Roadmap for Considering Water
for Arizona’s Natural Areas
Kelly Mott Lacroix, Brittany Xiu, and Sharon B. Megdal
December 2014

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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Appendix A. Understanding the Decision to Incorporate Natural
Areas into Water Management Plans – Case Studies
Case study interviews by Darin Kopp; summaries written by Emilie Brill Duisberg and Darin
Kopp
To better understand how and why Arizona communities incorporate the water demands of
natural areas into water management plans, the WRRC, in consultation with the Roadmap
Steering Committee, selected six case studies from around the state (Figure A.1):
1.
2.
3.
4.
5.
6.

Bill Williams River Corridor Steering Committee
Conserve2EnhanceTM (C2E)
Glen Canyon Dam Adaptive Management Program
Las Cienegas National Conservation Area
Verde River Automated Ditch Operations
Yuma East and West Wetlands Restoration

These case studies spotlight the eight most commonly discussed themes that emerged
throughout the Roadmap development process, provide concrete examples of how these
important elements coalesce in the planning and execution of successful, real-world
projects, and contribute practical recommendations and action items to the Roadmap.
The critical themes are as follows: the importance of communication and cooperation;
conservation and efficiency; education, in terms of both scientific research and public
outreach; financial incentives; flexible regulation; multiple uses of water; setting priorities and
assessing values; and reliable data about the quantity and value of water involved. For each
case study, existing documents and electronic resources were reviewed, and interviews
were conducted with project participants either in person or over the phone using a common
set of questions (see end of Appendix A); when possible, multiple interviews were conducted
to increase the breadth of responses and develop a more comprehensive perspective on the
case study. The WRRC received approval for these interviews from the University of Arizona
Institutional Review Board.
Each project showcases multiple themes (Table A.1). To distinguish the role each thematic
area played in a case study, the WRRC classified themes present as either ‘major’ or ‘minor’
(Table A.1). Major themes are those that were considered necessary for the project to exist,
while minor themes are those that either support, or resulted from, project implementation.
All six case studies incorporate aspects of cooperation. The prevalence of cooperation was
most likely an artifact of case study selection: the WRRC intentionally selected collaborative
projects. Meanwhile, the common thread of education, also present in all six projects, could
indicate that project sites recognize the importance of outreach and regional learning to
long-term success.
Project managers and participants themselves also identified cooperation as a major driver
in five of the six projects, and cited the importance of collaboration or communication for
future project success in all six projects. Four of the six projects said, if possible, they would
have implemented the project faster. This may indicate that the benefits of completing
these types of projects are disproportionately large relative to the costs, and that delaying
implementation is not productive.
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Figure A.1. Map of Roadmap case studies conducted throughout Arizona: 1) Bill Williams River
Corridor Steering Committee; 2) Conserve2Enhance (C2E); 3) Glen Canyon Dam Adaptive Management Program; 4) Las Cienegas National Conservation Area; 5) Verde River Automated Ditch
Operations; 6) Yuma East and West Wetlands Restoration
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Table A.1: Themes identified in each case study. “X”, indicates major themes and “x” indicates minor themes. Major themes are those that are
closely related to the driving force behind water allocation decisions. Minor themes are defined as those that occurred as a response to, or in
support of, the major diver.

Project Name

Cooperation &
Communication

Conservation
Financial
Flexible Multiple Uses Value of
Education
& Efficiency
Incentives Regulation
of Water
Water

Bill Williams River Corridor Steering Committee

x

Conserve2Enhance (C2E)

x

Glen Canyon Dam Adaptive Management Program

x

x

X

Las Cienegas National Conservation Area

X

x

x

Verde River Automated Ditch Operations

x

Yuma East and West Wetlands Restoration

x

X

x
X

X

x

x

X
X

x

x

X
x

X

x

Priority
Setting

X

x

x

x

x

x

X

Table A.2: Lessons learned from each project, as identified by the respective case study interview participant(s).
Project Name

Keys to Success

Things to change

Advice for others

Bill Williams River Corridor Steering Committee

Cooperation & Communication

Funding mechanism

Create a productive atmosphere
where participants can discuss and set
common goals

Conserve2Enhance (C2E)

Public Participation

Long-term maintenance for
programs; time to implement

Develop strong community partnerships
and engage with participants

Glen Canyon Dam Adaptive Management Program

Cooperation & Communication

Simplify procedural
requirements

Establish a formal understanding
between partners and secure a reliable
funding source

Las Cienegas National Conservation Area

Cooperation & Communication

Time to implement

Build a forum to act on good information
that fosters communication

Verde River Automated Ditch Operations

Cooperation & Communication;
financial incentives

Time to implement

Build trust and develop community
partnerships

Yuma East and West Wetlands Restoration

Cooperation & Communication;
making progress

Technical details; time to
implement

Understand the importance of
collaboration and remove personal
agendas from the equation
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1. Bill Williams River Corridor Steering Committee

Key themes: multiple uses of water, flexible regulations, cooperation and communication,
education
The Bill Williams River is a remote desert river
that runs from east to west across Arizona
and into the Colorado River, with one of the
most variable historical flow records in the
US. Between 1916 and 1939, peak flows in
the neighborhood of 100,000 cfs occurred six
times, while summer flows often fell to zero.
In 1968, the Alamo Dam was constructed to
provide flood control capacity, recreation, and
water conservation. Thirty-nine miles of river
Bill Williams River. Image provided by Dale Turner
extend below the dam to its confluence with
the Colorado River. This corridor contains the
last remaining native riparian habitat in the Lower Colorado River watershed, and serves
as an oasis for migratory species in an otherwise inhospitable landscape that extends for
many miles. The primary landowners and managers within this reach are: Arizona State
Parks, Arizona Game & Fish Department (AZGFD), the Bureau of Land Management (BLM),
Freeport-McMoRan, Inc. (Freeport), Arizona State Land Department, US Army Corps of
Engineers (USACE), and US Fish & Wildlife Service (USFWS).
The Bill Williams River Corridor Steering Committee (BWRCSC) was established to
minimize conflicts between the agencies and stakeholders in the watershed, while
promoting conservation of its riparian ecosystems. This committee facilitates communication
about each group’s needs and desires among all interested parties. 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. There is also a strong degree
of commitment and engagement, which supersedes and helps participants overcome
their differences. Outside of the staff time invested in the project, member participation is
voluntary. As one interviewee put it, “it’s a labor of love.”
In 1991, the BWRCSC appointed the Bill Williams River Technical Committee to complete
a Proposed Water Management Plan for Alamo Lake and the Bill Williams River. This plan
proposed an alternative to dam operations to better meet agency resource objectives and

