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The University of Arizona Water Resources Research Center (WRRC) promotes
understanding of critical state and regional water management and policy issues through
research, community outreach, and public education. The Water Research and Planning
Innovations for Dryland Systems (Water RAPIDS) program at the WRRC specializes in
assisting Arizona communities with their water and natural resources planning needs. The
goal of the Water RAPIDS program is to help communities balance securing future water
supplies for residential, commercial, industrial, and agricultural demands with water needs
of the natural environment. An electronic version of the Roadmap for Considering Water for
Arizona’s Natural Areas and information on other Water RAPIDS programs can be found at
wrrc.arizona.edu/waterrapids
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The Bird’s Eye View – Executive Summary
In Arizona, as with many other arid regions,
there is a dichotomy in the way residents
think about natural resources. On one hand,
Arizonans take great pride in the natural
beauty of the state’s landscapes, and on
the other, communities rely on the use of
those landscapes for economic prosperity.
Nowhere is this dichotomy more pronounced
than in the demands residents place on the
ribbons of green that snake through arid
landscapes. Arizona’s water resources
support crops, cities, and allow industries to
tap into other natural resources, like copper.
Yet, citizens also want that water to stay
in the environment for outdoor activities in
and around streams, and for the sake of
the ecosystems that depend upon those
streams.
The Roadmap for Considering Water
for Arizona’s Natural Areas contains
information on the current scientific
understanding of water for natural
areas and existing legal considerations
for providing water to natural areas,
examples of where natural areas are
already included in water management
decisions, and an overview of available
paths forward for including natural
areas alongside human uses.

This Roadmap document is the culmination
of a three-year project funded by the
Nina Mason Pulliam Charitable Trust and
convened by the Water Research and
Planning Innovations for Dryland Systems
(Water RAPIDS) program at the University
of Arizona Water Resources Research
Center (WRRC). The Roadmap is designed
to examine possible routes, as well as
roadblocks, to considering the water needs
of riparian and aquatic ecosystems in
Arizona water management and planning
decisions. As there is little in Arizona’s legal
framework to compel the consideration
of water for natural areas, the WRRC
sought throughout the Roadmap project to
foster dialogue among water users about
voluntary, stakeholder-driven options for
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addressing natural areas. This was done
within the context of limited water supplies
and existing water rights and claims.
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The project began with an analysis of 121
studies on the water needs of riparian
(along the stream) and aquatic (within the
stream) ecosystems conducted throughout
Arizona over the past three decades. This
investigation revealed that 78% of perennial
(those that flow year-round) and intermittent
(those that flow part of the year) river miles
have not been studied for the water needs
of riparian and aquatic species. Further
exploration also found that there are very
few analyses of the surface water and
groundwater requirements for intermittent
or ephemeral (those that flow only in
response to a storm event) river systems.
Even in the more specific context of aquatic
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78% of perennial and intermittent river
miles have not been studied for the
water needs of riparian and aquatic
species.
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One of the most significant project
challenges has been finding the right words
to use when talking about water for animals
and plants that live near and in rivers and
streams. During the course of the project, the
WRRC has used the terms environmental
flow needs, water for water dependent
natural resources, and environmental water
demand. These terms were confusing
to some and distasteful to others, so the
WRRC developed new terms in response to
stakeholder input. The resulting terminology,
water for natural areas and water needs of
riparian and aquatic ecosystems, is used
throughout the Roadmap. Water for natural
areas refers to water for animals and plants
that live near and in rivers and streams;
water needs of riparian and aquatic
ecosystems refers to how much water is
required to keep the animals and plants that
live in and near streams healthy over time.
Key to this Roadmap is the understanding
that the ‘water needs’ and ‘health’ of an
ecosystem are defined within the context of
human priorities.
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Intermittent Unstudied Stream

Streams with quantified or described
water needs for riparian and aquatic species
or ecosystems. Colors indicate the number of
studies conducted for each stream.

species, there are only limited generalizable
data. Similarly, few data are available
on the flow requirements for vegetation,
with the exception of a few species, such
as Cottonwood (Populous fremontii) and
Willow (Salix gooddingii). Statewide, the
water needs of only 25% of species have
been studied more than once. Gaps in data
make it difficult to consider ecosystems in
water management; however, a paucity of
information on water needs is not the only
barrier to considering water for natural
areas in management. Perhaps even
more challenging is understanding the
perspectives of water users and managers
toward the consideration of water for riparian
and aquatic ecosystems.
Given the scarcity and sometimes competing uses of water, an open discussion
about water for natural areas is complex.
All water-using sectors, whether municipal,
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industrial, or agricultural, have an interest
in preserving existing water rights and uses
for future growth, new applications, and
continued supply reliability. Discussions are
further complicated by the variance among
and within water sectors on how to consider
water for natural areas. In an effort to gather a broad sample of the many perspectives
and ideas on considering water for natural
areas, the WRRC engaged more than 1,000
stakeholders in project activities, including a
survey, individual interviews, focus groups,
workshops, and presentations. During this
project, participants from academic, business, environmental, farming, government,
mining, municipal, power, ranching, and
tribal interests volunteered approximately
1,900 hours of their time, with many participating in multiple activities.
In response to questions about how
water should be provided to natural
areas, participants most frequently
discussed the need for cooperation,
financial incentives, priority setting,
education, and ways to find multiple
benefits for each water use.

of participants were concerned about water security and cited water quality, climate
change, increasing human demand, neighboring populations, and cost as the primary reasons for their concern. In response
to questions about how they think water
should be provided to natural areas, participants most frequently discussed the need
for cooperation, financial incentives, priority
setting, education, and ways to find multiple
benefits for each water use. During these
focus group meetings, participants from all
water-interest groups expressed frustration
over laws that were meant to protect people and natural resources, but ended up
pitting water users against one another or
creating disincentives. Participants from environment, government, mining, municipal,
power, and ranching interests indicated that
a solution to providing water for natural areas was to create flexibility within, or reduce
the amount of, regulation. Others from environment, government, municipal, power,
academia, and tribal interests indicated the
opposite, and thought additional regulation
that requires water for ecosystems was the
best way forward. Perhaps most significantly, no focus group participant said that
Arizona should not allocate at least some
water to natural areas; however, some participants from the business, farming, mining,

At the beginning of this Roadmap-building
process, a widely-circulated survey indicated that 67% of respondents believed that a
lack of data was the driver most likely to discourage consideration of water
0%
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for natural areas. Further, 83%
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of respondents indicated that
Business
an increased understanding of
the connections between wa- Environment
ter in ecosystems and human
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well-being would encourage
consideration of water for nat- Government
ural areas. More than 90% of
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survey respondents agreed
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that changes in climate, growPower
ing communities near riparian
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Many of these concerns were
echoed in subsequent RoadThemes from answers to the focus group question: What
map focus group discuswould make considering water for natural areas more
sions. For example, 58%
attractive to you?
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municipal, and ranching interests noted that
it should not be done at the expense of human populations.
These highlights demonstrate the diversity
of ideas presented on how to consider water
for natural areas, which illustrates the need
for multiple routes forward. Some of these
routes will intertwine and overlap, some
will run parallel, and others may require the
construction of new avenues or the removal
of roadblocks. Four principal routes forward,

as identified through the Roadmap building
process, are to: 1) improve education on the
history and importance of water for riparian
and aquatic ecosystems; 2) provide funding
to maintain water in natural areas; 3) set
priorities for water in natural areas through
an assessment of how Arizonans value
these ecosystems; and 4) manage water
supplies for multiple benefits, including
natural areas. These recommendations are
summarized in Table 1 below.

Table 1: Recommended strategies and action items from the regional workshop series identified three
or more times by workshop participants.
Recommendation

Key Aspects

In the Next Year…

Improve Education

•

•

•

Provide Funding to
Maintain Water in
Natural Areas

•

•

Set Priorities and
Assess Values

•

•
•

Manage Water
Supply for Multiple
Benefits, Including
Natural Areas

•

•
•
•
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Across-the-board education
about how all water-using
sectors benefit natural
areas and how they use and
conserve water
Education about the history,
heritage, and importance
of Arizona’s riparian and
aquatic ecosystems

•
•

Form a water education advisory committee
to identify existing programs and resources
appropriate for providing the public with
foundational water knowledge
Pool resources to create an educational
“toolbox” or online clearinghouse for materials
Identify, evaluate, and support an existing
program, if a suitable program already exists

Connect water conservation •
to preservation of natural
areas through allocating the
water or financial savings to
enhance or preserve natural
areas
•
Offer financial compensation
to encourage more efficient
use and/or leave water
flowing through natural areas

Examine available options for funding water
for natural areas including how a tax credit
program for providing water to natural areas
would work, the One for the Verde program,
and the Conserve2Enhance program
Evaluate existing funding mechanisms to gauge
how successful they could be as a large-scale
funding source for natural areas, including
an assessment of how well the mechanism
currently works, what needs to change to adapt
it to community/statewide goals, and what
should be added so the program can meet
those goals

Establish a localized process •
to promote cooperation and
collaboration among regional
•
stakeholders
Examine how other areas
have established community/
regional priorities
Establish a process for
all sectors to voluntarily
coordinate with one another

Conduct a statewide survey to objectively
assess and rank public values for water and
natural areas
Establish regional working groups to:
- Create a problem statement based on
regional concerns with riparian and aquatic
ecosystems
- Establish clear goals and objectives to
address the problem statement
- Identify pilot projects based on the problem,
goals, and objectives

Provide incentives for
near-stream recharge and
discharge of reclaimed water
into natural areas
Ensure reclaimed water
would be available long-term
Consider natural areas in
stormwater management
Utilize land use planning that
considers water resources

•
•
•

Identify common interests and shared goals
about the use of water resources for local
ecosystems
Identify existing water use agreements
and regulatory constraints that may hinder
allocating water to natural areas
Identify a pilot project or area to explore
impacts of modified stormwater management
and rainwater harvesting on riparian and
aquatic ecosystems
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Roadmap Recommendations
1. Improving Education on Water
Resources and Water for Natural
Areas
Although the need for education was a
common theme throughout the Roadmap
building process, recommended strategies
for how to go about education varied among
regions and within discussion groups.
There was, however, consensus that any
educational program should make use
of existing resources and involve simple,
clear messaging. Two frequently discussed
themes were education on: 1) how all waterusing sectors benefit natural areas, as well
as how they use and conserve water; and
2) the history, heritage, and importance of
Arizona’s riparian and aquatic ecosystems.
Education: Form a water education
advisory committee to identify existing
programs and resources appropriate
for providing the general public with
foundational water knowledge.

The primary recommendation that emerged
during the Roadmap development process
for improving education on water resources
and water for natural areas is to bring people
together to identify funding sources, set
curriculum, and prioritize desired audiences
for an educational campaign. Participants
indicated that this should be done by
forming a statewide water-education
advisory committee, made up of educators,
community members, and organizations that
have experience communicating information
about natural resources. This group could
then be tasked with identifying existing
programs and resources, such as Arizona
Project WET (Water Education for Teachers),
appropriate for providing the public with
foundational water knowledge, as defined by
the committee. These resources could then
be pooled to create an educational “toolbox”
or online clearinghouse of materials. Once
this is complete, the water education
advisory committee could assess how each
of these existing resources can be used for

each target audience and region to prepare
for a formal education campaign. One option
for such a campaign is to develop a Water
101 course for the public that has both online
and in-person program options.

2. Providing Funding to Maintain
Water in Natural Areas

Providing financial compensation as a
means to encourage efficiency or leave
water instream emerged during all phases
of the Roadmap development process. For
example, focus group participants cited
a lack of funding for conserving water,
maintaining watersheds, and planning for
the future as obstacles to providing water to
natural areas. Stakeholders throughout the
Roadmap development process also agreed
that a financial mechanism is needed to
address the disincentives to conserving or
discharging water to natural areas.
Not all Roadmap participants were
optimistic about providing funding to
natural areas. These concerns were based
on Arizona’s “first-in-time, first-in-right”
system of water law, and the difficulty of
identifying individuals or organizations with
funding and/or water rights to contribute to
a program. Additional concerns centered
around the longevity of water allocations,
incentive programs, and funding sources.

Roadmap Case Study: Las Cienegas
National Conservation Area includes
a large educational component that has
contributed to the project’s success.
Photo: LCNCA landscape by Shela
McFarlin.
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To overcome these obstacles, participants
cited a need for conversations among senior
water rights holders and claimants (including
municipalities, agriculture, and industry),
natural resource managers, and community
leaders. Other groups that were identified
as necessary to these conversations were
non-governmental organizations, existing
conservation program managers, and water
providers.
Funding: Evaluate existing funding
mechanisms to gauge how successful
they could be as a large-scale funding
source for natural areas.

Recommended strategies for how funding
could be used to provide water to natural
areas centered around two approaches:
1) connecting water conservation to
preservation of natural areas by allocating
the conserved water, or financial savings,
to enhance or preserve natural areas;
and 2) offering financial compensation to
encourage more efficient use and/or leave
water flowing through natural areas. Nearterm actions for these strategies include
a focused conversation on sustainable
funding mechanisms for water for natural
areas and an evaluation of an existing
mechanism, called Conserve2EnhanceTM, to
gauge whether a program like this could be
successful as a large-scale funding source
for natural areas.

Roadmap Case Study:
Conserve2EnhanceTM provides an
example of a mechanism to encourage
voluntary water conservation and allocate
saved dollars to natural areas. Photo:
Before (black and white) and after (color)
transformation of Tucson C2E Atturbury
Wash enhancement site by WRRC.

viii

Roadmap Case Study: Verde River
Ditch Gates provides an example of how
the value of natural areas to the local
economy and financial incentives can be
used to successfully increase efficiency.
Photo: TNC and Diamond S Ditch
representatives at new automated ditch
gate. Photo by Darin Kopp.

3. Setting Priorities and Assessing
Values
The need for establishing priority areas
was clear in all aspects of Roadmap
development. Though the vast majority
of Roadmap participants agree that
natural resources should be considered,
determining what areas should receive
priority, and how community values should
be assessed, can be complex. For example,
of those that discussed priority setting
in focus groups, 70% voiced concerns
about providing water to natural areas
arbitrarily. These participants emphasized
the importance of understanding how much
water the flora and fauna need, and setting
priorities accordingly. The lack of a central
organization or formal process for assessing
priorities and values, and a lack of funding
to enable the establishment of either, were
noted as weaknesses in Arizona’s current
ability to provide water for natural areas.
Another challenge to creating a community
organization for priority setting is the lack of a
driving force to bring together diverse water
interest groups. Many participants agreed
that prioritizing water for natural areas
should be tied to regional conditions and
community values. Priorities could be set
based on contribution to the local economy,
cultural or historical importance, vulnerability
of water for the ecosystem, valuation of the

Water for Natural Areas
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the regional working groups should facilitate
an iterative dialogue to identify pilot projects
based on the problems, goals, objectives,
and plans for considering the regional water
needs of natural areas.

4. Managing Water Supply for
Multiple Benefits, Including Natural
Areas
Roadmap Case Study: Yuma East
and West Wetlands Restoration is an
example of how the local community used
priority setting to benefit residents, as
well as the region’s aquatic and riparian
ecosystems. Photo: Aerial photo of Yuma
Wetlands by Fred Phillips.

ecosystem itself, or likelihood of conflict
between human needs and the water natural
areas need to survive.
Priority Setting: Conduct a statewide
survey to objectively assess and rank
public values for water and natural
areas.

