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Draft Environmental Work Group Report -- Current Environmental Flows
I. Introduction and Statement of Objectives/:  What are environmental flows and what is their value?
A. Water in the Southwest. In Arizona’s dry climate, surface water and the groundwater that support perennial and intermittent streams give rise to a tremendous diversity of wildlife and other natural resources that communities benefit from on a daily basis. Relative to the Arizona’s upland habitats, a disproportionate share of the state’s fish, wildlife and plants depend directly or indirectly on riparian and aquatic habitats. The health, abundance and extent of our water-dependent natural resources are a function of, among other things, the surface and groundwater flows available. For the purposes of this report, environmental flow refers to the current conditions that support our water-dependent natural resources and includes hydrological properties such as surface, groundwater and flood flows and processes such as evapotranspiration by riparian plants.

B. Riparian and aquatic systems are among the most dynamic ecosystems, expanding or contracting in response to precipitation, drought, and withdrawals of water.  Individual species in these ecosystems tolerate changes differently. Some can tolerate substantial change; others require very specific conditions. This report characterizes current conditions and is a snapshot in time, for the conditions that support water-dependent natural resources over the long-term are dependent on many variables.   
C. Objectives.  The Environment Committee’s overall objective was to characterize the water-dependent natural resources, such as fish, other wildlife and riparian plant communities, associated with the state’s rivers, lakes, springs and wetlands.  The Commission asked the Environment Committee to accomplish three specific tasks:
1. Identification of current environmental resources and values (See attached Maps/table) 
2. Identification of physical conditions of environmental flow necessary to support environmental resources  and current level of protection 
3.  Preparation of a summary of findings and recommendations, including needed studies and research
The Environment Committee used the best available scientific information in carrying out these task and in drafting summary findings and recommendations. More than xx professionals from xx agencies, institutions, non-governmental organizations, tribes, and the private sector contributed to the findings and recommendations in this report. To compile the information in this report, Committee members reviewed over xxx studies and met at least xx times to review and discuss studies, prioritize work tasks and solicit volunteers to complete follow-up tasks, prepare and edit the report and coordinate with other Commission Committees. 
II. Current Environmental Resources and Values Dependent on Environmental Flows- The list of water-dependent resources and values is extensive.  The functions and services provided by riparian and aquatic ecosystems range from the productivity of crops to quality of life.  Not all of the values, activities, and services below would disappear in the absence of sustained environmental flows, but their decline or absence would be very costly.
A. Environmental Flows:  Importance to Aquatic & Riparian Species

Arizona’s plant and animal species rely on water in rivers, lakes, springs, and other sources of environmental water. Environmental flows support Arizona’s [x number] of obligate aquatic species (those that can only live in water) and [x number] of obligate riparian species (those that can only live in riparian areas). These species include [x number] species of fish, as well as [summary or examples of other obligate species].

Environmental flows support not only these species, but most other life as well (Poff et al. 1997). Wildlife depends on environmental water for drinking water, food sources, and habitat. Particular attributes of environmental flows also serve less obvious ecological functions, like maintaining the form and function of river channels in ways that affect the flow of water and the functioning of associated ecosystems (Annear 2002). Environmental flows support riparian areas (areas adjacent to and influenced by water) that provide among other things cover, food, shade, and sites for nesting and foraging. Streams and riparian areas serve as corridors for wildlife movement and migration and as key flyways for migratory birds (Kirkpatrick et al. 2007). Riparian areas are among the most biologically diverse, abundant, and productive in North America and are especially important in semi-arid areas [still need reference here]. In Arizona, 80% of all vertebrates spend some portion of their life cycle in riparian areas, and the majority of Arizona’s threatened and endangered vertebrates depend on riparian habitat (Zaimes 2007). 

(B?). Ecosystem Values and Services

Other values are also served by the continued flow of water in rivers, streams, and other water-based resources. Recreational activities that rely on flows include boating, fishing, swimming, bird-watching, and white-water activities. A number of recreational activities, such as hunting, hiking, and camping, rely more indirectly on environmental flows. (Gillilan and Brown 1997).  Rivers, springs, and other water resources are culturally important to local communities, including Arizona’s Native American tribes, and sustain places and provide materials that are culturally important to tribes. They are a source of knowledge and scientific information, and a subject of study and education. Water in rivers and lakes is also important to many people (including Arizonans and those who visit Arizona) who care about natural beauty, open space, and wilderness values, or just that rivers and the life that they support continue to exist for their children or grandchildren to experience. “Water in the desert” is a quintessential characteristic of the Arizona landscape and an important part of the state’s heritage.