Webpage header from: http://billwilliamsriver.org/Committee/
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dam project purposes. In 2002, the Bill Williams was one of nine rivers enrolled in the
Sustainable Rivers Project, a nationwide collaboration between the USACE and The Nature
Conservancy (TNC) to improve the ecological effects of dam operations. The Ecologically
Sustainable Water Management (ESWM) framework was incorporated to collaboratively
define problems and solutions related to the adaptive management of flow releases in
coordination with human and natural resource needs.
In 2005, a Memorandum of Understanding (MOU) between member agencies renewed the
charter of the BWRCSC. MOU signatories included: AZGFD, Arizona State Parks, TNC,
USACE, BLM, the Bureau of Reclamation (BOR), USFWS, and the Arizona Department
of Water Resources. Delegates from the participatory agencies serve on the steering
committee. BWRCSC meetings are conducted on a quarterly basis, and address the status
of the lake and river and pertinent issues related to water management. Differing opinions
arise periodically, and the meetings serve as a venue to address and resolve contention,
and to provide input to the USACE regarding their dam operations. In this respect, the
steering committee meetings serve as a vehicle for cooperation and collaboration between
the diverse local, state, federal, and non-governmental entities involved in the project.
All water releases from Alamo dam are coordinated between state and federal agencies
that have interests in or concerns with the Bill Williams River or the lower Colorado River.
Another example of this collaborative process was the Environmental Flows Workshop
conducted in 2005 that consisted of over 50 scientists from 20 institutions working together
to define the flow requirements needed to sustain the long-term health of the river.
The goal of the renewed BWRCSC charter is to “facilitate and implement an adaptive
approach to water resource management and watershed health that aims to ensure the
long-term ecological integrity, while meeting human needs, of the Bill Williams River
Watershed.” The salient theme in this case study is the consideration of multiple uses of
water, including environmental needs, in dam operations. For example, Alamo Lake above
the dam is a popular sport fishery managed by the Arizona State Parks and AZGFD, while
the 39-mile reach below the dam is considered a reference condition for historic riparian
habitat within the Lower Colorado River Basin. The dam structure provides flood control,
water conservation and supply, and, added in 2003 as an approved dam operation, fish and
wildlife benefits. Collectively, the decision to incorporate environmental demands into the
management of water has created a way for
many water uses to be realized from the Bill
Williams River and Alamo Lake conservation
pool.

Bill Williams River. Image provided by Dale Turner

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. Data collection
increased substantially following the
Environmental Flows Workshop and large flood
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events in 2005. As a result, the Bill Williams River is among the most investigated river
systems in the Southwest and has been the subject of numerous publications. In addition,
the public can view photo galleries or learn about its natural history and management
through websites devoted to the BWRCSC and the Bill Williams National Wildlife Refuge.
Notwithstanding all its accolades, this riparian corridor faces a number of challenges and
opportunities, including legal proceedings associated with the Endangered Species Act,
issues around the water rights of Planet Ranch (owned by Freeport), and the development
of flexible dam operations to enhance ecological health. 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. Water rights litigation associated with
Planet Ranch also demonstrates the importance of flexible regulation. Specifically, Freeport
is interested in transferring some water rights certificates to existing holdings within the
Bill Williams watershed and donating or leasing the remaining land and water rights to the
Lower Colorado River Multi-Species Conservation Program and the AZGFD. Whether this
plan is approved and irrigation is retired, or irrigation at Planet Ranch continues, will have
implications for the Bill Williams River. Finally, allowing for flexible dam operations enables
researchers to learn about the system and adjust management decisions to enhance
ecosystem health, while complying with federal regulations. Monitoring, research, and
adaptive management are the primary means for addressing the current uncertainties within
the Bill Williams River.
Interviewees indicated that if the project were to start over, the establishment of an annual
funding mechanism would be beneficial, as current funding sources are often shared
between membership agencies. Participants advise the architects of other projects to create
a productive atmosphere where participants can discuss and set common goals, as doing
so is a key to success. Participants also mentioned the use of the Ecologically Sustainable
Water Management (ESWM) framework as key to reaching success and maintaining good
scientific standards.
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2. Conserve2EnhanceTM

