020/11/26/iowa-universities-native-american-indigenous-peoples-history-cultur/6318206002/
https://www.cnet.com/news/smart-showers-smart-toilets-and-smart-sinks-should-you-put-your-plumbing-online/
https://www.pmmag.com/articles/102700-security-water-conservation-influence-smart-home-plumbing-market
https://www.pmmag.com/articles/102700-security-water-conservation-influence-smart-home-plumbing-market
https://home.howstuffworks.com/smart-home.htm
https://www.plumbermag.com/how-to-articles/internet-things-leak-detection/smart-plumbing-technology-making-its-way-into-homes
https://sensorex.com/smart-sensors-wireless/
https://www.erplumbing.com/blog/2020-smart-plumbing-advances-every-homeowner-should-check-out/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3231726/
https://www.postscapes.com/smart-well-monitoring-wellintel/
https://www.postscapes.com/smart-well-monitoring-wellintel/
https://iwaponline.com/h2open/article/2/1/146/69067/Urbanisation-climate-change-and-its-impact-on
https://www.postscapes.com/smart-well-monitoring-wellintel/
https://www.postscapes.com/smart-well-monitoring-wellintel/
https://www.usgs.gov/special-topic/water-science-school/science/urbanization-and-water-quality?qt-science_center_objects=0#qt-science_center_objects
https://www.epi.org/publication/decades-of-rising-economic-inequality-in-the-u-s-testimony-before-the-u-s-house-of-representatives-ways-and-means-committee/
https://www.pewsocialtrends.org/2020/01/09/trends-in-income-and-wealth-inequality/
https://www.newgeography.com/content/004821-the-geography-lower-middle-and-higher-income-households-united-states


Populations & Agents

Vulnerable Populations
Infants and older adults. There are many groups vulnerable to unsafe drinking water. Infants
and older adults may be especially vulnerable to microbial contaminants, even when drinking
tap water deemed safe by EPA standards. The same goes for those who immunocompromised
from HIV, cancer, or other disease.

Rural and urban populations. Additional vulnerable populations include those in rural areas
who may not have access to public water systems and therefore rely on private water and septic
systems. The CDC and EPA do not regulate private systems. On the flip side, people in urban
areas may be vulnerable to infrastructure or system failure in the wake of extreme events. When
a city’s resources shut down, the danger of disease increases, as does the potential for
populations to migrate in search of the needed resources. Climate refugees--those who are
displaced due to climate related extreme events--are more likely to be those of lower
socioeconomic status. For more information on migration and water, see the report from the
Stockholm International Water Institute report Water, Migration, and How They Are Interlinked.

https://www.pewsocialtrends.org/2020/01/09/trends-in-income-and-wealth-inequality/
https://www.ncbi.nlm.nih.gov/books/NBK442360/
https://www.cdc.gov/nceh/information/program_factsheets/safe_water_programs_overview.pdf
https://www.ruralhealthinfo.org/rural-monitor/private-water-sources/
https://www.npr.org/sections/goatsandsoda/2018/06/20/621782275/the-refugees-that-the-world-barely-pays-attention-to
https://www.samhsa.gov/sites/default/files/programs_campaigns/dtac/srb-low-ses.pdf
https://www.samhsa.gov/sites/default/files/programs_campaigns/dtac/srb-low-ses.pdf
https://www.siwi.org/wp-content/uploads/2016/07/2016-Water-Report-Chapter-1-FINAL-Web.pdf


Agents

Category What they do Examples

Regulatory agencies Monitor water quality, provide alerts,
sometimes inform new policy and
regulation for water safety

EPA
CDC
US Fish and Wildlife Services

Water utilities Measure water quality for
communities and neighborhoods,
provide water treatment services
and maintain infrastructure

Denver Water
American Water Works
Association

Individual households Possess varying degrees of
access to safe, reliable water and
via a range of mechanisms

Households with private wells
and septic
Households without plumbing

Industry May contribute to pollution levels
or work to alleviate water
contaminants

Suncor
Thor Industries

Environmental and
advocacy groups

Work to provide quality water for
those without access

Environmental Defense Fund
Colorado Water Trust
Water Education Colorado

Private companies Sell bottled water Nestlé Waters
Danone

Food and beverage
sector

Require clean and safe water
sources for production

Nestlé
PepsiCo
Tyson

Tourism and recreation
sector

Conduct business on or in
conjunction with water such as
lakes, rivers, and the ocean

Colorado Tourism Board
Recreational Fishing Industry
and Lobby

Existing Approaches & Workarounds

Approaches

Information sharing. Decentralized Water Resource Collaborative, an effort of the EPA, is an
entity to foster collaborative research and data sharing among the many decentralized water
and wastewater systems across the U.S. Additional means of sharing information include

https://industry.colorado.com/colorado-tourism-board
https://www.denverwater.org/
https://www.awwa.org/
https://www.awwa.org/
https://www.suncor.com/
https://www.thorindustries.com/
https://www.edf.org/
https://coloradowatertrust.org/
https://www.watereducationcolorado.org/
https://www.nestle-waters.com/get-to-know-us#:~:text=Nestl%C3%A9%20Waters%20is...,world's%20largest%20bottled%20water%20company.
https://blog.technavio.com/blog/top-10-bottled-water-brands-worldwide
https://www.nestle.com/
https://www.pepsico.com/
https://www.tysonfoods.com/
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gamification and simulations. One example is the UVA Bay Game, a simulation allowing
participants to take part in managing the Chesapeake Bay Watershed.