The contributions that water in the environment makes to human life can be thought of in terms of the “ecosystem services” provided. Ecosystem services are the processes by which the environment produces fundamental resources used by humans (ESA 2000). Environmental flows throughout Arizona provide important ecosystem services including clean water (by supporting ater quality), clean air, flood control, erosion control, and  sustainable water supplies (by contributing to groundwater recharge).

More specifically, ecosystem services can be divided into categories that describe the ways that people value an ecosystem. People value an ecological system for its direct (“provisioning”), indirect (“regulating” and “supporting”), and potential (“cultural”) uses, for current and future generations (Brauman et al. 2007).  Provisioning services that we receive from water in the environment include food (including seafood and game), crops, wild foods, and spices; clean water; pharmaceuticals, biochemicals, and industrial products; and energy (including hydropower and biomass fuels). Regulating services include carbon sequestration and climate regulation; waste decomposition and detoxification; purification of water and air; crop pollination; and pest and disease control. Water-dependent supporting services include nutrient dispersal and cycling, seed dispersal, and primary production. Finally, cultural services include intellectual, cultural, and spiritual inspiration; recreational experiences (including ecotourism); and scientific discovery. Environmental flows and the aquatic and riparian areas that they support thus give us more than first meets the eye.	Comment by Jocelyn Gibbon: I added this paragraph because I realized that this section of our outline  needed to be described still. Does anyone know of an appropriate reference?

Higher elevation forested watersheds in particular provide much of the surface water and groundwater recharge in the state.  An important function of forested watersheds is to provide ecosystem services for water quantity and quality (Groffman et al. 2004, Karimzadegan et al. 2007, Guo et al. 2008, Karahalil et al. 2009).  It has been estimated that forested watersheds of Arizona contribute nearly 90% of the total streamflow in the state (Folliot 1975).  Furthermore, forests of the Southwestern U.S. serve as some of the most important recharge areas for large regional aquifers (unpublished Northern Arizona Regional Groundwater Flow Model of the USGS).  These aquifers are connected to springs and baseflow-dependent streams and wet meadows, supporting some of the most rare and diverse ecosystems in the semiarid landscapes of the Southwest and providing water supplies to rural communities (Haney et al, 2008). Changes to land and watershed management may change the timing and rates of recharge to these aquifers (National Research Council 2008).  Such watershed management changes may be vitally important to protect the springs and baseflow streams connected to these aquifers as the climate of the region changes.	Comment by Jocelyn Gibbon: I’m starting to wonder if this paragraph should really go in our section on the values served by environmental flows; would it be more appropriate to talk about the value of high-elevation  watersheds when talking about how to protect environmental flows?