Key themes: conservation and efficiency, value of water,
cooperation, education, financial incentives, priority
setting
Conserve2EnhanceTM (C2E) connects conservation
with community action. C2E is a voluntary water
conservation program in which participants are
encouraged to conserve water at their home or business, track their water savings using
the online C2E Water Use Dashboard (www.conserve2enhance.org), and then donate
some or all of the financial value of their water bill savings to support local environmental
enhancement projects. The C2E program is housed within the University of Arizona Water
Resources Research Center (WRRC); WRRC provides support for interested communities
to develop their own C2E program at no cost. C2E programs are in place throughout the
Southwest and growing in number. The success of C2E is contingent on efficiency retrofits
and behavioral changes designed to increase water conservation. The environmental
enhancement projects funded by the savings that result from these conservation efforts are
themselves encouraged to use water management practices, such as rainwater harvesting,
that promote sustainability, conservation, and efficiency.
The most robust C2E program to date is located in Tucson, Arizona. This program is led
by a volunteer community Advisory Board, and aims to enhance urban waterways and
wildlife habitat throughout Tucson. The launch of Tucson C2E was possible thanks to a
partnership between the WRRC, the regional water utility, Tucson Water, and local non
profits, Watershed Management Group (WMG) and Sonoran Institute. Bylaws and monthly
meetings serve to guide and facilitate cooperation among the organizations involved
in the program. The C2E board’s recent switch to a volunteer structure, consisting of
a steering committee, grants committee, board development committee, and outreach
committee, poses new opportunities and challenges for cooperation and cross-pollination
among member organizations. Cooperation is also important for groups seeking to fund
environmental projects through
C2E grants. For example, the
Atturbury Wash Project, recipient
of an $11,000 grant from Tucson
C2E in 2012, involves cooperation
between Arizona Parks and
Recreation, neighborhood
associations, and local high
schools in the form of both
informal and formal meetings and
workshops.
Tucson C2E participates in
several forms of community
outreach, including presentations,
workshops, printed articles,
advertisements and multimedia
postings, and has a program
Sample C2E Participant Dashboard from the C2E Water Use Dashpage on the WRRC’s C2E Water
board (www.conserve2enhance.org). Image courtesy of WRRC.
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Use Dashboard (conserve2enhance.org/Tucson). The website provides a running tally
of water savings and program donations, a description of Tucson C2E’s environmental
enhancement sites, as well as information about participating local businesses. Education
is also incorporated into the environmental programs funded through the C2E program. The
Atturbury Wash Project, for example, conducts regular birding tours to foster community
engagement and also features interpretive signage explaining the work that has been done
at the site.
Tucson C2E provided subsidies ($500-$1000) for pilot project participants to implement
water harvesting infrastructure. The funds for this initiative were provided by an EPA grant
to WMG and served to boost project participation and increase C2E brand recognition.
Financial incentives in terms of staff time were also important in contributing to the success
of the project: the Sonoran Institute, WRRC, and WMG contributed staff time for the pilot
Tucson C2E program. After successful completion of the pilot, Tucson C2E is now a fully
implemented program that has scaled up to include the entire Tucson Water service area.
To date, Tucson C2E participants have conserved over five million gallons of water.
C2E project sites are determined by local priorities and the direction of the local C2E
program oversight body. As a result, the project selection process can take many forms
ranging from donations going to support a single pre-identified project to a formal request
for proposals, which are then assessed by the local advisory committee. Key criteria
for selecting any C2E enhancement site are the values and interests of the community,
anticipated environmental benefits, and potential for community participation. One Tucson
C2E grant recipient stated the choice for their project location was motivated by the
presence of wildlife habitat, preexisting restoration efforts, and a motivated neighborhood
association. A statewide C2E program is considering sites based on data-demonstrated
critical habitat for species of interest and public familiarity.
Since C2E programs are intended to be self-financing through donations generated from
water savings, the success of a C2E program is contingent on attracting and engaging
with participants. The advisory board, grant programs, and staff time are also important
factors that impact the success of a
program. A challenge faced by the Tucson
C2E program is that grant recipients
are responsible for maintaining their
enhancement sites beyond the initial C2E
grant year. To address this, each member
of the Tucson Advisory Board ‘adopts’
a project site and periodically checks in
with site managers. Recommendations
for other collaborative projects include the
importance of organization, collaboration,
and progress. It is difficult to create an
organization from scratch, and identifying
common goals and priorities is timeconsuming, but important. Making
measurable progress keeps members of
Before (black and white) and after (color) transformation
the community engaged and highlights
of Tucson C2E Atturbury Wash enhancement site. Photo
project successes.
courtesy of WRRC.
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3. Glen Canyon Dam Adaptive Management Program

Key themes: multiple uses of water, flexible regulation, cooperation and communication,
education
The construction of the Glen Canyon Dam
on the Colorado River, completed in 1963,
raised public alarm about the preservation of
downstream cultural and natural resources.
The Grand Canyon Protection Act, passed
by Congress in 1992, directs the Department
of the Interior to operate the dam in such a
way as “to protect, mitigate adverse impacts
to, and improve values for which Grand
Canyon National Park and Glen Canyon
National Recreation Area were established,”
as well as to create a long-term monitoring
and research program to inform dam
Glen Canyon Dam viewed from downstream. Image
management policies. In 1995, the Bureau
from: http://www.gcdamp.gov
of Reclamation produced a multi-agency
Environmental Impact Statement (EIS) of existing and alternative dam operations from
1963-1990 to address concerns about the downstream impacts of the ongoing operation
of the Glen Canyon Dam, including: water resources, sediment, riverine and riparian
habitat and wildlife, endangered and special status species, cultural resources, air quality,
recreation opportunities, hydropower, and non-use value.
The EIS proposed the implementation of adaptive management strategies, defined by the
website of the Glen Canyon Dam Adaptive Management Program (GCDAMP) as “a dynamic
process where people of many talents and disciplines come together to make the right
decision in the best interests of the resources.” Underscoring the important role of public
policy, which 63% of Roadmap survey respondents noted has the potential to decrease the
vulnerability of water for natural areas, the GCDAMP’s stated purpose takes some of its
language directly from the Grand Canyon Protection Act. It was created in partial fulfillment
of the requirements of the Grand Canyon Protection Act and provides “an organization and
process for cooperative integration of dam operations, downstream resource protection and
management, and monitoring and research information, as well as to improve the values for
which the Glen Canyon National Recreation Area and Grand Canyon National Park were
established.” The Grand Canyon Monitoring and Research Center (GCMRC), a part of the
United States Geological Survey (USGS), conducts scientific research and monitoring for
the GCDAMP in accordance with the law.
The fundamental units of the GCDAMP, funded by sales of hydropower from the dam,
are several subcommittees, or working groups, that evaluate research and make

Webpage header from: http://www.gcdamp.gov
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recommendations for dam operations and
management. Adaptive management of
the dam was first proposed in 1992, and
the charter for the Adaptive Management
Working Group (AMWG) was signed in 1997,
with the EIS and Grand Canyon Protection
Act of 1992 serving as guiding documents.
The AMWG consists of representatives from
federal agencies, Indian tribes, environmental
groups, recreation interests, the seven
Colorado River Basin states, federal power
contractors, the Department of the Interior,
and other stakeholders. It was designed to
be as inclusive as possible of all interests
on the River. Meetings are held twice a
year. The Technical Working Group (TWG)
is responsible for developing criteria and
standards for monitoring, as well as the
research questions to be addressed by the
GCMRC, and meets more frequently (3-4
times per year). The management plan is
structured to allow the GCMRC to generate
research, the TWG to evaluate research, and
the AMWG to make final recommendations.
This process serves as an alternative to
closed-door meetings and helps make issues
public.