Recommended strategies for establishing
priorities and assessing values include: 1)
establishing a localized, voluntary process
for all water-using sectors to promote
cooperation and collaboration among
regional stakeholders; 2) examining how
other states have established community
or regional priorities; and 3) conducting a
stakeholder survey. To implement these
strategies, a statewide survey could be
conducted to assess public values for
water and natural areas. Results from this
survey could be used by communities to set
regional action items in motion, including
a more detailed exploration of regional
priorities and valuation of water for natural
areas. This effort should be led by voluntary
partnerships, composed of diverse interests
from the community, as well as professional
advisors, in the form of regional working
groups. Each of these groups should create a
problem statement based on regional needs
and set forth clear goals and objectives for
addressing that problem statement. Finally,

Managing water supplies for multiple benefits was a common theme in all stages of
Roadmap development. In discussing how
to achieve water management for multiple
benefits, participants identified the need for
cooperation and partnerships among water
interest groups. In forming these partnerships, participants noted that it is particularly
important to do so equitably. For example,
at separate focus groups, participants from
farming, mining, municipal, and ranching interests each stated that they felt as if they
alone were asked to share their water with
natural areas. Future partnerships should
encourage shared responsibility in providing
water to natural areas.
Recommended strategies to achieve water
management for multiple benefits include:
1) increasing reclaimed water use and
rainwater harvesting; 2) providing incentives
for near-stream recharge; 3) discharging
effluent into natural areas; 4) considering
natural areas in stormwater management;

Roadmap Case Study: Bill Williams
River Corridor Steering Committee
provides an example of water
management for multiple benefits
where cooperation and partnerships
were important for project success.
Photo: Bill Williams River by The Nature
Conservancy
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available information and use it to explore
how to manage water resources with natural
areas in mind. While this Roadmap is the
culmination of three years of stakeholder
engagement and learning, the WRRC hopes
that the Roadmap for Considering Water
for Arizona’s Natural Areas marks only the
beginning of a journey toward understanding
and inclusion of water for natural areas in
Arizona’s water management and planning
decisions.
Roadmap Case Study: Glen Canyon
Adaptive Management provides an
example of efforts to manage for multiple
benefits where cooperation was an
important to the project. Glen Canyon
Dam viewed from downstream. Image
from: http://www.gcdamp.gov

and 5) linking land use planning and water
planning for multiple benefits. One near-term
option for implementation of these strategies
is bringing local stakeholders together to
identify opportunities for allocating water
to natural areas through changes in water
management practices. Another proposed
action is conducting case studies on existing
partnerships that provide water, especially
reclaimed water, to natural areas.
Multiple Benefits: bring local
stakeholders together to identify
opportunities for allocating water to
natural areas through changes in water
management practices

The voluntary participation of over 1,000
stakeholders, 400 of whom directly helped to
build the recommendations in this Roadmap,
demonstrates that there is significant interest
in providing water to natural areas in Arizona.
While opinions on how to provide water to
riparian and aquatic ecosystems vary, there
is general agreement that any approach
should involve cooperation across different
water-using groups and should focus on
local priorities and solutions. Although our
understanding of how much water riparian
and aquatic ecosystems need remains
incomplete, there are opportunities to take

x
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1. Roadmap Legend – Overview and Project Purpose
In Arizona, as with many other arid regions,
there is a dichotomy in the way residents
think about natural resources. On one hand,
Arizonans take great pride in the natural
beauty of the state’s landscapes, and on
the other, communities rely on the use of
those landscapes for economic prosperity.
Nowhere is this dichotomy more pronounced
than in the demands residents place on the
ribbons of green that snake through arid
landscapes. Arizona’s water resources
support crops, cities, and allow industries to
tap into other natural resources, like copper.
Yet, citizens also want that water to stay
in the environment for outdoor activities in
and around streams, and for the sake of
the ecosystems that depend upon those
streams.
This Roadmap document is the culmination
of a three-year project funded by the
Nina Mason Pulliam Charitable Trust and
convened by the Water Research and
Planning Innovations for Dryland Systems
(Water RAPIDS) program at the University
of Arizona Water Resources Research
Center (WRRC). The Roadmap is designed
to examine possible routes, as well as
roadblocks, to considering the water needs
of riparian and aquatic ecosystems in
Arizona water management and planning
decisions. As there is little in Arizona’s legal
framework to compel the consideration
of water for natural areas, the WRRC
sought throughout the Roadmap project to
foster dialogue among water users about
voluntary, stakeholder-driven options for
addressing natural areas. This was done
within the context of limited water supplies
and existing water rights and claims.
Despite past challenges and limited legal
mechanisms, water managers and those
concerned about water management from
a variety of backgrounds are increasingly
interested in understanding what it would
mean to recognize ecosystems as a “water
sector”. These efforts include the 2011
Arizona Water Resources Development

Commission (WRDC) and the resulting
WRDC Environmental Workgroup Report,
the 2012 Colorado River Basin Water
Supply and Demand Study, and the January
2014 release of the Arizona Department of
Water Resources (ADWR) planning report
Arizona’s Next Century: A Strategic Vision
of Water Supply Sustainability. In each of
these undertakings, water managers are
beginning to examine the sustainability
of our water resources, not just from the
standpoint of human uses, but also how
these uses are related to water for natural
areas. This shift in the way we think about
and manage our water resources comes
with many challenges. Chief among these
are two complex problems: understanding
how much water ecosystems and species

A Note about the Words Used in the
Roadmap
One of the most significant project
challenges has been finding the right
words to use when talking about water
for animals and plants that live near
and in rivers and streams. During the
course of the project, the WRRC has
used the terms environmental flow
needs, water for water dependent
natural resources, and environmental
water demand. These terms were
confusing to some and distasteful to
others, so the WRRC developed new
terms in response to stakeholder input.
The resulting terminology, water for
natural areas and water needs of
riparian and aquatic ecosystems, will
be used throughout this Roadmap to
refer to water for animals and plants that
live near and in rivers and streams and
how much water is required to keep the
animals and plants that live in and near
streams healthy over time. It should be
understood that the ‘water needs’ and
‘health’ of an ecosystem are defined
within the context of human priorities.

1

need and identifying how Arizonans think
natural areas should be considered in water
management.
Understanding how much water aquatic and
riparian ecosystems need to survive and
thrive has been the focus of study for many
years. With the development of the “natural
flow regime” concept, an international
consensus has emerged regarding the
methodologies that best quantify the water
needs of these ecosystems. Less well
understood is how to identify and implement
effective policies that include water for natural
areas. When water is scarce, establishing
baseline water needs for an ecosystem,
and incorporating those identified needs
into water management and planning, is
problematic because existing use often
already exceeds sustainable supply.
Considering the water needs of natural
areas is further complicated by a paucity of
data. Research conducted by the WRRC for
this project found that only 22% of perennial
(those that flow year-round) and intermittent
(those that flow part of the year) river miles
in Arizona have been studied and, although
the flow needs and responses for a wide
array of species have been investigated
in Arizona, few species are studied more
than once. To make informed management
decisions, it is critical not only to understand
the water needs of natural areas, but also
how those needs align with the perspectives
of various regional water interest groups.
The purpose of this project is to
examine how, if, and where water for
natural areas should be considered
in statewide water management and
planning decisions.

Surveys such as those conducted by
Public Opinion Strategies (2013) and The
Arizona We Want campaign (2009) show
a growing public concern about and value
for rivers and Arizona’s natural environment.
However, a water management strategy
that accounts for the needs of natural
areas requires an understanding that goes

2

beyond public opinion. In order to identify
innovative solutions that maintain water in
natural areas, it is important to consult with
diverse water interests. Given the scarcity
and sometimes competing uses of water,
an open discussion about water for natural
areas is complex. All water-using sectors,
whether municipal, industrial, or agricultural,
have an interest in preserving existing
water rights and uses for future growth, new
applications, and continued supply reliability.
Discussions are further complicated by the
variance among and within water sectors on
how to consider water for natural areas.
This Roadmap marks the culmination
of the EnWaP project and includes: 1)
methods to create the Roadmap; 2)
an overview of what is known about
water for natural areas in Arizona
and existing legal considerations for
providing water to natural areas; 3)
concerns and ideas from a diverse
array of Arizonans on water for natural
resources; and 4) recommendations
and tools for how Arizonans might
consider water for natural areas in
management and planning, based on
stakeholder ideas and case studies of
previous efforts.

In an effort to more deeply understand
the relationship between existing water
management and Arizona’s riparian and
aquatic ecosystems, the WRRC developed
the Connecting the Environment to Arizona
Water Planning (EnWaP) project with funding
from the Nina Mason Pulliam Charitable
Trust. EnWaP began in August 2011 and
over the course of three years became an
iterative stakeholder engagement process to
examine how, if, and where water for natural
areas should be considering in statewide
water management and planning decisions.
As there is little in Arizona’s legal framework
to compel the consideration of water for
natural areas, the WRRC sought throughout
the project to foster dialogue among water
users about voluntary, stakeholder-driven
options for addressing the environment
within the context of limited water supplies
and existing water rights and claims.
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The EnWaP project engaged more than
1,000 stakeholders in a survey, focus
groups, workshops, and presentations. In
all, participants volunteered approximately
1,900 hours of their time, with many
participating in multiple activities. The
perspectives gathered during these EnWaP
project activities were used to create this final
Roadmap document. EnWaP participants
were not offered any incentive other than
being a part of the dialogue. Throughout
this process, the WRRC was able to engage
with academic, business, environmental,
farming, government, mining, municipal,
power, ranching, and tribal interests.
Representatives from most of these water
interest groups actively participated on the
Roadmap Steering Committee and were
present for each project activity.
The EnWaP project engaged more than
1,000 stakeholders in a survey, focus
groups, workshops, and presentations.
In all, participants volunteered
approximately 1,900 hours of their time,
with many participating in multiple
activities.

Though roadblocks emerged throughout
the development of this Roadmap, so did
pathways forward for incorporating natural
areas into the state’s water planning. While
the stakeholders who participated in this
project may not have always agreed about
how to go about it, there was consensus that
water for natural areas should be considered
in water management and planning
decisions. In all aspects of the Roadmap
process, the WRRC was impressed by the
quality of the dialogue among participants.
Discussions about water resources in
Arizona can be tense, but those who
attended Roadmap activities were eager
to talk with one another and consistently
came to the table willing to listen, even
when others had differing opinions. Not
only were participants willing to engage in
discussions about how to consider natural
areas in water management and planning,
they were also interested in identifying
routes for cooperation among the diverse

water interest groups. When the words used
by participants were analyzed, similarities
could be found between the water interest
groups. For example, there were statistically
significant correlations between environment
and government; power and mining; as well
as farming and ranching. This commonality
among diverse participants demonstrates
an overwhelming agreement for the need
to establish community-identified priorities
for how water resources are used. Despite
different opinions about the importance
of natural areas, or how they should be
considered in planning, participants agreed
that sound water management is vital.
While stakeholders may not have
agreed about how, there was
consensus that water for natural
areas should be considered in water
management and planning decisions.

Though the WRRC was not able to actively
engage all water interest groups in all aspects
of the EnWaP project, the WRRC and
Roadmap Steering Committee are confident
that the perspectives presented in this
Roadmap document provide an appropriate
foundation for moving the discussion on
water for natural areas forward. Since
the WRRC was only able to reach those
who voluntarily came to the table, there
was variability in the number and diversity
of participants engaged in the Roadmap
development process. To account for this,
the WRRC tracked participant engagement
to assess both the participant type and
level of involvement in project activities.
The number of people from a given interest
group and the average number of hours they
contributed are shown in Figure 1; this figure
also provides a corresponding overview
of the average hours of involvement per
participant by each interest group throughout
the Roadmap development process.
This final Roadmap document reflects
the numerous conversations between the
WRRC, project participants, and the Roadmap Steering Committee. Those involved
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Figure 1: Diversity of participation and average hours of involvement by each participant in Roadmap project
activities, arranged by water interest group.

identified a clear need for an overview of
the current scientific understanding of water
for natural areas and existing legal considerations for providing water to natural areas, examples of where natural areas are
already included in water management decisions, and an overview of available paths
forward for including natural areas alongside human uses. To address these needs,
this Roadmap includes the following sections: 1) methods used to create the Roadmap; 2) an overview of human water use,
what we know about water for ecosystems
in Arizona, and existing legal considerations
for providing water to natural areas; 3) concerns and ideas from a diverse array of Arizonans on water for natural areas; and 4)
recommendations and tools for how Arizonans might consider water for natural areas
in their water management and planning
activities, based on stakeholder ideas and
experiences from similar efforts.
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2. Under Construction – Methods Used to Create the Roadmap
The EnWaP project began in August
2011 and included two phases. Phase
I educated Arizonans about the water
needs of riparian and aquatic ecosystems
through presentations, publications, and the
development of the Environmental Water
Demands Database (EWDD). The EWDD
is a spatial/tabular database that catalogs
the known flow needs and responses of
over 130 riparian and aquatic species.
Phase I laid the groundwork for Phase II,
which began in late 2012. Phase II focused
on exploring voluntary, stakeholder-driven
options for considering the water demands
of natural areas, within the context of
limited water supplies and existing water
rights and claims. Perspectives gathered
during this phase of the project informed
the development of two White Papers
(Calculating and Considering Environmental
Water Demand for Arizona and Perspectives
on Water for Natural Resources in Water
Management and Planning in Arizona)
that served as the foundation for this final
“Roadmap” document.
The EnWaP project was completed
in two phases: Phase I educated
Arizonans about the water needs
of riparian and aquatic ecosystems
through presentations, publications,
and the development of the
Environmental Water Demands
Database; Phase II focused on
exploring voluntary, stakeholder-driven
options for considering the water
demands of natural areas, within the
context of limited water supplies and
existing water rights and claims.

and planning decisions. All participation
in this project, either through outreach in
Phase I or active engagement in Phase II,
was voluntary. An overview of the steps in
developing the Roadmap is provided in
Table 1 and Figure 2. Although the steps in
developing the Roadmap often built upon
each other (e.g., themes identified through
the focus groups informed the workshops)
similar questions were asked throughout
the process. It is the combined knowledge
from all of these points of engagement that
informed this final Roadmap document. The
project kick-off meeting and presentations
were focused on providing information to
attendees; the remaining activities were
focused on listening to and learning from
participants.
The remainder of this methods section
provides a brief overview of the steps used
to create the Roadmap. It is important to note
that the path to this Roadmap document was
not predetermined. In fact, time was spent
initially determining what a “Roadmap”
should contain and the contents of what has
become the final Roadmap have changed
over time.
During the course of this Roadmap building
process, the WRRC benefited tremendously
from periodic advice from a professional
facilitator, Tahnee Robertson of Southwest
Decision Resources. Ms. Robertson advised
the WRRC on aspects such as the formation
of the Steering Committee as well as format
and facilitation techniques for our meetings
and workshops.

The WRRC has a history of, and commitment
to, involving stakeholders in its projects.
From the beginning, the goal of this project
was to facilitate interactive and iterative
engagement to inform and understand both
the water needs of riparian and aquatic
ecosystems as well as how water users in
Arizona think we should be addressing those
needs in statewide water management
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Figure 2: Timeline for Building the Roadmap
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Table 1: Roadmap Project Activities (December 2012-August 2014)
Activity

Date (Location)

Project Kick-off
Meeting

Dec. 2011
(Tucson and Phoenix)

Number of
Key Issues Addressed
Participants
What is the goal of this project? What
do we hope to accomplish?

52

What do we know about water for
natural areas? What are the data
gaps? How can the WRRC database
on water needs of riparian and aquatic
ecosystems be used for management
and planning?

Presentations
on Water for
Natural Areas

Dec. 2011 – Oct. 2013
(32 presentations, 11
Arizona Counties)

Survey

Jan. 2013 – Feb. 2013
(Online)

171

What makes a community decide to
consider water for natural areas? and
What makes water for natural areas
vulnerable?

Roundtable

March 4, 2013
(Tucson)

50

What are the benefits, challenges, and
reasons for including natural areas in
water management and planning?

Focus Groups

Sep. 2013 – Mar. 2014
(47 focus groups, 10
counties)

226

How should we consider water for
natural areas in water management and
planning and what would make it more
attractive to do so?

124

What strategies and actions should be
taken to improve education, facilitate
collaboration, set priorities, create
incentives, and encourage water
conservation to include natural areas in
water management and planning?

14

What are the lessons learned in
considering water for the environment
in your water management and
planning?

Regional
Workshops

April 2014 – May 2014
(Tucson, Phoenix,
Flagstaff and Yuma)

Case Studies

June 2014 – Aug. 2014
(varies)

800+

Survey
As the WRRC began the Roadmap development process, the first questions asked
were: 1) why would a community decide to
provide water to natural areas (drivers)?;
and 2) what do people think makes water
in natural areas vulnerable (vulnerabilities)?
To get a first impression of what people
thought are drivers for and vulnerabilities
to providing water to riparian and aquatic
ecosystems, the WRRC created a 28-question survey. This survey was sent to over
700 people on the WRRC’s Water RAPIDS
electronic mailing list, many of whom were
added as a result of their participation during
the first 18 months of the Roadmap building process. Responses were anonymous,

with the only identifying information being
the reason for the participant’s interest(s) in
water and the county or counties the participant worked or had an interest in. It should
be noted that the interest categories used
for the survey are not identical to those used
in later Roadmap activities. The survey was
reviewed and approved by the University of
Arizona’s Human Subjects Institutional Review Board and administered online through
SurveyMonkey.com. More information on
the survey and complete survey results are
included in Appendix B.
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Steering Committee
In December 2012, the WRRC sent out an
initial set of invitations for the Roadmap
Steering Committee. Many initial invitees
to the Steering Committee were selected
from participants in the Environmental
Working Group of the Water Resources
Development Commission (WRDC), a
commission created by the Arizona state
legislature in 2010. These invitees were
chosen because of their demonstrated
interest in, and knowledge of, the challenges
and opportunities for considering water for
riparian and aquatic ecosystems. In order
to round out the Steering Committee and
achieve the WRRC’s goal of having at least
one representative from each major waterusing sector in the state, two additional
members were added from agriculture and
mining in January 2013. After completing
focus group interviews, two additional
individuals asked to participate on the
Steering Committee and were subsequently
added to the roster. Table 2 contains the
final list of Roadmap Steering Committee
members and their respective affiliations.