People value an ecological system for its direct (“provisioning”), indirect (“regulating”), and potential (“cultural”) uses, for current and future generations (Brauman et al. 2007).  When facing the common challenge of managing ecosystems that are undervalued because their benefits are external to the perspective of managers, policymakers have several tools to choose from.  Most of these tools include taxing and regulations that can be costly to the providers of the service.  Payments for Ecosystem Services (PES) are a widely recognized tool for environmental management, in part because they result in a situation where the cost of the improved ecosystem is paid for by the beneficiaries of the services (Kosoy et al. 2007).  Due to the public nature of hydrological services, publicly financed payments for ecosystem services are likely to remain the most common financial mechanism used to protect water related ecosystem services (Jack et al. 2008).  Partnerships that already exist may be strengthened as residents of Arizona collaboratively explore the new area of payment for ecosystem services, which could prove one of the best ways to safeguard water sustainability in the specter of climate change.	Comment by Jocelyn Gibbon: The point made in this paragraph, while really valuable, might stray too far from our topic in  the outline, which focuses on listing the values that environmental flows provide.
A. √List of Water Dependent Resources and Values (completed above)
[1. Obligate Riparian Species
2. Obligate Aquatic Species
3. Fly-ways for migrating birds
4. Channel maintenance for hydrologic function and native species habitat 
5. A variety of Recreation: boating, fishing, bird-watching, swimming, white   water activities, etc.
6. Tribal cultural values/materials
7.  Aesthetics/open space
8.  Education and educational activities
                     9.  Clean water; good water quality
10.  Clean air
11.  Flood control 
12.  Erosion control
13. Sustainable water supplies (groundwater recharge)
14.  Ecosystem Services-  In terms of ecosystem services water dependent         values   could include:
	a.  Provisioning services 
1) Food (including seafood and game), crops, wild foods, and spices 
2) water 
3)  pharmaceuticals, biochemicals, and industrial products 
4) energy (hydropower, biomass fuels) 
	b. Regulating services 
1) carbon sequestration and climate regulation 
2) waste decomposition and detoxification 
3)  purification of water and air 
4)  crop pollination 
5)  pest and disease control 
c. Supporting services 
1) nutrient dispersal and cycling 
2) seed dispersal 
3) Primary production
 
d. Cultural services 
1) cultural, intellectual and spiritual inspiration 
2)   recreational experiences (including ecotourism) 
3)  scientific discovery] 
 
B. Presentation of Resources and Values Dependent on Env Flows
1. Mapping of key resources in Arizona groundwater basins and counties[describe methodology/what’s included/data sources]
2. Table as list of resources and values
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Current water dependent environmental resources in each of Arizona’s 51 groundwater basins have been compiled  in groundwater basin tables. The tables describe the basin’s water features including perennial streams (and their extent), federal and state designated lands with perennial waters and/or federal reserved water rights (see Appendix X), state instream flow rights, springs, effluent discharges that may support environmental resources, reservoirs, stockponds and wildlife catchments. Also listed are riparian, aquatic and/or marshland habitat dependent wildlife species. 
Each table has a corresponding basin summary that describes the basin’s water resource characteristics and values  in more detail including: important riparian, aquatic, and wetland resources; important conservation lands; federally protected species and critical habitats and economic values. 
C. Economic values of environmental resources to the State 
Fishing, hunting and wildlife watching recreation activities are an immensely powerful part of the Arizona collective economic fabric, generating billions of dollars in retail sales each year. Water supplies, including lakes, wetlands, and riparian areas, associated with these activities are pivotal to the long-term sustainability of the environment and wildlife resources as well as the local economy. Specific economic reasons for maintaining or enhancing such water supplies range from increased recreational tourism to higher property values.
Some of the most important areas for migrating birds and other wildlife offer fantastic economic opportunities because they attract large numbers of ecotourists, anglers and hunters, and other outdoor recreationists. Fishing, hunting and wildlife watching recreation activities are an immensely powerful part of the Arizona collective economic fabric, generating billions of dollars in retail sales each year. The water supplies, including lakes, wetlands, and riparian areas associated with these activities are pivotal to the long-term sustainability of the environment and wildlife resources, and for the economy of local areas.
In a study evaluating birding economics and demographics in the United States (Kerlinger, 1993), Southeastern Arizona was identified as America’s TOP birding site among 11 others nationally. According to the U.S. Fish and Wildlife Service (2001), approximately 22% of Arizona residents participated in bird watching activities. Of the U.S. total for economic output measured for birdwatching ($84 billion), approximately $1.7 billion may be attributed in Arizona in 2001.
In the Southwest, climate is an important natural resource and a draw for tourists. Many people come to the region to take advantage of its warm, mild winters, to boat or kayak in the lakes and rivers. A study completed by Recreational Marine Research Center (2008) evaluates the economic significance of recreational boating in Arizona (powerboats, personal watercrafts and sailboats). The total value added by the recreational boating residents in Arizona was estimated to be approximately $460 million in 2007.
Economic studies conducted by Southwick Associates Inc. and ASU in Arizona for 2001, identified a total economic impact of $2.8 billion from wildlife-based recreation activities (considering a multiplier effect[footnoteRef:1]; $1.3 billion for fishing and hunting, and $1.5 billion for watchable wildlife recreation). The table below illustrates the total expenditures (retail sales) for wildlife-based recreation activities in 2001. [1:  A multiplier effect occurs when dollars spent by a recreationist increases another person’s income, enabling that person (or business) to spend more, which in turn increases income for someone else. In the end, the cumulative changes in spending, incomes and employment are a multiple of the initial retails sales spending.] 