Glen Canyon Dam jet valves releasing water during
November 2004 controlled flood. Image from: http://
www.gcdamp.gov

Managing the dam optimally for multiple uses of the Colorado River is the overarching
theme in this case study. This is a challenging task because the Colorado River’s water
is completely allocated and there is not enough water in the river to meet the needs of all
competing interests. However, managers have been successful within the scope of their
goals: that the GCDAMP and the GCMRC are leading cutting-edge research about how and
when to release water from the dam, and to make 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.
To this end, flexible regulation in dam operations has been necessary for producing high
flow experiments (HFE), which correspond to sediment inputs and mimic the pre-dam
natural flood events. These experiments are intended to build habitat, create recreation
opportunities, and protect archaeological sites downstream. Because the primary function
of the dam is water delivery, management for multiple needs must take place within that
framework. Flexibility in dam operations allows the timing, but not the total amount, of
annual delivery from Lake Powell to Lake Mead to be changed, resulting in a loss of some
hydropower but benefitting other uses of the river. Flexibility in regulation is another theme
that Roadmap participants identified as important for the inclusion of natural areas in water
management planning, as inflexible regulations may sometimes unintentionally pit people
against each other or create disincentives.
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When discussing the theme of communication in considering water for natural areas,
Roadmap participants emphasized the critical need for trust, honesty, and unbiased dialogue
in discussing what are frequently sensitive and politically charged issues. The interviewees
in this case study echoed this sentiment multiple times, noting the importance of reaching
out to “talk to others,” as “some offer great perspective,” as well as fostering engagement
by “making people feel like they are a part” of the process, as “when they care, people can
move mountains.” This cooperation, nurtured by functional and open communication, and
in conjunction with consistent leadership, has been a crucial underpinning of the success of
the GCDAMP.
Finally, public engagement, outreach, and education have been integral to this process.
Public views about the impacts of the dam on downstream resources prompted the passage
of the 1992 Grand Canyon Protection Act and served as the impetus for the creation
of the GCDAMP. Its management plan is designed to promote transparency and public
involvement. An informative website and a number of public outreach events engage the
public, and an oral history project is currently in development. One interviewee stated that
he is “a firm believer in adaptive management” and that the AMWG is in a “good place”
and “looking toward the future.” If the project were to restart, he suggested that reducing
the quantity of reporting commitments, while not reducing the insights they generate,
could simplify some of the procedural requirements. With regard to recommendations for
other water-based conservation efforts, good monitoring and collaboration, with a formal
understanding among parties, as well as a reliable funding mechanism, are key features for
success.
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4. Las Cienegas National Conservation Area

Key themes: cooperation and communication, education, flexible regulations, priority setting
Las Cienegas National Conservation Area (LCNCA), consisting of 41,972 acres of public
land, contains five of the rarest habitat types in the American Southwest: cottonwood-willow
riparian forest, cienega marshland, sacaton floodplain, mesquite bosque, and semidesert
grassland. It is home to six endangered species, and contains two eligible Wild and
Scenic River segments. Seventy percent of Roadmap participants recognized the utility
of priority setting to prevent the provision of water to natural areas arbitrarily; given its
“exceptional biological, cultural, and scenic values” (Bodner and Simms, ii), the LCNCA is
an undisputable priority for conservation. To that end, in 2000, the LCNCA and the Sonoita
Valley Acquisition Planning District
(SVAPD) were designated by
Congress to “conserve, protect,
and enhance the unique and
nationally important aquatic,
wildlife, vegetative, archaeological,
paleontological, scientific, cave,
cultural, historical, recreational,
educational, scenic, rangeland and
riparian resources and values of
the public lands within the NCA,
while allowing livestock grazing and
recreation to continue in appropriate
areas” (BLM 2003).
LCNCA landscape. Photo courtesy of Shela McFarlin.
LCNCA and the surrounding SVAPD are composed primarily of a mix of BLM, Arizona
State Trust and private lands. In 1988, the land for the NCA was acquired through a Bureau
of Land Management (BLM) land exchange and the BLM began actively seeking the
involvement of local citizens in forming a partnership to develop a management plan for
the area. One interviewee noted that this was not a court mandated effort or a paperwork
exercise; the Bureau truly wanted to craft a partnership with local stakeholders to preserve
this unique area of Southern Arizona. The interviewees stressed the importance of building
interpersonal relationships and maintaining openness and trust throughout this process,
particularly as local residents were not initially eagerly receptive to the idea of working with
the BLM. However, many citizens realized their priority was on preserving this resource, and
that common goal allowed people who might not normally choose to work together to do so.
The Sonoita Valley Planning Partnership (SVPP) was formed as a voluntary, ad hoc
association, which serves to promote community-wide participation in public land
management. Meetings began informally, and ultimately came to be held regularly in three
subcommittees: Biological Planning, Technical Teams and Science on the Sonoita Plain.
Informal discussions still take place and are considered important to the project. At its
height, the SVPP had 35 to 40 actively working members and 200 to 300 people on its
mailing list.
Through the Cienega Watershed Partnership, it maintains relationships with a diverse,
extensive list of regional collaborators, including municipalities (Sonoita, Elgin, Patagonia,
Huachuca City, Sierra Vista, Nogales, Tucson, Phoenix); federal agencies (U.S. Forest
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Service (USFS), National Park Service (NPS), the BLM, the Natural Resources
Conservation Service (NRCS), the U.S. Geological Survey’s (USGS) Tucson Science
Center, the U.S. Fish and Wildlife Service (USFWS)); state agencies (Arizona Game
and Fish Department (AZGFD), AZ State Land Department); county governments (Pima
Association of Governments, Pima County Parks and Recreation, Pima County Natural
Resources, Pima County Flood Control District); academia (University of Arizona (UA)
School of Natural Resources and the Environment, UA Climate Assessment for the
Southwest (CLIMAS), UA Office of Arid Lands Studies, Arizona Nonpoint Education
for Municipal Offices (NEMO), UA Institute of the Environment, Sustainability of Semiarid Hydrology and Riparian Areas (SAHRA), UA Cooperative Extension 4H Youth
Development); local schools (Empire High School, Cienega High School, Vail School
District, Civano Middle School); and numerous non-governmental organizations and other
private groups (The Nature Conservancy (TNC), Sky Island Alliance, Rincon Institute,
Sonoran Institute, Arizona Land and Water Trust, Empire Ranch Foundation, Audubon
Appleton-Whittell Research Ranch, Colossal Cave Mountain Park, Save the Scenic Santa
Ritas, Sonoita Crossroads Community Forum, Rincon Valley Coalition, Ironwood Tree
Experience, Southern Arizona Buffelgrass Coordination Center (SABCC), Pima Trails
Association, Arizona Trail Association, Huachuca Hiking Club, Sonoran Desert Mountain
Bicyclists, the Clyne Ranch, Caldwell Designs, High Haven Ranch, the Kelso Family, the
Slattum Family, Ver Earl Ranch Inc, and Walker Ranch, Regional Partnership, Arizona
Zoological Society of the Phoenix Zoo, Tucson Electric Power). This wide-ranging and
varied approach to collaboration has been integral to successful management of LCNCA.
In 2003, the SVPP and the BLM collaboratively drafted the Las Cienegas Resource
Management Plan (RMP), a science-based adaptive management plan intended to link
land and resource management with continuous observations of ecological conditions in the
area. The RMP includes clear, measurable management goals focused on maintaining and
restoring the grassland watershed, riparian and aquatic areas, and native fish and wildlife.
Adaptive management promotes cooperative action based on relevant 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
the ecological needs of the system without undergoing additional planning or reorganization
efforts. Given that Roadmap participants noted that inflexible or inadequate regulation is
often detrimental to efforts to provide water to natural areas, the latitude to make adaptive
decisions based on monitoring data is a strength for LCNCA. For example, while adding

