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PRESIDENT’S MESSAGE

PERHAPS FATE IS SMILING ON ME. AS I EMBARK ON MY 
year as your AWRA president, the first two issues of 
Water Resources IMPACT address topics that are near 
and dear to me. I am proud to introduce yet another 
powerful issue of Water Resources IMPACT. Guest editor 
Mike Antos notes, “Managing water separately from land 
is one of the great missteps of the 20th century.” His 
words echo my own personal experience as a state and 
local planner. The growing momentum of the One Water 
movement reflects a recognition that all of us need to 
do better. As land and water professionals, we have 
talked for decades about the dream of integrating land 
and water management to create resilient communities 
and natural systems, but we have seldom achieved full 
implementation of this vision. This issue provides useful 
examples of successes attained by members of our 
wider land and water community who have wrestled with 
the challenges of too little water, too much water, and 
dirty water.

There is no denying that what happens on the land 
has a direct relationship with the quality and quantity of 
our water. “It’s only people who have separated them,” 
notes Philip Stoker of the University of Arizona in one 
of the feature articles in this issue. Our professional 
organizations, regulatory frameworks, and institutional 
departmental structures create single-purpose silos 
that undermine our ability to manage land and water 
holistically. An example of this frustration is the common 
disconnect between local land use planning and water 
utility planning. I have witnessed this disconnect, which is 
vividly described in Heather Hansman’s article.

This issue of Water Resources IMPACT is a companion 
to the 2021 Virtual Summer Conference: Connecting 
Land & Water for Healthy Communities, convening 
July 19–21, 2021. This conference represents a unique 
collaboration between AWRA and the Babbitt Center 
for Land and Water Policy. Registration is now open, 
and I am confident that you can find something of value 
for your professional practice in the objectives for this 
conference. They include

• bringing diverse professions and professionals 
together in dialogue

• learning about land and water integration from 
communities on the cutting edge 

• strengthening connections between research and 
practice in our community

• informing grounded, integrated land and water 
policy

• catalyzing collaboration to achieve success
I am excited for all of you to read the articles in this 

issue and to join us in July at the virtual Connecting 
Land and Water for Healthy Communities summer 
specialty conference. The breadth of creativity on 
display in the stories and projects shared in this issue is 
encouraging to me. Our membership is poised to achieve 
remarkable progress for the communities we serve, and 
the integration of our disparate management efforts 
is within our grasp. Let us seize the day and recommit 
to overcoming our perceived differences and working 
together to manage land and water sustainably!

In closing, I’d like to report on other opportunities 
available from ARWA. Registration is open for a number 
of events, so don’t miss your chance to take advantage 
of the exciting content available to you. If you are 
an early-career professional or student, space is still 
available for our three-part Virtual Young Professional 
Workshop Series. These sessions will provide you with 
information on negotiating your salary, mastering a 
multistep interview, becoming an ally in the workplace, 
building your brand, and much more. That’s not all—
registration is also open for the 2021 Virtual Joint AWRA 
& National Capital Annual Water Symposium, entitled 
“Human Dimension to Resilient and Sustainable Water 
Management: Promoting Integrated Collaboration.” 
This April 15–16 event will focus on the idea of circular 
economies, managing for the unknown such as the 
COVID-19 pandemic, social hydrology, environmental 
justice, and innovations in water resource management. 

Finally, with a renewed outlook for the future of 
AWRA, we are issuing our official call for new board 
members. Are you someone who strives to make a 
difference in all that you do? Are you an early-career 
professional with ideas on addressing the unique needs 
of your peers? Are you a mid- or late-career professional 
who feels a calling to give back to the profession? Are 
you someone who supports AWRA's diversity, equity, 
and inclusion policy yet feels underrepresented by the 
current Board of Directors? If you are, then consider 
this call to apply for AWRA board service. Please visit the 
Board of Directors Nominations page to read the AWRA 
Statement of Individual Board Member Responsibilities 
and to submit your nomination by April 23, 2021. ■

Scott Kudlas, AWRA 2021 President

https://www.awra.org/Members/About/Board_Call_for_Nominations.aspx
https://www.awra.org/Members/About/Board_Call_for_Nominations.aspx
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WATER IS LIFE. IT BRINGS ECONOMIC AND CULTURAL 
value to land. Land, and how we use it, determines our 
need for water. The decisions we make about land use 
and water shape the character of our communities 
and greatly impact our water supply and quality. These 
decisions also determine how water flows through 
our neighborhoods, potentially creating green spaces, 
cooling the urban environment, and mitigating flooding 
risks. At the Babbitt Center for Land and Water Policy, 
we recognize that the land use decisions made every 
day shape our communities and our water future. We 
also recognize the many hurdles land planners and 
water managers have to overcome in order to build and 
foster collaborative ventures, especially in these times 
of the COVID pandemic and climate change. However, 
the ability to impact land use is perhaps the greatest 
authority held by local governments to influence the 
future of their communities. This authority can also 
address water management challenges, making the 
coordination of land use and water management 
decisions critical for a sustainable and resilient future. 

Increasing attention to coordinated land and 
water planning and innovative local, regional, and 
state programs inspired this special issue of IMPACT. 
Land use planners and water managers are breaking 
down silos, researchers are advancing new policies, 
and communities are experimenting with tools to 
enhance these connections, all while demands for civic 
engagement and transparency are at an all-time high. 
The culmination of these circumstances has resulted in 
leadership by communities at the forefront of land and 
water management. We at the Babbitt Center, along with 
our partners, work with communities to advance such 
efforts, which are the focus of the articles that follow. 

Communities now have many opportunities to 
better integrate land and water management to achieve 
economic, environmental, and other community goals, 
but they also face institutional barriers to integrating 
land and water practice and cope with different 
professional languages that hinder communication. 
To help communities exploit the opportunities and 
overcome the barriers, we have developed a framework 

(see table) that summarizes the types of land and water 
integration practices and tools available to improve the 
management of both land and water for local growing 
and urban communities, agricultural regions, and tribal 
nations. 

The column headings indicate the stages of resource 
management and community decision making:  
(1) institutional context and policy approaches being 
used, (2) planning, (3) development and implementation 
of laws and regulations, (4) management of built 
environments and land uses, and (5) end uses of water 
and market activities. These headings represent the 
general process, from conception to action, of any land 
use and water connection point within different sectors. 
The process is often, however, cyclical rather than 
linear—that is, a tool or practice in the “end user” column 
may necessitate some preparation within previous 
column categories for the most success. 

The individual cells list categories of practices 
and tools. Although many of these are applicable in 
multiple sectors, for convenience and simplicity we 
identify them within the row for a particular sector. 
For example, building and landscape codes represent 
requirements such as low-water-use plumbing codes, 
water-reuse ordinances, water-efficient landscape 
irrigation requirements, low-impact development, 
green infrastructure requirements, and prohibitions on 
high-water-use features. Agricultural land management 
approaches include irrigation efficiency improvements, 
agricultural preservation, and water shortage sharing 
provisions, but they may also involve partnerships 
with growing communities to allow a portion of senior 
agricultural water to be used to serve new population 
growth. Articles in this special issue of Water Resources 
IMPACT provide examples of the successful use of several 
practices and tools identified in the table.

Connecting land and water—and understanding 
these resources in the context of energy, wildfire, air 
quality, food, and climate change—is critical to build and 
maintain healthy communities. A variety of professions 
and stakeholders have essential roles in these 
efforts, and greater success can be achieved through 

FEATURE

Connecting Land and Water 

Jim Holway, Erin Rugland, and Faith Sternlieb

https://www.lincolninst.edu/publications/working-papers/integrating-land-water
https://www.lincolninst.edu/publications/working-papers/integrating-land-water
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collaboration. To advance this collaboration, the Babbitt 
Center is pleased to help support and organize the 
upcoming July AWRA 2021 Virtual Summer Conference: 
Connecting Land & Water for Healthy Communities. 
Objectives for the upcoming July AWRA conference and 
for this issue of IMPACT include

• bringing diverse professions and professionals 
together;

• learning about land and water integration from 
communities on the cutting edge;

• strengthening connections between research and 
practice;

• informing grounded, integrated land and water 
policy; and 

• catalyzing collaboration.
We invite you to read further about how innovative 

communities across the United States are integrating 
land and water, and then join us for the virtual 
conference “Connecting Land & Water for Healthy 
Communities.” We also encourage you to support the 
AWRA Policy Committee’s effort to establish an official 
AWRA Policy Statement on Connecting Land and Water. 
Finally, please stay tuned and join us for an in-person 
follow-up AWRA conference in Denver in 2023.  ■

Jim Holway, Ph.D. (jholway@lincolninst.edu) is director 
of the Babbitt Center for Land and Water Policy at the 
Lincoln Institute of Land Policy. He is an elected board 
member of the Central Arizona Project and was previously 
the assistant director of the Arizona Department of Water 
Resources and a professor of practice at Arizona State 
University. Erin Rugland (erugland@lincolninst.edu) and 
Faith Sternlieb, Ph.D. (fsternlieb@lincolninst.edu) are 
program managers at the Babbitt Center for Land and 
Water Policy

About the Babbitt Center for 
Land and Water Policy
The Babbitt Center for Land and Water Policy, 
a center of the Lincoln Institute of Land Policy, 
seeks to advance the integration of land and 
water management to meet the current and 
future water needs of Colorado River Basin 
communities, economies, and the environment. 
We develop tools and best practices to guide 
decisions through research, training, and 
partnerships for sustainable management 
of land and water resources in the basin and 
beyond. Our work includes the Growing Water 
Smart program, in collaboration with the 
Sonoran Institute and others; support of the 
development and ongoing operation of the 
state of Colorado’s Land and Water Planning 
Alliance; funding of the Water & Tribes Initiative, 
which facilitates the engagement of the 29 
tribes in the Colorado River Basin in basinwide 
water management; and funding of dissertation 
fellowships. Recently we began a partnership 
with agricultural communities to examine 
their future water management challenges 
and opportunities. Uniquely positioned as 
a private operating foundation with a staff 
actively involved in research and community 
engagement, we emphasize building and 
supporting networks of practitioners and 
researchers and helping communities build their 
capacity to holistically manage land and water 
resources.

mailto:%28jholway%40lincolninst.edu?subject=
mailto:erugland%40lincolninst.edu?subject=
mailto:fsternlieb%40lincolninst.edu?subject=
https://www.awra.org/Members/Events_and_Education/Events/2021_Annual_Conference/2021_Annual_Water_Resources_Conference.aspx
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Land and Water Policy in the Missouri River Basin 
from Indigenous Perspectives 

A History of Erase and Replace 

THE MISSOURI RIVER BASIN, A TRANSBOUNDARY 
watershed  located in the center of the North American 
continent, is home to diverse flora and fauna, as well 
as rich and diverse cultures spanning two countries, 10 
U.S. states, and 28 tribal territories. More than 10 million 
people, composed of indigenous, settler, and more recent 
immigrant communities, reside in the basin. The river is 
one of two major tributaries of the fourth largest basin in 
the world, the Mississippi, and is a drinking-water source 
for more than 20 million people. 

Since the 1850s, the basin has been subject to 
extensive alteration through settler colonialism. This 
colonial development has been implemented through 
a series of policies regarding land and water. The most 
significant of these the policies target indigenous people: 
Manifest Destiny–driven land grabs and the river-
centered federal Pick-Sloan Plan. The Pick-Sloan Plan 
constructed dams on Indian land, displacing thriving 
self-sufficient communities of river-bottom dwellers, 

drowning ancestral homelands, and robbing lifeways. 
The dams and other water engineering structures 
constructed along the mainstem of the Missouri River and 
tributaries throughout the basin by the U.S. government 
essentially create a national security zone. Locals refer to 
the buffer zones under federal, or more recently state, 
jurisdiction near the riparian infrastructure as Taken 
Land. No equitable compensation or cost-benefit sharing 
was provided to the affected indigenous communities 
when these structures were built. In fact, indigenous 
communities—like White Swan, flooded behind the Fort 
Randall Dam—were taken illegally, according to Michael 
Lawson’s book Dammed Indians.

There has been a long history of occupation by a series 
of foreign bodies attempting to erase and exterminate 
the indigenous presence. Restrictive genocidal policies 
and colonial controls put indigenous people into captivity 
and hindered, but could not stop, indigenous people’s 
ability to connect to the land and water. Simultaneously, 
settlement of the Missouri River Basin has disrupted 

FEATURE

Faith Spotted Eagle and Jennifer Veilleux

The construction of the Fort Randall Dam resulted in the complete inundation of the indigenous community of White Rose in 1952. No equitable compensation 
or benefit-cost sharing was provided. Photo source: Patrick Ziegler, iStockphoto.com



8  |  VOLUME 23  •  NUMBER 2  Water Resources IMPACT 

complex watershed ecosystems, removed keystone 
species, and essentially engineered an entirely new 
landscape to fit the United States national agenda. This 
new landscape, engineered with the hope of creating a 
static resource, cannot withstand environmental drivers, 
whereas the previous natural system had existed for 
millennia, sustaining the biodiversity now in jeopardy. 
Settler-colonial policies have aimed to dominate or 
conquer, erase, and replace endemic human populations, 
animal and plant populations, and natural cycles in major 
waterways and large land bases, supplanting them with 
more economically favorable people, species, cycles, and 
land-use types. The goal is to capitalize on resource-based 
economic potential for national-level gross domestic 
product (GDP), and it is advanced by characterizing 
European Christian and Western science and engineering 
as superior to other ways of doing things. The results 
are particularly devastating for indigenous people, 
rendering the perpetuation of 
their lifeways challenging or 
impossible. The indigenous 
communities have, even in recent 
development schemes such as 
construction of the Dakota Access 
Pipeline, been targets who have 
borne the environmental cost 
of this development. The Biden 
administration’s recent decision 
to stop the Keystone Pipeline 
comes after more than 12 years 
of indigenous activism aimed at 
bringing attention to and ceasing 
the development that threatens 
our lifeways, the water, and the 
land. Inclusion of indigenous 
leadership and communities in 
ecological or development planning by federal and state 
governments and by private industry has been sparse or 
nonexistent. 