	County
	2001 Hunting/Fishing Total (Millions)*
	2001 NonConsumptive Total (Millions)*
	Totals
(Millions)

	Apache
	$62.8
	$24.8
	$87.6

	Cochise
	$12.7
	$13.7
	$26.4

	Coconino
	$101.2
	$46.6
	$147.8

	Gila
	$39.4
	$11.5
	$50.9

	Graham
	$7.3
	$7.0
	$14.3

	Greenlee
	$2.5
	NA
	$2.5

	La Paz
	$17.8
	$1.8
	$19.6

	Maricopa
	$409.1
	$368.3
	$777.4

	Mohave
	$79.9
	$30.9
	$110.8

	Navaho
	$33.3
	$24.4
	$57.7

	Pima
	$84.5
	$173.5
	$258.0

	Pinal
	$20.0
	$50.8
	$70.8

	Santa Cruz
	$13.9
	$11.9
	$25.8

	Yavapai
	$40.0
	$38.9
	$78.9

	Yuma
	$34.2
	$12.3
	$46.5

	
	
	
	

	Statewide
	$959
	$816
	$1.7 Billion



In summary, wildlife and outdoor recreation activities produce significant economic benefits for many individuals and businesses in Arizona. Without a connection to water within lakes, wetlands and riparian stream systems, this burgeoning industry would falter. Unlike other industries which are easily identified by large factories, the outdoor recreation industry is comprised of widely scattered retailers, manufacturers, and wholesalers and support services that, when considered together, form an important industry. Given that watchable wildlife dollars are often spent in rural or lightly populated areas, the economic contributions of outdoor recreation, especially in association with water resources, can be especially important to the rural economic base.
III. Current flow conditions supporting water-dependent natural resources
A. The components of environmental flow
To develop a first approximation of current flow volumes supporting water-dependent natural resources, the Committee started by identifying the components of flow that support these resources. Based on studies of water budgets and discussions with experts in hydrology, the Committee identified four components, including baseflow, groundwater underflow, evapotranspiration and flood flows.  Definitions are provided below. 

Baseflow = The part of stream flow originating from groundwater discharge and that sustains year-round flow.

Groundwater underflow = Subsurface water that flows out of a basin into the next down-gradient basin, including both shallow groundwater in the Holocene alluvium and water contained in Tertiary basin fill. 

Evapotranspiration = Evapotranspiration (ET) refers to the combined amount of water evaporated from riparian soil, open water surfaces, or transpired by riparian vegetation.

Flood flows = stream discharge during a relatively high flow measured by either gage height or discharge quantity.

The Committee recognized that, while it would be ideal to integrate each of these components into first approximation estimates, data availability would ultimately limit the components included. For example, groundwater underflow estimates are derived through modeling rather than direct measurement. At present, estimates of groundwater underflow in the scientific literature are only available for the Upper San Pedro River.  Accordingly, this component was included in the estimates for the Upper San Pedro but none of the other estimates. 
Similarly, flood flows play a vital role in transport of sediment, recharge of floodlplain and alluvium, recruitment and dispersal of riparian plant species and, among other things, trigger breeding in some aquatic species.  In addition to the annual total volume of flood flows, factors such as flood frequency, timing, and duration are also important components. However, these factors are difficult to incorporate into a quantitative flow estimate. The Committee was unable to identify a practical method for integrating these parameters into a quantitative flow estimate and, therefore, did not integrate these data into its quantitative estimates.