LCNCA community engagement events. Photos courtesy of Shela McFarlin.
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certain disturbances, such as beaver or fire, “back into the system may succeed in turning
the wooded swamp areas into herbaceous cienega with open, well-oxygenated pools…
uncertainties highlight the need to use adaptive management in this situation, since either
disturbance could have unintended consequences such as reducing densities of large
cottonwoods or enhancing habitats for bullfrogs or other exotic species” (Bodner and
Simms, iii). In 2004, TNC entered a cooperative agreement with the BLM to evaluate the
existing monitoring plan against management objectives and ensure that it adequately
measures progress toward RMP goals. This collaborative, adaptive approach is central to
the success of LCNCA.
Participants in the Roadmap development process overwhelmingly agreed on the need for
education initiatives about providing water to natural areas. In this regard, LCNCA can be a
learning laboratory, with several ongoing educational programs. Current youth educational
programs include River Pathways, Youth in Wilderness, Historic Preservation, Hands on
the Land/Wild about the Grassland, Seeds of Stewardship, Youth Engaged Stewardship,
Black-tailed Prairie Dog Reintroduction, and Pronghorn Habitat Improvement. Educational
campaigns are also targeted towards individuals in decision-making roles to inform them
of data collection and monitoring results. The heritage planning team associated with the
Cienega Watershed Partnership supplies oral histories about the NCA through a website
and the variety of natural resources and habitat support the interests of several scientific
investigations.
Conservation efforts in LCNCA have been characterized by citizen involvement and the
BLM’s ability to successfully incorporate public opinion into its management decisions,
and the results of this approach speak for themselves. Since 1989, fencing Cienega Creek
from livestock, closing wet road crossings, and removing dikes and canals has resulted
in dramatic increases in the extent of riparian cottonwood-willow gallery forest, and in the
number of creek miles in Proper Functioning Condition (up from 2% in 1993 to 61% in
2000). Interviewees stated that if they were to start over, they would implement the program
more quickly, without cutting costs or participation. Their advice for other collaborative
projects echoes the thoughts of Roadmap development participants, focusing on the
importance of building a foundation to act upon good information, citizen involvement, sound
decision-making, and hard work and dedication to communication.
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5. Verde River Automated Ditch Operations

