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WATER SHARING 
Recognizing the potential of these two words to polarize, the following 
definition is offered at the outset: water sharing in this report refers to 
voluntary, market-based and legally-sanctioned ways of moving some 
or all of one user’s water to a different user or to a different place 
of use, temporarily or (less often) permanently, possibly including 
changing the way the water is used and undertaking transactions with 
due consideration of and accommodation for local economic and 
community impacts of such transactions.

Photo By MostlyDeserts [CC BY-SA 
3.0 (https://creativecommons.org/
licenses/by-sa/3.0) or GFDL (http://
www.gnu.org/copyleft/fdl.html)], from 
Wikimedia Commons



3 | Water Sharing and Conservation in Central Arizona

ACKNOWLEDGMENTS
American Rivers and AMP Insights would like to thank our funders for supporting this work and for 
promoting water supply sustainability in the Colorado River Basin. We are also grateful to Bruce 
Aylward and to the peer reviewers whose insights improved this report.

BRIEF SUMMARY
Central Arizona and the Lower Colorado 
River Basin are precipitously close to 
shortage conditions that will trigger water 
delivery reductions to the region. Water 
users, state and federal regulators and 
stakeholders are engaged in discussions 
about ways to forestall shortage before it 
occurs (Drought Contingency Planning) 
and also about how to manage limited 
supplies if shortage is the new normal 
for the region. Both avoiding shortage 
and adapting to it require flexibility. This 
report examines how water use flexibility 
can be maximized through water sharing, 
and how this sharing can support water 
conservation tools to increase storage 

levels in Lake Mead. The report also discusses how water sharing and conservation could be organized 
and catalyzed by collaboratively developing a new institution in the region – a central Arizona Water 
Exchange. Specifically, this report identifies and discusses law and policy considerations related to 
three different water sharing pathways (mechanisms for effectuating water trading) including:

• trade in different types of Colorado River water rights, allocations and contracts; 
• trade in Long-Term Storage Credits; and
• trade in local, native groundwater rights. 

Next, the report discusses water conservation tools that result in additional stored water in Lake 
Mead, central Arizona’s most important water storage facility, including:

• intentionally created surplus;
• developed shortage supply; and
• system conservation pilot projects. 

After analyzing these pathways and tools, the report presents a theoretical framework for a central 
Arizona Water Exchange and demonstrates that such an exchange could help align incentives for 
water sharing and conservation, make water sharing an equitable, accessible and transparent tool for 
all water users and maximize diverse benefits to the region. This report is intended to spark discussion 
and to seed further work on the feasibility of a programmatic approach to water sharing including 
additional investigations into the political, social, technical and economic concerns implicated by the 
water exchange concept.  
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1. Introduction

 Water users in the lower Colorado River basin 
stand on the edge of a precipice approximately 
one thousand seventy-five feet above mean sea 
level. Looking down from this precarious perch, 
the white bathtub ring that demarcates Lake 
Mead’s historic high point from its current level is 
a stark reminder of the need for adjustments to 
how the Colorado River is managed. Lake Mead is 
close to reaching a threshold that will forever 
change the complexion of water management in 
the Colorado River basin. Should the lake’s surface 
dip below one thousand seventy-five feet, that 
will trigger a cascade of events – so-called shortage 
conditions – including severe reductions in 

Colorado River water availability to some users in 
the Lower Basin. The question today is not if Lake Mead will cross the threshold and tip into shortage, but 
when it will do so. Between over-allocation of the reservoir’s water and evaporation from its surface, Lake 
Mead suffers from a structural deficit that causes the reservoir to lose approximately twelve feet of elevation 
each year that Lower Basin allocations are fully utilized. The question of what to do about shortage is so 
pressing that negotiations are ongoing about what, if any, action can be taken to forestall a shortage 
declaration in Lake Mead.

No single region in the Colorado River basin is more nervously peering over the edge than central Arizona. 
Under a 2007 agreement between major Colorado River water users, states and the federal government 
referred to as the Interim Agreement, that detailed how various water users’ water allocations would be 
cut during times of shortage (U.S. Department of Interior 2007), central Arizona’s rights to use Colorado 
River water will be impacted by a shortage declaration sooner and more acutely than any other Colorado 
River rights. A region that is accustomed to having more water than it can consume could suddenly be 
faced with insufficient water to meet its thirst. While the largest water users, major cities like Phoenix, 
Scottsdale and Tucson and their surrounding suburbs have priority on their side and are buffered from 
having their primary Colorado River water allocations reduced, a shortage declaration could nonetheless 
have cascading effects. As agricultural users are cut off, some large irrigation districts and agricultural 
producers will likely return to unsustainable groundwater pumping. Cities that rely on Colorado River 
water allocations curtailed due to the shortage will need to find alternate ways of meeting some of their 
water demand and no easy solutions exist for these cities. 