The conceptual diagram above depicts a typical annual hydrograph for flood flows.  It illustrates the timing and magnitude of flood flows throughout the year and characterizes the timing of biological and ecological phenomena, some of which are directly dependent upon flood flow patterns. The importance of flood flows in the form and function of riparian and aquatic ecosystems cannot be overstated. Annual flood flows transport nutrients and seeds of riparian plants, recharge alluvium and floodplain sediments, which modulates baseflow during drier times of the year. Floods that occur on decadal and multi-decadal time frames often rearrange floodplains creating conditions for new riparian recruitment and new habitat for riparian and aquatic organisms. The biological productivity of plants and animals is tied closely with patterns of annual precipitation and flood flows. For example, flood flows often leave isolated pools within floodplains that are predator free, conditions necessary for insects that depend upon water for their early life stages. Annual insect abundance, in turn, provides a key food source for many riparian bird, mammal, and amphibian species. 
1. √Add discussion on the characteristics of properly functioning environmental flow conditions including duration, timing, frequency, quality, and location of flows, and how they must include sufficient overbank flow for channel maintenance, establishment of favorable native fish habitat, and bank and floodplain recharge. (completed above).
2. √Base flow  (add definition) (completed above)
3. √ Evapo-transpiration (ET) of riparian and aquatic vegetation (add discussion, if determined to be needed) (completed above)
4. √Flood flows (add discussion, including why flood flow will not be quantified in environmental flow totals) (completed above)
5. √Under flow-- Defined as “subsurface water flowing… down-gradient… [and] including both shallow groundwater in the Holocene alluvium and [ground]water contained in the Tertiary basin fill (Marshall, 2010). Include discussion on why it will not be quantified in environmental flow totals.  Add additional discussion on how environmental surface flows usually depend on under flow in the floodplain aquifer, and often the groundwater movement in regional aquifer.  (completed above)
6. Other Sources of Environmental Water (not clear how this fits here)
a. Tributaries and springs 	
b. Effluent
c. Reservoirs and stockponds

B. Estimated Volume of Current Flows Supporting Water-Dependent Natural Resources
After discussion within the WRDC Environment Committee, an evaluation of available data, consultation with members of the scientific community, and after briefing the Water Resources Development Commission, the Committee concluded that it would be feasible to develop a set of quantitative estimates of flow volumes for a subset of the state's rivers.  The Committee used the best available data, including recent empirical field studies and remote sensing techniques that continue to refine the methods and results for estimating evapotranspiration.  
 
The Committee recognized there are different methods and data available for estimating flow volumes and that results may vary depending upon which methods and data were used. Rather than select one technique and rely on one set of estimates, the Committee decided to take advantage of these differences and develop two sets of estimates. The Committee felt there were several advantages to this approach. First, given the Committee’s goal was to develop a first approximation rather than a precise set of flow estimates, a range of flow estimates for watersheds is more appropriate. Second, generating a range of estimates enables Committee members and the scientific community to better understand sources of variation in the different methods and data, which will lead to future refinements in methodologies and the overall certainty of results.  In addition to acknowledging the different methodologies, available data limited the Committee’s ability to incorporate all of the components of flow that are considered important for supporting water-dependent natural resources. Thus, while the adoption of different methodologies and data introduces a source of variation into our estimates, the omission of important flow components also introduces a source of variation that, for some river systems and watersheds, likely underestimates current flow volumes that support water-dependent natural resources.

Estimate of Physical Conditions Supporting Environmental Resources and Values 
a. Description of Methodology  (Rob’s methodology): the best estimate of base flow and riparian ET. (completed above)
1) Current environmental flows will be estimated for base flow (acre-feet per year), riparian ET based on interpretation of best available data from USGS and Arizona Game and Fish Department (include in more detailed methodological description in Appendix)
2) Other data to be presented qualitatively in most cases: flood flow component, the under flow component, stockpond volume, federal or state designations, and in some cases environmental flow allocations 
3)  Expand description of methodology (completed above)
b. Amounts currently supporting environmental values are not necessarily sufficient to maintain current resources.
Flows may exceed amounts available in the future
due to climate change, drought, continuing and new withdrawals, or use of water under existing senior water rights. (TBD after additional committee discussion)
c. Quantifying the water needs of individual resources values such as sport fish, native species of fish, aquatic and riparian plants, invertebrates, mammals that depend on springs and flowing water, recreation activities, etc. is often an approach used for restoration projects, quantification of water rights, and other applications.  However, this report makes an estimate of base flow, riparian ET and some other individual sources providing water needed for current water-dependent resources and values.  Quantifying specific needs of individual resources is not an objective of this report.
2. Presentation of the Data: The Environmental Flow Table--- Description of the assumptions, the standards and sources for the data included, definitions not previously provided.