Roundtable on Barriers to Considering
Natural Areas
To discuss and build upon the survey on
drivers and vulnerabilities, the WRRC hosted
a half-day roundtable on March 4, 2013
to begin discussions about if and when to
consider the water demands of natural areas
in Arizona water planning and management.
Participation was open to all with targeted
invitations sent to the WRRC Water RAPIDS
e-mail list. At the roundtable, participants
discussed the benefits, challenges, and
reasons to consider the environment, what
role the environment should have in water
planning, and what tools are needed to
include the environment in statewide water
planning. The roundtable began with brief
presentations to introduce participants to
the project, the survey results, and the
work previously completed by the WRDC
Environmental Working Group. Participants
were then broken out into four smaller
groups, each led by a Roadmap Steering
Committee member, for a discussion
of: benefits, challenges, and reasons to
consider the environment; what role the

Table 2: Roadmap Steering Committee Members
Name

Affiliation

Karletta Chief

University of Arizona Soil Water & Environmental Science Department,
Watershed Hydrology Assistant Professor

Rebecca Davidson Salt River Project
Chad Fretz

Freeport McMoRan

Leslie Meyers

U.S. Bureau of Reclamation

Wade Noble*

Yuma County Agriculture Water Coalition

Joe Sigg

Arizona Farm Bureau

Linda Stitzer

Western Resource Advocates

Robert Stone*

Gila River Indian Community, Council Member

Warren Tenney

Southern Arizona Water Users Association, Metro Water

Chris Udall

Agribusiness & Water Council of Arizona

Summer Waters**

University of Arizona Cooperative Extension

Dave Weedman

Arizona Game & Fish

*Mr. Noble and Mr. Stone joined the Steering Committee in January 2014.
**Ms. Waters participated on the Steering Committee until August 2014, when she left her position at University
of Arizona Cooperative Extension.
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environment ought to play; and what tools
are needed to consider the environment in
water management. Stakeholder responses
and feedback from the roundtable were
used to develop the questions for the focus
group interviews.

Focus Groups
Roadmap Steering Committee meetings
revealed concerns about communication
around water for natural areas, and how
to build trust and common ground on
these issues in a state that has diverse
perspectives. Initially, the WRRC tried
to gain insight into these perspectives
through the previously described online
survey. The results, while interesting, were
biased towards those who self-identified
with an environmental interest. As a result,
the WRRC decided to conduct a series of
focus groups. Focus group participants
were identified in consultation with Steering
Committee members through a stakeholder
mapping exercise. This exercise involved
the Steering Committee identifying the key
individuals and organizations in Arizona
necessary to move forward the consideration
of water for natural areas. This list was then
reviewed by the Steering Committee to
identify ‘top priorities’, or those who would
offer key perspectives without which the
Roadmap would be incomplete. During this
process, 155 groups were identified and 47
of them were listed by at least one Steering
Committee member as a ‘top priority’.
Steering Committee members then assisted
the WRRC in contacting these ‘top priority’
groups to set up focus group meetings.

focus groups with a total of 226 participants
between late August 2013 and early March
2014. Of the original list of 47 high priority
groups, 41 were interviewed. Nineteen of
the 21 groups identified as a ‘top priority’ by
more than one Steering Committee member
were interviewed. Participants spanned
every county in Arizona (Figure 3), and were
from many different water-interest groups.
Transcribed data from the focus groups
were analyzed using NVivo, a qualitative
data analysis computer software package
produced by QSR International.

Regional Workshops
In April and May 2014, four regional
workshops were held to build on the concerns,
ideas, and lessons learned from the survey,
roundtable discussion, and/or focus
group interviews. The primary workshop
objective was to determine stakeholder
Figure 3: Location of focus group meetings and
focus group participants, by county.

Themes and questions for the focus
groups were based on the roundtable and
subsequent discussion with the Steering
Committee. The WRRC received approval
for the process by the University of Arizona
Institutional Review Board. All focus group
participants were anonymous, with responses
only categorized by the participant’s selfidentified water-related interest and the
county or counties the participant works
and/or lives in. The WRRC conducted 43
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recommendations, tools, and action items
for how Arizonans could consider water for
natural areas in our water management and
planning decisions. Workshops were held
in Tucson, Phoenix, Flagstaff, and Yuma.
Participation in the workshop series was
open to all, with targeted email invitations
sent to previous Roadmap participants.
Attendance at each regional workshop varied
considerably in number as well as the range
of professional affiliations represented.
Ninety-six individuals participated in the
workshop series (Tucson: 36; Phoenix: 21;
Flagstaff: 23; Yuma: 16).
Each workshop began with a one-hour
‘brown bag’ style presentation that outlined
how participants in the Roadmap survey,
roundtable, and focus groups thought water
for natural areas should be considered in
water management and planning decisions.
During the workshop, participants were
given the opportunity to select two thematic
areas they were interested in discussing.
Themes included: water use efficiency
and conservation, incentives, education/
communication, and priority setting/
cooperation. These selections became
the breakout groups participants rotated
through during the workshop portion of the
event. Participant discussions were guided
by a facilitator using a series of questions
crafted by the WRRC in consultation
with the Roadmap Steering Committee
for each thematic area. At the request of
Steering Committee members, unlike the
roundtable, facilitation for these workshops
was provided by the WRRC so Steering
Committee members could participate freely
in the discussions. See Appendix C for a
complete list of discussion questions for
each thematic area.
After breakout group discussions were complete, participants voted on the recommended strategies from each thematic area. The
recommended strategy with the highest percentage of votes for each thematic area was
then used as the basis for a second round of
breakout group discussions. The goal of the
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second round was to create realistic action
items for the selected recommendation(s).

Review of Interim Documents
The Roadmap presented here is a combination of multiple interim documents. After
each step in the Roadmap building process,
the WRRC provided a copy of the results
first the Steering Committee and then to the
participants for review and comment. This
process has resulted in two white papers, a
roundtable summary, and a workshop summary. Comments from participants and the
Steering Committee were addressed and
incorporated into each document prior to its
final release. All interim documents, as well
as the Environmental Water Demands Database, can be found at: wrrc.arizona.edu/
waterrapids.

Case Studies
The Roadmap includes detailed case
studies on six existing efforts in Arizona to
incorporate or increase water for natural
areas through innovative management
and planning. Roadmap participants,
members of the Steering Committee,
and WRRC staff proposed case studies
for consideration. The WRRC selected
the case studies for inclusion based on
which best illustrate the most commonly
discussed
thematic
areas
identified
throughout the Roadmap development
process (cooperation, conservation and
efficiency, education, financial incentives,
flexible regulation, multiple uses of water,
value of water, and priority setting) as well
as which could contribute the most practical
recommendations and action items to the
Roadmap. For each case study, existing
documents on the project were reviewed
and interviews were conducted with project
participants. The WRRC received approval
for these interviews from the University of
Arizona Institutional Review Board.
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3. Roadmap Topography – Human Uses of Water and the Status of
Water for Riparian and Aquatic Ecosystems in Science and Policy
To build a Roadmap for considering water
for natural areas in Arizona, one must have
a clear understanding of the lay of the
land. Where does Arizona’s water come
from and how is it used? How much water
would the state need to maintain its riparian
ecosystems? While economic engines drive
quantification and planning for the water
futures of cities, farming, and the like, few
have pursued the question of what would be
needed to maintain the health of Arizona’s
riparian and aquatic ecosystems. The
challenge is twofold: how to increase the
understanding of how much water these
ecosystems need, and how to determine
how the people who interact with these
ecosystems want to provide for those needs.
This portion of the Roadmap provides basic
background information about the interaction
between policy, law, and human needs for
water; how riparian and aquatic ecosystem
water needs are determined in science
and in policy; and what is known about the
science and policy of water for natural areas
in Arizona.

Human Aspects
The legal landscape of water in Arizona is
complex. Surface water and groundwater
are treated differently under state law and
are only legally “connected” to one another
in limited situations. All surface water is
subject to the doctrine of prior appropriation,
whereby the first in time to put the water
to a beneficial use holds the “senior right”
or highest priority on their allocation. One
“use” can be to keep water flowing in the
channel through an instream flow permit.
In Arizona, instream flow permits are only
granted to protect existing flows and carry
the priority date that the permit was issued.
Because the first instream flow water right
was recognized in 1983, these water right
claims are junior to many others. This means
that stream flows can be diverted off-stream
for use by senior right holders. Additionally,
legislation passed in 2012 increased the data

requirements for determining the beneficial
use of the flow quantity applied for, thereby
increasing the difficulty of applying for a
permit. Among the western states that follow
the prior appropriation system (Arizona,
Colorado, Idaho, Montana, Oregon, and
Washington), Arizona has the least active
instream flow program (Loehman, 2011).
Considering water for natural areas is
further complicated by the fact that surface
water rights in Arizona are over-allocated,
meaning that there are already more claims
on state water resources than can be met by
existing supply. This has resulted in ongoing
adjudication proceedings to identify rightful
users and a lack of clarity about who “owns”
the water, even among human uses.
Surface water and groundwater are
treated differently under Arizona state
law, and are only legally “connected” to
one another in limited situations.

In contrast with surface water, groundwater
rights often correspond with land ownership
rather than first use. Arizona’s bifurcated
approach to groundwater and surface water
governance makes it difficult to prevent
impacts on surface water resources caused
by groundwater pumping. Monitoring
groundwater withdrawals only occurs where
the direct connection to surface water has
been defined through a judicial proceeding,
and for large wells in the state’s five active
management areas and, to some extent, in
the three irrigation non-expansion areas.
Small domestic wells in urban areas, and
all groundwater pumping in rural areas, fall
under less stringent oversight, despite the
potential of this pumping to have a significant
cumulative impact on surface flows.
Although significant amounts of water flow
through and are used by riparian and aquatic
ecosystems, this water is not generally
represented as a piece of the total water

11

Figure 4: Annual human water demands and minimum, median, and maximum stream flows in Arizona (circle size indicates relative amount of water). Figure by WRRC, data source ADWR 2010 (stream
gages) and WRDC 2011 (human demand).

demand “pie.” Statewide water use is shown
in Figure 4 comparing the relative scale of
human surface and groundwater demands
by sector to the minimum, median, and
maximum flows available in Arizona’s rivers
and streams. The total size of the pie chart
of human demands (far left) reflects the
6.8 million acre-feet annually withdrawn or
diverted by all sectors (municipal, industrial,
and agricultural). Median annual stream
flows (right side of figure) are about double
the amount used by all human demand
sectors combined, while maximum flood
flows are six times greater. Surface water
imported from the Colorado River is included
in human surface water demand, but not the
streamflow quantities shown.
The Bureau of Reclamation’s Colorado River
Basin Supply and Demand Study concluded
that as human uses of water grow, so will the
gap between available water supplies and
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our ability to meet water demands. In focus
groups for this Roadmap, participants were
asked if their respective sectors anticipated
an increase, maintenance, or decrease in
their water use; participants representing
academia and government were asked to
make a general statement about anticipated
water use rather than in the context of a
specific sector. Though most participants
were able to identify a single water-use
future, some participants anticipated an
array of possible water use futures and,
as a result, were not comfortable selecting
only one category; when this was the case,
the WRRC noted their response as “All.”
Eight of the 10 interest groups and 52%
of all respondents said they anticipate an
increase in their future water use (Figure
5). Twenty-five percent of respondents
anticipate maintenance in their water use,
with only 14% anticipating a decrease.
The only groups that did not anticipate an
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increase in water use were ranching and
tribal. Improved efficiency was cited by
37% of respondents, including participants
from business, farming, mining, municipal,
power, and ranching perspectives, as the
driver behind an anticipated “decrease”
or “maintenance” in water use. These
participants noted that while their per-unit
water use would decrease, they intend
to use any savings to support increased
population, acres farmed, or other outputs.
Water is a finite and shared resource and
increased demand alongside uncertain
supply threatens the security of the state’s
water future. All water-use sectors return
some water to streams and aquifers after
use, which means the same drop of water
may be “used” multiple times. Similarly,
many riparian and aquatic ecosystem flow
“needs” are non-consumptive, i.e., the fish

do not consume the water and the water
they need can flow downstream to serve
another use. Therefore, water traveling
through a river to farming or domestic
uses downstream can support aquatic and
riparian (streamside) ecosystems along the
way. These connections between riparian
and aquatic ecosystem and human needs
create opportunities for mutually beneficial
water management, even in an uncertain
future (Figure 6).
Although significant amounts of water
flow through and are used by riparian
and aquatic ecosystems, this water is
not generally represented as a piece of
the total water demand “pie.”

With little direct legal protection or requirement to consider water for natural areas in
Arizona law, and increasing concerns with

Figure 5: Focus group responses by primary water interest group to the question: How do you plan to
use water in the future? Do you anticipate an increase, decrease, or maintenance in your water use?
Responses are normalized by the number of respondents in each interest group who answered the
question. Some participants anticipated an array of possible water use futures and, as a result, were
Will your sector's future water use increase, maintain, or
not comfortable selecting only one category; when this was the case, the WRRC noted their response
decrease?
as “All”.
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Figure 6: Relative amounts of water demanded (pumped from groundwater or diverted from streams)
and returned in Arizona. Streamflow is represented as a single “stream.” Outflows to human and
ecosystem demands are marked by green arrows, while flows back into streams and aquifers are
represented by blue arrows.
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water security, water planning processes
can offer opportunities to address the impacts of water management on riparian and
aquatic ecosystems. Until recently, Arizona’s state-level water planning efforts have
not included natural areas or have had no
major effect on natural areas. In 2010, the
legislature created the Water Resources
Development Commission (WRDC) to assess Arizona’s demand for water and the
supplies available to meet those demands
for the next 25, 50, and 100 years. An Environment Working Group was formed as part
of the WRDC.

where sufficient information was available).
Instead, the Environment Working Group
recommended that the ecological information
it had assembled about current flows and
water-dependent ecosystems be used in
water planning and that additional studies
be initiated to fill information gaps. While
these recommendations were included
in the WRDC’s final report, natural areas
were not treated in the same way as other
sectors in terms of demand quantifications
and projected future scenarios, mostly
because the information required to do
so does not exist. However, in the body

Efforts of the WRDC Environment Working
Group led to the creation of a comprehensive
set of descriptive tables, narratives, and
maps compiling available environmental
information for the 51 Arizona groundwater
basins. Limited information prevented an
assessment of statewide water needs for
riparian and aquatic ecosystems (with
the exception of 12 groundwater basins

Water traveling through a river to
farming or domestic uses downstream
can support aquatic and riparian
(streamside) ecosystems along the
way. These connections between
ecosystem and human needs create
opportunities for mutually beneficial
water management.
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of the WRDC Water Supply and Demand
Working Group’s Report, an assessment of
the technical and legal issues associated
with developing additional supplies does
include the identification of potential
environmental issues and shows where
the connections between groundwater and
surface water physically exist for each of the
51 groundwater basins.

stream, as well as when different types of
flow, e.g., low flow and floods, occur. This
type of data does not, however, tell us
how much water ecosystems or individual
species use or need. Estimates of current
flow that support natural areas (current
quantified flow) use data on baseflow and
groundwater underflow for the river together
with evapotranspiration (water use, ET)
by the vegetation and soils adjacent to the
river. This estimate provides information on
how much water an ecosystem is currently
using (ET) and has (baseflow, not including
floodflow), but still does not represent how
much water that ecosystem might need.

Despite past challenges and limited legal
options, recognition of natural areas as a
“water sector” in Arizona is increasing. This
is evident by its inclusion in the WRDC
report, state and federal partnerships for
restoration projects, and efforts to assert
instream flow rights for fish and wildlife. There
Dynamic flows for species and
have been a number of state initiatives and
ecosystems are commonly described
locally based efforts to restore or preserve
according to the natural flow regime,
important environmental resources. State
which contains five elements of water
flow: magnitude, duration, frequency,
agencies, such as the Arizona Department
timing, and rate of change.
of Environmental Quality and Arizona Game
and Fish Department, implement water
quality and wildlife protection policies in
Defined at its simplest, the water needs of
part through support for watershed planning
riparian and aquatic ecosystems are the
and local restoration projects. Local
amount of water necessary in a watercourse
municipalities and counties also play a role
to sustain a healthy ecosystem. Behind this
by voluntarily contributing time and money
simple definition are two considerations: 1)
to restoration and preservation projects.
riparian and aquatic ecosystems, including
Ultimately, because of the variation around
the species they contain, depend on dynamic
the state in both technical information
flows, also known as the “natural flow
about and interest in considering water
regime,”; and 2) the definition of a “healthy”
for natural areas, state-level policies may
ecosystem is determined by the community
be challenging to implement. As a result,
allocating water to the natural area. Dynamic
local, voluntary efforts may be better
positioned to address environmental Figure 7: The five elements of Environmental Demand, as
needs under the prior appropriation shown through a series of seasonal hydrographs. Figure by
system and ongoing adjudication WRRC, data from USGS gage at Charleston, Arizona.
process.