More worrying than the immediate potential impact of shortage is the prospect that shortage represents a 
new long-term reality for central Arizona and the Lower Basin. Given the structural deficit in Lake Mead 
along with climate change and continued population growth, shortage will likely become the new reality 
absent significant changes. This future is not lost on water users and policy makers in the basin. Beginning 
in early 2016, parties have been negotiating an agreement on a Drought Contingency Plan (DCP) for 
the Lower Basin. The DCP negotiations are at least a partial recognition that action is required to try to 
forestall shortage declarations now and, in the future, and to rethink more broadly how the Lower Basin 
approaches adaptation to water scarcity. 

The proposed DCP recommends deep cuts to Lower Basin water users that will hit central Arizona 
particularly hard. In addition to the DCP, parties including the Arizona Department of Water Resources 

Photo: Sinjin Eberle
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(ADWR), central Arizona Water Conservation District (CAWCD, also more commonly known as CAP), the 
Gila River Indian Community (GRIC), and the U.S. Bureau of Reclamation (BOR), among others, were, 
at one point, discussing a plan called DCP +. DCP + would have involved a combination of conservation 
actions and other strategies meant to pave the way for DCP implementation and avoiding severe shortage 
conditions. Notably, the DCP would begin cuts to central Arizona’s water supplies earlier than the Interim 
Agreement, at 1,090 feet above mean sea level instead of 1,075 feet. As of publication of this report however, 
the prospects for agreement on a Lower Basin DCP are uncertain and DCP+ discussions are non-existent.

Figure 1: Lake Mead’s Structural Deficit
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For much of 2015 and 2016, shortage conditions looked possible in 2017 and likely in 2018. However, a 
wet winter in 2016 and early 2017 pushed the threat of shortage into the future. The most recent estimates 
give a 0% chance of shortage in 2018 and 2019 but increase quickly in each year thereafter. The slight 
reprieve in 2017 and 2018 was a stroke of luck but is no reason to stop pushing for changes to water 
management in central Arizona. Without addressing the structural deficit, shortage will occur, even if it is 
not clear exactly when. 

The looming threat of shortage in the Lower Basin and the various existing and developing plans and 
agreements about what happens under shortage conditions are of great concern for central Arizona and 
the Lower Basin. However, they also present an opportunity. Chances to fundamentally rethink the water 
demand and supply balance in a region as important as central Arizona do not come often. Arizona 
is regularly praised for a forward-thinking Groundwater Management Act passed in 1980 to help stem 
unsustainable groundwater pumping in populated areas of the state. The current conditions offer the 
state another chance to innovate by crafting strategies that will not only allow central Arizona to survive 
shortages, but to thrive despite shortages. 

Adaptation to drought conditions and water shortages is made more difficult by a lack of flexibility in water 
use and water governance. Arizona’s current water management institutions are separated into distinct silos 
and are often single-purpose; Arizona’s laws and policies and the broader Colorado River law and policy 
context are relatively rigid. Increasing flexibility could help ease the potential pain of water shortages and 
position Arizona again as a leader in innovative water management. While flexibility can manifest in a 
variety of ways, this report is concerned with three: 1) flexibility in moving water between different users 
and uses through voluntary, market-based and legally sanctioned mechanisms; 2) utilizing innovative 
water conservation tools that might help the region avoid shortage or manage shortage conditions when 
they eventually arrive; and 3) the role of and potential for a new institutional form, a water exchange, to 
facilitate water sharing and conservation.

This report characterizes the benefits, challenges, and incentives for water sharing and conservation from 
the perspective of existing law and policy. Even a detailed law and policy analysis such as this does not 
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begin to approach a full feasibility analysis of water sharing and conservation in the region. Aside from 
law and policy issues, these issues are greatly complicated by political, social, technical and economic 
concerns. While these concerns are often alluded to throughout this report, they are not highlighted 
in the detail required to fully assess feasibility. However incomplete this analysis may be, it nonetheless 
represents a critical first step. Understanding the law and policy landscape is of utmost importance to 
increasing flexibility through water sharing in central Arizona. 

This effort begins by first defining and briefly explaining key concepts and terms used in this report, before 
providing an overview of the law and policy analysis itself.  

1.1 Definitions of Key Terms

Reports on water management, especially reports related to law and policy details, are rife with jargon. 
Complicating the matter, many of the most commonly used terms are either broadly misunderstood due 
to their complexity or are used in varying ways by different authors or in different contexts. With this 
possible confusion in mind, this section presents an overview of key terms that are repeated throughout 
this report. Specifically, the terms water sharing, water sharing pathway, water trade, water transfer, and water 
conservation tool are explained below.  