As mentioned in Section II, a summary of current water dependent environmental resources are displayed  in individual tables for each of Arizona’s 51 groundwater basins. Each basin table lists any groundwater sub-basins in the basin, surface water sub-basins and counties within the basin boundaries.  Water features and any quantifiable flows, discharge or stored water that support these features are listed including:
· Major streams and miles of perennial flow
· Perennial tributary and non-tributary reaches and the cumulative miles of flow
· The number and general location of instream flow certificates with an associated table listing all applications, certificates and claimed annual volume
· Federal and state lands that have been designated for conservation purposes and associated perennial flow miles and whether the federal lands have Federal Reserved Rights claims
· The number and flow range of major and minor springs and their cumulative discharge volume and  the total number of springs
· Sources of effluent and other water that may support environmental resources and associated flow discharge where available
· The number of large and small reservoirs and associated maximum storage ( volume or surface acres)
· The number of stockponds and wildlife catchments 

For twelve groundwater basins, the total quantifiable flow supporting water dependent natural resources are shown. This flow is the sum of  baseflow and riparian evapotranspirationas described in Section III.A. and Appendix X. While it was not possible to quantify floodflow as explained above, each table contains a column noting whether perennial flows include a floodflow component. 

Also listed  in the groundwater basin tables are the number of riparian, aquatic and/or marshland habitat dependent species by type (e.g. amphibians, birds, fish, etc.) as well as the total number of species that are federally listed as endangered, threatened or candidate species under the Endangered Species Act.

Much of the water feature characteristics data, effluent and spring discharge and reservoir volume data came from the Arizona Water Atlas (ADWR, 2009). All data sources are listed in Appendix X.
a. √Describe table by columns (completed above)
1) [A column for water features will itemize primary drainages, tributaries, existing instream flows, federal or state designations, springs, effluent or other water, reservoirs, stockpond numbers, other features such as floodplain groundwater depth when available  
2) Existing environmental values will include quantified water feature characteristics (where available) and wildlife species with emphasis on listed species 
3) Quantification of additional environmental flow features, such as miles of perennial stream, spring and effluent discharge, reservoir numbers and storage, and environmental allocations water rights designated for environmental purposes.
4) Data sources and other features as needed]

IV. Findings, Recommendations, Needed Studies
A. Findings on Extent and Adequacy of Environmental Flows   
1. Adequacy of Existing Flows
a. Current environmental flows support riparian and aquatic ecosystems throughout Arizona.
b. Existing data on riparian and hydrologic condition of shows a wide range of conditions, based on assessment and monitoring of a variety of State and federal land management agencies [eg. Proper Function Condition Assessment (BLM), Multiple Indicator Method (BLM, FWS, others), critical habitat condition for T & E species, etc. Cite specific studies and assessments—eg. BLM PFC data]
c. Correlating availability of environmental flows with current riparian or aquatic condition is beyond the scope of this report; however, the valuation of ecosystem services provided by adequate environmental flows warrants further consideration. 
2. Trends in environmental flows are downward in many major drainage  systems in Arizona.  Trends are not revealed in the type of “snapshot” that this report presents. [Add material on nature of trends, important areas that are currently degraded, if available and appropriate]
3. Adequacy of data used in this report—insert assessment of data used in this report, if available
B. Vulnerabilities of water-dependent resources
1. Protection status
a. Discuss current protection status of key existing environmental flows, including instream flow water rights, downstream senior water rights, critical habitats for T & E species, special designations, other protections described in the maps and tables.
b. Ways to address critical, but unprotected, environmental flows
i. Partnerships, local augmentation/conservation, education, etc.
ii. Water Rights 
iii. Legislation
iv.  Increase public understanding of return on investment in environmental flows 
v. Enhanced monitoring in areas with important environmental surface flows threatened by ground water pumping and spreading cones of depression. Tributary groundwater may be particularly vulnerable to impacts from pumping.  Systematic monitoring could identify the impacts of well pumping on underflow and subflow through cone of depression tests.
C. Data Gaps
The Water Resources Development Commission’s Environment Workgroup made significant progress in characterizing Arizona’s water-dependent natural resources and quantifying current flow parameters supporting these resources. Relevant information was not available for every basin across the state, however.  For example, quantitative estimates of current flow volumes supporting water-dependent natural resources could only be made for 12 of the state’s 51 basins. In addition, some aspects of environmental water uses and flow parameters were not quantified, such as flood flows. However, this does not imply that flood flows are not critical in supporting water-dependent natural resources such as riparian habitat. Similarly, comprehensive information on the state’s reservoirs was limited.   
D. Needed Studies
While the information compiled is a significant accomplishment, it also demonstrates that additional data and research is needed to ensure we fully understand our water and environmental resources as we move into the future. Several areas in particular would benefit from additional work. First, a comprehensive, spatially-explicit inventory of the state’s riparian habitat is needed to better plan for the management of this resource. Riparian areas are used not only by resident wildlife, but also by migratory birds, bats, and pollinators that range throughout the Western Hemisphere.  Similarly, a contemporary field assessment of the extent of perennial surface water would enable a better understanding of how to manage surface water for the benefit of both people and nature into the future. Several basins have benefitted from development of detailed modeling data on the relationship between groundwater and surface water. Additional work to characterize this connection in other basins would aid communities in efforts to manage water sustainably for both people and the environment. Finally, while the report provides an important snapshot of the natural resources we enjoy at this time, additional analyses would aid in quantifying the water necessary to ensure future generations will be able to enjoy Arizona’s water-dependent natural resources.    