The worldview and lifeways of the indigenous 
communities that still live in the basin, as well as 
worldwide, are seamlessly embodied in two important 
concepts that are inextricable from ecological 
sustainability: relationality and reciprocity. Indigenous 
communities in the basin, as well as worldwide, practice 
these two concepts seamlessly in their worldview and 
lifeways. It is posited that these relationships with land, 
water, and other aspects of the immediate environment 
and beyond are the reason for the continuity and 
resilience of these ancient societies. Relationality is the 
concept of being in relationship with—having a physical, 
spiritual, and intellectual connection to—other living and 
non-living things. Rivers are considered living entities.  

The relationship concept places people in the system 
rather than outside or above it; they are "good relative" 
guardians, not lords, as popularized in Judeo-Christian-
Islamic worldviews. Reciprocity means that the actions 
that occur in the relationship are in response to what is 
given and received; it is entwined with ritual, ceremony, 
beliefs, oral histories, traditions, and spiritual balance. In 
his foreword for Michael Caduto and Joseph Bruchac’s 
book Keepers of the Animals, Vine Deloria Jr. states, “Native 
North Americans saw themselves as participants in a 
great natural order of life, related in some fundamental 
manner to every other living species. It was said that each 
species had a particular knowledge of the universe and 
specific skills for living in it. Human beings had a little 
bit of knowledge and some basic skills, but we could not 
compare with any other animals as far as speed strength, 
cunning, and intelligence.” 

Several U.S. national-level programs are geared 
toward working with the tribes, 
but most of them fall into a 
superficial and/or Western-
dominant cultural approach, 
and none are widely successful. 
For example, the Missouri 
River Recovery Implementation 
Committee (MRRIC), created 
in 2008 by Congress, includes 
quarterly stakeholder meetings 
held by the U.S. Army Corps of 
Engineers (USACE). While these 
meetings tick a box, they do not 
achieve actual cooperation or 
collaboration with the 28 tribes 
invited to the table. The structure 
of the meetings is dominated by 
USACE protocol and culture. The 
USACE schedules the meetings, 

decides the agenda, uses impenetrable language, and 
produces thousands of pages of documentation that it 
posts online. The actual event lacks substance. The USACE 
demonstrates no cultural competence in communicating 
with indigenous people or rural communities of non-
Indians, offers no method for addressing indigenous 
rights through the multiple treaties that govern land and 
water in the basin, and provides no legitimate feedback 
process for improving. Better policies and efforts are 
necessary for real solutions.
The Failure of Privileged Management

The Western management style, which uses esoteric 
language and concepts and builds on the Western-
centered education system, can effectively lock out people 
who use different cultural lenses to understand the world. 
This locking out affects who can be employed in specific 

Settlement of the Missouri 
River Basin has disrupted 

complex watershed 
ecosystems, removed 
keystone species, and 

essentially engineered an 
entirely new landscape 
to fit the United States 

national agenda.
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roles, who is recognized as an expert and why, who can 
use what for tenure or reputation, and allows for erasure 
or coopting of indigenous knowledge. 

The MRB is essentially a federally mandated geography 
that features the heavy presence of the USACE, FWS, 
NPS, USGS, DOI, DOD, BLM, USEPA, etc., within a frame 
of privileged management. (Translation: The Missouri 
River Basin is essentially a federally mandated geography 
that features the heavy presence of the USACE, the 
U.S. Fish and Wildlife Service, the U.S. National Park 
Service, the U.S. Geological Survey, the U.S. Department 
of Agriculture, the U.S. Department of the Interior, the 
Department of Defense, the Bureau of Land Management, 
the U.S. Environmental Protection Agency, and others 
within a frame of privileged management.) Privileged 
management is a form of policy implementation that 
centers the government and the ideas it favors, which 
are not necessarily representative of local people or 
local realities. Privileged management holds no space 
for diversity, recognition of culture, or acknowledgement 
of the first people, the indigenous people who possess 
keystone knowledge about how to manage the original 
system. Keystone knowledge is based on knowing our 
role, and how to perform our role in connection with the 
system; it is honed over generations living as a part of that 
system and given to us as a people from the relationships 
we have with our relatives that make up the system. In 
contrast, privileged management, which is foreign to that 
system and reflects different geographies, guarantees the 

continuity of an 
engineered system 
that has grown 
out of the U.S. 
national agenda 
for development, 
recreation, and 
profit, which is 
based on Manifest 
Destiny, which 
is in turn based 
on the Doctrine 
of Discovery. 
These histories 
are important for 
understanding 
the systemic and 
institutional racism 
that occur today.

Despite these 
genocidal policies 
and continuing 
oppression, 
indigenous people 

have not severed their connection to the land and water 
and retain important critical indigenous knowledge, 
passed down, on how to live within the Missouri 
River Basin and help maintain its health. Some of the 
knowledge has gone underground, and some has been 
maintained in oral repositories of history. Indigenous 
prophesies forecast current conditions of climate change. 
Now we see these predictions materializing and being 
recognized by the outer world. Perhaps they are ready 
to listen. All indigenous societies’ lifeways, protocols, and 
creation stories are patterned after the wamakanskan 
(animals) and other entities of the earth. Those entities, 
like the wakinyan (lightning), the mni (water), the stars, 
the insects, and the winged ones, have all given original 
instructions for the people’s survival. Each place-based 
tribal group possesses the deep inherent wisdom of that 
location, which could be crucial to the survival of Earth. 
Many of these concepts are codified in the remaining 
indigenous languages across Turtle Island; the languages 
themselves constitute a repository of knowledge.

Overall, land and water policies in the Missouri River 
Basin (1) are not harmonized; (2) provide preferential 
legal structures for landowning farmers and ranchers; 
and (3) prioritize natural systems primarily for hunting, 
fishing, and safely recreating. When it comes to the river 
itself, the policies are focused on maintaining a controlled 
hydroscape for commerce and infrastructure for larger 
populations and significant cities downstream. This 
economic and political centering eclipses indigenous, 

Management of the Missouri River has been designed to support commerce and infrastructure for larger populations downstream 
rather than in line with indigenous principles of relationality and reciprocity with the natural environment. Photo source: rruntsch, 
iStockphoto.com.
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climate, and environmental priorities. U.S. policies treat 
land, air, and water as infinite sinks and sources. The 
way in which the USACE manages the river under their 
jurisdiction, the constant artificial rising and lowering 
of the water, causes continual erosion, resulting in 
undertakings—situations where indigenous cultural 
resources and sacred sites are uncovered. This artificial 
water management, and the surrounding land policies 
using chemical solutions, lead to habitat loss for species 
endemic to the river, such as fish and birds, as well 
as cottonwood and medicinal plants held sacred by 
indigenous peoples. The preferential engineering design 
is a violent assault against indigenous lands. 

The theoretical concepts behind this type of agriculture 
and development originate in geographies and climates 
outside of North America and replicate practices that 
are not appropriate or sustainable for systems in this 
geography or this climate. 
Comparable examples include 
the collapse of salmon fishing off 
the West Coast in California and 
Oregon and the devastating effects 
of sugar plantations on reefs 
and the Everglades in southern 
Florida. Because U.S. land and 
water policies are developed 
and implemented at subsystem 
levels, they can overlook critical 
system changes. The small-scale 
and fragmented management 
of river systems and overlapping 
or potentially conflicting 
jurisdictions of tribe, federal, and 
state governments create legal 
and economic challenges to a 
systems approach. And the lack 
of overall water management in 
North America can pit watershed 
systems against one another—especially in the case of 
poorly understood groundwater interconnectivity.

Current Western water management theory is one 
of destroy, relocate, and replace, which is in direct 
opposition to the indigenous worldview of restoring, 
preserving, conserving, enhancing, and respecting the 
wisdom of the land and water and universe. It took 
millions of years to put that wisdom into place. To change 
it in one strategic management plan, implemented in the 
short term with no test run, no idea of its efficacy, and 
no follow-up accountability, is an example of privileged 
management. In the meantime, species like the pallid 
sturgeon are killed, and indigenous ways of life are 
disrupted. In the case of the burying beetle and the 
Keystone Pipeline, this is rationalized through ineffective 

environmental impact statements (EISs). The EIS is a self-
serving process. 

Every tribal group has a keystone species driving a 
worldview that supports the longevity and place-base of 
the people. For some of the Northwest people, it is the 
salmon; for some of the Plains people, it is the buffalo; 
for some of the people of the forest, it is the rice; and 
other people have other specific species. Each group has 
a sacred animal, a species. The Plains people’s replication 
of the lifeway of the buffalo is based on the creation story 
that says the Dakota-Lakota-Nakota people come from 
the buffalo and possess similar DNA. Every buffalo herd 
reflects the matrilineal system that is lived by the Dakota 
people amid an intricate socialization process. Without 
this socialization system, in which we pattern ourselves 
on the buffalo, we are in social chaos—which is what is 
happening now as we are deprived of those lifeways. The 

current policy of imprisoning 
buffalo in Yellowstone Park 
parallels the policies toward 
Native people on reservations 
and in American society. The 
current policy of shooting the 
animals if and when they leave 
the park parallels the decades 
of white supremacist attacks on 
Natives in border towns. 

The buffalo is a keystone 
species in the basin. At the time 
of contact, herds consisting of 
millions of animals moved across 
the landscape and through the 
water, transporting nutrients 
(in their bodies) and perforating 
the ground to stimulate the land 
systems. A comparable species 
in a comparable place is the 
wildebeest of the East African 

savannah. Well studied and understood as a keystone 
species, the wildebeest transports nutrients across a 
vast landscape and through and into the waterways 
for the benefit and healthy functioning of complete 
ecosystems that are touted as UNESCO World Heritage 
Sites. The wildebeest demonstrates intricate relationality 
and reciprocity in its natural lifeways. In contrast, the 
loss of the buffalo in the Missouri River Basin is not well 
documented or understood in these terms.

Currently, the tribes have limited access to and use 
of the Missouri River Basin and no control over the 
management of the river. Even simple things, like using 
water for ceremonial purposes, are restricted by land 
policies and jeopardized by water-quality policies. We are 
required to apply for permission to conduct ceremonies 

The worldview and 
lifeways of the indigenous 
communities that still live 

in the basin, as well as 
worldwide, are seamlessly 

embodied in two important 
concepts that are 

inextricable from ecological 
sustainability: relationality 

and reciprocity.
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in the Taken Land. We are told by the USACE that it will 
begin charging us money for use of the Missouri River 
water, the water that gives us life and is a traditional 
cultural property. Water is the first medicine. It comes to 
us in the womb of our mothers—the same wombs that 
are being poisoned by the USEPA-regulated chemicals 
that come into the water. This is an issue of reproductive 
justice not addressed in land and water policy. 
The Need for Relationships and Reciprocity

Acknowledging and making space for indigenous 
community involvement in land and water policy is 
necessary to assure the continuity of society. Creating 
spaces for co-management with indigenous communities 
of the basin’s shared land, water, and related ecosystems 
will also require amending policy to make space for 
new leadership roles. This is especially critical in the 
Missouri River Basin because of the extensive engineered 
alterations to the land and water; the erasure and 
replacement of indigenous communities who practiced 
relationality and reciprocity; the extermination of keystone 
species such as the buffalo in favor of ranchlands and 
industrial farming, with the introduction of related 

contaminants; and the potential for these policies toward 
land and water to lead to total system collapse. 

Solutions lie in creating spaces for relationships and 
reciprocity with indigenous peoples and the cultures 
of settlers and recent immigrants in the Missouri River 
Basin. Beyond recognizing the atrocities committed in 
the name of progress on this continent, solutions for 
ways forward must include respect for and inclusion of 
indigenous knowledge keepers. These knowledge holders 
are the equivalent of respected experts in the Western 
world. Currently, Western governments, industry, and 
the academy disregard indigenous worldviews and 
wisdom, relegating them to the realm of case study 
(relevant only to a particular geography), anthropological 
inquiry, ethnography of the “other,” or the fetishized 
traditional ecological knowledge branch of social sciences. 
This codified dismissal of indigenous people and the 
oral traditions and spirit knowledge that they carry is 
damaging not only to indigenous people but to people in 
all communities grappling with how to meet new realities 
related to climate change in watersheds worldwide.

Before collaboration or true cooperation can move 

Thousands of indigenous people and others protested the construction of the Dakota Access Pipeline out of concern that the pipeline would threaten their way 
of life and contaminate Missouri River water. Future solutions must lie in forms of cooperation and collaboration that decenter Western scientific and engineering 
“know-all” and make room for other ways of approaching land and water systems. Photo source: Alexander Gouletas, iStockphoto.com.
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forward, there must be a recognition that most of the 
policies and enforcing institutions that deal with water 
and land policy reify a colonial approach that centers 
Western knowledge and culture. Stepping away from this 
begins with talking circles, listening, and designing ways 
forward that are built with indigenous wisdom. 
Solutions Based on Shared Management

The Missouri River Basin is home to diverse ecosystems 
and cultural systems that live in parallel, but not in 
harmony. Indigenous communities that persist in the 
basin are not included in land and water policy discussions 
as equal and respected colleagues. Worse, indigenous 
communities are often targeted by development policies, 
based on resource economics, that aim to get at the 
land and water upon which those communities depend. 
Opportunities for co-managing shared water and land 
within the basin with the 28 tribes present must be 
pursued as a viable option for a sustainable future. The 
path forward does not run through existing institutional 
frameworks such as the USACE-governed stakeholder 
meetings such as the MRRIC. Many of today’s challenges 
are linked with a history of settler colonialism that has 
generated land and water policies that erase and replace 
indigenous people, endemic species, and wild water with 
settlers and immigrants, invasive species, and tamed, 
predictable water. 