The term water sharing in this report refers refers to voluntary, market-based and legally-sanctioned 
ways of moving some or all of one user’s water to a different user or to a different place of use, temporarily 
or (less often) permanently, possibly including changing the way the water is used and undertaking 
transactions with due consideration of and accommodation for local economic and community 
impacts of such transactions. There are many different combinations of water and water right types, 
users, types of uses and places of use that might be involved in water sharing. Each unique combination 
of these is identified in this report as a pathway for sharing water. A water sharing pathway is defined by 
the type of water being traded, the users involved (both the original user and the user who is receiving 
the water or water right in the trade), whether the trade involves a change in the type of use and finally, 
if the trade involves a change in the place of use. Different legal and policy considerations will pertain 
depending on each of these variables. 

The terms water trade and water transfer (or simply trade and transfer) are also used extensively in this report. 
Trade is the more general term. For this report, trade in the aggregate, or trades individually, refer simply to 
the market-based (voluntary, compensated transactions) movement of water or rights to use water, either 
temporarily or permanently. All water sharing pathways involve water trading. Transfer is a more technical 
term, especially in the context of water law and policy. A water transfer is a process of formally changing a 
water right or other water use approval (such as a contract) to enable trade. Transfers usually involve one 
or more local (municipal, county, etc.), state or federal administrative approval processes and can require 
complicated hydrologic, legal, economic or other analyses. As with trades, transfers can be temporary or 
permanent. 

An example can help illustrate these terms. If a water user located on the Colorado River, with a right to 
divert and use water directly from the river, wishes to lease some of their water right to a user in central 
Arizona, this transaction would be referred in this report as a trade. This particular type of trade could 
require one or more legal or regulatory approvals. In this report, these would be referred to as transfer 
requirements and would be further qualified as temporary transfer requirements. In turn, these requirements 
would necessitate multiple levels of analysis and approval including federal and state analyses and approval 
by the manager of the CAP to move the water through their canal into central Arizona. Taken together, the 
details of the trade (type of water involved, type of water users involved, location of the original and new 
uses, required infrastructure etc.) and also the details of the legal or regulatory transfer requirements would 
make up a full description of the water sharing pathway.
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Figure 2: Water Sharing Pathway Illustration Description
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In addition to describing water sharing pathways, this report also illustrates them using a visual 
representation called a chord diagram. These illustrations are included to visualize the complexity of water 
sharing and as a different way besides narrative text to help illuminate different types of trades that do or 
could occur in central Arizona. A chord diagram is provided for each of the three different types of water 
sharing described in this report.  It is important to note that the diagrams are meant to show what is 
technically possible, not to show how common any given pathway occurs on the ground.  Figure 2 is a key 
to help interpret the chord diagrams throughout the rest of the report.  

Along with water sharing pathways, this report also discusses specific water conservation tools that can 
result in additional water storage in Lake Mead. While the concept of a water conservation tool is broad, 
in this report, it means a specific set of tools that involve one or more types of reductions in water use 
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or water delivery that can be used to store water in Lake Mead simply to raise lake levels, for later use or 
for use during a water shortage. These tools do not represent all possible water conservation actions, but 
only those that have been formally and programmatically adopted to bolster Lake Mead’s storage. Box 1 
summarizes the definition of key terms used in this report.

Box 1: Key Report Terms Defined

Water Sharing: Refers to voluntary, market-based and legally-sanctioned ways of 
moving some or all of one user’s water to a different user or to a different place of use, 
temporarily or (less often) permanently, possibly including changing the way the water 
is used and undertaking transactions with due consideration of and accommodation for 
local economic and community impacts of such transactions.

Water Sharing Pathway: A water sharing pathway connects two different water users 
involved in a trade of water or water rights. The pathway is defined and described 
by the type of water being traded, the users involved (both the original user and the 
user who is receiving the water or water right in the trade), whether the trade involves 
a change in the type of use, and whether the trade involves a change in the place of 
use. The pathway is further defined by any required administrative or other formal 
processes that are needed to effectuate the trade.

Water Trade:  An individual trade is a market-based transaction that results in the 
movement of water or water rights between users. In the aggregate, trade is all of the 
transactions in water or water rights ay a specific geographic scale or of a specific 
scope (for example all trades in central Arizona, or all trades of groundwater rights).

Water Transfer: A water transfer is a process of formally changing a water right or 
other water use approval (such as a contract) to enable trade. Transfers usually involve 
one or more local (municipal, county, etc.), state or federal administrative approval 
process and can require complicated hydrologic, legal, economic or other analyses.

Water Conservation Tool: A mechanism involving one or more types of reductions in 
water use or water delivery that can be used to store water in Lake Mead simply to 
raise lake levels, for later use or for use during a water shortage.