E. Additional Recommendations
1. General recommendations on key environmental flows that should be maintained at current levels--- Some actions can be taken under current surface water regulations through actions such as new ISF water right acquisitions, conservation leases, retirement of water rights, etc.
2. Resolve the legal disconnect between surface water and groundwater--Continued capacity of environmental water to support the critical habitat, sustain water supply, and provide a variety of undervalued ecosystem services all may eventually depend on achieving a new sustainable level of groundwater management, and finding some way to resolve the legal disconnect between groundwater and surface water.
3.  Identify and protect the most important areas where discrepancy between current environmental flow and flow needs should be addressed
4. Tension between environmental water needs and community water needs in Arizona is inevitable.   Opportunities exist and should be pursued for sustainable water management through voluntary partnerships, natural resource markets where water and a variety of ecosystem services are appropriately priced, more opportunities for local water districts, building codes and incentives that support conservation, and persistent education that encourages conservation--- in short the exploration of every creative approach possible and every creative way to implement them. 
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Appendix X

Federal Reserved Rights

When the United States reserves land for uses such as Indian reservations, military reservations, national parks and monuments, wildlife refuges or wilderness areas, it also implicitly reserves sufficient water to satisfy the purposes for which the reservation was created.  Reservations made by presidential executive order or those made by an act of Congress have implied reserved rights.  In legislation establishing some reservations Congress has specified that sufficient water to “satisfy the purposes” is reserved. These are referred to as “expressed federal reserved rights.” The date of the priority of a federal reserved right is the date the reservation was established.
Several well known U.S. Supreme Court decisions including Winters v. United States in 1908 (known as the Winters Doctrine), Arizona v. California in 1963, Cappaert v. United States in 1976, and United States v. New Mexico in 1978 have further refined or narrowed the scope of the federal reserved water rights doctrine established in 1908.  Federal reserved water rights may only include quantities of water necessary to meet the primary purpose for which the reservation was established (“primary purpose” requirement) and only in the minimum amounts necessary to meet those purposes (“minimal needs” requirement).
Reserved rights are, for the most part, immune from state water laws and therefore, are not subject to diversion and beneficial use requirements and cannot be lost by non-use.  The federal government, however, is required to submit all reserved water rights claims to the state’s adjudication process, and is limited by the “primary purpose” and “minimal needs” requirements.  In addition, federal reserved water rights are nontransferable.  By law, these rights can only exist on lands owned by the federal government.  If a land transfer occurs, any existing federal reserved water right becomes invalid.
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