Current challenges with land and water 
mismanagement are caused directly by dissonance in 
policy development that ignores system impacts. System 
management is ignored in favor of local or regional 
economic or politically centered agendas that often 
replicate behaviors or practices from other geographies 
that are not necessarily translatable to the Missouri River 
Basin. Some of these challenges can be addressed by 
creating shared management decisions with indigenous 
knowledge keepers who carry the oral traditions, lifeways, 
and spirit knowledge of the land and water. Continuation 
of development at the cost of indigenous communities, 
healthy river systems, wildlife habitat, and land 
ecosystems is unsustainable and untenable. 

Furthermore, if policies continue this way, the 
protest over the Dakota Access Pipeline at Standing 
Rock will not be the last water conflict in the basin. In 
fact, new policies to punish indigenous voices have 
been introduced. In 2019 legislation criminalizing “riot 
boosting,” aimed against the Keystone XL Pipeline 
protesters, was put forward and passed in South 
Dakota; it was overturned under pressure from the 
American Civil Liberties Union (ACLU). In 2020 Governor 
Kristi Noem revised and resubmitted the legislation and 
signed it into law in March.

At their core, solutions must lie in cooperation and 

collaboration that decenter Western scientific and 
engineering “know-all” to make room for other ways 
of approaching these systems. They will also depend 
on admitting that (1) the way the United States has 
developed and continues to approach exclusive water 
and land policy is wrong; (2) the land and water models 
used by scientists and engineers to influence policy 
are no longer accurate because of how vulnerable the 
system has become owing to development coupled with 
unprecedented climate events; and (3) current policies 
that ignore multicultural, multiracial, and multilateral 
needs, know-how, and ways of being are unsustainable 
for future generations.

as water professionals has gotten more nuanced and 
transdisciplinary, but if we are to continue to make a 
difference relative to the ultimate health and well-being of 
the public, it is a job that we must accept. ■

Faith Spotted Eagle (eagletrax@hotmail.com) is a 
72-year-old Dakota elder from the Ihanktonwan Band of 
the Oceti Sakowin. She is the coordinator of the Brave 
Heart Society, a traditional Dakota society. As a fluent 
speaker of her language, she received her cultural 
education from her grandparents and father. She 
holds a master’s in counseling and guidance from the 
University of South Dakota and has worked as a school 
principal, teacher, counselor, project manager, trainer, 
and peacemaker/mediator. Jennifer Veilleux (jveilleu@
fiu.edu) is a professional geographer and water security 
analyst. She holds a Ph.D. in geography from Oregon 
State University and works as an independent consultant. 
She currently contributes to water-related research with 
the Brave Heart Society, is a research affiliate with Florida 
International University, and is a visiting scholar with 
Pacific Northwest College of Art.

Caveat from Jennifer Veilleux: As a coauthor of this article 
and water professional, I write the following regarding the 
sensitivity of work with indigenous cultures. I ask that you not 
reify the settler colonial structures of erase and replace by 
coopting, lifting, integrating, or otherwise taking language or 
ideas from this text to use in your work. If you are interested 
in integrating multiple perspectives in your water work, I 
urge you to invest the time to build relationships with your 
relevant indigenous community, inviting them to coauthor 
scholarship (as we have done here) or co-manage projects as 
a partner, not as a subordinate and not as subsumed. This 
caveat is formed after many discussions with elders and other 
indigenous or marginalized communities.

mailto:eagletrax%40hotmail.com?subject=
mailto:jveilleu%40fiu.edu?subject=
mailto:jveilleu%40fiu.edu?subject=
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FEATURE

Bridging the Divide: Why Integrating Land and 
Water Planning Is Critical to a Sustainable Future
Heather Hansman  

RICK SCHULTZ DOESN’T HATE GRASS OUTRIGHT. He can 
see the use for it in some places—kids should be able to 
play soccer somewhere, sure—but there’s no need for it 
in road medians or sweeping lawns in arid places, says 
Schultz, a water conservation specialist at the municipally 
owned utility in Castle Rock, Colorado.

Located on the southern fringes of the Denver 
metro area, Castle Rock is one of the fastest-growing 
communities in the 
country. Its population 
has skyrocketed from 
20,224 in 2000 to nearly 
72,000 today. Seventy 
percent of Castle Rock’s 
water supply comes 
from nonrenewable 
groundwater, so as the 
town grew, officials 
had to figure out how 
to stretch that supply. 
In 2006, the water 
utility and the planning 
department started 
collaborating to address 
that issue. 

The water master 
plan set guidelines—like 
where it made sense to 
have grass—to delineate 
how and where the 
community could best 
conserve water while still 
accommodating growth. 
Schultz says they had to think outside of traditional 
land use regulations and water supply patterns to work 
toward long-term sustainability, steering disparate 
parts of the planning process toward smart growth: “We 
needed to push the boundaries a little if we wanted a 
better outcome.”

Since then, Castle Rock has introduced financial 
incentives, regulatory changes, and even behavioral 

science strategies to ensure that water supply is actively 
considered as part of every planning and development 
process. From offering incentives to developers 
who install water monitoring systems to requiring 
landscapers to pursue professional certification in water 
efficiency, Castle Rock has become a leader in this area, 
recognized by the state of Colorado for its efforts and for 
sharing best practices with other organizations. 

In communities across the United States, water 
managers and planners are emerging from the silos 
they’ve traditionally operated in to find new ways to 
work together. This is in part because climate change 
is causing turbulence in the water sector nationwide, in 
the form of prolonged droughts, damaging floods and 
wildfires, severe storms, and sea-level rise. The urgency 
of developing resilience in the face of these threats is 

In the fast-growing city of Castle Rock, Colorado, the water utility and the planning department have collaborated since 2006 
to make water supply a part of every planning and development process. Photo credit: SWKrullImaging, iStockphoto.com.
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becoming increasingly clear. It’s also because, although 
communities face many different challenges and operate 
with countless variations on municipal structures, many 
are rediscovering a singular truth about land and water: 
when you plan for one, you have to plan for both. 

“Water engineers are beginning to recognize they 
cannot provide sustainable services without involving 
those in the development community—including 
planners, architects, and community activists,” explains 
the Policy Guide on Water issued by the American 
Planning Association (APA).  “Leading edge planners 
are reaching across the aisle to water managers to help 
advise on their comprehensive plans, not only to meet 
environmental objectives, but also to add value and 
livability, rooted in the vision of the community.” 
How We Got Here

Picture the view from an airplane as you fly over rural 
areas or the outskirts of any major city: the way the right-
angled boundaries of agricultural fields and housing 
plots contrast with the twisting braids of river channels 
and the irregular shapes of lakes and ponds. Land and 
water are very different resources. They have been 
managed differently—and separately—as a result.

The divide between water and land planning has 
deep roots. Although water is connected to all parts of 
sustainable growth, from ecosystem health to economic 
viability, planners and water managers have long worked 
separately. From volunteer planning boards in rural 

communities to fully staffed departments in major cities, 
planners focus on land use and the built environment. 
Water managers, meanwhile, whether they are part 

of a municipally owned utility, private water company, 
or regional wholesaler, focus on providing a clean and 
adequate water supply. 

“I can’t think of a single city where [planning and water 
management] are contained within a single division,” 
says Ray Quay, a researcher at Arizona State University’s 
Global Institute of Sustainability who has served as both 
assistant director of land planning and assistant director 
of water services in Phoenix, Arizona. Quay says regional 
and watershed-wide development choices about growth 
often don’t line up with water supply.

“A typical divide would be that planners plan for 
growth while assuming the water utility will be able 
to supply water, while water utilities don’t participate 
in decisions about community growth, they just build 
infrastructure to serve the new growth that comes to 
them,” confirms Jim Holway, director of the Babbitt 
Center for Land and Water Policy, which was created by 
the Lincoln Institute of Land Policy in 2017 to advance 
the integration of land and water management.

Ivana Kajtezovic, planning program manager at 
Tampa Bay Water, a regional wholesale drinking water 
utility in Florida, confirms that lack of alignment. “Tampa 
Bay Water doesn’t have a say in growth in the counties 
and cities we serve,” says Kajtezovic. “Our only mission 
is to provide drinking water, no matter the growth or the 
speed of growth. Land use decisions are made by the 
counties and cities we serve.”

In a 2016 APA Water Working 
Group Water Survey, 75 percent of 
land use planners felt they were not 
involved enough in water planning 
and decisions. “We know that land 
and water are connected, and no one 
ever argues that they’re separate,” 
says Philip Stoker, assistant professor 
of planning at the University of 
Arizona, who conducted the APA 
survey. “It’s only people who have 
separated them.” 

This divide is partly a result of 
historical regulatory structures. 
“Water is very much state law based, 
with some federal hooks into various 
aspects of it,” says Anne Castle, 
former assistant secretary for water 
and science at the U.S. Department 
of the Interior. Federal management 
involves regulations such as the 
Clean Water Act and agencies such 

as the U.S. Bureau of Reclamation, and water rights are 
allocated at the state level. Meanwhile, although there is 
federal and state oversight of some public lands, most 

Traditionally, planners have planned for growth, assuming that water supplies would follow. In many 
communities, that assumption no longer holds, so water utilities and land planners must figure out how 
to work together to balance supply and demand. Photo source: Mark Strozier/Flickr.
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of the regulation and planning related to private land 
happen locally or regionally, reflecting individual and 
community rights and desires. While there are state-level 
initiatives to “put more emphasis on the consideration 
of water in developing land,” Castle says—including in 
Colorado, where she is based—there are still wide gaps 
in priorities and responsibilities.

Although communities across the country are 
dealing with unique issues, Stoker’s survey suggests the 
barriers to solving them are similar: lack of time, lack of 
resources, fear of a loss of jurisdictional power if they 
surrender some control, and differences in education, 
experience, and technical language. It can be hard to 
surmount those issues. “Logically it should be easy, but 
when institutions grow up with a single focus, it’s hard 
to change their mission and expand into other places,” 
says Bill Cesanek, co-chair of the APA Water and Planning 
Network. Cesanek says things work better when planners 
share the responsibility for 
determining where the water to 
meet future demands will come 
from.

Land and water planners have 
to work together, agrees Quay, 
and need to be realistic about 
where, how, and whether their 
communities can grow. “One 
of the really critical factors is 
political will,” he says. “We should 
be thinking about what’s most 
important for our community, 
and we should be allocating our 
water to that.” 

According to Holway of the 
Babbitt Center, that’s becoming 
more common. “With growing 
demand for water in the face of 
increasing challenges to acquiring new water supplies, 
utilities and land planners are having to figure out how 
to work together to maintain a balance between supply 
and demand.”  
Too Much, Too Little, Too Dirty

According to the APA Policy Guide on Water, water-
related threats often fall along familiar lines: not enough 
water, thanks to increased population growth and climatic 
stress on top of already fully allocated or overallocated 
water supplies; too much water, due to flooding and 
rising sea levels; or compromised water quality due 
to agricultural and urban runoff and other sources of 
contamination. In every case, the urgency is growing.

Not enough water. In the Southwest—especially the 
overtapped Colorado River Basin, which serves 41 million 
people in seven U.S. and two Mexican states—persistent 

drought means diminishing snowpack, dwindling 
supplies in natural aquifers, and shrinking reservoirs. 
Researchers predicts that Colorado River flows will 
decline by 20 to 35 percent by 2050 and 30 to 55 percent 
by the end of the century. 

The drought also has cascading impacts on water 
systems. For instance, increasingly frequent and large 
wildfires in dry Western forests are causing watershed 
contamination in areas that haven’t previously dealt 
with it, like the headwaters of the Colorado. During fires 
and for years afterward, according to the EPA, water can 
be polluted by ash, sediment, and other contaminants, 
which forces water managers to scramble for solutions. 
“I do think there’s a much greater trend of land use 
planning and water management collaboration occurring 
fastest in places that are facing scarcity,” Stoker says.

Too much water. Over the past 30 years, floods in 
the United States have caused an average of $8 billion in 

damage and 82 deaths a year. As 
climate change fuels more extreme 
weather events, Quay says, 
floods are exceeding parameters 
defined by the Federal Emergency 
Management Agency that have 
traditionally guided planning 
decisions. Quay says it’s hard to 
adapt because our stationary 
planning guidelines and laws aren’t 
set up for those extremes. 

Places like low-lying Hoboken, 
New Jersey—where rising sea levels 
and superstorms like Hurricane 
Sandy have inundated sections of 
the city—are building water system 
resilience into their planning (for 
more on Hoboken’s approach, see 
the article on page 31). The city is 

incorporating features like manmade urban sand dunes 
that work as physical barriers and can divert storm surges 
to newly built flood pumps. “The stormwater system is at 
the same level as the river—[stormwater] has nowhere 
to go, so they’ve had to build a really innovative resilience 
planning program,” Cesanek says.

Contaminated water. During heavy rains, which 
are increasingly frequent due to climate change, the 
combined sewer system in Milwaukee, Wisconsin, 
overflows into neighboring rivers and Lake Michigan, 
polluting the waterways, compromising the ecosystem, 
and affecting the water supply. “Stormwater gets into 
our combined and sanitary systems. Nothing is water-
tight,” says Karen Sands, director of planning, research, 
and sustainability at Milwaukee Metropolitan Sewerage 
District (MMSD). Sands says MMSD has had to align 

Integrated planning 
starts with getting people 

in the same room to 
understand the needs 

of their community, the 
gaps in current processes, 
and how they can better 

work together.
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at-odds geographic and jurisdictional layers to find 
solutions that protect the watershed. One of those 
solutions is the construction of 70-acre Menomonee 
stormwater park, built in conjunction with city planners, 
which is expected to treat 100 percent of runoff from 
industrial and commercial areas nearby. It both ensures 
a clean supply of water now and preemptively manages 
demand for the future. 