What is an Ecosystem or
Species “Water Need”?
To consider natural areas alongside
other water sectors, one must have
an understanding of what the water
needs of ecosystems are. Water in
natural areas can be examined in
numerous ways, but the simplest is
through stream gauge data, which
provides information on the amount
of flow at a given point on the
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Each of these five elements can be
determined for the needs of an individual
species or for the entire ecosystem. Also
important to consider is that many areas
throughout Arizona have lost surface
flow and near-surface groundwater, and
have therefore experienced complete
riparian ecosystem collapse. This is an
issue of shifting baselines: although these
areas may not currently sustain a healthy
ecosystem, they can be considered to have
a water need for the rehabilitation of their
lost ecosystems and ongoing support once
restored. Determining how much water
to provide to ecosystems goes beyond
the ecology and hydrology of a system,
because it also involves determining how
much water is required to achieve a certain
level of river health, as agreed upon by
the water-using community. For example,
a community could choose to prioritize
the re-establishment of certain species, or
the functioning of an ecosystem, in areas
that have been impacted by surface and
groundwater loss. In other words, defining
water needs of natural areas is a “social
process with a scientific eco-hydrological
core” (International WaterCentre, 2010).

How Do We Determine Water
Needs for Riparian and Aquatic
Ecosystems?
Understanding how to determine environmental water demand has three components: 1) the science of identifying ecosystem flow needs and flow responses; 2) the
process for prioritizing water for natural areas; and 3) policy and management tools for
considering water for natural areas based
on community priorities. Research about
ecosystem flow needs and responses can
be compiled in a number of ways and may
not produce equivalent results. For example,
methods that use both biological and hydrological data are not directly comparable to
those that use only hydrological data as a
proxy for biological needs. Furthermore, not
all study methodologies will include quantitative analysis or examine the same hydrological components, thereby differentiating the
type and variety of data generated. Some-

16

times researchers rely on historical flow patterns of a river to define its flow needs; other
times present-day observations to identify
relationships between ecological components and the flow regime are used. Some
studies collect field data, perform sophisticated statistical analyses, and use spatial
mapping to study flow/ecology relationships.
Others rely on expert analysis of published
literature and expert workshops to quantify
flows that are then tested over time (Acreman et al., 2004). In all cases, it is important to understand the assumptions made in
each study and how those assumptions can
impact flow assessments (Jowett, 1997).
There is no tangible rule of thumb that
can be used to determine the natural
flow regime and ensure the health of a
river system.

Until the mid-1990s, most determinations of
ecological flow needs focused on average
streamflow. Since then, management based
on the natural flow regime has gradually
become more widely understood and more
frequently applied in river management.
There is, however, still no tangible rule of
thumb that can be used to determine the
natural flow regime and ensure the health
of a river system. Many attempts have
been made to make universally applicable
models. In fact, there are over 200 methods
for determining in-stream flows for ecological
benefits. Despite the acceptance of the
natural flow regime paradigm, about 70% of
these 200 models are based largely upon the
minimum flow requirements for aquatic biota
and do not consider either dynamic flows
or the flow needs of the entire ecosystem
(Merritt et al., 2010).
While the tools for management of river
systems continue to evolve, the importance
of adaptively managing these systems
and the process for doing so is well
established (Merritt et al., 2010; Richter et
al., 2006; Arthington et al., 2010). Deciding
which of the 200 plus methods to use
when determining environmental demand
for water management is complex, but
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ecosystem flow needs and flow responses.
Each study was reviewed to: 1) determine
the species or ecosystem studied; 2) the
methods used for the study; 3) biological
element(s), e.g., abundance, age structure,
or reproduction, studied; and 4) how the biological elements depended upon or were
influenced by stream flow or groundwater.
Since 2010, the AzEWNA has been transformed into a spatial and tabular database
called the Environmental Water Demands
Database (EWDD) that contains 121 studies and is current through June 2014. Of the
121 studies, 84 contain unique qualitative
or quantitative data on flow needs or flow
requirements for 135 different species, 13
functional groups (e.g., benthic macroinvertebrates, mesic annuals), and riparian and
aquatic ecosystems as a whole. These 84
papers span 34 streams or rivers located

ultimately boils down to a few factors: time,
money, available expertise and the priorities
of the community determining the flow
needs. The identification of the water needs
of natural areas requires stakeholders to
make decisions about the future character
and health of these ecosystems. These
decisions will guide the method selected
to determine ecosystem demand and the
tools used to connect environmental flow
science to water policy. However, to make
this connection, the community must first
understand the water needs of the riparian
and aquatic ecosystems.
In 2010, the WRRC completed the Arizona
Environmental Water Needs Assessment
(AzEWNA), which reviewed studies completed in Arizona over the past 20 years to
determine the state of the knowledge for

Figure 8: Streams with quantified or described water needs for riparian and aquatic species or ecosystems. Colors indicate the number of studies conducted for each stream.
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throughout Arizona. Not surprisingly, some
river systems were studied more than others, with the San Pedro River (32 studies),
Colorado River (16 studies), Bill Williams
River (15 studies), and Verde River (12
studies) being the most frequently studied
(Figure 8). Although there are a few studies
on smaller streams (e.g. Sycamore Creek in
central Arizona, Santa Maria River in western Arizona), 84% of the papers that quantify or describe flow needs or flow responses
are for the nine largest rivers in Arizona.
Although there are a few studies on
smaller streams (e.g. Sycamore Creek
in central Arizona, Santa Maria River
in western Arizona), 84% of the papers
that quantify or describe flow needs or
flow responses are for the nine largest
rivers in Arizona.

There are many perennial streams that
have not been studied, especially in the
central and eastern portion of Arizona.
Statewide, approximately 22% of perennial
or intermittent river miles have been studied,
with 71% of those miles on perennial
streams and 29% on intermittent streams.
Four papers describe some aspect of
riparian ecology along ephemeral streams,
but no studies quantify surface water
flow or groundwater level requirements
or responses to alteration for ephemeral
reaches.
Only five of the 34 Arizona rivers included in
the EWDD have at least one reach where
all elements of the natural flow regime are
considered. Of the 84 studies that either
quantify or describe flow or water level
needs or responses, the most commonly
studied element of the natural flow regime
is magnitude (85%), followed by timing
(43%). Least studied was frequency of
flow (20%); however, this could also be an
artifact of combining data on surface flows
and groundwater flows into one dataset and
the difficulty in translating the natural flow
regime directly to groundwater level needs
for vegetation.
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Table 3: Frequently studied species or group.
Vegetation is the most commonly studied taxa with
17 species or groups studied at least three times.

Study Subject
Freemont Cottonwood
(Populus fremontii)
Salt Cedar
(Tamarix ramossisima)
Gooding Willow
(Salix gooddingii)
Velvet Mesquite
(Prosopis velutina)
Cottonwood/Willow Forest
Chinese Tamarisk
(Tamarix chinensis)
Seep Willow
(Baccharis salicifolia)
Speckled Dace
(Rhinichthys osculus)
Roundtail Chub
(Gila robusta)
Big Sacaton
(Sporobolus wrightii)
Cattail
(Typha)
Razorback Sucker
(Xyrauchen texanus)
Longfin Dace
(Agosia chrysogater)
Humpback Chub
(Gila cypha)
Salt Bush
(Atriplex)
Beaver
(Castor canadensis)

Number
of Studies

Taxa

22
14
12
Veg.
12
10
5
5
5

Fish

5
5
Veg
4
3
3
Fish
3
3
3

Mam.

The majority of rivers in the EWDD have
three or fewer taxa studied, and only three
(Upper Colorado River, Upper Verde River,
and Bill Williams River) have been examined
for the flow needs or responses of the entire
ecosystem within the context of a single
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study. Despite the existing research on
many individual taxa within a river system,
such as the San Pedro, as of 2014, there is
no single paper examining the flow needs
or responses of an entire river ecosystem.
Statewide, most studies examine the
abundance or presence of species or
functional groups relative to surface water
or groundwater (75%). Survivorship (35%),
health (32%), and reproduction (27%) were
also frequently examined. All 84 papers link
water availability with ecological health, with
55 of them demonstrating the importance
of the groundwater and surface water
connection.
Statewide, approximately 22% of
perennial or intermittent river miles
have been studied, with 71% of those
miles on perennial streams and 29% on
intermittent streams.

Although the flow needs and responses
for a wide array of species have been
investigated in Arizona, only 25% of species
have been studied more than once and only
11% more than twice (Table 3). Researchers
most frequently look at the water needs of
Arizona’s riparian plants, quantifying their
water use, depth to water limits, and needed
flood events. When multiple experiments
have been conducted for a species or
functional group, there is an increase in
the certainty of flow need estimates. For
example, flow needs or levels have been
quantified for cottonwood/willow forests in
10 Arizona studies, allowing water managers
to more confidently establish thresholds
for water levels or prescribe volumetric
flow needs. A graphical representation of
information available on the water needs of
cottonwoods is found in Figure 9.

Figure 9: Graphical representation of the available water needs data for seedling, juvenile, and
mature cottonwoods in the WRRC Environmental Water Demands Database. Data is color-coded
according to the five elements of the natural flow regime.
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Although the flow needs and responses
for 135 species have been investigated
in Arizona, only 25% of species have
been studied more than once and only
11% more than twice.

Information available about other species is
not as robust, thereby limiting the ability of
water managers to ensure flows will support
the whole ecosystem. In cases where the
manager is looking for guidance applicable
across the whole state, s/he would find
greater certainty where research has been
completed in multiple locations with similar
results. If local guidance is needed, having
more information for the location(s) of
interest would increase certainty.
As previously mentioned, although some
Arizona streams have been studied for all
five elements of flow, most do not address
the flow demands and responses for the
whole ecosystem. The spatial distribution
of environmental flow needs and response
studies in Arizona is in part driven by
the legal, social, economic, and political
landscape of the state, with some rivers
being more studied than others because
of community interest or laws that apply to
the river. Statewide, ecosystem-level flow
requirements remain poorly understood.
Two areas of agreement have emerged
from studies done across the state: 1)
riparian areas need both access to sufficient
groundwater and carefully-timed flood flows
to maintain water levels for established
plants and for new plant growth; and 2)
change to any element of flow can impact
Arizona’s aquatic and riparian ecosystems
if flows are altered beyond the range of
tolerance of native species.
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4. Choosing a Route and Avoiding Roadblocks – Perspectives on How
to Provide Water to Natural Areas
Natural Resource Concerns

The existing scientific information and
policies regarding natural areas in Arizona
define the topography for this Roadmap and
influence the pathways that can be most
easily constructed. However, the creation
of routes toward considering water for
Arizona’s natural areas does not depend on
available information alone. It is important
to also grasp how the perspectives of
different water-using groups vary regarding
water for natural areas, and to recognize
any cross-cutting values that could be used
to design win-win policies or transactions.
This section describes what the WRRC has
learned about natural resource concerns;
how those interviewed think water for
natural areas should be considered; and
some of the barriers to considering water for
natural areas, as identified by roundtable,
focus group, and case study participants.

In focus group interviews, water was the
chief natural resource concern identified by
participants. This result is not surprising,
given that the individuals interviewed were
predominantly water professionals and
individuals who depend upon a reliable
supply of water for their livelihood. Of the
focus group participants, 77% answered
“yes” when asked if they are concerned
about water security in their area of interest
(Figure 10). Those concerned spanned
all interest groups, with all participants
representing tribal and ranching perspectives
agreeing that it is a concern. Participants
from the mining community expressed the
least concern for water security, with 46%
of mining respondents indicating that they
are not concerned. Available water supply
emerged as the main reason for water

Figure 10: Responses by primary sector to the question: Are you concerned about water security?
Responses are normalized
byyou
the number
of respondents
in eachsecurity?
sector who answered the question.
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security concerns, with respondents most
often citing water quality, climate change,
increasing human demand, neighboring
populations, and cost. To a lesser extent,
acts of terrorism that impact available water
supplies or water delivery mechanisms were
also a water security concern.
The word cloud of responses to the
question, “What natural resources are
you most concerned about?” is shown in
Figure 11. This figure displays the concerns
indicated by three or more participants;
larger text indicates words that were said
more frequently. Frequent natural resource
concerns included: forests, minerals, air,
land, rivers, energy, groundwater, riparian
areas, and coal. Aside from water, which was
a concern cited by 95% of participants, only
land was indicated as a concern for over 5%
of the participants from all interest groups.
Common concerns shared by 20% or greater
of the group participants included minerals
(mining and tribal), land (farming, power,
and tribal), rivers (academia, environment,
and farming), groundwater (environment
and municipal), and coal (power and tribal).
Figure 11: Word cloud of responses to the
question: What natural resources are you most
concerned about? Word size and color correspond to the number of times a word was said.
The word water was said 214 times.

Some interest groups had unique natural
resource concerns. Business, mining, power,
and ranching all had concerns that were
not frequently mentioned by other interest
groups. For example, ranching participants
were most concerned about rural lands and
forage, whereas power interests were most
concerned with natural gas and land.

Considering Water for Natural Areas
The majority of time in each focus group
was spent discussing how participants think
Arizonans should be considering water
for natural areas. All 10 interest groups
identified water conservation and efficiency,
cooperation, and financial incentives as
ways that they are either considering water
for the benefit of natural areas or ways that
would make it more attractive (Table 4).
Nine interest groups also responded that
priority setting, understanding values, and
multiple uses are favorable ways to consider
water for natural areas, either currently
or in the future. Fewer than three groups
said that existing regulations are sufficient
or that less regulation is needed; however,
at least one participant from eight of the
ten interest groups discussed the need for
more flexibility within existing regulations.
Conversely, participants from six interest
groups suggested that more regulations
would make providing water to natural areas
more attractive. Participants from all interest
groups agreed that considering water for
the benefit of natural areas is important,
but participants from the business, farming,
mining, municipal, and ranching interests
noted that it should not be done at the
expense of human populations.
The diversity of themes, and the fact that no
one theme was discussed by a majority of the
participants, demonstrates a wide range of
ideas on how water for natural areas should
be considered, and a lack of consensus on
the subject. While some of these themes will
be discussed separately in the pages that
follow, it is important to remember that many,
if not most, themes are interrelated. For
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example, conversations about using water
for multiple uses were frequently followed by
thoughts on conservation and cooperation;
discussions about understanding the value
of natural resources were often integral to a
conversation on education, priority setting,
and planning.

Table 4: Themes identified in response to the
questions: 1) if you were to consider water
for the benefit of natural resources, how
would you go about it?; and 2) what would
make considering water for natural resources
attractive to you? Themes are color coded
based on the number of interest groups that
discussed the theme.

How Do You Currently Consider Water
for Natural Areas?

Representatives from all interest groups % of Themes
Participants
stated that Themes
they already consider water
Who Discussed
the Theme
for natural areas in some aspect of their
Conservation and Efficiency
Conservation
and Efficiency
management
and planning
decisions. The 23% Cooperation
Cooperation
Education
methods and
extent of consideration for 16%
Education
15% Financial Incentives
natural resources
widely, both within 15%
Financialvaried
Incentives
Environment as a Water User
Environment
Water UserMunicipal 14%
and between
interestas agroups.
Priority Setting
Priority Setting
14%
Understanding Value of Water
respondents,
for
example,
discussed
Understanding Value of Water
13%
increased conservation,
utility customer 13% Multiple Uses for Water
Multiple Uses for Water
More Regulation/Laws Needed
More Regulation/Laws
Neededas ways 10%
education, and
aquifer recharge
Water Resources Planning
Water Resources Planning
10%
they already
consider
water
for
natural
Flexible Regulation Needed
Flexible Regulation Needed
8%
areas. Government
entities cited the 8% Policy Incentives
Policy Incentives
Restoration of Habitat
Restoration
of Habitat
legal protections
given
to select Arizona 8% Public Support
Public Support
8%
species with one agency explaining that
Groundwater and Surface Water
Groundwater and Surface Water
“[considering]
water for natural resources is 7% Connection
Connection
Needs Come First
Human
Needswe
Come
First
at the source
of what
do…without
it, we 7% Human
Need to Improve Permitting
6% Need to Improve Permitting
don’t have natural resources in the state of
Need to Understand Science
6% Need to Understand Science
Arizona to Infrastructure
manage.” Farming participants 6% Infrastructure
highlighted Cost
theirof Water
increased efficiency via 5% Cost of Water
Funding
Funding
technological improvements, such as lining 5% Forest Health
Forest Health
5%
canals and drip
irrigation,
and that the runoff 5% Balanced Water Budget
Balanced
Water Budget
Trading
and seepage
fromWater
their fields aids riparian 5% Trading Water
Existing Regulation is Sufficient
Existing
Regulation
is Sufficient
species. Similarly, ranching
participants 4% Need Less Regulation
Need Less Regulation
4%
called attention
to how their livestock ponds 4% Voluntary
Voluntary
Fairness
provide critical
water resources and habitat 4% Fairness
Publicity
3% Publicity
to rangeland species.
Technology
Technology
Local Solutions
How shouldGreen
we Infrastructure
consider water for natuInvolvement of Elected Officials
ral resources?
Limit New Water Uses
No Natural Resources
Manage
The most common
themes tothat
emerged
Water-Energy
Nexus
from responses
to the question,
“How should

we consider water for natural resources?”
were cooperation, multiple use, conservation and efficiency, and priority setting. Figure 12 shows the top 10 themes associated
with this question and the percent of respondents in each interest group that discussed
the theme. Figure 13 offers selected partic-

3%
3%
3%
2%
2%
2%
1%

Local Solutions
Green Infrastructure
Involvement of Elected Officials
Limit New Water Uses
No Natural Resources to Manage
Water-Energy Nexus

% of
Participants
Who Discussed
the Theme
23%
16%
15%
15%
14%
14%
13%
13%
10%
10%
8%
8%
8%
8%
7%
7%
6%
6%
6%
5%
5%
5%
5%
5%
4%
4%
4%
4%
3%
3%
3%
3%
2%
2%
2%
1%

Number of interest groups
Number of interest groups discussing the theme
discussing the theme
1-3
1-3
4-5
4-5
6-7
6-7
8-9
8-9
All Interest
Groups Groups
All Interest
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ipant responses on allocating water to natural areas. A closer look at what was said
regarding the themes of cooperation (Figure
14); conservation and water-use efficiency
(Figure 15); and priority setting (Figure 16)
can be found in the pages that follow.
The most common themes that
emerged from responses to the
question, “How should we consider
water for natural resources?” were
cooperation and multiple use,
conservation and efficiency, and
priority setting.