 
    
Some of the water sharing pathways and water conservation tools in this report involve physically mov-
ing water while others do not. Where physically moving water is required, this implicates significant 
issues of infrastructure access, availability and cost. However, many of the pathways and tools discussed 
below do not require physically moving water (most of these are based on some kind of paper crediting 
or accounting system).

In addition to physical requirements for water sharing and water conservation tools, another critical 
ingredient, and the main topic of this report, are legal and regulatory requirements. All the sharing pathways 
for moving water and the conservation tools discussed in this report are subject to approval requirements 
of varying degrees of complexity. As with physical connections, a lack of legal or regulatory connections 
for moving water from one place or user to another can mean that a given trade or conservation approach 
is impossible or at least exceedingly difficult. Even where legal or regulatory requirements exist and are 
clearly articulated, they may nonetheless be burdensome. When legal and regulatory approvals require 
significant time and expense, this can have a chilling effect on implementation.
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The final ingredients in pathways for water sharing and water conservation tools in central Arizona are 
incentives. Physical connections can exist, and regulatory hurdles can be surmountable, and yet water 
may still not move, nor conservation occur, without incentives. The right motivation must exist on both 
sides of the equation. For example, buyers, or those who would pay to move water from one place or 
use to another, must have good reason to do so. Sellers, or those with water who might share it with 
another user in some way, likewise need to be incentivized. Broadly speaking, incentives can be economic, 
regulatory, driven by supply constraints or, most likely, some combination of these and other factors. 
Economic incentives vary from straightforward payments to more complex transactions where the buyer 
is not paying for water for themselves but rather is willing to pay on behalf of improving overall system 
reliability. 

Discussion of water sharing and water conservation tools in this report is organized into four broad 
categories:

• Trading Colorado River water: Not all Colorado River water imported into central Arizona 
is the same. There are distinct types of water and each type has different physical, legal, and 
regulatory restrictions on whether and how it can be shared.

• Trading Long Term Storage Credits (LTSCs): These credits are created by storing water 
underground in central Arizona and they can also be traded between users. They are a critical 
piece of water management in the region.

• Trading local, native groundwater rights: Native groundwater is distinct from storage 
credits because it represents water that is naturally stored underground aquifers in central 
Arizona. Arizona’s Groundwater Management Act (GMA) created a variety of different types 
of groundwater rights and some of these rights can be traded. 

• Tools to conserve and store water in Lake Mead: Storing water in Lake Mead is a critical 
step to staving off potential shortages and ameliorating impacts of shortages when they occur 
because the reservoir’s storage level is directly tied to shortage declarations.

This list is not exhaustive of all the important potential sharing mechanisms and water conservation 
tools in central Arizona. While this list represents most of the region’s water supply, several other water 
supplies important to the region are briefly introduced but are presented without the level detail listed 
above. These include Salt River Project water supplies, water stored in Lake Roosevelt, treated effluent and 
imported groundwater. Though these sources represent a smaller portion of central Arizona’s current and 
potential future water supply than the supplies described above, they are nonetheless critical pieces of the 
current supply picture and should be considered essential elements of a future water sharing approach in 
the region as well.    
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2. Trading Colorado River Water

 This section describes the water sharing pathways 
applicable to various types of authorizations and 
rights to use Colorado River water. Water users 
access Colorado River water under several different 
types of authorizations including traditional 
water rights, contracts, and subcontracts. The 
terminology of Colorado River water use 
authorizations can be confusing. In general, the 
term “Colorado River water rights” is used to 
discuss all the different types of authorizations 
and rights at the same time. In sections below 
about specific types of water use authorizations 
and rights, more specific terminology is introduced 
and used. 

Colorado River water rights make up most of the surface water use in Arizona broadly, particularly in 
central Arizona, and are therefore critical to the state’s and region’s water supply. Arizona’s Colorado 
River water rights are made up of a complex mix of priorities and types of water, each with some unique 
characteristics. In addition to understanding details about how these types of water and priorities are 
differentiated, it is equally important to discuss who manages and uses this water. For central Arizona, it 
is also critical to understand how water is delivered to the area, a region quite distant from the mainstem 
Colorado River where the water originates.

Arizona has a 2.8 million-acre-foot (MAF) total annual allocation of Colorado River water (Consolidated 
Decree 2006). Some of this water is used by so-called “on-river” users and some of it is used in central 
Arizona. On-river users are so-called because they divert and use water directly from the river without 
transporting it over long distances. Not all these water users are riparian, or directly adjacent to the river, 
but they are closer to the river than users in central Arizona who are hundreds of miles away. On-river users 
include several large irrigation districts, Indian tribes and cities. The on-river portion of Arizona’s Colorado 
River water allocation totals approximately 1.3 MAF.   