Chi Ho Sham, president of the American Water 
Works Association (AWWA), an international nonprofit 

organization for water supply professionals, says one of 
the group’s biggest concerns is water quality, particularly 
protecting water at the source, limiting pollutant use, and 
creating barriers to slow or prevent contamination. “From 
my point of view, our job is to work very collaboratively 
with landowners,” he says. “Water managers cannot do it 
alone.”
Infrastructure and Equity Issues

The U.S. population is projected to reach 517 million 
by 2050, and the fastest-growing cities are in the South 
and West. You can’t keep people from moving to Tempe 
or Tampa Bay, but this population growth is occurring 
in regions where the pressure on both water quality 
and quantity is already high. In some places, this rapid 
growth has forced the hand of planners and water 

managers, who have implemented water conservation 
and water reuse measures to ensure there will be 
enough water to go around.

To complicate matters, our nation’s water 
infrastructure hasn’t kept up with changing 
demographics. Old lead pipes are disintegrating, and 
water treatment plants are overwhelmed by the amount 
of water they need to process. In 2017 the American 
Society of Civil Engineers gave the nation’s drinking water 
a D grade, estimating a cost of $100 billion for all the 
necessary infrastructure upgrades.

There is also a divide between places that can afford 
to upgrade their infrastructure and those that cannot. 
Addressing that inequity is crucial to securing future 
water supplies for everyone, says Katy Lackey, senior 
program manager at the nonprofit US Water Alliance, 
a national coalition of water utilities, businesses, 
environmental organizations, labor unions, and others 
that is working to secure a sustainable water future. 

“We believe water equity occurs when all communities 
have access to clean, safe, and affordable drinking water 
and wastewater services, infrastructure investments 
are maximized and benefit all communities, and 
communities are resilient in the face of a changing 
climate,” she says. Reaching that goal will require new 
ways of working.
How to Work Together Well

Integrated planning starts with getting people 
in the same room to understand the needs of their 
community, the gaps in current processes, and how they 
can better work together, says Holway of the Babbitt 
Center. From there, formalizing goals around planning 
and water is critical, whether those goals are reflected 
in a comprehensive or master plan for community 
development, in a more specific plan based on 
conservation and resilience, or in zoning and regulatory 
changes. 

“We are focused on identifying, evaluating, and 
promoting tools to better integrate land and water, 
with input from a diverse group of practitioners and 
researchers,” Holway says, noting that Babbitt Center 
research fellow Erin Rugland has produced several 
publications for practitioners, including a matrix of 
available tools for integrating land and water and two 
manuals focused on best practices 

Those focused on the importance of integrating land 
and water say there are several factors that contribute to 
successful collaborations, including the following: 

Build relationships. Stoker found that getting people 
out of their silos is an important first step. “In the places 
that have been the most successful at integrating land and 
water planning, the utilities and planners were friends. 
They knew that if they worked together, they would 

Old lead pipes and other water infrastructure are deteriorating while demand 
surges, complicating the tasks facing planners and water managers. Photo 
credit: Brand Diverse Solutions Steven Barber, iStockphoto.
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benefit,” he says. Stoker cites Aiken, South Carolina, where 
water managers helped build the comprehensive plan, 
as an example, adding that this kind of collaboration is 
important at every scale. In Westminster, Colorado, water 
managers are always a part of preapplication meetings 
for any new development. From the beginning, they have 
a chance to advise on how choices made about things like 
plumbing and landscaping will impact a project’s water 
use and fees.

Westminster is one of 33 western communities that 
have participated in the Growing Water Smart program, 
a multiday workshop run by the Babbitt Center and 
the Sonoran Institute with additional funding from the 

Colorado Water Conservation Board and the Gates 
Family Foundation. Growing Water Smart brings small 
teams of leaders together to communicate, collaborate, 
and identify a one-year action plan. “The heart of 
Growing Water Smart is getting land use planners and 
water managers from the same communities together 
to talk to each other, sometimes for the very first 
time,” says Faith Sternlieb of the Babbitt Center, who 
helps facilitate the program. “Once they start sharing 
resources, data, and information, they see how valuable 
and important collaboration and cooperation are. It isn’t 
that they didn’t want to work together, it’s that they truly 
thought they had everything they needed to do their 
jobs. But they don’t often have the time and space they 
need to think and plan holistically.”

“What has worked in my experience is to form 
relationships with the planners making decisions,” 
confirms Kajtezovic of Tampa Bay Water. “To the extent 
possible, I communicate with them and explain the 

importance of source water protection.”
Be creative and flexible. Once relationships are 

formed, creativity and flexibility are key. Because every 
community is facing different planning challenges, 
“context is incredibly important,” says Quay. This is true 
not just among different regions, but within regions, and 
sometimes even from one community to the next. “What 
works in Phoenix won’t necessarily work in Tempe [a 
city of nearly 200,000 just east of Phoenix], so we can’t 
just adapt best management practices, we have to think 
about best for whom.” He recommends identifying a 
broad, flexible set of tools that can be used and adapted 
over time.

Be willing to learn. Because 
of specialization, planners and 
water managers “don’t speak the 
same language,” says Sham, who 
says the AWWA has been working 
on collaborative education about 
source water protection for 
their members and landowners. 
Sometimes it feels like added 
work on the front end, and he 
says people can be reluctant to 
take on work that’s not in their 
purview, but developing a shared 
language and understanding 
is crucial for long-term 
sustainability. 

John Berggren helps 
communities coordinate land and 
water planning as a water policy 
analyst for Western Resource 
Advocates. He says one of his first 

steps is to educate local leaders and get them excited 
about including water in their comprehensive plans. “We 
get them interested and concerned about conservation, 
to create top-down support for planning departments 
and water utilities,” he says. Once water is codified in a 
comprehensive plan, he says, that allows planners and 
utilities to come up with creative, progressive solutions. 

Be comprehensive. The integration of land use 
and water planning works best when it is included in 
state-level regulations or in comprehensive plans at 
the community level. According to the Babbitt Center, 
11 states formally incorporate water into planning in 
some form, and that number is growing. For example, 
the 2015 Colorado Water Plan set a goal that 75 percent 
of Coloradans will live in communities that have 
incorporated water-saving actions into land use planning 
by 2025; 10 places are already working on that goal, and 
80 communities are on track to hit the 2025 deadline. 
Colorado also recently passed state legislation that 

Relationships are key. The Growing Water Smart program brings small teams of land use planners and water 
managers together to communicate and collaborate, sometimes for the very first time. Photo credit: Sonoran 
Institute.



18  |  VOLUME 23  •  NUMBER 2  Water Resources IMPACT 

outlines water conservation guidelines for planning and 
designates a new position in the state government to 
support the coordination of land and water planning. 

Since 2000, when Arizona passed the Growing 
Smarter Plus Act, the state has required communities 
to include a chapter in their comprehensive plans that 
addresses the link between water supply, demand, and 
growth projections. It’s happening in less dry places, 
too. The Manatee County, Florida, comprehensive plan 
matches water quality with need to make the best use 
of non-potable water. It includes codes for water reuse 
and alternative water sources to increase availability 
and make sure that water gets to the most appropriate 
source.

To incorporate water into comprehensive plans, Quay 

says, communities need a concrete idea of the type and 
amount of their available resources. Water managers 
and planners can then work together to identify new 
and alternative water sources like treated wastewater 
and graywater (household water that has been used for 
things like laundry, which can still be used for flushing 
toilets), to identify projected demand, and to outline how 
to meet it.

Embrace the power of local action. Even if water-
related planning is not mandated by the state or 
incorporated in a community’s comprehensive plan, 
water managers and planners can still find ways to 
collaborate. More specific local plans can include water 
supply and wastewater infrastructure plans; hazard 
mitigation and resilience plans, like floodplain and 
stormwater management; demand management; 
watershed processes and health; and plans for 
interagency coordination and collaboration. If those 

variables feel overwhelming, Berggren suggests that 
planners look to their peer communities for best 
practices. Although each community is different, he says, 
“no one needs to reinvent the wheel.” 

Local policy shifts can also include form-based 
codes that outline water-related aspects of the built 
environment. In Milwaukee, Sands says best practices 
for managing flooding and pollution include “updating 
municipal codes and ordinances to encourage green 
infrastructure and more sustainable practices.” That 
green infrastructure, which mimics natural processes 
at the site level through things like bioswales and 
stormwater storage, can make communities more 
resilient to climate change, while restoring ecosystems 
and protecting water supply. 

Water-wise policy shifts can also come in 
the form of zoning ordinances, like smaller 
lot sizes. Planners can use subdivision and 
land development regulations to promote 
on-site capture, infiltration, and slow release 
of stormwater. Some communities have 
adopted plumbing codes that require high-
efficiency fixtures, building codes that permit 
water recycling, or submetering to increase 
efficiency in multifamily residences. Fountain, 
Colorado, has conservation-oriented tap fees, 
which incentivize developers to meet water 
efficiency standards beyond the building code. 
Developers can pay lower tap fees if they agree 
to options like native landscaping or including 
efficient indoor fixtures across a development.

The benefits of integrating land and water 
planning are myriad, from measurable results 
like adapting plans for development to ensure 
an adequate water supply to more indirect, 

long-term effects like reducing conflict between water 
users as supplies shrink. Back in Castle Rock, Schultz and 
his colleagues have seen the ways that water-focused 
land use ordinances can have a big impact and can 
benefit quality of life as a whole. It hasn’t always been 
easy, Schultz says, but the new way of doing things 
seems to be paying off: “We’ve shown that we can do 
better if we provide a good foundation.”  ■
Heather Hansman (hhansman@gmail.com), a freelance 
journalist, is the environmental columnist for Outside 
magazine and the author of the recent book Downriver: Into 
the Future of Water in the West.

This article is an abridged version of an article published in the 
spring 2021 issue of Land Lines magazine, published by the 
Lincoln Institute of Land Policy. 

Bioswales for channeling stormwater are one of many forms of green infrastructure that 
land planners and water managers can integrate into local codes and ordinances. Photo 
source: Tomsmith585, iStockphoto.
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How Partnerships Are Advancing Water 
Affordability in Cleveland
Jeanne Morton, Robin Williams, and Cynthia Koehler

FEATURE

LIKE MANY POST-INDUSTRIAL, OR “LEGACY,” CITIES 
across the Rust Belt, Cleveland has struggled to ensure 
that safe, healthy, and reliable water is accessible and 
affordable for everyone—a difficult task in the face 
of aging infrastructure and a decades-long decline in 
state and federal funding for water and wastewater 
systems. At the same time, investment in local water 
infrastructure is essential. The average water main in 
the Cleveland Water system was laid 67 years ago, and 
much of the system is even older. Roughly 40 percent 
of Cleveland Water’s budget 
is dedicated to infrastructure, 
from debt service to replacing 
water mains that may 
contain or are vulnerable 
to lead. These costs are 
mounting as the COVID-19 
pandemic rages and federal 
support continues to slip, 
placing the responsibility for 
maintaining water and sewer 
infrastructure increasingly 
on local ratepayers, many 
of whom are ill equipped to 
shoulder this financial burden. 

Recognizing that water 
debt can put residents and 
families at grave risk, and 
seeking to avoid service 
shutoffs, Cleveland’s water 
and sewer agencies have 
developed a number of 
bill assistance programs to 
support low-income residents. 
The challenge is to meet 
these residents where they 
are and ensure that they have the information, support, 
and capacity to participate in assistance programs. 
Cleveland’s water utilities are addressing this issue by 
partnering with nonprofit organizations to launch a 
unique Water Champions program, placing advocates in 
the most-affected communities so they can hear directly 
from residents navigating these challenges. 

Challenges to Water Affordability
Cleveland, like many Great Lakes cities, has seen its 

population decline while poverty levels rise. The city’s 
current population is less than half of what it was in 
1950, and many remaining residents face extraordinary 
financial challenges. Cleveland has one of the highest 
poverty rates among U.S. cities, stemming in large part 
from the decline of manufacturing. Between 2000 and 
2010 the city’s manufacturing sector cut nearly 88,000 
jobs. According to the U.S. Census, approximately 30 

percent of Cleveland residents live in poverty, three 
times the national average. A 2019 study by the Center 
for Community Solutions found that 34 percent of low-
income residents in the Cleveland region reported having 
to choose between paying for utilities and paying for 
food. This economic precarity creates clear challenges 
for residents’ ability to stay on top of water and sewer 

Federal funding for aging water and sewer infrastructure has declined, shifting the cost of these urgent repairs to 
local rate-payers in Cleveland. Photo credit: MsNancy, iStockphoto.com.
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bills or to cover unexpected charges related to leaks or 
appliance repairs. 

For many, these challenges are compounded 
by historic and systemic inequities. The legacy of 
discriminatory lending practices left many communities 
facing additional obstacles to investing in their homes 
and attracting investment to their communities. People 
of color are more likely to live in high-poverty zones 
than their white counterparts. The National Equity Atlas 
shows that more than 40 percent of Latinx, Asian, and 
Native American residents and nearly half of Black 
residents live in high-poverty neighborhoods, while only 
28 percent of Cleveland’s white residents are similarly 
situated. As cities across the country raise water and 
sewer rates, water debt and shutoffs for nonpayment 
are concentrated in low-income communities and 
communities of color. 