Although not directly asked, 20% of
participants talked about their perspectives
on allocating water to natural areas in
response to this question (Figure 13).
Participants from environment, government,
and tribal interests were more likely to
discuss the intrinsic value of natural areas,
whereas those from farming, mining,
and ranching more frequently discussed
meeting human needs first. Participants
from municipal interests who discussed
allocation of water to natural areas were
equally divided as to whether humans or
natural areas should receive preference.
The fundamental difference between these
viewpoints exemplifies the difficulty in
moving forward conversations about water
for natural areas.
Participants from eight of the 10 interest
groups indicated that cooperation among
water users was a preferred way to consider
water for natural areas, and all but academia
discussed cooperation and/or multiple uses,
which are often intertwined. In discussions
about cooperation, 47% of people discussed
the importance of partnerships and 34% discussed equity (Figure 14). Interestingly, at
separate focus groups, participants from
farming, mining, municipal, and ranching
interests conveyed that they felt that they
alone were being targeted to give up their
water for natural areas. This exemplifies the
importance of fostering future partnerships
designed to ensure that when water is pro-
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vided to natural areas, it is done with appropriate consideration for all water users.
Conservation and water-use efficiency
were mentioned by at least one participant
from every interest group in response to
the question “How should we consider
water for natural areas?” Conversations
about water-use efficiency demonstrated
differences in the perception of “efficiency”
between interest groups (see Figure 15).
Participants in the farming, mining, power,
and ranching interests emphasized that
water is a key economic ingredient to their
operations. These participants noted that
the cost of water as an input in their business
already motivates them to be quite efficient,
because to do otherwise would harm their
bottom-line. On the other hand, participants
in the business, environment, government,
and municipal community noted that
agriculture in particular is inefficient, and
should be required to use less water. While
conservation and efficiency were common
themes, less than 11% discussed ways to
ensure that the water conserved is used to
support natural areas. Of those individuals
who did discuss this link, the most common
suggestion was to do this through policy
changes that require conserved water be
dedicated to natural areas.
Participants from all interest groups
agreed that considering water for the
benefit of natural areas is important,
but participants from the business,
farming, mining, municipal, and
ranching interests noted that it should
not be done at the expense of human
populations.

A number of participants highlighted the
need to think critically about when and
where Arizonans provide water for natural
areas (Figure 15). Discussions of priority
setting, and the related topic of planning,
resulted in a key finding: no one interviewed
said that Arizona should not allocate at
least some water to natural areas. There
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Figure 12: Themes by interest group in response to the question: If you were to consider water for the
benefit of natural resources, how would you go about it? Responses are normalized by the number of
respondents in each interest group who answered the question.
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Figure 13: Selected participant perspectives on allocating water to natural areas.

For me it’s a spiritual
thing--.... Recognize intrinsic values, it's valued as its
own and what it provides
to the whole network.

In Pima
County, water for
natural resources is taken
into consideration...and is
emphasized more than
water for development or
economic standpoint.

Previously, water
for the environmental
was available because of
lower demand and inefficiencies in the delivery system. As
demands increase and delivery efficiencies improve, we
will have to specifically
identify water for the
environment.

Laws governing
water business management and energy
business management are
distinct. In the energy
sector, renewable portfolio standards influence
electric supply
choices.

Academia

No one here
wants to see riparian
areas disappear, we all
want to enjoy the environment and want our kids to,
but need to retain the
human use and the value
associated with the
resources and land.

Every thinking
person in this state
would acknowledge that
environment needs water like
people need water, but when I
read about requirement of an
ephemeral steam I react badly
because what makes you
think this was ever a
flowing stream?

Business Environment Farming

In order to find the benefit,
have to identify convergence
on benefit with people.

Talking about water for
the environment, but we're
talking about water for
people to enjoy the environment--not really for the
birds and the bees.

The tribal view
point is different: only
take what you need at that
moment—water is a part of
you, a life form. When
talking about water for the
environment, you have to
put the blood in it.

Government Mining

Users of the
resource really have skin
in the game in terms of their
pocket book to change water
laws in the state.... There is no
other sector in the state that
is more concerned about
water politics than
agriculture. It’s our
livelihood.

Municipal

Participant
Perspectives on
Allocating Water to
Natural Areas

Power Ranching

Tribal
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Figure 14: Selected participant perspectives on the common theme of “Cooperation”.

We need to cooperate and
use water for multiple
purposes.

Cooperation. Coercion
would build resistance.

There should be a
helpful and cooperative
attitude and an emphasis on
common sense. We’ve
gotten too far away from
common sense.

In the energy
business arena, supply
and demand projections
are readily available from
industry participants. In the
water business arena,
information often considered proprietary and
confidential.

Academia

[There are] a lot of
options, but collaborative effort needs to occur
through establishment of
partnerships. [We] need to
create partnerships to
improve management and
improve the resource.

We have warring parties
throughout the state so
wouldn’t you want to
make a change to eliminate that?

Water for natural
resources goals are done
by sticks and not
carrots....you have to make it
as easy as possible for those
who don't want to give it up
and have buy in from all
sectors to ensure an
equitable solution.

Business Environment Farming

Best way to do it
to show benefit to what
they need alongside environment; from business or
municipal no one is going to
take part of their water and
give to environment, finding ways to work
together would
be key.

Need to meaningfully
involve tribal communities, a lot of traditional folks
and in general that feel if
something going on
upstream they should
have a say in it.

Government Mining

[We should] try to
become a participating
member of those groups
[trying to improve the river]
so they understand where
we're coming from to stay
in step and not cause
battle at the end

Municipal

Participant Thoughts
on the Theme of
Cooperation

Power Ranching

Tribal

Figure 15: Selected participant perspectives on the common theme of “Water Conservation and
Efficiency”.

Increased efficiency of use
and improving our watershed
health as a whole

The development
industry is at the forefront of conservation and
using all the resources we
have fairly conservatively. The
environmental industry is
trying to hold on to too
much and preserve all
they can conserve.

By reducing what we use,
we leave it in the aquifer
for other uses.

Anyway we can
use resources more
efficiently we do, for both
our bottom line and natural
resources. There is a cost to
the water that we use, it is
important to minimize
those costs and operate
more efficiently.

Academia
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Look at water uses
that are not "very beneficial"...don’t have problem
with nice lawns, but would
like [people] to be thoughtful with how they are
maintaining them.

We try to remain neutral in our environment,
not sure how much further
we can go. The focus is on
conserving water and recycling groundwater.

[Return flow]
should be used by
somebody and not
wasted; not much available
anymore and not much left for
restoration of natural conditions and because we are
surrounded by intense
development.

Business Environment Farming

With recharge we’re
concerned about protecting every drop of manageable water, best way you can
benefit natural resources is
to use water wisely, don’t
waste.

With Phoenix
& the big cities, there
needs to be more policies
around trying to reduce
consumption in the home,
needs to be more conservation efforts in buildings via
building code standards
to encourage living
sustainably.

Government Mining

Improving efficiency and
ensuring water use
efficiency is important.

Municipal

Participant Thoughts
on the Theme of
Water Conservation
and Efficiency

Power Ranching

Tribal
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were, however, participants who were very
concerned about how water is allocated
to natural areas. Of those who discussed
priority setting, 70% voiced concerns about
providing water to natural areas arbitrarily,
i.e., without priority setting and/or adequate
understanding of how much water the flora
and fauna need.

said that financial incentives, such as project subsidies or credits for improvements,
would make considering water for natural
resources attractive. Figure 19 offers select perspectives on the types of financial
and policy incentives participants felt would
make considering water for natural areas
more attractive.

What would make consideration of water for natural areas more attractive to
you?

Of those who discussed priority
setting, 70% voiced concerns about
providing water to natural areas
arbitrarily, i.e., without priority setting
and/or adequate understanding of how
much water the flora and fauna need.

When asked, “what would make considering water for natural areas attractive?”
conversations centered on incentives (financial and policy), cooperation, conservation, multiple use, education, public support,
understanding (science and values), and
regulations (flexible, improved permitting,
or reduced) (Figure 17). All interest groups

The premise behind the Roadmap is that
when progress is slowed due to legal challenges or a lack of statewide agreement or
action, voluntary, community-driven initia-

Figure 16: Selected participant perspectives on the common theme of “Priority Setting”.
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Figure 17: Themes by interest group in response to the question: What would make considering water
for natural resources attractive to you? Responses are normalized by the number of respondents in
each interest group who answered the question.
0%

10%

20%

Academia
Financial Incentives

Environment

Financial Incentives

Farming

Mining
Municipal
Power

40%

60%

70%

Policy
Incentives

Financial
Incentives

Cooperation

Financial
Incentives

Policy
Incen.

Education

Ed.

Financial Incentives

Policy Incentives

Tribal

Financial Incentives

Conservation

Understand
Values

Education

100%

Conser.

Cooperation

Cooperation

Multiple
Use

Cooperation

Less
Regulation

Understand Values

Improve Permitting

Understand
Values

Understand
Values

Flexible
Regulation

Understand
Science

Flexible
Regulation
Public
Support

Ranching

Conservation

Public Support

Public
Support

Financial Incentives

Understand
Science

Education

Multiple Use

Multiple Use

Cooperation

Conser.

90%

Understand Values

Education

Policy Incentives

Cooperation
Policy
Incen.

Multiple
Use

Cooperation

Conservation

Financial Incentives
Financial
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80%
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tives can drive the consideration of water for
the environment in planning and management decisions. Despite communicating this
premise to Roadmap participants, six groups
stated that regulatory measures are needed
to make consideration of natural areas attractive. Municipal and government respondents were the primary parties interested in
reducing current regulations and improving
permitting. Establishing flexible regulations
was of interest to environment, government,
mining, municipal, power, and ranching participants. Proposed regulatory changes included revisions to the Endangered Species
Act and Section 404 permitting of the Clean
Water Act to allow more flexibility depending
on circumstances; exemptions from longterm required maintenance of artificially created habitat; assistance with environmental
compliance documents, such as permit applications; and credits for ‘creating’ a new
water source, such as through conservation

28

50%

Financial Incentives

Business

Government

30%

Flexible
Regulation

Flex
Regs

Less Regulation
Improve
Permitting

Multiple
Use

Flexible
Regulation
Education

or other mechanisms to make additional water available for natural areas.
All interest groups said that financial
incentives, such as project subsidies
or credits for improvements, would
make considering water for natural
resources attractive.

In addition to incentives, participants from
seven interest groups discussed the need
for increased understanding, either in terms
of the science used to describe the water
needs of natural areas or the values humans place on natural areas, to create a
level field to discuss water for natural areas.
Similarly, seven groups brought up the need
for education. Proposed education topics
varied among the interest groups, and included: determining consistent definitions
and language, such as what “water for natural areas” means; how information should
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be disseminated, such as course curriculum or informational campaigns; and who
should be the audience for an educational
program. No consensus was reached, even
among participants from the same interest
group, regarding who should be the target
audience for an educational campaign. Options considered included youth outreach,
general public, water managers, and policy
makers, with each category regarded as important for its unique ability to effect change.

Cross-cutting Themes
The challenge of this project is to determine
where the perspectives from different waterusing groups align and where they diverge.
One way to look at similarities is to see how
closely participant answers are to each other
using a cluster analysis of the words used.
In a cluster analysis, water-interest groups
that have a higher degree of similarity based
on the occurrence and frequency of their
words are clustered together, and those that
have a lower degree of similarity based on

the occurrence and frequency of words are
displayed further apart. One way to explore
how responses from each sector relate to
one another is through a dendrogram.
This form of cluster analysis is a branching
diagram where similar items are clustered
together on the same branch and different
items are further apart. Dendrograms are
particularly useful for comparing pairs of
items. The dendogram in Figure 22 shows
that conversations with mining and power
were more similar to one another than
conversations with academia, business,
environment, government, or municipal
sectors. Finally, it shows that conversations
with farming, ranching, and tribal groups
were generally dissimilar from discussions
with the other seven water-using groups.

Figure 18: Selected participant perspectives on the common theme of “Incentives”.

Incentivize use for
multiple purpose

If you set up
incentives right, interest would shift to the type
of water best suited to a
particular use rather than
where water is the cheapest...the consumer goes
for best value, not
best water

If we want people to be
happy...we have to pull
people into the conversation with a desire rather
than a stick. We need to
have a balance.

If
there was a way to
make it cost effective...that would make it that
much more attractive,we are a
part of a community and if that
community wants us to incur
an additional cost because it
is important to them we
will go down that
road.

Academia

We all recognize
the value of this very
precious resource...funding possible grants for
water improvement
systems is possible, but
that seems pretty far
fetched.

Where unintended
consequences have
happened, having the
opportunity to go back and try
something would be helpful.
There's no reason for us to go
back and change things if
there's no incentive for
us to do so.

Business Environment Farming

Have to meet their needs
and make it no more costly
and no more difficult...It is
easier to use a carrot if there
is a stick in the background.

Require using renewables
in select industries...incentivize some portion of everyone's portfolio being reuse.

One of the big
stumbling blocks ...for
anyone trying to get water
for natural resources just to
have it flow...as human
beings we have to sometimes see how these
things will come back
to benefit us.

Government Mining

I would like to see some
sort of program where if
someone creates an
extraordinary supply
through conservation, they
should be able to use the
conserved water.

Municipal

Participant Thoughts
on Incentives for
Providing Water to
Natural Areas

Power Ranching

Tribal
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Figure 20: (a) Dendrogram showing similarity between water interest groups based on the words they
used during focus group meetings, excluding the word “water”; (b) sample quotes from related sectors.
a)

Farming
Ranching
Tribal

Business
Academia
Municipal
Environment
Government
Power
Mining

b)
You have to find tradeoffs, everyone wants it all and you have to make it as easy as possible
for those who don't want to give it up and have buy in from all sectors to ensure an equitable solution.
90% of time it comes down to money issues. You’ll never get them to come around to what you think,
because they aren’t you. What they care about is that every cent is tied up into their farm, so we need
to find out how to make it worth it to them.
The whole system of water management and allocation was set up in a backwards
way, with the idea that water is being wasted if it’s not being utilized for human needs... plants, animals, ultimately serve
people so it’s a huge question... There needs to be some solid policy changes, a shift in the way we think of water.
Invest time into managing the flow of water so the water hits the natural resource and
doesn't get bypassed into diversions. The natural resources are being robbed of their water due
to poor environmental planning.
Education and marketing in the short-term, long term advocacy of competent
management with authority...education is necessary but not sufficient...need a
regional water resource management authority.
There is interest in supporting more water for the support environmental
resources ...this community wants to establish an instream riparian habitat
but federal and local government are at odds.
I would like to see increased management for ecological supply, we are
headed in the wrong direction.
The allotment of the water in an overall plan that includes natural
resources, which have been left out in the past.
Anyway we can use resources more efficiently we do, for both our bottom line
and natural resources. There is a cost to the water that we use, it is important
to minimize those costs and operate more efficiently.
[We are] taking a stronger look at recycled water and
improving our ability to recycle water
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What Prevents Us from Considering
Water for Natural Areas?
In order to determine how to consider
water for natural areas, it is important to
examine what the key obstacles might be.
Of the many obstacles to providing water for
natural areas participants raised throughout
this process, the most frequently discussed
were regulation, data, financial resources,
and communication. These four obstacles
are discussed in further detail below.