Figure 3: Colorado River and CAP Canal MapLake Havasu
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   The remainder of Arizona’s Colorado River water 
allocation is diverted from the Colorado River and 
delivered to central Arizona through the 336-mile 
long CAP canal and its related facilities (CAP) 
(Figure 3). The CAP canal begins at Lake Havasu 
on the Colorado River and ends just south of 
Tucson, providing vital water supplies to cities, 
farms, and native tribes along its entire length. 
Federal authorization to fund, build and operate 
CAP infrastructure, called the Colorado River 
Basin Project Act (CRBPA), was passed and signed 
into law in 1968, but construction did not begin 
immediately following passage (Verburg 2010). 
The CRBPA authorized CAP to be built in sections 

Photo: Amy Martin
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and importantly, required that water users repay the federal government for certain costs over time on a 
set schedule (Colorado River Basin Project Act 1968). 

To manage CAP and, importantly, to provide an avenue for repaying the federal government, in 1971 the 
Arizona legislature passed a law creating the central Arizona Water Conservation District (CAWCD) and 
gave CAWCD taxing and other authorities necessary to raise money to cover the repayment obligation 
(Ariz. Rev. Stat. Ann. 1971). For the remainder of this report, the term CAP is used both to refer to the 
facilities that divert and transport Colorado River water rights to central Arizona and to the CAWCD, as 
is common usage in the state.

Water use on the Colorado River is guided broadly by what is referred to as the Law of the River. The Law 
of the River is a mix of federal laws and policies, interstate and international treaties, U.S. Supreme Court 
cases, and state laws and policies. There are two elements of the Law of the River especially germane to 
the Lower Basin and to central Arizona specifically. First, the federal Boulder Canyon Project Act (BCPA) 
of 1928 authorized the Lower Basin states to enter into an agreement to divide the Lower Basin’s 7.5 MAF 
Colorado River water allocation, with 2.8 MAF to Arizona, 300,000 acre-feet (AF) to Nevada, and 4.4 MAF 
to California (Boulder Canyon Project Act 1928). However, the splitting of the water along these lines was 
never fully consummated as the legislation intended (Verburg 2010). Instead, it took a Supreme Court case 
to finalize once and for all, the Lower Basin’s division of Colorado River water as outlined in the BCPA. 
The outcome of that case, Arizona v. California, as documented in the Consolidated Decree (and not finalized 
until 2006), settled the allocation of water between the three Lower Basin states (Arizona v. California 1964, 
Consolidated Decree 2006). 

The BCPA, in concert with the Consolidated Decree lays out the process by which the U.S. Secretary of the 
Interior (Secretary) contracts with water users for Colorado River water. Section 5 of the BCPA allows the 
Secretary to enter contracts with water users to use Colorado River water rights established after passage 
of the act in 1929 (Boulder Canyon Project Act 1928). Water rights established before 1929 are referred to as 
Present Perfected Rights (PPR) and are discussed further below. Colorado River water in the Lower Basin 
therefore can only be used under a Section 5 contract or a PPR. However, Section 5 contract holders are also 
allowed to subcontract for use of water under their contract. This is important because in central Arizona, 
CAP is the primary Section 5 contract holder for much of the region’s water rights, and subcontracts to 
cities, irrigation districts and others. Federal water users (like BOR) and Indian tribes do not technically have 
contracts like other water users in the region, however, for practical purposes, the Secretary administers 
this water similarly to water rights used under Section 5 contracts (Carr 2010).

In addition to identifying the types of water rights and contracts in central Arizona, there is also a hierarchy 
of water right priorities. Arizona has six different priorities of water shown below in Table 1 (Verburg 2010). 
Water delivered through CAP is a mix of these priorities. The largest single share however, CAP’s official 
allocation, is a fourth priority right in the Arizona hierarchy. 

Water deliveries through the CAP canal to the Phoenix area began in 1985 and reached the Tucson area 
by 1992 (Verburg 2010). However, relative priorities among central Arizona’s CAP allocation was finalized 
with a 1983 Record of Decision (1983 ROD) (Department of Interior 1983). The 1983 ROD finalized the 
allocation of approximately 1.5 MAF of fourth priority water to be delivered by CAP to central Arizona. 
At the time, the 1983 ROD allocated three broad pools of water: approximately 310,000 AF per year to 
“Indian uses,” 640,000 AF per year to municipal and industrial uses (M&I), and any available remaining 
water to “non-Indian agricultural uses.” Instead of being allocated in a set amount, water for non-Indian 
agriculture (NIA) was initially allocated to users on a percentage basis because, at the time, it was not 
clear how much water would be available above and beyond Indian and M&I water. In other words, NIA 
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allocations were set at a percentage of available water in each year. Based on CAP’s records, NIA water since 
the 1983 ROD has averaged approximately 466,349 AF per year.   