Understanding the financial challenges facing 
lower-income residents, and 
particularly people of color, 
associated with these critical 
water services, Cleveland’s 
water and sewer agencies 
have developed a number of 
affordability programs aimed 
at minimizing water shutoffs. 
These programs include 
discount programs that reduce 
rates by up to 40 percent for 
ratepayers who qualify based on 
income, age, and/or disability; 
plumbing repair assistance 
for low-income residents; and 
one-time sewer bill assistance 
for major life events or crises. 
These programs can play a 
powerful role in ensuring water 
services for disadvantaged 
residents and avoiding shutoffs. 
The data show that participants 
in Cleveland’s discount and 
assistance programs have been 
overwhelmingly successful in maintaining their water 
and sewer service. Yet Cleveland estimates that only half 
of eligible residents are participating in these offerings.
A Role for Water Champions

The water and sewer agencies have established an 
ambitious goal to increase participation to 80 percent 
in the near term, enrolling residents in these programs 
before their bills create a crisis. To help reach this goal, 
the water and sewer districts have teamed up with CHN 
Housing Partners (CHN) and WaterNow Alliance—a 
local community group and a national water nonprofit, 

respectively—to launch the Water Champions program, 
placing advocates directly in the communities most 
affected by water debt. 

During this two-year pilot project from 2021 to 2023, 
community representatives—the Water Champions—
will listen to community members’ most critical 
concerns and challenges relating to utility programs 
and provide lower-income residents with information 
about their utility bills, water quality, and cost-saving 
programs. The ultimate goals of the Water Champions 
program are to understand local perspectives and 
community needs, increase participation in affordability 
programs, and decrease water debt. The Champions 
will also identify how to improve Cleveland’s current 
affordability programs to make them more responsive 
to residents’ needs. For example, renters are often billed 
for sewer and water indirectly—through a landlord or 
another third party—making it difficult to develop and 

administer affordability programs that reach everyone. 
Understanding these types of obstacles will inform 
efforts to tweak assistance initiatives and increase 
participation in affordability programs going forward. 

A combination of local and national experience 
and expertise will power the Champions program. 
CHN, which currently administers the water and sewer 
districts' affordability programs, has for decades 
worked with Cleveland neighborhoods to solve housing 
challenges for low-income people and underserved 
communities. The organization will build on its visibility, 

Although Cleveland has assistance programs to help low-income residents keep the taps on, only half of eligible 
residents participate. The Water Champions aim to help close this gap. Photo source: Lisa Valder, iStockphoto.

https://www.ideastream.org/news/as-rates-rise-cleveland-water-and-sewer-grapples-with-affordability
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credibility, and relationships in these communities to 
connect customers with utilities’ affordability programs 
and to ensure that as many eligible people as possible 
can access them.

CHN is partnering with WaterNow Alliance’s Project 
Accelerator to harness lessons and experience from 
low-income assistance initiatives across the country. The 
Accelerator provides pro bono technical assistance to 
cities and utilities developing innovative and equitable 
water management solutions (see box). WaterNow will 
add capacity and momentum to the Water Champions 
project, drawing on its network of local water leaders. 
Ensuring Maximum Impact for Residents, Champions, 
and Beyond

The program partners are bringing a highly 
intentional approach to the Water Champions 
initiative. For example, to ensure that the Champions 
will have maximum impact, the partners will analyze 
data to identify neighborhoods most appropriate for 
engagement. The program will also include a distillation 
of best practices and advice from grassroots engagement 
programs in other jurisdictions, a series of conversations 
with community focus groups, ongoing data collection, 
and the creation of an annual report.

Many examples of successful grassroots engagement 
programs were born right in Cleveland, providing 
rich community knowledge for the Water Champions 
program to build on. For instance, through Cleveland 
Neighborhood Progress’s Climate Ambassadors 
program, local leaders educated their communities 
about the impacts of climate change and facilitated 
community-based responses, such as planting trees 
to provide relief from increasingly hot summers 
and connecting residents with home weatherization 
programs. Another local initiative, the sewer district’s 
Good Neighbor Ambassadors program, hires local 
residents to perform cleanup and maintenance near 
their construction sites and to keep residents informed 
about infrastructure projects in their communities. These 
Ambassadors programs also help participants build their 
professional networks and provide training to prepare 
them to successfully apply for future jobs; the Water 
Champions program may provide similar opportunities 
for participating Champions. 

While the COVID-19 pandemic has only amplified 
water affordability challenges, these types of 
partnerships—engaging community residents, local 
leaders and NGOs, and city and county partners—
provide a vital path forward. Cleveland’s experiences also 
offer a powerful model for cities facing similar challenges 
across the Great Lakes region. The Lincoln Institute of 
Land Policy estimates that these “legacy cities” are home 

to approximately 17 million people and represent $430 
billion in economic activity. Despite the challenges facing 
them, they hold social infrastructure and institutions that 
could drive an inclusive recovery and unlock powerful 
shifts in favor of a more affordable and equitable water 
future.  ■

Jeanne Morton (JMorton@chnhousingpartners.org) 
is director of community resources at CHN Housing 
Partners in Cleveland. Robin Williams (RWilliams@
chnhousingpartners.org) is water and sewer utilities 
program manager at CHN Housing Partners in Cleveland. 
Cynthia Koehler (ck@waternow.org) is executive director 
of the WaterNow Alliance in San Francisco.

The WaterNow Alliance Project 
Accelerator 
WaterNow Alliance’s Project Accelerator is a 
competitive program offered twice annually 
to cities, towns, and other public entities with 
responsibility for drinking water, wastewater, and 
stormwater services that are seeking support in 
developing affordable, sustainable, and equitable 
water solutions to address community priorities. 
The program provides approximately 250 hours 
of pro bono professional assistance to selected 
applicants, spanning program design and 
management, policy and legal analysis, stakeholder 
outreach, communications, data analysis, and 
sustainability expertise. Special priority is given to 
proposals that advance social equity and climate 
resilience.

The Project Accelerator has supported 
environmentally sustainable water management 
solutions nationwide, from creating a graywater 
program in Colorado, to drafting a green streets 
blueprint in New Orleans, to designing a high-
efficiency-toilet direct installation program for 
low-income residents in Cheyenne. The Accelerator 
generates immediate wins for participating 
agencies while also building a library of replicable, 
scalable water solutions for more widespread 
adoption. 

To learn more about the program, visit https://
waternow.org/our-work/our-work-projects/project-
accelerator/.
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FEATURE

Helping Meet State Water Goals, One Laundry 
Load at a Time

John Berggren

ON SEPTEMBER 10, 2020, CITY COUNCIL MEMBERS FROM 
Golden, Colorado, voted unanimously to adopt a 
graywater ordinance, becoming just the fourth community 
in Colorado to do so. Unsurprisingly, the vote attracted 
little fanfare. The ordinance simply permits homeowners 
to install what is known as a laundry-to-landscape (L2L) 
system. Once installed, L2L systems divert effluent from 
washing machines through a ball valve to the outdoors, 
where it can supplement water demands for trees, shrubs, 
bushes, and other non-edible landscapes during the 
summer irrigation months. 
These systems are relatively 
simple, cheap, and easy 
to install and maintain, 
but compared with other 
conservation efforts in and 
around the home they do 
not save as much water. 

Still, despite limited 
water savings, Golden’s 
L2L graywater ordinance 
plays an important role 
in advancing the city’s 
progress toward municipal 
conservation goals. 
According to Golden’s 
sustainability manager, 
Theresa Worsham, the 
lead for developing the 
graywater, “We’ve implemented a lot of the other more 
straightforward conservation measures, so this graywater 
ordinance poses another opportunity for looking at using 
water more wisely.” Furthermore, the benefits of this 
type of local initiative go beyond the municipality where 
it is adopted and contribute to statewide conservation 
goals. In this case, the graywater ordinance supports 
the objective of having 75 percent of Coloradoans live in 
communities that incorporate water-saving actions into 
land-use planning by 2025—a goal set by Colorado’s 2015 
Water Plan.

Water and Land Use Planning Integration:  
The State’s Framework

In 2013, facing significant water supply and demand 
challenges driven by limited water supplies, climate 
change, and a population projected to double by 2050, 
Colorado embarked on a multiyear effort to develop 
and implement its first-ever state water plan. Adopted 
in 2015, Colorado’s Water Plan (CWP) contains specific 
objectives and critical actions to help the state reduce 
projected gaps in supply and demand, especially in the 

municipal and industrial 
sector. These ambitious 
objectives include 
common approaches to 
meeting water challenges 
in semi-arid regions: 
increased conservation 
efforts, public education, 
additional storage, healthy 
watersheds, and increases 
in available supplies. But 
the CWP also includes a 
lesser-known approach: 
integrating water and land 
use planning. Given the 
numerous water supply 
and demand challenges 
facing the state, integrating 
water efficiency into 
the land use planning 

process helps ensure that growth is as water efficient as 
possible. Against the backdrop of a statewide objective 
for integrating water and land use planning, communities 
throughout Colorado are taking it upon themselves to 
implement integration efforts, and Golden’s graywater 
ordinance is one great example. 

Legislation in 2013 and the 2015 development of 
state Regulation 86 for graywater (Reg 86) provide the 
legal authority for local jurisdictions to permit graywater 
systems. Localities must adopt a graywater ordinance 
to issue permits but are free to design the ordinance as 

Homeowners had shown interest 
in graywater for 10–15 years, but 

because the state had not developed 
laws and regulations, homeowners 
were unable to legally install such 
systems. The development of Reg 
86 finally provided Golden with 

the legal authority to develop and 
implement a graywater ordinance.

https://cowaterplan.colorado.gov/
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they see fit if it meets all the requirements described in 
Reg 86. Before Golden passed its ordinance, just three 
other Colorado communities had developed their own 
graywater ordinances. In none of them, however, had any 
residents had applied for or received a permit to install a 
graywater system. Despite the legal structure in place, it 
appeared that residents perceived serious administrative 
and logistical hurdles to starting a graywater project. 

Listening to the Residents: The Birth of Golden’s 
Graywater Ordinance

The city of Golden is a medium-sized community 
that sits at the foothills of the Rocky Mountains, just 15 
miles west of the state’s capital, Denver. Like many of 
its peer Colorado communities, water is a top priority 
for elected officials, staff, and residents, and factors 
into much of Golden’s planning efforts. Not only has 
this concern been manifested in municipal actions to 
increase water efficiency and conservation, but Golden 
residents themselves have pushed the city to focus on 
sustainability. According to Worsham, homeowners 
had shown interest in graywater for 10–15 years, but 

because the state had not 
developed laws and regulations, 
homeowners were unable to 
legally install such systems. 
The development of Reg 86 
finally provided Golden with 
the legal authority to develop 
and implement a graywater 
ordinance.

Soon after Reg 86 was 
adopted, however, Golden 
staff struggled to determine 
how those regulations would 
get implemented at the local 
level. Worsham notes that 
Golden simply did not have 
the resources to develop 
a graywater ordinance. A 
breakthrough came in the 
summer of 2019, when the 
city was accepted into the 
WaterNow Alliance’s Project 
Accelerator Program, which 
provides pro bono assistance 
to communities interested in 
sustainable water initiatives. The 
WaterNow Alliance partnered 
with Western Resource 
Advocates (WRA) to provide 
direct technical assistance to 
Golden. This collaboration 
between WaterNow and WRA, in 

partnership with the Babbitt Center for Land and Water 
Policy at the Lincoln Institute of Land Policy and the 
Colorado Water Conservation Board, led to a year-long 
process that culminated in the successful adoption of 
Golden’s L2L graywater ordinance. 

Throughout the process, the city focused on ensuring 
that the eventual ordinance would be guided and 
supported by its residents. City staff wanted to do their 
best to avoid the administrative hurdles experienced 
by the other communities with established graywater 
ordinances. Accordingly, WaterNow and WRA took 
the time to speak with those other communities and 
solicit lessons learned. One recurring lesson was that 
the ordinance should make it easy for homeowners to 
know and understand the requirements for a graywater 
system. This lesson, along with feedback from the 
general public, led the city to focus only on L2L systems 
as opposed to the more complicated whole-house 
systems (see Figure 1 for a schematic detailing an L2L 
system). In discussing this process, Worsham noted, “The 
big thing about Golden is we take a significant amount 

Figure 1. Standard L2L graywater system. Source: City of Golden Graywater System Design Criteria.

https://waternow.org/
https://westernresourceadvocates.org/
https://westernresourceadvocates.org/
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of time asking the public about their interests and what 
would be helpful for them. So we had spent the time 
garnering their feedback on the types of graywater, and it 
seemed there was general support for L2L systems.”

In addition to public input and participation, the 
process engaged the City Council to make sure members 
were aware of the benefits of graywater and knew how 
it fit within the broader Colorado Water Plan goals. After 
receiving support from the council, city staff drafted 
an L2L ordinance and began presenting it to various 
boards and commissions and at public meetings. At a 
Sustainability Advisory Board Meeting and a Community 
Sustainability Initiatives Public Meeting, WaterNow 
and WRA heard specific feedback about the proposed 
ordinance and its implementation. For example, many 
people wanted details about whether their home would 
be eligible for an L2L system and guidance on how to 
properly use such a system (e.g., types of detergent). 
In response, the city has developed a robust website 
outlining the information residents are seeking. 

These outreach efforts paid off. Shortly after the City 
Council officially adopted the ordinance in September 
2020, 45 homeowners applied for the pilot project, 
through which the city will cover the cost of installing 
L2L systems in several homes. Thus far it seems Golden 
has overcome some of the administrative and logistical 
hurdles to graywater that have challenged other 
communities. 

A Hopeful Trend in Colorado Communities
The goal of having 75 percent of Coloradoans living in 

communities that incorporate water-saving actions into 
land use planning may seem overly broad, but it allows 

for communities to tackle initiatives that fit their needs 
while also supporting the CWP. Measuring success and 
meeting the CWP objectives will be tough, but Colorado 
communities are clearly up to the challenge through 
creative, strategic, and collaborative solutions that 
include technical assistance, supplemental funding, and 
enhanced capacity building. 