Key themes: conservation and efficiency, financial incentives, value of water, cooperation
and communication, priority setting, education, multiple uses of water
The Verde River is a hotspot for biodiversity, and
contains Arizona’s only officially designated stretch
of Wild and Scenic Rivers. Along its 192-mile
run from the mountains north of Prescott to its
confluence with the Salt River outside of Phoenix,
it supports 92 species of mammals, including
river otter, as well as native and endangered fish
species and the highest densities of breeding
birds ever recorded in North America. This area
is threatened by reduced flows in the river. In
2008, a scientific assessment identified irrigation
diversions, which are critical to sustaining the
livelihood of multiple communities along the Verde
River, as a major threat to the river’s ecological
health.
To address this, The Nature Conservancy
(TNC) and the Diamond S Ditch Company, a
five-mile long irrigation system that includes 80
users and irrigates 400 acres of land, worked in
partnership to find a “win-win” solution to balance
environmental and agricultural water needs. They
accomplished this by modernizing the irrigation
New automated ditch gate on the Vere River.
infrastructure, which has remained much the
Photo courtesy of Kim Schonek.
same as it was in the 1860s, consisting of earthen
dams built in the river channel to divert flows for irrigation using only gravity. Historic flows
in the Diamond S were 30 to 45 cubic feet per second (cfs), which was sometimes the
entire flow of the Verde River. Unused water in the ditch returned to the river downstream,
but this inefficiency left the intervening stretch of river depleted and sometimes completely
dry. Modern, automated ditch gates now operate with a sensor powered by a solar panel
and maintain consistent water levels, delivering a volume of water more closely matching
irrigation needs. The excess water not needed for agriculture then stays in the river. By
installing two automated ditch gates in the Diamond S system, this project has been able
to increase flows in the Verde River during the dry summer months by 50%-100% in some
areas, making it a resounding success.
The alignment of priorities and the inherent value—economic, aesthetic, and
environmental—placed on leaving water in the river were crucial to the success of the
project in this case study. Water is an irreplaceable resource in the conservation of riverine
habitat, and also necessary to sustain the livelihoods of Diamond S Ditch users. Some
members of the Diamond S were initially reluctant to work with TNC out of concern that
their water rights could be at risk. However, members were not asked to reduce irrigated
acreage or give up any water they needed; as long as members could get the full amount of
water they needed, agricultural and environmental needs were not mutually exclusive and
ditch users were happy to provide more water for instream flows. In fact, they recognized
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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
water through increased diversion efficiency is
a boon to all parties. Furthermore, this project
presented a solution to other concerns of the
Diamond S, such as safety and convenience.
The old system required manual adjustment by
the ditch boss; the new automated headgates
can be operated from home via his cell phone.
Although Roadmap participants expressed
concern that quantifying the value of water
left instream could be “very difficult,” this case
TNC and Diamond S Ditch representatives at new
study demonstrates that parties can agree
automated ditch gate. Photo by Darin Kopp.
on the value of water, and that leaving water
instream has value and benefits for the whole community. In fact, the provision of compelling
financial incentives is one of the key facets of the project that allowed it to be successful.
As one member of the Diamond S explained, the financial incentives were critical to their
willingness to collaborate with TNC, making the project “worth our time and effort.” Each
automated ditch gate costs approximately $10,000 and was paid for by the TNC, with
funding from Coca-Cola and the Bonneville Environmental Foundation, contingent on the
Diamond S users reducing their diversion volumes as specified in a diversion reduction
agreement. In addition to covering the cost of the automated gates, TNC paid the Diamond
S a supplemental sum for meeting a target of returning 5 cfs to Verde River flows, and will
pay an even greater sum if the Company returns 10 cfs to the river in 2014. The company
plans to use these funds to independently finance further infrastructural improvements
that increase efficiency within its system. Throughout the Roadmap development process,
participants cited lack of funding as a barrier to considering water for natural areas, and
emphasized the powerful role financial incentives play in encouraging efficiency or leaving
water instream. Indeed, without the financial support from TNC and its funding partners, this
project would not have been possible.
The Nature Conservancy selected the Diamond S Ditch among the seven major ditch
companies in the Verde Valley because it is located the farthest downstream and maintains
a social environment conducive to collaboration. The ditch location meant that water saved
as a part of the project would not be consumed by other users. The Diamond S is also just
above the portion of the river designated a Wild and Scenic River, so flows returned to the
river by the Diamond S directly and immediately benefit the flora and fauna of this ecological
gem. TNC has set a minimum flow target, or a goal for the lowest the Verde River should
ever get, of 30 cfs by 2020 throughout the Verde Valley. This figure represents 43% of the
river’s historic low flow, and TNC plans to meet this goal by gradually moving its way upriver,
returning more and more water to the river by partnering with other ditch companies to
improve efficiency.
Education and cooperation play pivotal roles in the ongoing success of this project. For
example, TNC was able to teach the Diamond S about automated headgate technology
by taking members on a field trip to the Phoenix area to see one in action. Other ditch
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companies on the Verde can take inspiration from the success of the Diamond S and learn
more about the process via the guided site tours the Company offers for researchers,
reporters, and students, as well as through a website devoted entirely to the history and
culture of the Company. The interviewees emphasized the importance of a foundation of
mutual trust between the Ditch Company and TNC, and noted that the collaborative spirit
and open communication cultivated at numerous informal meetings are essential to the
successful management of a shared resource, such as water. TNC saw honesty and clarity,
realistic expectations and strong interpersonal relationships as important factors driving
success of the project, and summarized their advice for others simply: “be collaborative.”
The Diamond S Ditch Company, for its part, viewed the elimination of safety concerns and
the availability of financial resources as factors driving success, and stressed finding the
right partner with whom to collaborate. The Diamond S indicated that in hindsight they would
have implemented this project sooner, and if it were to start over, TNC would incorporate
more capacity to provide assistance.
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6. Yuma East and West Wetlands Restoration