Regulation

A significant theme that emerged during
focus group meetings and the roundtable was
the issue of the unintended consequences
of government regulation. Participants
expressed frustration over laws that were
meant to protect people and natural
resources, but ended up pitting people
against each other or creating disincentives.
In a focus group meeting, one participant
noted that “the Endangered Species Act falls
short in protecting habitat versus species
and it puts people in an adversarial role,”
and another said that there is a “disincentive
to conserve or discharge water [because we
are] penalized for doing that, and so there is
an incentive in a water-short state to waste
water and not release it to the environment.”
Mining, municipal, and ranching participants
further expressed concerns that such a
release may create habitat that they would
then be legally responsible for maintaining.
Participants also expressed frustration over
the inadequacy of existing laws, regulations,
and policies in protecting natural areas.
For example, in both the roundtable and
the focus groups, participants discussed
Arizona’s bifurcated water law as a barrier.
The disconnect between surface water
and groundwater under Arizona law is
problematic because riparian ecosystems
are at the intersection of groundwater and
surface water, and without legal recognition
of this connection, it is challenging to preserve
water for them. One focus group participant
noted, “because our water management

legal structure is so antiquated, we end up
with hit-or-miss negotiations with landowners
that would not require negotiation in the
first place if it were clearer. We need a
modernization of the regulations.” In the
survey, 48% of respondents indicated that
formal recognition of the connection between
surface water and groundwater decreases
the vulnerability of water for natural areas.
Throughout the focus group meetings, the
lack of a secure water right for ecosystems
was highlighted as a key barrier to the
consideration of water for the environment.
In the focus groups, 15% of participants
discussed the need for a legal right to
water for the environment. This response
was most common with government and
tribal participants, and not mentioned at all
by participants from ranching, mining, or
farming interests. In the survey, however,
63% of respondents across all water interest
groups, including those from mining and
agriculture, acknowledged that policies that
protect environmental flows decrease the
vulnerability of water for ecosystems.
Participants expressed frustration over
laws that were meant to protect people
and natural resources, but ended up
pitting people against each other or
creating disincentives.

Data
Even if regulations, laws, or policies were
changed to remove barriers or provide
incentives for the inclusion of water for
ecosystems in management and planning,
it remains crucial to understand how much
water ecosystems “need,” and what that
water is worth. In the roundtable, participants
indicated that there is a need for methods
that quantify ecosystem water needs, as
well as for information on the economic
value of water if it is left in streams and
aquifers. At the roundtable, opinions on how
simple it would be to collect economic data
ranged from “easy” to “difficult.” Reasons
given as to why it would be difficult to collect
economic data included potential costs and
a lack of criteria to guide the process.
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The need for data on the “value” of instream
water was also discussed by 13% of focus
group participants, with a participant noting
that we need to think about how we “maintain
water supply from an economic perspective,
and need to objectively be able to put a value
on that natural resource to show the value
of that resource to our community.” Data
gaps with reference to the water needed
to maintain ecosystems was an issue less
frequently discussed in the focus groups,
but participants did note that “we need to set
reasonable targets for natural resource use
so our position is not ‘I want everything you
have,’ but we first need science to get the
target amount.”
In the survey, a lack of data on the
water needs of ecosystems was
the driver most likely to discourage
consideration of water for ecosystems,
at 67%.

In the survey, a lack of data on the water
needs of ecosystems was the driver most
likely to discourage consideration of water
for ecosystems, at 67%. Similarly, 55% of
respondents indicated that understanding
how much water ecosystems need decreases
their vulnerability. These responses were
consistent across interest groups with
the exception of tribal (67%), educational
(49%), and agricultural (48%) respondents,
who did not think an understanding of water
needs decreases or increases vulnerability
of water for the environment (see Appendix
B).

Financial Resources
In focus groups, a lack of funding for water
conservation, maintaining watersheds, and
planning for the future were all identified
as obstacles to providing water to natural
areas. Similarly, the lack of interest
from decision makers in either providing
funding or changing laws that would make
considering water for natural areas easier
was also discussed. In these conversations,
participants noted that providing water to
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natural areas can be expensive, either in
outright cost for the water, or in the revenue
lost because the water is going somewhere
else. Participants from the municipal and
power interest groups in particular noted
that they work on behalf of their customers,
and until their customers ask them to take
some of their money and put it toward water
for the environment, it is not something a
utility can consider.

Communication
Early in the Roadmap building process,
the WRRC had multiple conversations
with the Steering Committee regarding
communication about water for natural
areas. The key issue with communication is
finding a way to talk about a sensitive and
politically charged issue without immediately
putting people on the defensive or offending
them. This issue of communication and the
language used also arose in the roundtable.
During the roundtable, participants noted
that it is critical to present the issue of water
for ecosystems without bias because the
dialogue on water for natural areas is so
politically charged.
During the roundtable, participants
noted that it is critical to present the
issue of water for ecosystems without
bias because the dialogue on water for
natural areas is so politically charged.

To learn more about how to communicate
across a broad swath of water interest
groups, at the end of each focus group,
participants were asked to give their initial
reaction to five terms frequently used to talk
about water for natural areas. Participants
were not provided any context for the phrases
or definitions. The phrases were chosen in
consultation with the Steering Committee
and included: “water dependent natural
resources,” “environmental water demand,”
“instream flow,” “environmental flows and
levels,” and “ecological flow requirements.”
“Water dependent natural resources”
is a phrase created by Arizona’s recent
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WRDC Environmental Working Group.
“Environmental water demand” is a phrase
the WRRC started using to describe water
for natural areas in the same way human
uses are described, e.g., municipal demand,
industrial demand, agricultural demand.
“Instream flow” was chosen because of
the water rights structure in Arizona that
provides for water to remain “in stream” for
non-consumptive use. “Environmental flows
and levels” is language used to describe
the water needs of natural areas in flowing
streams and in groundwater levels. Finally,
“ecological flow requirements” is a term
used in the South African national law, which
discusses allocating water for basic human
flow requirements and ecological flow
requirements first, and then allows water to
be used for other purposes.
Of the five terms discussed, no proposed
terminology for describing the concept
of providing water to natural areas was
overwhelmingly accepted by focus group
respondents (Figure 21). The most disliked
phrase was “environmental water demand”
with 57% of participant opinions being
“negative,” followed by “ecological flow
requirements” at 41% “negative.” 47% of
respondents expressed that they had a
negative reaction to these terms because
saying that natural areas “demand” or
“require” something implies a mandate, not
a choice, and a perception that the level of
demand cannot be changed depending on

future circumstances. “Instream flow” may
have been the most favored in terms of
number of “positive” and “neutral” responses,
but during discussion of the terms, those
that had a “negative” reaction to “instream
flow” had a very strong negative reaction.
Even among those favoring “instream flow”
to the other terms, including academic,
environment, and tribal perspectives, it
was noted that it is not descriptive enough
because “instream flow” does not include
groundwater. By interest group, the most
“positive” responses to the five terms came
from environment or tribal participants;
farming or ranching participants had the
most “negative” responses. Details about
each interest group’s response to each term
are shown in Table 5.
Of the five terms discussed, no
proposed terminology for describing
the concept of providing water to
natural areas was overwhelmingly
accepted by focus group respondents.

Despite a lack of agreement on the five
proposed phrases, respondents from
environment, farming, municipal, ranching,
tribal, and other interests agreed that when
talking about providing water to natural
areas one should just “say what you mean.”
In trying to appease multiple audiences,
terminology is invented that is either too
complicated or too watered-down to convey
a concept. Many respondents agreed that

Figure 21: Responses to theWhat
question:
What
is your reaction
to the following
terms?
is your
reaction
to the following
terms?
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Table 5: Responses by sector to the question: What is your reaction to the following terms?

Academia

Academia

Water Dependent Natural Resources
Positive
Negative
Neutral
56%
11%
33%

Business

20%

20%

60%

13%

53%

33%

Environmental

52%

18%

30%

50%

16%

34%

Farming

15%

38%

46%

0%

69%

31%

Government

21%

16%

63%

37%

32%

32%

Mining

56%

25%

19%

19%

75%

6%

Municipal

27%

22%

51%

11%

36%

52%

Power

13%

25%

63%

0%

25%

75%

Ranching

38%

25%

38%

22%

56%

22%

Tribal

58%

17%

25%

100%

0%

0%

Environmental Water Demand
Positive
Negative
Neutral
22%
67%
11%

Ecological Flow Requirements
Positive
Negative
Neutral
22%
22%
56%

Positive
33%

Instream Flow
Negative
0%

Neutral
67%

Business

7%

73%

20%

13%

67%

20%

33%

7%

60%

Environmental

41%

44%

16%

53%

13%

34%

66%

9%

25%

Farming

0%

92%

8%

8%

69%

23%

38%

15%

46%

Government

22%

39%

39%

37%

21%

42%

63%

0%

37%

Mining

0%

50%

50%

6%

56%

38%

25%

0%

75%

Municipal

11%

67%

22%

18%

50%

32%

50%

5%

45%

Power

0%

38%

63%

0%

50%

50%

50%

0%

50%

Ranching

13%

63%

25%

11%

56%

33%

0%

56%

44%

Tribal

50%

30%

20%

100%

0%

0%

50%

0%

50%

this can lead to confusion or distrust and
prevent progress. Another common theme
across the responses was that participant
interpretations of these terms and others will
depend heavily on the context in which it is
stated and who they are hearing the term
from. This was illustrated in the conversations
that followed focus group meetings, as once
the origin of the terminology was described,
participants tended to be more neutral or
positive towards them. Multiple participants
noted that if they heard one of these terms
from a colleague or trusted contact they
would be more likely to react positively or
maintain an open mind versus if the term
was presented to them by an organization
that they viewed as opposing their interests.
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Environmental Flows and Levels
Positive
Negative
Neutral
11%
44%
44%
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5. The Path Forward – Recommendations and Actions for How to
Consider or Incorporate Natural Areas in Water Management and
Planning
Moving forward, the consideration of water
for natural areas in Arizona should take
multiple paths. Some of these routes will
intertwine and overlap, some will run parallel,
and some may require the construction of
new avenues or the removal of roadblocks.
The recommended strategies and actions
presented here are based on the regional
workshop series, follow-up conversations
with Steering Committee members, and
case studies of projects that are already
increasing or including water for natural
areas.
In the regional workshops, participants
presented a diverse array of recommended
strategies for how the water needs of natural
areas could be considered in future water
management and planning decisions. To
identify the themes that emerged from the
workshops, the WRRC reviewed facilitator
notes and categorized like responses into
subgroups, which resulted in a total of
10 thematic recommendation categories
(Tables 6 and 7). Of these categories, the
four most commonly discussed had three
or more recommended strategies and
actions associated with them. These four
categories include: 1) improve education; 2)
set priorities and assess values; 3) provide
funding to maintain water in natural areas;
and 4) manage water supplies for multiple
benefits, including natural areas.
In the regional workshops,
participants presented a diverse
array of recommended strategies for
how the water needs of natural areas
could be considered in future water
management and planning decisions.

It should be noted that although these
recommendations and action items have
been parsed into separate categories, no
recommendation or action item can move
forward without consideration of the other

categories. For example, to provide funding to
maintain water in natural areas a community
would need to set priorities to determine
the desired site, identify opportunities for
multiple benefits considering an array of
available water resources, and would likely
want to implement an educational program
for the community to explain what has been
done and why.
The top four recommendation categories
from the regional workshop discussions
were also common themes from previous
Roadmap conversations. For example,
roundtable participants noted, “we need to
educate the public, because they might know
[water for the environment] is an issue, but
it’s not something they’re willing to march
on.” Similarly, discussions of the need to set
priorities occurred throughout the project,
beginning with the kickoff meetings where
participants discussed setting priorities by
comparing human demand to baseflows
and identifying at-risk watersheds. A
detailed discussion of each top category
can be found in the pages that follow. For
the remaining six recommended strategies,
key aspects and ideas for immediate action
items are listed in Table 7.
Although many voices were included in this
process, the proposed recommendations
and action items discussed in this Roadmap
should not be considered a complete list of
possibilities and may not accurately reflect
all Arizonans’ interests and concerns about
water for natural areas. This project focused
on those who work in water management
or who have a significant interest in water
management. As a result, the general public
was not actively recruited to participate in
these discussions. However, the need to
engage with the general public on water
management issues and water for natural
areas was expressed throughout the
Roadmap development process.
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Table 6: Recommended strategies and action items from the regional workshop series identified three
or more times by workshop participants.
Recommendation

Key Aspects

In the Next Year…

Improve Education

•

•

•

Provide Funding to
Maintain Water in
Natural Areas

•

•

Set Priorities and
Assess Values

•

•
•

Manage Water
Supply for Multiple
Benefits, Including
Natural Areas

•

•
•
•
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Across-the-board education
about how all water-using
sectors benefit natural
areas and how they use and
conserve water
Education about the history,
heritage, and importance
of Arizona’s riparian and
aquatic ecosystems

•
•

Form a water education advisory committee
to identify existing programs and resources
appropriate for providing the public with
foundational water knowledge
Pool resources to create an educational
“toolbox” or online clearinghouse for materials
Identify, evaluate, and support an existing
program, if a suitable program already exists

Connect water conservation •
to preservation of natural
areas through allocating the
water or financial savings to
enhance or preserve natural
•
areas
Offer financial compensation
to encourage more efficient
use and/or leave water
flowing through natural areas

Examine available options for funding water
for natural areas including how a tax credit
program for providing water to natural areas
would work, the One for the Verde program,
and the Conserve2Enhance program
Evaluate existing funding mechanisms to gauge
how successful they could be as a large-scale
funding source for natural areas, including
an assessment of how well the mechanism
currently works, what needs to change to adapt
it to community/statewide goals, and what
should be added so the program can meet
those goals

Establish a localized process •
to promote cooperation and
collaboration among regional
stakeholders
•
Examine how other areas
have established community/
regional priorities
Establish a process for
all sectors to voluntarily
coordinate with one another

Conduct a statewide survey to objectively
assess and rank public values for water and
natural areas
Establish regional working groups to:
- Create a problem statement based on
regional
concerns with riparian and aquatic
ecosystems
- Establish clear goals and objectives to
address
the problem statement
- Identify pilot projects based on the problem,
goals, and objectives

•

Identify common interests and shared goals
about the use of water resources for local
ecosystems
Expand on the WRDC inventory of where and
how effluent is currently being used to support
riparian and aquatic ecosystems
Identify existing water use agreements
and regulatory constraints that may hinder
allocating water to natural areas
Identify a pilot project or area to explore
impacts of modified stormwater management
and rainwater harvesting on riparian and
aquatic ecosystems

Provide incentives for
near-stream recharge and
discharge of reclaimed water
into natural areas
Ensure reclaimed water
would be available long-term
Consider natural areas in
stormwater management
Utilize water-dependent
land use planning and
widespread low-impact
development, including
rainwater harvesting

•
•
•
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Table 7: Recommended strategies and action items from the regional workshop series identified less
than three times by workshop participants.
Recommendation Key Aspects

In the Next Year…

Address Data Gaps •

•

•

Address data gaps in current
understanding of water needs of
ecosystems
Determine where/how water is currently
used for the benefit of riparian and
aquatic ecosystems

•

Establish Voluntary
Partnerships

•
•

Develop
Conservation
Programs

•

•

Improve Energy
Efficiency (WaterEnergy Nexus)

•

Modify Permitting
Process

•

•

•

•
Provide Legal
Standing to Natural
Areas

•
•

Inventory efforts to provide water for
the benefit of riparian and aquatic
ecosystems through an update
to the WRRC’s 2006 Projects to
Enhance Arizona’s Environment
report and use of the Roadmap case
studies (Appendix A)
Create a research agenda based
on data gaps identified through
the WRRC Environmental Water
Demands Database

Voluntary partnerships to facilitate
efficiency, maximize impact, and identify
available funding
Bring stakeholders together through:
- Regional working groups to set
priorities
- Scenario planning exercises
- Forum for discussing tribal water
issues
- Youth education partnerships

•

See Set Priorities and Assess Values in Table 6

Implement a water conservation
program that benefits natural areas with
municipal, agricultural and industrial
water users (e.g., Conserve2Enhancelike mechanisms)
Create utility-based conservation
programs (e.g., expand utility checkbox
program for conservation funds)

•

Assess water-user interest in
implementing conservation
programs that benefit natural areas.