Golden and many of its peer communities are taking 
on initiatives that help meet those objectives. In Golden 
it was a graywater ordinance. The town of Frederick is 
in the process of updating its landscape regulations to 
limit the amount of irrigated turf that can be installed in 
new commercial developments. The town of Severance 
recently adopted a comprehensive plan update that 
includes water efficiency as a priority. Summit County is 
implementing a regional water efficiency program with 
a focus on outdoor use. These efforts help demonstrate 
that communities in Colorado are measuring up to the 
state’s water plan goal and are on the path to success. 
Perhaps soon enough, 100 percent of Coloradoans will 
live in communities that incorporate water-saving actions 
into land use planning and will be better prepared for a 
hotter and drier future.   ■

John Berggren (john.berggren@westernresources.org) is 
a water policy analyst with Western Resource Advocates in 
Colorado. He advances water conservation and efficiency 
policies at the state and local levels by working with 
municipalities, water managers, state officials, and other 
stakeholders throughout the region. He has a Ph.D. from 
the University of Colorado. 

https://www.cityofgolden.net/live/sustainability-initiative/water-conservation/graywater-reuse/
https://www.townofseverance.org/sites/g/files/vyhlif4986/f/uploads/comp_plan_12.9.20.pdf
mailto:john.berggren%40westernresources.org?subject=
https://www.awra.org/Members/Events_and_Education/Events/2022_GIS_Conference/2022_GIS_Conference.aspx
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LATE ON THE NIGHT OF OCTOBER 30, 2012, FOLLOWING A 
record-breaking 14-foot tidal storm surge that flooded 
the city of Hoboken, New Jersey, almost 20,000 residents 
were stranded in their homes. Water from Superstorm 
Sandy filled the streets, and half the city was flooded. 
Two of the city’s fire stations were closed. Parts of 
adjacent towns immediately to the north and south 
were also inundated. Sandy’s record storm tide caused 
unprecedented flooding, damage, and dysfunction—over 
$1 billion in damage to residents’ homes and businesses 
and more than a week of power outages. 

Mayor Dawn Zimmer’s first task was to organize 
immediate rescues by the National Guard. 

But this wasn’t Hoboken’s first flood. So Zimmer also 
began to conceive a bold new program to build resilience 
to flooding conditions and improve water management 
in the city.

A Familiar Problem, Getting Worse
Hoboken, the location of the first recorded game of 

baseball and the birthplace of Frank Sinatra, lies on the 
Hudson River, directly across from lower Manhattan. 
Known as the Mile Square City (actually 1.25 square 
miles), it is home to about 50,000 residents, making it the 
third most densely populated city of its size in the United 
States. Its inhabitants, many of whom work in New York 

FEATURE

Legacy of a Superstorm: Hoboken Rebuilds by 
Integrating Land Use and Water Management
Bill Cesanek

Flooding affected more than half of the city of Hoboken in the wake of Superstorm Sandy in late October 2012. Photo credit: Andrey Gatash, iStockphoto.com.
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City, tend to be progressive.
Hoboken’s residents suspected Superstorm Sandy 

would not be the city’s last major flood. Although Sandy 
was the most severe event in Hoboken’s history, the 
city experiences smaller-scale flooding and overflow 
problems with its combined sewer-and-stormwater 
system several times a year. This flooding has multiple 
causes: the city’s low topography, especially along its 
waterfront; vulnerability to high tides; surface runoff that 
drains into the old combined sewer system; extensive 
impervious surfaces, due to high urban density, that 
intensify the amount and speed of stormwater runoff; 
antiquated sewer and drainage infrastructure; and 
insufficient pumping capability to discharge stormwater. 
Exacerbating the elevation issues are the effects of 
climate change—more frequent and intense rainfall 
events, storm surge events, and sea-level rise.

Hoboken’s 2013 Green Infrastructure Strategic Plan—
created as a result of the growing intensity, frequency, 
and impact of severe weather and related flooding—
notes that in the 10-year 
period between July 2002 
and July 2012, Hoboken 
recorded 26 dates with 
more than 2 inches of 
precipitation and tides 
of 4 feet or higher. These 
conditions lead to at least 
three water management 
problems. First, such 
events can overwhelm 
Hoboken’s combined 
sewer infrastructure 
capacity, resulting in system backups and local flooding. 
Second, the regional wastewater treatment plant that 
serves Hoboken is overtaxed by storm flows an average 
of five times a month, resulting in sewer overflows and 
pollution flows into the adjacent Hudson River. Third, 
when the high-water level of the Hudson River rises 
above the combined storm-sewer discharge structures, 
storm runoff backs up within the Hoboken system, 
flooding low-lying elevations with stormwater and 
sometimes sewage. On top of these challenges, future 
sea-level rise resulting from climate change is projected 
to increase the amount of time that water is blocked 
from draining though the combined storm-sewer system 
to the river. 

Superstorm Sandy heightened city residents’ 
awareness of these sewer, stormwater, and drainage 
issues impacting Hoboken. It also motivated them to 
become more active partners in improving the city’s 
resilience.

Addressing Hoboken’s Complex Challenges
Stressing that Hoboken needed a solution that would 

protect the whole community, Zimmer brought together 
many entities to work on solving Hoboken’s century-
old flooding problems. The result is a comprehensive 
stormwater strategy, conceived by OMA and Royal 
HaskoningDHV, Balmori Associates, and HR&A Advisors, 
that takes an integrated, multilayered approach to 
resilience and climate change. The strategy consists of 
four interrelated and integrated program elements that 
address storm surges and local flooding and reduce 
combined sewer overflows:

• Resist: Hard infrastructure such as bulkheads and 
seawalls, as well as a greener landscape including 
elements such as berms, provide coastal defenses 
along the Hudson River. 

• Delay: Local policy recommendations, guidelines for 
the built environment, and the use of urban green 
infrastructure help slow stormwater runoff. 

• Store: Green and gray infrastructure improvements 
using parks and other available land allow greater 

local storage of rainfall 
runoff. 
• Discharge: Improved 
facilities, including 
rehabilitation of existing 
sewer pipes and outfalls, 
help manage stormwater, 
and pumps support more 
effective drainage. 

In 2014 the U.S. 
Department of Housing 
and Urban Development 
(HUD) awarded the State 

of New Jersey $230 million to implement the first phase 
of work, entitled “Hudson River Project: Resist, Delay, 
Store, Discharge.” 

The 2018 Hoboken Master Plan brought together 
the emerging stormwater, resilience, and sustainability 
solution sets by grouping disparate projects into one 
planning process (and document). This integration 
facilitated a deeper analysis of the relationships among, 
and potential expansion of, what may have originally 
been narrower project purposes. Hoboken’s master plan 
represents one of the most successful programs in New 
Jersey for achieving greater resilience and sustainability, 
thanks in part to proactive leadership, robust community 
engagement, the ability to draw on the interdisciplinary 
toolset of urban planners, and funding assistance.
Current Hoboken mayor Ravi S. Bhalla is robustly 
advancing this work to protect Hoboken’s residents 
and businesses from flooding and the effects of future 
storms. The alignment of parallel water management 

The regional wastewater treatment 
plant that serves Hoboken is 
overtaxed by storm flows an 

average of five times a month. 

http://development.togethernorthjersey.com/Development/wp-content/uploads/2019/06/Final-Report_Hoboken-Green-Infrastruc.pdf
http://www.rebuildbydesign.org/our-work/all-proposals/winning-projects/nj-hudson-river-project-resist-delay-store-discharge
http://www.rebuildbydesign.org/our-work/all-proposals/winning-projects/nj-hudson-river-project-resist-delay-store-discharge
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strategies both helps 
to protect Hoboken 
and support the city’s 
economic goals. He 
believes that Hoboken 
can become a national 
model for innovatively 
dealing with the impacts 
of global climate change. 
The city is planning a 
number of innovative 
projects to improve 
water management and 
flooding, and several have been authorized, approved, 
and implemented. These plans and projects, which 
address Hoboken’s needed infrastructure investments by 
capitalizing on the land use–water management nexus, 
include

• four significant park projects combining recreational 
amenities with stormwater storage detention, green 
infrastructure implementation, and reductions in 
combined sewer overflow; 

• the use of both public and private developer funding 
for the new resiliency parks, which will manage at 
least 3 million gallons of stormwater; 

• two flood pumps that discharge water into the 
Hudson River to help keep city streets dry and 
basements from flooding during rainfall events (led 
by the North Hudson Sewerage Authority); 

• more green space such as rain gardens and 
promotion of green roofs on new development; and

• a seawall slightly inland from the river to protect 
residents in the floodplain.

A Model of Land Use and Water Management Planning
Jennifer Gonzalez, Hoboken’s director of 

environmental services and chief sustainability 
officer, notes that the improved land use and water 
management planning processes implemented since 
Superstorm Sandy have created “more cohesive public 
engagement around projects now seen to be vitally 
interrelated”—an improvement over the traditional 
project-by-project public participation processes used by 
most towns in the past. Gonzalez cites three key factors 
that have helped to increase the city’s resilience: robust 
and responsive leadership; strong cross-disciplinary city 
planning backgrounds for many of the city’s managers; 
and improved communications with residents and 
businesses about the planning and progress in creating 
a more resilient Hoboken. Indeed, the current chief 
resiliency officer/assistant business administrator, 

director of transportation 
and parking, director of 
community development, 
and director of 
environmental services/
chief sustainability officer 
are all planners! 

Several factors have 
been key to Hoboken’s 
success in integrating 
its multiple water 
resource management 
program elements, using 

approaches that recognize the close coupling of land use 
and water management. These factors include 

• progressive leadership at political and managerial 
levels; 

• continuous application of team approaches to the 
visioning, financing, and implementation of projects;

• assurance that projects—including public works, 
transportation, health and public safety, and 
recreational amenities—serve multiple functions and 
purposes to the maximum degree possible;

• one cohesive public engagement process that helps 
illuminate possible multiple and interdependent 
functions for projects; and

• identification of all possible sources of funding 
and financing, especially through federal and state 
infrastructure banks, to reduce local cost. 

During an interview with the television show 60 
Minutes, Henk Ovink, special envoy for international water 
affairs for the Netherlands and a former HUD senior 
advisor, highlighted the value of Hoboken’s strategy as 
an example for other cities: not only does Hoboken’s 
approach address how to keep water out, but it also 
tackles how to drain water off when it gets in and how 
to store it to attenuate the impacts of flooding. Overall, 
Hoboken is an example of the considerable benefits that 
come from interdisciplinary engagement and integrated 
stormwater planning.  ■

Bill Cesanek (CesanekWE@cdmsmith.com), AICP, is co-
leader of the American Planning Association’s Water and 
Planning Network and a vice president and practice leader 
for infrastructure planning at CDM Smith. He is also an 
adjunct professor in the Rutgers Bloustein Graduate School 
of Planning and Policy and a graduate of the Rutgers 
planning program.

Not only does Hoboken’s approach 
address how to keep water out, but 
it also tackles how to drain water off 
when it gets in and how to store it to 

attenuate the impacts of flooding.

https://www.hobokennj.gov/resources/sustainability
https://www.hobokennj.gov/resources/sustainability
mailto:CesanekWE%40cdmsmith.com?subject=
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Looming Water Gap in the Colorado River 
Basin Leads Two Arizona Communities toward 
Integrated Land and Water Planning 
Amanda Smith and Ashley Hullinger

FEATURE

LONG-TERM DROUGHT. AGRICULTURAL LAND LOSS. 
Subsidence. Tense political negotiations. In a semi-arid 
landscape, water access can make or break communities 
and economies. A microcosm of these conditions can 
be found in Pinal County, Arizona, where irrigated green 
fields mingle with stark desert expanses and are incised 
by interstate highways that link the state’s urban centers. 

Pinal County’s circumstances are tied to the history of 
Arizona’s water management. Several decades ago, 
Arizona faced a crisis as severe groundwater overdraft 
threatened the state’s rapid population growth and 
development. In response to this threat, the 1980 
Arizona Groundwater Management Code established 
an unprecedented water management framework to 

protect groundwater in the most-affected parts 
of the state—Arizona’s five Active Management 
Areas (AMAs; see Figure 1). Among other things, 
the Code required a program for developers 
and water providers in the AMAs demonstrate a 
100-year assured water supply for new growth, 
required groundwater permits, prohibited 
the irrigation of new agricultural lands, and 
mandated AMA water management plans that 
include conservation targets and other water 
management criteria. 
Simple Math

Wedged between the metropolises of Phoenix 
and Tucson, Pinal County maintains a strong rural 
character. The county lies mostly within the Pinal 
AMA, whose water management goal is to allow 
development of non-irrigation uses, preserving 
the existing agricultural economy for as long as 
feasible, consistent with the need to preserve 
future water supplies for non-irrigation uses. 
Between 2008 and 2018, agriculture accounted 
for 90 percent of the Pinal AMA’s total annual 
water demand of 1,113,538 acre-feet per year.

The enactment of Arizona’s Groundwater 
Management Code in the 1980s and 
establishment of the AMAs was an antecedent to 
bringing Colorado River water to Arizona’s most 
populous regions through the Central Arizona 
Project (CAP) canal system. The CAP was built to 
reduce statewide groundwater dependency—not 
just by urban centers but also by agricultural 
water users, such as Pinal County farmers. 

Overall, Colorado River water accounted for 45 

Figure 1. Arizona’s Active Management Areas (AMAs) regulate their groundwater use and 
are supplied with Colorado River water by the Central Arizona Project. Source: Sonoran 
Institute.

https://new.azwater.gov/ama
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percent of the Pinal AMA’s water supplies between 2008 
and 2018, while groundwater contributed an average of 
47 percent. The math is simple; without Colorado River 
water or the introduction of new water supplies, the Pinal 
AMA will return to groundwater dependency.