The 1983 ROD also established the priority among the three pools of water within CAP’s allocation 
(Department of Interior 1983). The ROD gave equal priority to Indian and M&I water and a second, 
lower priority to NIA water. These different “buckets” of CAP water therefore are referred to throughout 
this report based on this priority structure as: Indian priority water (can be used for both agricultural and 
Indian M&I uses), M&I priority water (for non-Indian M&I uses only), and NIA priority water (used for 
a variety of M&I and agricultural purposes by both tribal and non-tribal users). Each of these buckets is 
uniquely restricted in how and with whom they can be traded. 

TABLE 1: ARIZONA’S COLORADO RIVER WATER RIGHT PRIORITIES

PRIORITY DESCRIPTION

First Priority Present Perfected Rights (PPRs) as defined and provided for in the Consolidated Decree

Second Priority Federal enclaves and reserved water rights established or effective before September 30, 1968

Third Priority Contracts issued before September 30, 1968 under Section 5 of the BCPA

Fourth Priority

i) Section 5 contracts issued after September 30, 1968 (in a total amount not to exceed 
164,652 AF of annual diversion

ii) Contract between the U.S. and CAP for the delivery of mainstem water for CAP, including 
use of mainstem water on Indian lands

Fifth Priority Water within Arizona’s 2.8 MAF decreed allocation that is not currently being used by a right 
holder

Sixth Priority Arizona’s share of any surplus allocation released by the Secretary of Interior

For water rights held by Native tribes, specific restrictions on trade generally come from a variety of 
legal settlements and Congressional approvals that provided water to the tribes (Carr 2010). One major 
example of these restrictions guiding trade of tribes’ CAP entitlements, and an example that encompasses 
a significant portion of water delivered to tribes through CAP, is the Arizona Water Settlement Act (AWSA) 
and the subsequent Arizona Water Settlement Agreement (Arizona Agreement). In December of 2004, the 
U.S. Congress passed, and then-President Bush signed, the AWSA (Verburg 2010). The AWSA was meant to 
be a final ratification of an array of past and future water settlement agreements between parties in conflict 
in Arizona involving CAP and other water sources. At the same time, AWSA also gave the Secretary the 
authority to sign another settlement, the Arizona Agreement, that was seeking to end years of litigation 
between Arizona, CAP, and BOR over repayment obligations associated with CAP construction. Through 
these agreements, NIA water was moved in bulk from agricultural users to tribes and to cities with some 
amount of water remaining unallocated.

Taken together then, the Boulder Canyon Project Act, Arizona v. California, and various other interconnected 
federal, state, and local laws and regulations (including AWSA, the AZ Agreement, other tribal settlements 
and CAP policies) govern the trade and transfer of Colorado River water supplies in central Arizona 
(Glennon and Pearce 2007). The Colorado River is unique in this regard: federal law provides the umbrella 
governance for trade and transfer, with state law and other required approvals embedded under the federal 
framework. Under this framework, there are essentially two categories of Colorado River sharing pathways: 
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Congressionally approved transfers and market-based trades (Glennon and Pearce 2007). Each of these are 
discussed in turn below.

2.1 Congressionally Approved Transfers

At several different times over the course of recent history, Congress has legislated the transfer of water 
to various sovereign tribes in Arizona. Some of these acts of Congress have also involved the transfer of 
water to non-native water users. These transactions are referred to as transfers rather than trades because 
they are not market-based transactions. Previous Congressionally approved transfers have primarily 
involved transfers of entitlements to or from tribes. The Arizona Water Settlements Act, is one example of 
a Congressionally approved transfer, but there are a number of others (Carr 2010). The AWSA transferred 
large amounts of water to the Gila River Indian Community (GRIC) and other tribes (Glennon and Pearce 
2007). The sources of the transferred water varied, but primarily involved NIA priority CAP water that had 
not been allocated to other users and water allocated to large irrigation districts that could not afford to 
pay for the water once the CAP canal was complete.  

It is uncertain what role Congressionally approved transfers will play in the future. However, Congressionally 
approved transfers will most likely include future Indian water right settlements or involve significant 
corrections or adjustments to Colorado River allocations. Due to the complexity and politics of these 
types of transfers, they are not themselves a flexible mechanism for sharing water in central Arizona. 
However, as noted below in Section 2.3, a number of Congressionally approved transfers did restrict how 
the transferred water could be shared in the future and these restrictions have important bearing on water 
trade in the region.

2.2 Market-Based Trading

On the other hand, market-based trading of Colorado River entitlements could play a significant role in 
the future of central Arizona and the Colorado River basin. This report discusses four different market-
based mechanisms for trade and transfer of: 1) Present Perfected Rights; 2) Section 5 contracts; 3) Section 
5 subcontracts; and 4) native tribes’ water allocations.