Key themes: priority setting, flexible regulation, cooperation and communication, education,
multiple uses of water, value of water
Yuma, a metropolitan area of around 200,000 people, sits on the Colorado River in the
far southwestern corner of the state, near the borders of California, the Mexican states of
Baja California and Sonora, and the Fort Yuma Indian Reservation of the Quechan Indian
Tribe. For centuries, the Quechan have relied on the Colorado River for their livelihood, and
valued it at the center of their existence. However, severe degradation of the Colorado’s
riverine and riparian ecosystems in the 20th century, as a result of decreased flows,
invasion by exotic species, garbage dumping, salinization, and other challenges, severed
the connections both of city residents and of the Quechan to the river. The riverbanks and
historic channels became choked with impenetrable thickets of non-native salt cedar and
giant reed, barring passage to the river. Yuma West Wetlands was used as the city landfill
from 1910 until 1970, and Yuma East Wetlands was home to wildcat garbage dumping,
noncommissioned housing, and other illegal activities.
As Roadmap participants noted, every community in Arizona has natural areas of local
importance, spiritually, recreationally, economically, or otherwise. 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 in partnership based on shared values and priorities, and through their creativity,
expertise, and dedication, succeeded in the ambitious restoration of hundreds of acres
of riparian and wetland habitat. Priority setting, flexible regulation, and cooperation were
key drivers in building this ground-breaking model for restoration projects along the Lower
Colorado River, and revitalizing a desert community’s connection to the river.
The Yuma Crossing, near the confluence of the Gila and Colorado Rivers, is marked by two
massive granite outcroppings which narrow the Colorado River and form the only natural
ford of the river in southern Arizona. As such, it has been a crossroads and transportation
corridor for millennia, and the Ocean-to-Ocean Bridge was built over the Crossing in 1914,
linking the East and West
coasts of the United States
in the only land route for
1,200 miles at the time. In
2000, Congress designated
the Yuma Crossing National
Heritage Area based on
its historical and cultural
significance, authorizing
up to $10 million in federal
matching funds through
2015. In 2002, a citizen
task force, representing
a diverse cross-section
Aerial photo of Yuma Wetlands. Photo courtesy of Fred Phillips.
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of community, government, business, historical, and conservation interests, incorporated
itself into the 501(c)(3) Yuma Crossing National Heritage Area Corporation to spearhead
management and restoration of this newly-designated area. The City of Yuma committed
long-term funding for staffing, allowing the Heritage Corporation to begin securing funding,
developing a phased master plan for the area, and assembling an implementation team
including a grant-writer, a planner, and a construction manager. Arizona’s congressional
delegation, particularly U.S. Congressman Ed Pastor, U.S. Congressman Raul Grijalva, and
former U.S. Senator Jon Kyl, were instrumental in the designation of the Yuma Crossing
National Heritage Area and in securing appropriations from the Bureau of Reclamation.
Yuma West Wetlands
The total cost of restoring the Yuma West Wetlands was approximately $10 million, much
of the funding coming through Bureau of Reclamation appropriations, the City of Yuma,
State of Arizona Heritage Funds, the Arizona Game and Fish Department, and members of
the Yuma community themselves. The Environmental Protection Agency advised that six
to eight feet of clean fill was the main requirement for mitigation to make the former landfill
safe for public use. In December 2002, Phase One of the project opened after three years of
work, encompassing about 33% of the entire 110 acre site and including the Millennium Tree
Grove of 450 native trees, planted by 700 volunteers and now over 20 feet tall.
The “lower bench,” of the West Wetlands, the area closest to the river, was overgrown with
invasive plants and impassable. Given the land degradation and lack of water, some even
questioned whether restoration would be possible. The 50 foot tall cottonwood and willow
trees that line the river here today are a testament to the success of this pilot revegetation
project, and “to the faith that the Lower Colorado River can, and is, being restored” (Vision,
Conference 2008 issue, p. 2). The West Wetlands park also features a small lake opened
in 2003; “Solar Garden,” a solar demonstration area developed in 2005 in partnership with
Arizona Public Service; and the Stewart Vincent Wolfe Creative Playground, completed
in 2007 and “considered the most dynamic creative playground in the nation,” built by
thousands of community volunteers “in the style of an old-fashioned barn-raising” (Vision,
Conference 2008 issue, p. 2-3). In the spirit of assessing values and setting priorities, the
“playground has brought the entire community to the West Wetlands and has re-ignited a
commitment to complete the park” (Vision, Conference 2008 issue, p. 3).
Yuma East Wetlands
The story of the Yuma East Wetlands is primarily the story of mending relationships and
building partnerships among the Quechan, the City of Yuma, private landowners, federal
agencies, and the Heritage Area. This story begins with the renovation and re-opening of the
Ocean-to-Ocean Bridge, which was closed in 1988 due to structural problems. The Quechan
Indian Tribe and the City of Yuma agreed to jointly fund the restoration of the bridge, which
re-opened in 2002, both literally and figuratively linking the two sides of the river. The project
strengthened the relationship between the two parties and nurtured a shared focus on the
value of cleaning up the river, providing water for the benefit of natural areas, and creating
an “ecological haven of wetlands, forests, and waterways” (Vision, Conference 2008 issue,
p. 3).
The East Wetlands is a 1,418 acre site, two-thirds of which is owned by the Quechan Indian
Tribe; the rest of the property ownership is a checkerboard of private agricultural holdings,
City property, and other public and private agencies. Restoration efforts at the site have
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required over $9 million in funding,
from the Bureau of Reclamation,
the Arizona Water Protection
Fund, the City of Yuma, the North
American Wetlands Conservation
Act, the Arizona Game and Fish
Department, the National Fish and
Wildlife Foundation, the State of
Arizona Heritage Fund, and others.
A key component of the project has
been the excavation and restoration
of historic river channels, requiring
the manual removal of invasive
vegetation and over 220,000 cubic
yards of fill. In all, some 500 acres
have been restored, representing
several miles of restored river
channels, side channels, and
backwater lakes. Community
volunteers have planted over 6,000
trees.

Yuma Mayor Larry Nelson and Quechan President Mike
Jackson Sr., present an appreciation plaque to Senator Jon Kyl
in recognition of support for the Yuma East Wetlands. Photo
courtesy of Fred Phillips.

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 (ADEQ) to establish a net ecological benefit
that allowed modified, site-specific water quality standards for total selenium and total
residual chlorine. This had not been done before and required “out-of-the-box thinking,” with
ADEQ concluding that the restored habitat, home to native and sensitive species, would
be jeopardized without this discharge, and that “the environmental benefits associated with
the discharge of filter backwash water to support the restoration of the Yuma East Wetlands
outweigh the environmental costs associated with eliminating the discharge” (ADEQ Notice
of Final Rulemaking Title 18 Chapter 11, p. 73). ADEQ further concluded that the cost of
treatment to meet the standards would be prohibitive and that the site-specific standard
would not contribute to water quality violations downstream. Additionally, the allocation of
Lower Colorado River Multi-Species Conservation Program funds to support continued
maintenance of the East Wetlands project also required flexibility in regulations because
the site is actually maintained by the Yuma Crossing National Heritage Area. Lastly, the
Lower Colorado River is prone to channel shifts throughout the floodplain, which causes
problems for state boundaries. Here, these boundary problems were overlooked, and interjurisdictional cooperation is common in the Yuma East Wetlands.
Farmers in the area were initially reluctant to get involved with the Yuma Wetlands projects
because of fears about losing their water rights. Eventually, however, they became important
collaborative partners with immense expertise to share in the revegetation efforts: their
knowledge of tilling, flood irrigation, and other farming techniques was invaluable in handling
the enormous quantities of native plants and seed used in the project. One interviewee
noted that this cooperation was made possible by communicating the details of the project
and providing the farming community with a sense of ownership in the project.
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Public outreach, education, and involvement have been irreplaceable in the Yuma East
and West Wetlands from the outset. The Wetlands now comprise critical habitat for over
330 species of birds and other wildlife, and serve as an outdoor classroom to teach about
the planning, implementation, and monitoring of a large-scale river restoration project.
They feature other educational opportunities, such as the Solar Garden, and both are used
for outdoor recreation and education, including activities such as canoeing, fishing, birdwatching, hiking, and nature walks. The recently restored quartermaster’s house serves
as a venue for learning, and the projects feature natural and cultural history interpretation
centers. Since 2002, the annual Youth Cultural Festival has been held in the area, gathering
students and adults from around the world to volunteer in the wetlands, share culture, art,
and music, and learn about the importance of restoring the Colorado River. In addition,
the projects have pioneered cutting-edge restoration techniques in areas some doubted
would even be responsive to rehabilitation. They serve as a model throughout the region for
riparian and wetland restoration under difficult conditions.
Interviewees noted that phased plans and the accomplishment of small projects along
the way are critical for maintaining community interest and achieving success, as people
are easily disheartened without demonstrated progress. Maintaining backwash water
discharge into the wetlands will remain crucial to their viability, particularly during very low
flows of the Colorado River. Interviewees indicated that if the project were to restart, some
technical details would be changed (e.g. soil testing, irrigation practices) and the project
would start sooner. Their advice for other projects included understanding the importance of
collaboration and removing personal agendas from the equation.
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Interview Participants
Gita Bodner, Ph.D. – The Nature Conservancy; Las Cienegas National Conservation Area
Emily Brott – Sonoran Institute; Conserve2Enhance (C2E)
Kevin Eatherly – City of Yuma; Yuma East and West Wetlands Restoration
Charles Flynn – City of Yuma; Yuma East and West Wetlands Restoration
Frank Geminden – Diamond S Ditch Company; Verde River Automated Ditch Operations
Steve Goetting – Diamond S Ditch Company; Verde River Automated Ditch Operations
Andrew Hautzinger – U.S. Fish and Wildlife Services, Division of Water Resources; Bill
Williams River Corridor Steering Committee
John Jordan - Federation of Flyfishers; Glen Canyon Dam Adaptive Management Program
Kendall Kroesen – Tucson Audubon; Conserve2Enhance
Shela McFarlin – Cienega Watershed Partnership, Bureau of Land Management, Retired;
Las Cienegas National Conservation Area
Fred Phillips - Fred Phillips Consulting; Yuma East and West Wetlands Restoration
Sarah Porter – Audubon Arizona; Audubon Arizona Conserve2Enhance
Candice Rupprecht – Tucson Water; Conserve2Enhance (C2E)
Kim Schonek – The Nature Conservancy; Verde River Automated Ditch Operations
Dale Turner – The Nature Conservancy; Bill Williams River Corridor Steering Committee
Ian Tomlinson – Vera Earl Ranch, Inc.; Las Cienegas National Conservation Area