Develop analogs from energy industry as •
models/incentives for water efficiency
Promote water-efficient renewable
energy

Evaluate existing energy industry
efficiencies, models, and incentives
for applicability to water resources
management

Modify water pricing, trading, or banking •
to encourage the provision of water to
•
natural areas
Modify existing regulations to create
flexibility (ex: Managed vs. Constructed
recharge credits) and allow private utilities to recoup conservation costs
Simplify permitting process when there is
a demonstrated benefit to natural areas

See Set Priorities and Assess Values in Table 6
Use regional forums to discuss interest, feasibility, and opportunities

•

See Set Priorities and Assess Values in Table 6
Use regional forums to discuss interest, feasibility, and opportunities

Provide legal standing for natural areas
Reform instream flow certification process to give ecosystems a ‘right’

•
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Improve Education on Water
Resources and Water for Natural
Areas
The need for education to advance the
consideration of water for natural areas was
discussed at each regional workshop and
arose in all four workshop breakout groups
(priority setting, water use efficiency and
conservation, incentives, and education/
communication). Recommended strategies
varied between regions and within discussion
groups. No consensus was reached, even
among participants from the same waterinterest group, regarding who should be the
primary target of an educational campaign.
The proposed topics for “education” also
varied, as did ideas about how information
should be disseminated, such as through
course
curriculum
or
informational
campaigns.
Recommendations included across-theboard education about: 1) how all waterusing sectors benefit natural areas as well as
how they use and conserve water; and 2) the
history, heritage, and importance of Arizona’s
riparian and aquatic ecosystems. Within
each recommendation were variations in
the desired target audience and educational
approach. For example, Yuma participants
were interested in educating the public about
existing agricultural water conservation and
the benefits this conservation provides
to natural areas, Flagstaff participants
suggested an outreach program designed
for elected officials, while Phoenix and
Tucson participants desired well-rounded
informational campaigns for more general
audiences. There was, however, consensus
that any educational program should make
use of existing resources and involve simple,
clear messaging. Examples of how natural
areas can benefit from educational programs
can be found in each of the Roadmap case
studies (Appendix A); in particular, the
Las Cienegas case study includes a large
educational component that has contributed
to the project’s success (Box 1).
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Box 1. Las Cienegas National
Conservation Area
The Las Cienegas National Conservation
Area (LCNCA) and Sonoita Valley
Acquisition Planning District (SVAPD)
developed the Las Cienegas Resource
Management Plan (RMP) in partnership
with the Bureau of Land Management
(BLM). The RMP includes clear, measurable
management goals focused on maintaining
and restoring the grassland watershed,
riparian and aquatic areas, and native fish
and wildlife. Diverse community partnerships
are key to the success of the RMP; this
list includes local municipalities, state and
federal agencies, academia, and nongovernmental organizations. Adaptive
management promotes cooperative
action based on relevant, powerful, and
efficient data and monitoring programs,
which facilitate stewardship of natural and
cultural resources, while allowing human
use. Importantly, flexibility in management
allows the program to respond to community
priorities and the ecological needs of the
system without undergoing additional
planning or reorganization efforts. To
promote its mission, LNCA has organized
educational programs for youth, decision
makers, and members of the general public.
Major project theme: Cooperation &
Communication
Key to project success: Cooperation &
Communication
What would you change? Time to
implement
Advice for others: Build a forum to act on
good information that fosters communication

LCNCA landscape. Photo courtesy of
Shela McFarlin.

Water for Natural Areas
Roadmap
Participants from all regional workshops,
regardless of the thematic areas they
chose to discuss, agreed upon the need
for education and communication about
providing water to natural areas. When
asked “who needs education,” the first
response from all education discussion
groups at all regional workshops was that
“everyone” needs education. Education, on
water resources and water for natural areas,
was also a common theme in other stages of
the Roadmap development process. Focus
group participants from seven of the ten
different water interest groups, and 15% of all
focus group participants, identified education
as an opportunity for considering water for
natural areas. One focus group participant
stated, “Education and understanding is
important to how people view water, if you
don’t know where your water supply begins,
how can you appreciate it?” Earlier in the
project, roundtable participants spent time
contemplating the possible options for how
to educate and who should be educated.
All roundtable groups agreed that there
is a need for general outreach about
environmental water demand to motivate
citizens and decision makers to consider
the environment and “spur better informed
community choices.”
Participants from all regional
workshops, regardless of the thematic
areas they chose to discuss, agreed
upon the need for education and
communication about providing water
to natural areas.

During the Roadmap development process,
participants also identified obstacles to
an educational campaign. For example,
education is hindered by a lack of public
engagement and community buy-in: “we
need people to realize that what they do to
water affects other people, and that other
people’s actions affect you too.” To address
this concern over community support,
many in the roundtable, focus groups, and
workshops recommended adopting a simple

messaging strategy citing that “a lot has to
do with how the message is given.” One
roundtable participant explained how critical
appropriate messaging can be by saying,
“we’re talking about how there are not
environmental water rights, but we’re sort-of
saying we have a better use for your water
than you do so give me your money and
rights—we need to articulate the benefits
to [other interest groups], not just tell them
they’re wrong.” Similarly, there is a need for
a consistent view on Arizona’s future water
supply outlook; one participant expressed
that “what’s hurting us the most right now
[are organizations] telling everyone that
Arizona is not in crisis and because of that,
it’s going to be hard to get people to move to
action.” Other concerns for an educational
program were a “lack of financial support”
and lack of organization among educators
to share available materials. The desire for
an informational repository, in particular,
is not new. In 2010, a workshop on water
resources and education was hosted at
the WRRC Annual Conference where
participants identified the need for an online
clearinghouse of information and materials
on water education and outreach. As of this
publication, such a resource does not yet
exist.
In order to overcome these obstacles
and create a comprehensive educational
program that encourages water for natural
areas, participants determined the need for
“more robust consideration and dialogue
to uncover innovative solutions.” They also
determined that this dialogue should include
not only educators from universities, K-12
schools, and existing natural resource
related educational programs, but also
government agencies, non-governmental
organizations, tribal chapters, water
providers,
agricultural
organizations,
museums,
multicultural
organizations,
and local watershed groups. Participants
concluded that representatives from these
organizations should form a statewide water
education committee tasked with identifying
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funding sources, setting curriculum, and
prioritizing desired audiences. It would
also be up to this committee to determine if
they agreed with participants’ perspectives
on points such as, “while it’s important to
educate the general populace, it really boils
down to the decision makers, and really the
folks that influence the decision makers,”
or, “if we can show [the public] what the
environment needs, they might be more
inclined to do something.” Participants were
also interested in the collective power a
unified committee could have by pooling
resources, curriculum, and forging new
partnerships. One workshop attendee said
doing this would be an opportunity to “create
stone soup—everyone can bring a little to
the table and together we may have just
what we need.” Action items identified for
moving an educational campaign forward
included:
• Set a timeline and goals for the campaign
• Form a statewide water education
committee
• Collect available materials into a central
repository
• Develop a training module for educators
• Write a curriculum
• Research case studies for innovative
ideas to motivate action
• Identify experiential learning
opportunities.
In the next year: Stakeholders could
come together to form a statewide water
education advisory committee made
up of educators, community members,
and organizations that have experience
communicating information about natural
resources. This group should identify
existing programs and resources, such as
Arizona Project WET (Water Education
for Teachers), appropriate for providing
the public with foundational water
knowledge, as defined by the committee.
These resources should be pooled to
create an educational “toolbox” or online
clearinghouse of materials. Once this is
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complete, the water education advisory
committee should assess how each of
these existing resources can be used for
each target audience and region to prepare
for a formal education campaign. One
option for such a campaign is to develop
a Water 101 course for the public that has
both online and in-person program options.

Provide Funding to Maintain Water in
Natural Areas
The need for funding to maintain water
in natural areas was discussed at all four
regional workshops and was considered in
the water use efficiency and conservation,
education, and incentives discussion groups.
Recommended strategies for how funding
could be used to provide water to natural
areas centered around two approaches:
1) connecting water conservation to
preservation of natural areas by allocating
the conserved water, or financial savings,
to enhance or preserve natural areas;
and 2) offering financial compensation to
encourage more efficient use and/or leave
water flowing through natural areas.
Providing financial compensation as a
means to encourage efficiency or leave
water instream emerged during all
phases of the Roadmap development
process.

Options discussed for implementing
these strategies included adopting a Conserve2EnhanceTM (C2E) type mechanism to
encourage conservation and allocate saved
dollars to natural areas (see Box 2 and the
Conserve2Enhance case study in Appendix
A), metering wells and providing conservation incentives for more efficient use, and
creating a fund to pay water users to leave
water in natural channels. In terms of connecting water conservation to preservation,
roundtable, focus group, and workshop participants often discussed the use of a C2Elike program. One roundtable participant
noted, “a process like C2E to get people to
stop and think, since it’s the best system we

Water for Natural Areas
Roadmap
have so far,” could encourage conservation
and provide funding to natural areas. Doing
so could “create a fund for purchasing water for natural areas,” which could be used
long-term to encourage “non-development
and keep water in streams.”
Providing financial compensation as a
means to encourage efficiency or leave
water instream emerged during all phases
of the Roadmap development process. For
example, focus group participants cited a lack
of funding for conserving water, maintaining
watersheds, and planning for the future as
obstacles to providing water to natural areas.
Though some recommendations discussed
modifications to the permitting process,
the most common recommendations were
for financial incentives; more than half of
participant workshop recommendations
included a monetary component in their
proposed implementation.
Stakeholders throughout the Roadmap
development process also agreed that
a financial mechanism is needed to
address the disincentives to conserving or
discharging water to the environment. One
focus group participant stated that we need
to “incentivize some portion of everyone’s
portfolio being reuse” to make providing
water to natural areas competitive and
appealing. A challenge to this is that there can
be “no [comprehensive] incentives unless
economics are defined...how much money
is [the environment] worth?” Answering
this question will require communities to
explore their water budgets and to weigh the
benefits of natural areas against other uses
for available water resources.
Conducting such an economic evaluation
was brought up by participants, with one
person citing the economic impact reports
that have been prepared for the Arizona
Game and Fish Department on the value
of wildlife-related recreation as well as
hunting and fishing. The Verde Ditch Gates
case study (Box 3; Appendix A) provides an

Box 2. Conserve2EnhanceTM
The Water Resources Research Center’s
Conserve2Enhance (C2E) program provides
a financial mechanism to support communitybased environmental programs and water
conservation. Participants implement
conservation measures in their home or
business, and keep track of their water
use with the help of the C2E Water Use
Dashboard (www.conserve2enhance.org).
The C2E Dashboard associates a monetary
value with the saved water, which serves as
the basis for voluntary donations to a fund
for environmental enhancement projects.
C2E projects can include urban waterway
improvements, purchasing instream flow
rights, or other environmental needs
identified by the community. By associating
a monetary value with the conserved
water, C2E links water savings directly to
environmental projects of value to local
communities or organizations. C2E has been
helping connect water conservation with
community action since 2010. Since this time,
four C2E programs have been launched,
more than 150 accounts have been created
on the C2E Dashboard, and participants have
conserved over five million gallons of water.
Major project theme: Conservation &
Efficiency; Value of Water
Key to project success: Public Participation
What would you change? Secure long-term
maintenance for programs; time to implement
Advice for others: Develop strong
community partnerships and engage with
participants

Before (black and white) and after (color)
transformation of Tucson C2E Atturbury Wash
enhancement site. Photo courtesy of WRRC.
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example of how the value of natural areas to
the local economy and financial incentives
can be used to successfully increase
efficiency.
Whether creating a C2E-type mechanism
or providing direct financial compensation,
a number of obstacles exist. Determining
who will support funding options and how
funds will be raised or allocated are just the
first in a series of discussions that need to
take place. Not all Roadmap participants
were optimistic about providing funding to
natural areas, with one saying that although
“funding grants for water improvement
systems is possible, that seems pretty farfetched.” And, even if funding is obtained,
“the accounting systems that manage water
make it nearly impossible, unless you are
using it, to say ‘it’s still mine and I want to
[allocate it elsewhere]’. That’s water law. It’s
really hard to get around.” Another obstacle
is identifying individuals or organizations
with water rights or natural areas interested
in participating in a program, since “you
have to change the perception of people
with the money,” not just the general public.
Concern over longevity of water allocations,
incentive programs, and funding sources
also emerged in participant discussions.
In order to overcome these obstacles
and provide funding for natural areas,
participants determined the need for
conversations between senior water
rights holders and claimants (including
municipalities, agriculture, and industry),
natural resource managers, and community
leaders. Other groups that were identified
as necessary to these conversations were
non-governmental organizations, existing
conservation program managers, and water
providers. One participant noted that no one
“talks about environmental water use. You
don’t hear anything about this kind of thing. I
hope that this kind of discussion will become
a regular part of the dialogue...between
different perspectives.”
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Box 3. Verde River Automated Ditch
Operations
Irrigation is critical to sustaining the livelihood
of multiple communities along the Verde
River, but often competes with environmental
flow demands. To balance environmental
and agricultural water needs, The Nature
Conservancy (TNC) and Diamond S Ditch
Company worked in partnership to identify a
“win-win” solution. The result was increasing
system efficiencies via automated gates that
make use of excess agricultural water to
maintain consistent water levels instream. For
the Diamond S, this project not only increased
efficiency, but also decreased safety concerns
and provided financial incentives for ditch
maintenance. Some members of the Diamond
S were initially reluctant to work with TNC,
but by the end of the project they recognized
that a strong Verde River is key to the valley’s
economic future, in terms of aesthetics,
tourism, recreation opportunities, and
ecological health, and that facilitating multiple
uses of the river benefits all parties. This
project now serves as a learning experience
for agricultural and environmental interests as
the two groups continue to work together.
Major project theme: Conservation &
Efficiency; Financial Incentives
Key to project success: Cooperation &
Communication; Financial incentives
What would you change? Time to implement
Advice for others: Build trust and develop
community partnerships

TNC and Diamond S Ditch representatives at
new automated ditch gate. Photo by Darin Kopp.

Water for Natural Areas
Roadmap
Among the tools and resources needed
to establish a funding program for natural
areas, monetary support, a water source,
and identification of natural areas in
need of supplemental water emerged as
important considerations. Participants also
expressed a need for information about
future opportunities, such as scenario
planning, as well as research on available
technology, “social incentives” to encourage
support, appropriate actions and sectors to
incentivize, and what organization (existing
or needing to be formed) is best suited to
lead this effort. Action items identified for
moving forward with creating a funding
mechanism for providing water to natural
areas included:
•
•
•
•
•

Identify willing participants/partners
Identify funding sources
Develop a project list
Implement pilot projects and a public
education campaign to garner support
Develop metrics for success, evaluate
success of existing projects, and convey
benefits of providing water to natural
areas with the public and decision
makers

In the next year: Stakeholders should come
together to examine available options for
funding water for natural areas. This could
include an exploration of how a tax credit
program for providing water to natural
areas would work and if such a program
is possible. One option for completing this
would be to assemble a cohort of diverse
water users who could either draft and
implement surveys, or interview experts in
a more targeted fashion. There could also
be an evaluation of the C2E mechanism
to gauge whether a program like this could
be successful as a large-scale funding
source for natural areas. This evaluation
should include an assessment of how well
the C2E mechanism currently works and
identification of modifications necessary to
adapt it to meet community and statewide
goals.

Setting Priorities and Assessing
Values
The importance of setting priorities for and
assessing the value of water for natural areas
was discussed at all four regional workshops
in the water use efficiency and conservation
discussion group as well as in the priority
setting discussion group. Recommended
strategies for establishing priorities and
assessing values centered around: 1)
establishing a localized, voluntary process
for all sectors to promote cooperation and
collaboration among regional stakeholders;
2) examining how other states have
established community or regional priorities;
and 3) conducting a stakeholder survey.
Roundtable participants called for
the establishment of robust and
collaborative water management
solutions where information is openly
shared and inclusive of stakeholder
values.