The Pinal AMA became the topic of regional 

conversation just as the seven U.S. Colorado River Basin 
states and Mexico signed the Drought Contingency Plan 
(DCP) on May 20, 2019. With ongoing drought conditions 
threatening supplies in the Colorado River Basin, the 
DCP agreements reduce the likelihood that Colorado 
River reservoirs will decline to critically low levels. The 
DCP process required Arizona and its local governments 
to make some difficult decisions that reflect new 
relationships with water, including accepting small water 
reductions in the near term to reduce the likelihood of 
catastrophic shortages later. Through a series of well-
publicized negotiations, non-tribal farmers in Pinal County 
agreed to reduce their use of Colorado River water under 
the current shortage conditions. 

Simultaneously, the Arizona Department of Water 
Resources (ADWR) released an update of its 100-
year groundwater model, projecting unmet water 
demand of 8.1 million acre-feet across the Pinal AMA 
(2 million acre-feet of which is municipal demand). This 
represents a potential 10 percent gap between supply 
and demand over the modeling period, implying that 
any future growth will require cities, water providers, 
and developers in the Pinal AMA to find additional water 
supplies, reduce existing demand soon, or both. 

This brings us back to Pinal AMA’s tenuous position 
today, balanced between an agricultural legacy and 

an urban trajectory (to understand the fuller water 
picture, see A Visual Guide to Water in the Pinal Active 
Management Area). The AMA’s situation has been 
exacerbated by (1) the reduced availability of Colorado 
River water, particularly for agricultural users; (2) 
anticipated development and population growth; and (3) 

difficulties in meeting the 100-year 
assured water supply provision 
laid out in the 1980 Groundwater 
Management Code. 
Planning for Land and Water

These challenges were the 
backdrop in February 2020, when 
leaders of two communities from 
the Pinal AMA, the city of Casa 
Grande and the town of Florence, 
attended a Growing Water Smart 
workshop. Growing Water Smart, 
a multiday workshop hosted by 
the Sonoran Institute and the 
Babbitt Center for Land and Water 
Policy, invites communities to 
bring a team of water resource 
professionals, land use planners, 
and elected officials to create action 
plans centered on integrating land 
use planning and water demand 

management. 
How new development is designed and built can have 

a significant impact on municipal water demand. Yet land 
use planning authorities and water resource managers 
typically operate within separate departments or 
entities. This fragmentation creates communication gaps 
and wastes opportunities for water conservation and 
efficiency. When these entities come together, they can 
identify and implement actions such as addressing water 
during the development review process, using land use 
codes to increase indoor and outdoor water efficiency 
and promote a compact urban form, and integrating 
water into long-range plans. 

After the workshop, Casa Grande and Florence used 
follow-up assistance from the Growing Water Smart 
program to initiate vital water demand management 
projects. 
Tackling Water Demand 

Both Florence and Casa Grande recognized water 
availability as the biggest challenge to their future growth 
and resilience. With projected shortages making new 
water supplies more difficult and expensive to procure, 
the resounding question was, How can we manage water 
demand so that we can continue to grow? 

The town of Florence, population 26,350, is situated in 
the northern part of the Pinal AMA along the Gila River. 

Growing Water Smart workshop participants discuss Arizona’s adequate water supply rules with facilitation 
by Del Corazon Consulting, LLC. Photo credit: Lincoln Institute of Land Policy.

https://www.cap-az.com/documents/departments/planning/colorado-river-programs/CAP-FactSheet-DCP.pdf
http://infoshare.azwater.gov/docushare/dsweb/View/Collection-19686
http://infoshare.azwater.gov/docushare/dsweb/View/Collection-19686
https://wrrc.arizona.edu/news/visual-guide-water-pinal-active-management-area
https://wrrc.arizona.edu/news/visual-guide-water-pinal-active-management-area
http://resilientwest.org/growing-water-smart/


March/April 2021   VOLUME 23  •  NUMBER 2  |  38

The town is growing, has 
potential for growth, and 
has the “paper water” for 
growth but faces many 
uncertainties related to 
future land use patterns, 
water quality concerns, 
water infrastructure needs, 
changing groundwater 
conditions, and future 
availability of “wet water.” 
To proactively prepare 
for an uncertain water 
future, the town is thoughtfully integrating water into their 
community’s long-range general plan.

With the assistance of the University of Arizona Water 
Resources Research Center (WRRC) and others, Florence 
is evaluating its policy options. As the town analyzes its 
past, current, and future water demands and available 
water supplies, its options may include incorporating 
water into the review process for approving new 
developments, updating landscaping standards, passing 
low-impact development ordinances, and adopting a 
water allocation policy.

The city of Casa Grande, Florence’s larger neighbor 
to the south, has a population of 54,316 and is located 
centrally in the Pinal AMA on Interstate 10, which links 
the city to the two major metropolitan areas. Current 
trends in population growth and water demand predict 
that Casa Grande will need to double its water supplies in 
the next 30 years. 

In response, the city is collaborating with its primary 
water provider, the private Arizona Water Company (AWC), 
to develop a joint Water Resources Plan. Officials used the 
Growing Water Smart workshop to draft the plan’s first 
component, the Demand Management Program, which 
outlines proactive steps for connecting land and water use 
through innovative ordinances and policies. 

To meet its goal of reducing average daily water 
use by 15 percent, the Arizona Water Company has 
developed a systematic approach to connecting 
customers to water-saving strategies. WestWater 
Research, a third-party research entity, helped AWC 
identify customers with above-average outdoor water 
use. Through its new program Water Wise Outside, 
the Arizona Water Company provides these customers 
with a tailored list of appropriate cost-saving water 
conservation measures they can apply. Examples include 
replacing irrigated turf in fringe areas with walking paths 
or native vegetation, developing water-efficient irrigation 
schedules, investing in artificial turf for recreation 
facilities and sports complexes, increasing shaded areas, 
and using non-potable water for irrigation. Specific to 

schools, the joint Demand 
Management Program will 
also include a strong youth 
education component that 
will include both indoor and 
outdoor conservation.

The partnership between 
Casa Grande and the Arizona 
Water Company is a model for 
water demand management 
in the region. In spring 2021 
the collaborative effort will 
launch a 12-month awareness 

campaign called “Save It CG” that will encourage residents 
to conserve water. Once piloted in Casa Grande, the 
awareness campaign will be scaled up and adapted for 
use in the Arizona Water Company’s other service areas 
throughout the state, potentially reaching 250,000 people 
across 22 communities. 
Maintaining Momentum toward Water-Smart Goals

Local initiatives in Arizona are leading to 
improvements and accumulated benefits that reach all 
the way up to the multistate, water-strapped Colorado 
River Basin. The Central Arizona Project predicts that 
activities outlined under the DCP agreement will 
significantly reduce, but not eliminate, the likelihood of 
water shortage in 2026, from 42 percent to 8 percent. 
Communities have only bought time, underscoring the 
need for local action to integrate water management 
more extensively into land use planning. Water policy 
and management are bound to the undeniable forces 
of hydrology, geography, and climate. Meanwhile, the 
integration of water and land use can be used to the 
fullest. The communities of Casa Grande and Florence 
are harnessing some of the most useful tools in the 
water-planning toolbox to ensure that the existing 
built environment and future development proactively 
address water challenges through innovation, public 
education, and data-driven approaches.   ■

Amanda Smith (asmith@sonoraninstitute.org) is a 
program coordinator at the Sonoran Institute. She is 
a land use planner with integrated interests in water, 
open space, and social justice. The Sonoran Institute is 
dedicated to connecting people and communities with 
the natural resources that nourish and sustain them. See 
www.SonoranInstitute.org and www.GrowingWaterSmart.
org for more. Ashley Hullinger (hullinger@email.arizona.
edu) is a research analyst at the University of Arizona 
Water Resources Research Center. She manages the Water 
Research and Planning Innovations for Dryland Systems 
(RAPIDS) Program to assist rural communities develop 
solutions for their unique water challenges. 

The Arizona Department of Water 
Resources released an update of 
its 100-year groundwater model, 
projecting unmet water demand 
of 8.1 million acre-feet across the 
Pinal Active Management Area. 

mailto:asmith%40sonoraninstitute.org?subject=
http://www.SonoranInstitute.org
http://www.GrowingWaterSmart.org
http://www.GrowingWaterSmart.org
mailto:hullinger%40email.arizona.edu?subject=
mailto:hullinger%40email.arizona.edu?subject=
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social and innovative aspects in water research, education,
and management and
the use of green water-infrastructure to complement the
circular economy.

Modern society has mainly adopted linear water production
and consumption practices. In recent years, water resources
professionals have been engaged in more circular practices;
including, promoting water conservation and developing
alternative water source technologies such as desalination and
wastewater reuse.

In a circular system, water management uses cross-sectoral
collaboration and considers the human dimension, which can
have transformative potential in achieving sustainability.

With the theme Human Dimension to Resilient and Sustainable
Water Management: Promoting Integrated Collaboration, the
conference will focus on:

APRIL 15-16, 2021
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REGISTRATION:
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Members = $75
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Non-members =
$120/$145

STUDENT RATES:
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Members = $30
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AWRA or NCR to save
on your registration
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#AWRA2021
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Hosted virtually by the College of Agriculture, 
Urban Sustainability and Environmental 
Sciences, University of the District of Columbia.

https://awra.org/Members/Events_and_Education/Events/2021_Spring_NCR_Conference.aspx
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"AWRA's webinar with Dr. Aaron Wolf on dialogue and
lessons from faith traditions in transforming water conflicts
focused on the essence of AWRA and its success in bringing
people together to understand and solve water problems and
issues." -Chuck Mosher

JOIN US FOR OUR NEXT WEBINAR:
APRIL 14, 2021 | 1:00 - 2:00 PM ET 
Title: Undercurrents - Multiracial Histories of Resistance
and Survival in the Colorado River Borderlands
Speaker: Daniel Grant, Postdoctoral Fellow, Harvard
University
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Net Blue: Offsetting Growth in Water-Scarce 
Communities
Mary Ann Dickinson

FEATURE

AS WATER RESOURCES—AND WATER SUPPLIES—become 
scarce, community leaders often find themselves in a real 
bind if they have failed to plan for economic development 
that is sustainable in the long run. “East Palo Alto imposes 
development moratorium due to lack of water,” read 
a headline from the California drought in 2016. “Pismo 
Beach approves building moratorium because of 
California’s drought,” read another. And water scarcity 
is not just occurring in California—a 2016 headline in 
Bozeman, Montana, declared, “Water shortage may force 
West Yellowstone building moratorium.” 

Both nationally and internationally, communities 

are grappling with the effects of water scarcity on their 
options for new development and growth. This is not 
just a problem in the arid West. Even in a traditionally 
water-rich area, such as the Great Lakes region in the 
United States, scarcity can hamper new development 
if a community’s water supplies come solely from 
groundwater. As water supplies grow scarce owing to 
climate change or continued drought, local planning 
and zoning commissions are facing difficult decisions 
on applications for new development projects. In some 
drought-prone communities, water utilities have had to 
limit new service connections to their existing water and 

Bozeman, Montana, is one of many communities where water scarcity threatens development and growth. Water-neutral development is a strategy for helping such 
communities reallocate their scarce water supplies to meet demand. Photo credit: Jacob Boomsma, iStockphoto.com.
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sewer systems, even for single-family homes.
There is a solution to this dilemma. Water-neutral 

development is a promising strategy that can help 
communities economically grow and prosper despite 
current or anticipated water shortages. By requiring new 
residential and commercial developments to offset their 
water use through water-efficient retrofits of existing 
development, communities can grow without increasing 
overall water use or requiring new water withdrawals 
from overallocated rivers and aquifers. Addressing water 
management and community planning together in this 
way allows communities to reallocate their water supply 

capacity to meet the potable water demands that new 
development requires. A new set of tools called Net Blue 
is available to help put this approach into practice. 
What Is a Water Offset?

If a new development or redevelopment will increase 
demand for water from a community source or water 
provider, the developer can be required to invest in 
offsetting that demand elsewhere in the community. The 
offset is the amount of water that must be saved through 
fixture replacements and other water-saving measures 
to reduce net new water demand to zero, even with the 
water demand from the new development. To do this, 

developers must first determine the amount of new 
water for the development that will need to be offset, 
evaluate what sorts of offsets can be applied to make 
the new demand water-neutral, and then determine 
where the offsets can be implemented. Eligible offsets 
could include replacing high-flow toilets, clothes washers, 
and dishwashers with high-efficiency fixtures; investing 
in cooling tower efficiency; and investing in sustainable 
landscaping and turf removal. Other options include 
capturing stormwater for irrigation and installing 
rainwater recovery systems. Communities may be 
involved in specifying the types of offsets, deciding 

where these offsets 
should be placed (on 
the new development 
site as well as off-site 
in strategic parts of 
the community), or 
simply approving 
offsets proposed by 
developers. 

Drawing on 
lessons learned 
from existing offset 
examples, the 
Alliance for Water 
Efficiency, the 
Environmental Law 
Institute, and River 
Network collaborated 
to develop Net 
Blue. Net Blue is a 
new set of tools to 
make it easier for 
communities to adopt 
an offset program 
in their water-
planning and zoning 
processes. Besides 
helping communities 
develop ordinances 

and codes that can automatically yield conservation-
related water savings, Net Blue can help them choose 
what type of offset ordinance approach best meets 
their needs and how to evaluate offset requirements. 
The overall goal is flexibility: the Net Blue tools allow for 
customization to local conditions and needs. 