Interview Questions
General Information
Name; Affiliation; Year(s) involved/role in the project
Project Purpose
1) What was the primary objective(s) of this project?
Priority Setting
2) Please describe the factors that influenced the selection of the site.
Cooperation
3) Who is directly involved in the project (the “core team,” e.g. community leaders,
organizations, funders, etc.)?
4) How did you identify additional stakeholders?
a. What did you do to get stakeholder input on the project?
Understanding the Value of Water
5) What are the primary source(s) of water?
a. How are available water resources utilized in this project?
Conservation and Efficiency
6) Does this project incorporate strategies for water conservation or water use
efficiency?
Multiple Uses of Water
7) How might this project facilitate/affect/support water uses other than those originally
intended (does it increase/decrease…irrigation, recreation, habitat, storage)?
Financial Incentives
8) Why did you participate in this project (e.g. financial, required to, community values)?
Flexible Regulation/Legal Incentives
9) Was legal considerations part of the project (e.g., was there a mandate, water rights
adjudication, ESA permit)?
Education
10) Did the project include education or outreach?
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a. If so, what sort of education and outreach did you conduct (e.g. passive
signage, active site tours)?
Lessons Learned
11) What is the current status of the project?
a. Are there future management plans?
b. Is there a long-term source of project funding?
12) What was the one thing that most impacted success?
13) What is one thing you would do differently if you were to start the project over again?
14) Do you have any advice of other collaborative projects?

Case Study References and Resources

Bill Williams River Corridor Steering Committee
Bill Williams River Corridor Steering Committee. (http://billwilliamsriver.org/)
Hickey, John, & Warner, Andy. (October 2005). Ecosystem flows defined for Bill Williams
River. Corps Environment, 14-15.
The Nature Conservancy. Modernizing Water Management: Building a National
Sustainable Rivers Program. Available online as PDF, 2 pages.

Glen Canyon Dam Adaptive Management Program
Glen Canyon Dam Adaptive Management Program. (http://www.usbr.gov/uc/rm/amp/)
Grand Canyon Monitoring and Research Center. (http://www.gcmrc.gov/)
Grand Canyon Protection Act. (http://www.usbr.gov/uc/legal/gcpa1992.html)

Conserve2Enhance (C2E)
Conserve2Enhance. (http://conserve2enhance.org)
Nadeau, Joanna, et al. (February 2012). Testing the waters: Tucson links water
conservation with environmental benefits. Journal AWWA, 76-79.
Las Cienegas National Conservation Area
Las Cienegas National Conservation Area. (http://www.blm.gov/az/st/en/prog/blm_
special_areas/ncarea/lascienegas.html)
Sonoita Valley Planning Partnership/Cienega Watershed Partnership. (http://www.
cienega.org/who-we-are/svpp-forum/)
Bureau of Land Management (BLM), U.S. Department of the Interior. (July 2003).
Approved Las Cienegas Resource Management Plan and Record of Decision. Available
online as PDF, 184 pages.
Bodner, Gita. & Simms, Karen. (January 2008). State of the Las Ciénegas National
Conservation Area: Part 3. Condition of Riparian Habitats and Channel Geomorphology.
Available online as PDF, 69 pages.

75

Verde River Automated Ditch Operations
Diamond S Ditch Company.( http://www.diamondsditch.com/)
Postel, Sandra. (September 3, 2013). Arizona Irrigators Share Water with Desert River.
National Geographic Water Currents Blog, available online.
The Nature Conservancy. Automation makes irrigation more efficient and leaves more
water in the Verde River. Available online.
Verde River Economic Development Study (VREDS) Team. (August 12, 2011). Verde
River Economic Development Study: Final Report. Available online as PDF, 92 pages.

Yuma East and West Wetlands Restoration
Yuma Crossing National Heritage Area. (http://www.nps.gov/yucr/index.htm)
Yuma Crossing National Heritage Area Corporation. (www.yumaheritage.com/)
ADEQ Notice of Final Rulemaking Title 18 Chapter 11. (http://www.azdeq.gov/function/
laws/download/NFRM1.pdf)
Fred Phillips Consulting. Yuma East Wetlands Progress Report. (2007). Available online
as PDF, 29 pages.
Senate Report on Yuma Crossing National Heritage Area. (http://www.gpo.gov/fdsys/pkg/
CRPT-109srpt242/html/CRPT-109srpt242.htm)
The Yuma Heritage Foundation. Yuma East and West Wetlands. (Conference 2008 Issue,
October 2008). Vision: A Publication of the Arizona Chapter of the American Planning
Association, p. 1-4.

76