The need for establishing priority areas was
clear in all aspects of Roadmap development.
Fourteen percent of focus group participants
spanning eight of the ten water-using
sectors talked about priority setting. No one
interviewed in the focus groups said that
Arizona should not allocate at least some
water to natural areas. A few participants at
the Yuma workshop, however, did indicate
that they were not convinced that water
should be provided to natural areas beyond
current levels. Roundtable participants
called for the establishment of robust and
collaborative water management solutions
where information is openly shared and
inclusive of stakeholder values. Participants
also noted that priority setting should be
routine practice, with one participant stating
that it “needs to be worked on where it works
through a normal process, not keep waiting
for [water supplies] to get to an emergency
situation.”
Though the vast majority of Roadmap
participants agree that natural resources
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should be considered, determining what
areas should receive priority and how
community values should be assessed can
be quite complex. For example, of those that
discussed priority setting in focus groups,
seventy percent voiced concerns about
providing water to natural areas arbitrarily,
emphasizing the importance of establishing
an adequate understanding of how much
water the flora and fauna need, and setting
priorities accordingly. One participant
explained, “we need to develop a regional
perspective and include all users--do we
want to maintain current natural areas?
Bring them back? You need to establish
regional priorities before you can determine
what the priorities are for the water.” The lack
of a central organization or formal process
for assessing priorities and values, and a
lack of funding to enable the establishment
of either, were noted as weaknesses in
Arizona’s current ability to provide water for
natural areas. Another challenge to creating
a community organization for priority setting
is the lack of a driving force to bring key
actors together, which, according to one
workshop participant, would require crisis
on the scale of “Lake Mead drying up—most
everything else would fall short.”
Many participants agreed that prioritizing
water for natural areas should be tied to
regional conditions and community values.
Every community in Arizona has natural
areas of local importance—whether it be for
recreational, spiritual, economic, or other
reasons. In order to determine how much
water to provide to riparian and aquatic
ecosystems, the community must first define
that need by setting priorities for water for
natural areas. Priorities can be set based on
contribution to the local economy, cultural
or historical importance, vulnerability of
water for the ecosystem, valuation of the
ecosystem itself, or likelihood of conflict
between human needs and the water
natural areas need to survive. Rehabilitation
of the Yuma Wetlands is an example of how
the local community used priority setting
to benefit residents as well as the region’s
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Box 4. Yuma East and West Wetlands
Restoration
Prioritizing where we provide water to natural
areas is a complex problem tied to local
conditions and community values. In the
case of the Yuma wetlands, mitigating the
ongoing environmental and social damage in
these areas had been a community priority
for decades. Various ideas and plans were
pitched over the years, but these early efforts
were frustrated by patchwork land ownership,
conflicting claims, community tensions, and
distrust of government. Ultimately, disparate
groups who had sometimes been in conflict
with one another were able to come together,
and through their creativity, expertise, and
dedication, succeeded in the ambitious
restoration of hundreds of acres of riparian
and wetland habitat. Flexibility in regulation
allows the City of Yuma to discharge spent
filter backwash water from its Mail Street
Water Treatment Plant to the Yuma East
Wetlands, which is vital to the survival of the
rehabilitated ecosystem. In order to do so, the
City coordinated with the Arizona Department
of Environmental Quality to establish a net
ecological benefit that allowed modified,
site-specific water quality standards for total
selenium and total residual chlorine.
Major project theme: Flexible Regulation;
Priority Setting
Key to project success: Cooperation &
Communication; Making progress
What would you change? Technical details;
Time to implement
Advice for others: Understand the
importance of collaboration and remove
personal agendas from the equation

Aerial photo of Yuma Wetlands. Photo
courtesy of Fred Phillips.

Water for Natural Areas
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Table 8: Criteria for setting priorities based on vulnerability of water for natural areas. Vulnerability criteria
were evaluated by survey respondents for whether the criterion increases or decreases the vulnerability
of water needed in the environment or is neutral and does not affect vulnerability. When more than 50% of
respondents from a single interest group or region identified a criterion as “increases”, that group or region
is identified.
Vulnerability Criteria

Brief Summary of Vulnerability

Decreases

Increases

> 50% Id'ed as Increasing
Vulnerability

Neutral

Interest Group Regions
Evidence of climatic
changes
Growing communities
near riparian areas

Rapid expansion of
agricultural or industrial
water demand

Water Transfers (ag 2
muni)

Policies that protect
environmental flows

Regional dependency on
surface water

Regional dependency on
groundwater

Connection between
groundwater and surface
water understood

Water demands of
riparian and aquatic
ecosystems understood

Regional water quality
issues

Key for areas with intermittent streams or other
environments that may be disproportionally
affected by changes in climate.
Impacts to quantity and quality of habitat as
well as to quantity and quality of water.
Identifying areas where regional resources are
being demanded at higher levels than
historically, and where those demands exceed
a sustainable level as determined by the
community, may be used as a criterion to
prioritize flows for the environment. Depending
on local priorities, may examine aquatic and
riparian habitat and/or recreational
opportunities that utilize natural resources.
Per acre, agricultural lands require more water
than municipal development; however
increased municipal demand does not
automatically guarantee water savings and
increased availability for environmental water
demands because agricultural lands have
significantly higher return flows to surface water
and groundwater than the municipal sector. As
a result, riparian areas that have come to
depend on agricultural return flows may decline
should land use change, thus providing a
potential criterion for when to consider
environmental water demands.
Presence of policies or regulations that protect
environmental flows may make water for the
environment less susceptible. On the other
hand communities could look at such policies
as a criterion if they decide to plan for future
legal changes and prioritize alterations that
comply with anticipated regulations. This may
include increased water use efficiency or
protecting natural resources to preserve a local
landscape.
Depending on the water source(s), increased
community reliance on surface water or
groundwater may result in the increased
vulnerability of the surrounding landscape.
Identifying where these vulnerabilities occur
and what level of impact is acceptable to the
community may promote the protection of
locally significant resources. It may also
encourage the development of opportunities to
expand the community’s current water portfolio,
through augmentation, exchanges, or other
uses, to meet human needs that may, in turn,
benefit the environment.
Information gaps in either water requirements
for ecosystems or the connection between
groundwater and surface water generate
vulnerability from uncertainty. Determining
what constitutes appropriate timing, quantity, or
area of greatest need may help communities
set priorities for if and when to consider
environmental demands. Correspondingly, if
an area understands the regional water
demands and sees that all are met this may act
as criteria for maintaining current actions or an
opportunity to reallocate water resources for
alternative uses.
Poor water quality may diminish the impact of
adequate water quantities through the
presence of contaminants, insufficient nutrient
levels, or other undesirable attributes as
determined by local flora and fauna. This
makes using water quality criteria a practical
aspect of assessing vulnerability and
prioritizing when to consider environmental
demands.

2.22%

91.56%

6.22%

All

All

2.67%

91.56%

5.78%

All

All

2.67%

92.89%

4.44%

All

All

19.20%

37.50%

43.30%

Industrial,
Other

Colorado River,
Maricopa
County

73.66%

13.84%

12.50%

None

None

6.67%

69.33%

24.00%

All except for
political

All except for
Northeastern
Arizona

5.78%

72.44%

21.78%

All except for
political

All

48.20%

11.26%

40.54%

None

None

55.56%

9.78%

34.67%

None

None

12.50%

35.71%

51.79%

Other

None
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aquatic and riparian ecosystems (Box 4;
Appendix A).
To help understand what criteria water
managers and others concerned about water
resources in Arizona think should be used to
set priorities, the WRRC conducted a survey
in which 14 criteria were proposed and
respondents were asked to indicate if these
elements increase, decrease, or are neutral
to the vulnerability of water for natural areas.
While this was not a comprehensive list, it
provided a starting point for understanding
the perceived influence of a criterion on water
resource vulnerability or conflict, and which
key regions and interest groups thought it
was important. See Appendix B and Table
8 for more detailed results from this survey
and how the vulnerabilities might be used
to set priorities. Action items identified for
setting priorities for and assessing values of
water for natural areas included:
•
•

•

Conduct a survey to understand how the
general public values natural areas
Research case studies on how to maintain equity among participants to ensure
a constructive environment for discussion Explore successful (and unsuccessful) avenues for priority setting in other
arid parts of the world, such as forging
cooperative agreements or augmenting
available water supplies, and determine
the transferability of these initiatives to
Arizona communities
Create regional working groups to:
- Establish metrics or criteria to
determine priority areas
- Continue dialogue on how, where,
and why to provide water to natural
areas
- Increase understanding among
diverse water interest groups

To comprehensively set regional priorities,
workshop participants determined that there
is a need to form multiple working groups
throughout Arizona. Participants felt that
each group should include representatives

46

from state agencies, government, non-governmental organizations, academia, water
providers (including utilities and irrigation
districts), municipalities, businesses, tribes,
water rights holders, environmental organizations, and community members. The
need for a neutral convener to oversee these
groups was discussed in all four workshops;
participants felt that such a facilitator would
be able to create the appropriate setting for
divergent interests to come together.
In the next year: A statewide survey could
be conducted to assess public values for
water and natural areas. Results from this
survey could be used by communities to set
regional action items in motion, including
a more detailed exploration of regional
priorities and valuation of water for natural
areas. This effort should be led by voluntary
partnerships, composed of diverse interests
from the communities and professional
advisors, in the form of regional working
groups. Each of these groups should create a
problem statement based on regional needs
and set forth clear goals and objectives for
addressing that problem statement. Finally,
the regional working groups should facilitate
an iterative, dialogue to identify pilot projects
based on the problems, goals, objectives,
and plans for considering the water needs
of natural areas in each region.

Manage Water Supply for Multiple
Benefits, Including Natural Areas
The need to manage water supplies for
multiple benefits, including natural areas,
was discussed at the Flagstaff, Phoenix, and
Tucson regional workshops in the wateruse efficiency and conservation discussion
group as well as in the incentives discussion
group. Recommended strategies included:
1) increasing reclaimed water use and
rainwater harvesting; 2) creating incentives
for near-stream recharge; 3) discharging of
effluent into natural areas; 4) considering
natural areas in stormwater management;
and 5) implementing water-dependent
land use planning that encourages the

Water for Natural Areas
Roadmap
maintenance of water for the benefit natural
areas.
Management for multiple benefits was a
common theme in all stages of Roadmap
development. Focus group participants from
eight of the ten water-using sectors (13% of
focus group participants) identified multiple
use as an opportunity for providing water to
natural areas. One focus group participant
stated, “with science we are getting to the
point where we can reuse more water, but
everything is going to use more water so we
need to do so more efficiently.” Roundtable
participants also shared in discussions
about reusing our available water supplies
to the benefit of natural areas, but much of
this discussion centered on the challenges
Arizona would face to do so. Two areas
discussed that could be used as case study
examples were the Rio de Flag near Flagstaff
and Tres Rios in Phoenix.
One way to address the challenges
associated with management for multiple
benefits is through cooperation and
partnerships. Cooperation was frequently
discussed in conjunction with multiple use
in the focus groups and at the workshops.
The case studies on the Bill Williams
River and of Glen Canyon Dam Adaptive
Management Program provide examples
of efforts to manage for multiple benefits
where cooperation was important for project
success (Boxes 5 and 6; Appendix A).
Participants proposed next steps for managing water supply for multiple benefits that
included bringing local stakeholders together to identify where there might be water
resources available for allocation to natural
areas. Stakeholders to involve could include
regional government, non-governmental
organizations, agricultural perspectives,
homebuilders, researchers, utilities, landowners, industry representatives, tribal partners, and voluntary community partnerships.
This proposed stakeholder group should be
responsible for researching case studies on

Box 5. Bill Williams River Corridor
Steering Committee
The Bill Williams River Corridor Steering
Committee (BWRCSC) was established
to minimize conflict among agencies and
stakeholders in the watershed. Interviewees
felt that the BWRCSC’s success is the direct
result of inter-agency cooperation and the
ability to establish a good rapport with all
involved. There is an understanding among
the member organizations that all goals and
agendas cannot be met simultaneously, and
that compromises are key to the functioning
of the group. As a relatively new paradigm
in dam operations, the Bill Williams River
provides unique educational opportunities
to learn about how adaptive management
and flexible dam operations can be used
to benefit the ecosystem --such as by
coordinating water releases from the dam
to more closely approximate natural flow
regimes-- and to conduct scientific research.
Flexibility in regulation has been key to
overcoming obstacles; a case in point is the
issuance of an incidental take permit to the
USACE for four bald eagle eggs or fledglings
every 10 years, or two southwestern willow
flycatcher eggs or fledglings every 20 years.
Major project theme: Multiple Use; Flexible
Regulation
Key to project success: Cooperation &
Communication
What would you change? Funding
mechanism
Advice for others: Create a productive
atmosphere where participants can discuss
and set common goals

Bill Williams River. Image
provided by Dale Turner.
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how entities have previously partnered to provide reclaimed water to natural areas, including prospective funding sources. The group
would be tasked with the following:
•
•
•
•

•

•
•

Identify appropriate locations for nearstream recharge
Research where reclaimed water supplies
are available
Explore how reclaimed water is currently
being used and how it is projected to be
used
Investigate what technology is available to
improve existing reclaimed systems, and
what rules and regulations will confine the
desired goals
Agree on locations or priority areas for
allocating reclaimed water to natural
areas and how much water would be
needed over the long term
Establish new (or support existing)
demonstration projects that can be
evaluated for similar efforts in the future
Synthesize and disseminate research
results for public review and comment

In the Next Year: Community and/or regional
stakeholders could come together to identify
common interests and shared goals about
using water resources to benefit multiple
uses, including their local ecosystems. Once
goals are established, stakeholders could
determine where and how water is currently
being used to support riparian and aquatic
ecosystems and explore the regional options
for maintaining, expanding, or implementing
new mechanisms to achieve their goals. As
a part of this process, communities could
identify existing water use agreements
and regulatory constraints that may hinder
allocating water to natural areas and, if they
conflict with community goals, determine how
to work within or around these constraints.
Tres Rios is a successful existing model
for stakeholder efforts to provide reclaimed
water to natural areas and to create new
habitat. The Blue Ribbon Panel Report, which
identified many of the general obstacles to
use of reclaimed water, is another excellent
resource.
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Box 6. Glen Canyon Dam Adaptive
Management Program
The Adaptive Management Working Group
(AMWG) was created in 1997, as a result
of an Environmental Impact Statement for
operations of Glen Canyon Dam. Members
of the AMWG meet regularly and seek to
directly incorporate public involvement into
decisions regarding Glen Canyon Dam
operation and downstream uses. Managing
the dam optimally for multiple uses of the
Colorado River is the overarching theme in
this case study. In many ways the AMWG
has taken on an impossible task, because
the Colorado River’s water is completely
allocated and there is simply not enough
water in the river to meet the needs of all
competing interests. The Glen Canyon Dam
Adaptive Management Program and the
Grand Canyon Monitoring and Research
Center are leading cutting-edge research
about how and when to release water from
the dam, and making recommendations
for dam operations that are informed by
scientific research. As such, they are better
able to balance the needs of diverse users
and protect natural and cultural resources
as water moves through the system in a
deliberate way.
Major project theme: Multiple Use; Flexible
Regulation
Key to project success: Cooperation &
Communication
What would you change? Simplify
procedural requirements
Advice for others: Establish a formal
understanding between partners and secure
a reliable funding source

Glen Canyon Dam viewed from downstream.
Image from: http://www.gcdamp.gov
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6. In the Rearview Mirror – Conclusion
When the WRRC began this project in 2011,
there were two principal goals: 1) further
understand and communicate the water
needs of riparian and aquatic ecosystems;
and 2) involve individuals and organizations
throughout Arizona in the development of
options and strategies for incorporating
the water needs of natural areas into water
management and planning. While the goals
were clear, the path to achieving them
evolved along the way.
Perhaps the most important lesson learned
in building this Roadmap is the importance
of iteratively examining the problem,
synthesizing an understanding of this
problem, and then using this understanding to
adjust the engagement process accordingly.
Iterative examination of the issues allows
time to include many different perspectives
of stakeholders and approaches to
engagement. This is important because
effective water management requires a
multifaceted approach that includes an
understanding of legal, social, and scientific
constraints that no one person could
completely understand. This is especially
true when management seeks to combine
an understanding of the diversity of thoughts
on how water should be used with how much
water is needed by natural areas, which are
complex in their own right. Through flexibility
in the project approach, the WRRC has
been able to take lessons learned along the
way to improve the approach to examining
how to consider water for natural areas in a
number of ways and, most importantly, from
a variety of perspectives.
Throughout the project, the WRRC
found that while all water-interest
groups were willing to participate,
getting their input required significant
planning and commitment to bringing
as many voices as possible to the
table.

The other critical lesson learned through
this project is the amount of time necessary
to bring people together. Throughout the
project the WRRC found that while all waterinterest groups were willing to participate,
getting their input required significant
planning and commitment to bringing as
many voices as possible to the table. A key
element of planning and bringing a diversity
of ideas to the table was the dedication of
the Roadmap Steering Committee, who
spent many hours working with WRRC staff
guiding the approach to the project, and
suggesting whom to talk to, when, and how.
The voluntary participation of
over 1,000 stakeholders, 400 of
whom directly helped to build the
recommendations in this Roadmap,
demonstrates that there is significant
interest in providing water to natural
areas in Arizona.

The voluntary participation of over 1,000
stakeholders, 400 of whom directly helped to
build the recommendations in this Roadmap,
demonstrates that there is significant interest
in providing water to natural areas in Arizona.
While opinions on how to provide water to
riparian and aquatic ecosystems vary, there
is general agreement that any approach
should involve cooperation across different
water-using groups, and should focus on
local priorities and solutions. Although our
understanding of how much water riparian
and aquatic ecosystems need remains
incomplete, there are opportunities to take
the information we do have and use it to
explore how to manage water resources with
natural areas in mind. While this Roadmap is
the culmination of three years of stakeholder
engagement and learning, the WRRC hopes
that this document marks only the beginning
of a journey toward understanding and
including water for natural areas in Arizona’s
water management and planning decisions.
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