The Net Blue Toolkit (available free of charge from 
www.net-blue.org) contains:
• an automated model template ordinance, which 

leads users through the process of tailoring a water-
offset ordinance to the unique political climate, legal 
framework, and environmental conditions of the 

Bozeman, a partner in the creation of the Net Blue Toolkit, has begun adding water-neutral development principles to its 
planning and zoning approval processes that will specify how developers can offset any new development's water demand. 
Photo credit: aceshot1, Shutterstock.com.

http://www.net-blue.org
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community;
• an offset methodology 

in Microsoft Excel, 
which provides a 
user-friendly structure 
for calculating offsets 
from off-site water 
conservation retrofits, 
rainwater harvesting, 
and stormwater 
capture;

• three ordinance 
examples together 
with matching offset 
calculations (these examples demonstrate the diverse 
options possible in the ordinance and some of the 
many problems, actors, and constraints that it can 
accommodate); and

• outreach materials describing the program for 
distribution in the community.

The Net Blue Toolkit was created with the advice 
of an expert panel in water resources, water law, and 
planning and zoning, as well as with input from seven 
partner communities representing differing conditions 
and circumstances: Acton, Massachusetts; San Francisco 
Bay region, California; Albuquerque, New Mexico; Austin, 
Texas; Cobb County, Georgia; Madison, Wisconsin; 
and Bozeman, Montana. In 2019 Bozeman began 
collaborating with the Net Blue team to add the Net Blue 
water-neutral development principles to its planning and 
zoning approval processes, incorporating the ordinance 
and offset methodology into their existing water 
adequacy provisions in a customized and strengthened 
way. The City Commission gave the necessary approvals 
in 2020, and the final administrative requirements will be 
published in early 2021. 
Should Water Utilities Be Involved with Net Blue?

Water utilities are usually not involved in local 
planning and zoning deliberations, but Net Blue strongly 
encourages water utility involvement—the program is 
much more effective when a deep partnership exists 
between municipal and reginal planners and water utility 
staff. For example, the offsets recommended by Net 
Blue could result in new or additional funding sources 
for the water utility’s conservation programs, as the 
offsets can be closely tied to the need for reductions in 
water use from existing customers. Also, developers will 
need guidance on the location of available offset retrofit 
opportunities among water utility customers, and the 
water utility is in a better position to identify where those 
opportunities exist and to facilitate or even conduct 

the transactions. For 
example, a development 
that might require 150 
toilet retrofits to achieve 
water neutrality can 
provide the funding to 
achieve these retrofits to 
the water utility’s water 
conservation program. 
Finally, upon issuance 
of the development’s 
certificate of occupancy, 
the offsets would need to 
be measured and verified, 

which could require staff assistance from the water utility 
given that planning departments typically do not have 
the required water expertise. 

Water and wastewater systems can benefit greatly 
from implementation of a water-neutral development 
program. Examples of current offset programs across 
the country where water systems have been closely 
involved are documented in a report prepared by the 
Alliance for Water Efficiency.
Can Net Blue Be Used in Traditionally Water-Rich 
Regions?

Even communities that are not immediately water 
stressed can benefit from this offset approach. An 
offset policy for new development builds resilience for 
the future by stretching and optimizing existing water 
supplies. It can also benefit water-based recreation 
and wildlife by reducing the need for increased water 
withdrawals, thereby keeping more water flowing in 
streams and rivers.

Net Blue is an innovative way to deal with a thorny 
problem. It can provide a win-win strategy for enabling 
development in water-scarce regions. By choosing to 
adopt an ordinance that requires or incentivizes an 
offset approach, communities can stretch their water 
supplies, decrease the need for new infrastructure, and 
better protect the local environment and recreational 
opportunities.  ■

Mary Ann Dickinson (maryann@a4we.org) is president 
and CEO of the Alliance for Water Efficiency, a nonprofit 
organization dedicated to promoting the efficient and 
sustainable use of water in North America. She is also 
the co-chair of the Water and Planning Network of the 
American Planning Association. For further information on 
the Net Blue program, see www.net-blue.org.

By requiring new residential and 
commercial developments to 
offset their water use through 

water-efficient retrofits of existing 
development, communities can grow 
without increasing overall water use.

https://www.allianceforwaterefficiency.org/sites/www.allianceforwaterefficiency.org/files/assets/Water-Offset-Policies-for-WaterNeutral-Community-Growth150126.pdf
mailto:maryann%40a4we.org?subject=
http://www.net-blue.org
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actionable science,
evaluation and planning methods,
design and implementation of specific infrastructure
projects, and
design and implementation of programs and policies. 

This specialty conference will bring together a diverse multi-
disciplinary group of thought leaders and on-the-ground
implementers to disseminate, share and learn about cutting-
edge solutions aimed at evaluating future water risks and
improving human adaptation to those risks.

Topics covered will include:

As with other AWRA conferences, the conference seeks to
present excellent networking opportunities and build an
exciting conversation around future water risks.

Learn more: 
awra.org/2022SpringConference
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U.S. CITIES—HOME TO NEARLY 83% OF THE COUNTRY’S 
population—are facing a host of water challenges. 
Urban population growth, commercial and industrial 
activity, and high water demand have led to heavy use 
of surface water and groundwater from beyond urban 
boundaries, threatened surface water ecosystems, 
depleted groundwater, and demanded energy resources 
to transport water to cities. Since the September 11 
terrorist attack, water security, including water-related 
cybersecurity, has become a dominant issue. Concerns 
about the impact of climate change on water resources 
and water infrastructure management and policy have 
been growing. And the water crisis in Flint, Michigan, 
and the COVID-19 pandemic have exposed a troubling 
range of preexisting water management and water 
infrastructure problems, particularly in low-income 
communities, highlighting the need for environmental 

justice and social equity. Yet one important resource to 
help address these challenges is literally going down the 
drain.

Rainwater is an important component of a 
decentralized green water-infrastructure system 
(DGWIS), a conceptual model we recently introduced 
that calls for using all locally available water resources, 
integrated with renewable energy sources, to alleviate 
water scarcity, facilitate climate change mitigation, and 
reduce cybersecurity risk in urban settings. Though 
rainwater harvesting faces challenges, it also has the 
potential to serve multiple uses as part of an integrated 
and resilient water management approach in the cities of 
the future. 
Urban Roofs: A New Water Resource

In urban areas, rooftops account for 30–40% of 

GUEST ARTICLE

Rainwater Harvesting: Resilient Water Resource 
Management Strategy in Urban Settings

Tamim Younos, Juneseok Lee, and Tammy E. Parece

Rainwater harvesting system as a component of the overall water management in urban settings. Source: Author.



March/April 2021   VOLUME 23  •  NUMBER 2  |  46

impervious area. A 100-square-meter rooftop can collect 
one cubic meter of water per centimeter (cm) of rainfall. 
Thus, rooftop rainwater, which is normally wasted via a 
stormwater drainage network, can be a significant local 
water resource. Rainwater harvesting systems’ potential 
is determined by the available water supply, which is a 
function of rooftop area and average monthly rainfall 
(minus evaporation and splash losses). In recent years, 
technological advances have 
facilitated the widespread 
installation of rainwater 
harvesting systems in public 
and commercial buildings 
for non-potable uses: toilet 
flushing, cooling tower make-
up water, laundry, lawn 
and garden watering, and 
fountains. These non-potable 
uses of rooftop rainwater 
reduce stormwater runoff to the drainage networks 
and can be considered a best management practice 
for stormwater runoff control. And with appropriate 
treatment, such as UV light disinfection, captured 
rainwater can be recharged to groundwater aquifers. 
Rainwater’s Potential for Drinking Water, Energy 
Savings, and Food Security

Single-home or small-scale rainwater harvesting for 

potable use is common 
in rural and small 
communities, where 
conventional water supply 
infrastructure is cost-
prohibitive or sufficient 
water resources are not 
available. Now the concept 
of harvesting potable 
water in urban buildings is 
gaining attention, thanks 
to advances in small-
scale water treatment 
technologies. Recently 
the Cascadia Center 
for Sustainable Design 
published guidelines on 
the design, maintenance, 
and regulation of potable 
rainwater use in buildings. 
Harvesting rainwater 
for potable use in high-
population buildings 
is considered a public 
water system and should 
comply with public water 

regulatory requirements. 
Given that urban water infrastructure depends on 

energy for water treatment and delivery, harvesting 
rainwater for non-potable uses can also help save 
potable utility water and energy, reducing the carbon 
footprint of water consumption. A case study of a single 
school building in Washington, D.C., illustrates the 
potential benefits. Assuming an average annual rainfall 

of 100 cm and 30% water 
loss from the system, the 
building’s 7,711-square-
meter rooftop has the 
potential to generate as 
much as 5,000 cubic meters 
of water annually. This 
water can be used, for 
example, to flush toilets 
and urinals and irrigate 
landscapes, substituting for 

an equivalent volume of potable water from the public 
water supply system. Delivering this volume of water 
from a municipal utility would require an estimated 
3,145 kilowatt-hours (kWh) of electricity per year. Instead, 
the rainwater harvesting system requires just 776 kWh 
a year, resulting in a potential energy savings of 2,370 
kWh a year and a reduced carbon footprint. Obviously, 
the impact of rainwater harvesting on energy and water 

Components of a typical rooftop rainwater harvesting system for non-potable use. Source: Federal Energy Management 
Program (FEMP).

Rooftop rainwater, which is 
normally wasted via a stormwater 

drainage network, can be a 
significant local water resource.

https://awwa.onlinelibrary.wiley.com/doi/10.1002/awwa.1633
https://awwa.onlinelibrary.wiley.com/doi/10.1002/awwa.1633
https://awwa.onlinelibrary.wiley.com/doi/10.1002/awwa.1633
https://awwa.onlinelibrary.wiley.com/doi/10.1002/awwa.1633
https://www.springer.com/gp/book/9783319293356
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savings would be significant if it were implemented on 
multiple buildings. 

Rainwater harvesting can also promote food security. 
Urban agriculture—small backyard gardens, community 
gardens, greenhouses, orchards, and rooftop gardens—
is considered a major component of sustainable and 
green urban environments, as well as food security and 
community development. Most urban farming systems, 
however, depend on energy-intensive potable utility 
water that could be replaced by captured rainwater. 
One effective tool for integrating rainwater harvesting 
into urban agriculture is geospatial analysis. In a study in 
Roanoke, Virginia, imagery from the National Agriculture 
Imagery Program (NAIP) was used to establish an 
integrated community garden and rainwater harvesting 
system. The study identified existing urban agriculture 
locations, calculated adjacent rooftop areas for rainwater 
harvesting, potential rainwater volume, and expected 
reduction in CO2 emissions. The results showed that 
rainwater harvesting can be a major component of the 
food, energy, water (FEW) nexus—an emerging concept 
in urban environments. 
Potential Challenges 

There is great potential for rainwater use at multiple 
scales—from a single building to a neighborhood 
or community—to achieve sustainable and resilient 
water management. However, 
rainwater harvesting systems  are 
not coordinated across water 
management sectors and face 
barriers to widespread adoption. 
First, ambiguous guidelines set 
by state and local governments 
are significant impediments to 
implementing local, regional, 
and nationwide rainwater 
harvesting systems. While some 
states encourage the practice, 
others deem it illegal or impose 
restrictions. Second, operating 
and maintaining rainwater 
harvesting systems in urban 
settings are perceived as cost-
prohibitive. Recently, researchers 
have conducted life cycle impact 
assessments and benefit-cost 
analyses to quantify the true 
benefits of the practice in terms 
of environmental and financial 
impacts, and the results depend 
on climate factors and urban/
local characteristics. One solution 

could be for users to form urban rainwater harvesting 
cooperatives to maintain systems, share technical 
expertise, and finance inspections and water testing. 
Capturing the social benefits of rainwater harvesting 
in a tangible manner is another great challenge. These 
challenges provide significant opportunities for cross-
disciplinary education and research on rainwater 
harvesting and motivation for water resources managers, 
academics, water industry officials, municipalities, 
legislators, environmental groups, and citizens to 
collaborate in implementing resilient water management 
strategies for the cities of the future.  ■

Tamim Younos (tamim.younos@gwiacademy.org) is 
founder and president of the Green Water-Infrastructure 
Academy, a nonprofit organization in Blacksburg, Virginia. 
Formerly research professor of water resources at 
Virginia Tech, Younos has written or cowritten more than 
150 publications and edited seven books. Juneseok Lee 
(juneseok.lee@manhattan.edu) is an associate professor of 
civil and environmental engineering at Manhattan College 
in Riverdale, New York. Tammy E. Parece (tparece@
coloradomesa.edu) is an assistant professor of geography 
in the Department of Social and Behavioral Sciences at 
Colorado Mesa University in Grand Junction, Colorado.

Geospatial analysis and aerial imagery were used to identify promising rooftops for rainwater harvesting 
near urban farming plots in Roanoke, Virginia. Source: 2017 Virginia Base Map Aerial Imagery displayed in 
Google Earth Pro.

https://link.springer.com/article/10.1007/s11269-016-1429-0
https://link.springer.com/article/10.1007/s11269-016-1429-0
mailto:tamim.younos%40gwiacademy.org?subject=
mailto:juneseok.lee%40manhattan.edu?subject=
mailto:tparece%40coloradomesa.edu?subject=
mailto:tparece%40coloradomesa.edu?subject=
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land and water aspects of water supply,
water demand management,
stormwater management,
wastewater treatment,
community planning and design,
conservation, and
integrated “one water” approaches.

This specialty conference will bring together practitioners and
researchers across the intersecting areas of water
management, land planning, natural resources policy, and
related technical and design professions. Sessions will be
multi-disciplinary and focus on:

With a focus on the relationships among water resources
management, utility operations, and land use planning and
design, attendees will come away with an understanding and
strengthened personal networking connections across the
disciplines and professions critical to water and community
sustainability.
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