Water monitoring technologies. Referred to in some cases as water quality surveillance and
response systems, water quality monitoring is an industry unto itself (projected to be worth
$4.69 billion by 2025) and one that continues to see innovation and fresh approaches. A variety
of technologies are deployed to measure water safety. These approaches rely on a range of
methods from bio-sensors to radiology to detect an array of potential contaminants such as
carbon content, chlorine residuals, and biological organisms in a variety of water sources from
groundwater to surface water to safeguard against a milieu of dangers like chemical warfare or
the introduction of biological agents into the water supply. These technologies are designed to
serve water treatment plants or food and beverage companies more so than individual
households. For more information on the need, market, and call for innovation in water
technologies, see the EPA’s blueprint for Promoting Technology Innovation for Clean and Safe
Water.

The IoT and water monitoring. It used to be water monitoring--be it for quality or quantity--had
to be done manually. That has changed in recent years with the emergence of remote, smart
water monitoring via the Internet of Things. IoT water monitoring has opened the door for
innovation and a variety of new approaches to monitoring. Examples include system-wide
monitoring of water supply and site-specific buoys to monitor surface water quality. The water
sensor, monitoring, and IoT industry is a growing market with a range of applications to various
industries including agriculture and recreation as well as household use.

Water safety planning. Water safety plans (WSPs) employ risk assessment and management
to ensure the safety of drinking water through all stages of the water supply chain. The call for
plans originated from the World Health Organization’s Guidelines for Drinking Quality (GDWQ).
The Guidelines recommend WSPs as the most effective means to guarantee drinking water and
circumvent a public health disaster. The WHO offers a library of resources for WSP creation
purposes, including information on how to ensure WSPs are equitable and serve vulnerable
populations. WSPs are increasingly being used to mitigate risks in individual buildings as well as
wider water systems. Despite the need for WSPs, they may be difficult to implement due to cost
and financial restraints. Further, it is increasingly challenging to accurately assess and plan for
risk in the face of growing climate uncertainty.

Septic technologies. No one could blame you if you don’t immediately associate layered cake
with addressing challenges in wastewater treatment. Yet there is a connection. The layered
cake approach is one example of an innovation from the Massachusetts Alternative Septic
System Test Center. The MASSTC is a third-party research and testing facility for innovative
and alternative septic system approaches. Additional projects include wastewater hydroponics
and a study of virus removal in wastewater systems. For a full list of projects, see the Test
Center’s “Project Hub” webpage.

https://broadtechengineering.com/water-simulation-software/
https://faculty.virginia.edu/baygame/about/
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https://www.businesswire.com/news/home/20200909005566/en/Global-Water-Quality-Monitoring-Market-2019-to-2026---Size-Share-Outlook-and-COVID-19-Strategies---ResearchAndMarkets.com
https://www.marketsandmarkets.com/Market-Reports/water-quality-monitoring-market-72412644.html
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https://www.energyly.com/water-monitoring.html
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Top innovations:
https://www.wqpmag.com/trends-forecasts/top-5-innovations-water-quality-technology-2020

Workarounds

Nonprofit assistance. Organizations like DigDeep and The Water Well Trust help alleviate the
pressures related to water quality and safety. These are not long term solutions but stop gaps
meant to aid individuals with water problems.

Bottled water. It may still be big business but it is not a solution and in many ways, produces
more problems than it solves. The chemicals and plastics in bottled water often makes this
water source less safe than water from a tap.

In-home apparati. In home water treatment systems such as a reverse osmosis system may be
a good option, but with price tags in the hundred of dollars, it is not an option for everyone.
Water filtration and treatment systems further increase the distance between those who can
afford “good water” and those who can not. In-home systems also circumnavigate the need for
larger infrastructure or supply-wide fixes. Who needs to clean up the toxic chemicals in the
surface or groundwater when “everyone”--or those most likely to advocate for better water due
to the resources at their disposal--can address the problem themselves?

Over two decades-old regulations. The last amendment to the Safe Drinking Water Act was in
1996, raising concerns about the need for updates in response to a changing climate and
increasing presence and levels of chemicals in the water. Most public water systems only test
for the chemicals mandated for testing by the EPA and although the EPA may identify new
chemicals to test, it hasn’t done so since 1996. Not a single new chemical has been added to its
list of 89 chemicals, bacteria, or viruses in over two decades. This boggles the mind, especially
as the EPA is also required to keep track of new chemical substances used in the U.S.--a list
numbering over 86,000 chemicals.

Additional Resources

For more information on innovation in water monitoring see Innovative Biological Approaches
for Monitoring and Improving Water Quality.

For interactive maps of water quality on state and local levels see the American Geosciences
website.

For more on tribal water rights, see a list of tribal water issues from the Water Education
Foundation.

https://www.wqpmag.com/trends-forecasts/top-5-innovations-water-quality-technology-2020
https://www.digdeep.org/
https://www.waterwelltrust.org/
https://www.theguardian.com/business/2016/oct/06/liquid-assets-how--business-bottled-water-went-mad
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