Present Perfected Rights: Present perfected rights (PPRs) are rights established before passage of the 
BCPA that were individually confirmed by the Supreme Court in the Consolidated Decree (Glennon and 
Pearce 2007). These rights were generally acquired by prior appropriation under state law before passage 
of the BCPA that instituted Section 5 contracting. Federal law is not well established on whether and how 
PPRs can be legally transferred and whether agricultural PPRs can be converted to municipal use (Glennon 
and Pearce 2007). However, the Consolidated Decree gives the Secretary considerable discretion under the 
BCPA and so transfers of these rights to facilitate trades may be possible (Carr 2010). What is clear is that 
owners of PPRs can convert their PPR into a Section 5 contract and then use the more well established legal 
pathway for transferring the Section 5 contract as outlined below. 

This issue is of interest now because CAP has proposed to purchase land with PPRs in southern Arizona and 
to transfer these rights from their current place of use into central Arizona to be stored underground. CAP 
is meeting resistance from local county authorities on several different grounds, but one of the county’s 
contentions is that PPRs cannot legally be transferred (Mohave County Board of Supervisors 2017). CAP’s 
board voted on October 5th, 2017 to approve the land and water acquisition despite this opposition 
(central Arizona Water Conservation District 2017). Legal action may follow that could eventually clarify 
the transferability of PPRs.
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Section 5 Contracts: Section 5 of the BCPA states that “No person shall have or be entitled to have the 
use for any purpose of the water stored as aforesaid except by contract made as herein stated” (Boulder 
Canyon Project Act 1928). Even though Section 5 contracts are federal contracts to use water, the Bureau of 
Reclamation (BOR, the Secretary’s main implementing arm in Colorado River management) defers to the 
states to determine intrastate allocation of Colorado River water (Glennon and Pearce 2007). Therefore, 
trade and transfer of Section 5 contracts involve a dual bureaucracy of federal and state approvals. Transfer 
of a Section 5 contract in Arizona requires not only the agreement of the contract holder to sell or lease, 
but also consent to the transfer by BOR and the Arizona Department of Water Resources (ADWR) (Arizona 
Department of Water Resources 2006).  

One legal issue worth noting for Section 5 transfers is the issue of quantification. Section 5 contracts and 
Colorado River water rights generally are either “consumptive use” rights or “delivery” rights (Glennon 
and Pearce 2007c). Quantification is critical in water right transfer analyses because both buyer and seller 
need to know, with as much specificity as possible, how much water is being traded (Pilz et al. 2016). 
“Diversion” contracts limit the amount of water that can be diverted, with the assumption that some 
amount of water returns to the river as return flow (Glennon and Pearce 2007). A purchaser of a 100 AF 
diversion contract for example, may not be entitled to the same amount of consumptive use as the seller 
depending on where and how the water will be withdrawn and used after the transfer (and therefore 
where the return flows will occur). Consumptive use contracts are more straightforward as they specify 
exactly how much water the contractor can use and how much they are required to return to the river. 
Additionally, ADWR’s policy on transfers of Section 5 contracts is to only approve transfers that do not 
increase the consumptive use of Arizona’s Colorado River supply (Carr 2010).

It is not clear how important trade of Section 5 contracts will be in central Arizona. One observer (Carr 
2010) noted that Priority 3 rights, made up largely of consumptive use, on-river water rights for irrigation 
districts and Indian tribes who withdraw directly from the Colorado River, offer some of the most flexibility 
for future trade in Colorado River rights. Carr further noted two examples of such transfers occurring as 
part of two separate Indian water right settlements (2010). Additional Section 5 contract trades could occur 
if central Arizona water users can negotiate to purchase or lease contracts of another Arizona water user 
on the mainstem Colorado River and have it delivered through the CAP system. In that case, the transfer 
would need approval of both BOR and ADWR, and would also rely on there being enough space in the 
CAP canal for the additional water and an agreement by CAP to wheel the water. Finally, the water user 
would also need to pay CAP wheeling fees and meet other requirements for delivering the water through 
the CAP system.

Section 5 Subcontracts: Significant numbers of water users in central Arizona enter into subcontracts 
with CAP and are referred to as Section 5 subcontractors, or simply subcontractors. Trades of Section 5 
subcontracts involve another level of bureaucracy in addition to that required for Section 5 contract trades. 
Not only do subcontract trades require buyer and seller agreement and transfer approval from BOR and 
ADWR, but they also require approval from the primary contract holder (Glennon and Pearce 2007). In 
the case of CAP allocations then, buyers and sellers must seek approval of BOR, ADWR, and CAP before 
consummating a transaction. These are discussed at more length in the context of trade of CAP water 
entitlements below in Section 2.3. 

Native Tribes’ Water Allocations: Tribal water issues, and especially water sharing issues, implicate a 
complex mix of law at the intersection of tribal law, federal law and policy, and state law. For example, a 
federal law called the Indian Non-Intercourse Act prohibits transfer of Indian property without an act of 
Congress and some have claimed that this might bar trade of Indian water rights altogether (Carr 2010). 
Some tribal rights in Arizona were specifically decreed to the tribes under the Consolidated Decree. Trade and 
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subsequent transfer of these types of rights off a tribal reservation without Congressional authorization 
has yet to occur in Arizona (Carr 2010). One tribe that attempted such a transaction was challenged by 
ADWR and others citing the Non-Intercourse Act and other objections (Carr 2010). Other tribal rights, 
particularly in central Arizona resulted from acts of Congress as described above in Section 2.1. For these 
rights, the language of the specific Congressional legislation is critical in determining tradability.

2.3 Trade of CAP Water Entitlements

The previous discussion highlighted the variety of different water right types and priorities in Arizona. 
Because CAP water is such a vital piece of the water supply in central Arizona, this section provides some 
additional detail on trading of CAP-specific water supplies. CAP’s Colorado River water allocation is 
divided into a priority system. The most senior rights within this allocation are M&I priority and Indian 
priority rights which are co-equal in seniority. Next are Non-Indian rights. Through a complicated history 
(primarily involving Congressionally-based transfers as discussed above), NIA priority water is currently 
held by both Indian tribes and M&I users but not by agriculture. The lowest priority water within CAP’s 
allocation is referred to as Excess Water and is divided into a pool of water set aside for agricultural use and 
a smaller pool of water for underground storage and other smaller uses (Excess water is more thoroughly 
described below in Section 2.3.4). CAP also delivers some water to central Arizona that is higher priority 
than the M&I and Indian priority allocations, but the amount is relatively small and is not officially part 
of the allocation made to CAP itself.  

CAP trades can be complex because they are dictated by federal, state, and local laws and regulations, 
as well as by CAP policies and infrastructure limitations. It is also critical to point out that trading CAP 
supplies also implicates CAP’s repayment obligation to the U.S. government. Maintaining their ability to 
meet the annual and total repayment obligation is paramount for CAP and policies around trading CAP 
supplies therefore must take this into account. Any proposed changes to these policies would likewise need 
to be done with consideration to how they could impact CAP’s repayment ability.

As a general statement, CAP supplies and their associated trading restrictions are priority and user-specific. 
Though there is no bright line rule for when and how CAP supplies can be traded and transferred, some 
guideposts do exist. First, the Arizona Water Settlements Act (AWSA), bars CAP water from being traded 
for any use, directly or indirectly, outside the state of Arizona (Arizona Water Settlements Act 2004). The 
AWSA likewise bars trading of M&I and NIA priority CAP water to tribes and permanent trading of Indian 
priority water to M&I and NIA users. Leases of CAP water by tribes (both Indian priority and NIA priority) 
are allowed if approved by an act of Congress (described further below in Section 2.3.3). 

The next four subsections describe in more detail restrictions on trading five different types of CAP water: 
M&I priority water, NIA priority water allocated to M&I users, Indian priority water, NIA priority water 
allocated to tribes, and excess water. 

2.3.1 Trading M&I Priority CAP Water

Generally speaking, original M&I priority allocations, those enshrined in the 1983 ROD, can be traded. 
This is not to say these trades are easy or common, but they are not specifically barred by any existing law, 
regulation or policy. Both ADWR and CAP have specific policies addressing trading of M&I supplies within 
the CAP service areas and these policies nest within the broader framework for trading Colorado River 
supplies discussed above (CAWCD 2017; Arizona Department of Water Resources 2006). In other words, 
trades of M&I priority entitlements are subject first to CAP approval, then to ADWR approval based on 
both entities’ internal policy guidelines, and finally to BOR review and approval.    
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One important restriction on these trades is that CAP policy specifically forbids M&I entities from profiting 
on a transaction involving their CAP supply (CAWCD 2017). This policy requires that all transactions be 
fully disclosed, that no payment can be made to the entity giving up their CAP supply and that the entity 
receiving the water pay a number of different potential charges as a result of the transfer. These charges 
include taking on any money owed to CAP by the previous owner as well as all future payment obligations 
to CAP. With this restriction in place, it is difficult to see how any M&I holder would be incentivized to 
trade their CAP allocation absent the unlikely scenario that it simply couldn’t afford the water and had a 
lower-cost alternative supply available. 

It is worth noting that M&I water is also traded between cities and water providers in a different way, 
through the transfer of wet water. Rather than trading the underlying allocation, a city or water provider 
with excess treated CAP water can deliver that treated water to another city or water provider that is 
connected by adequate infrastructure. In this capacity, the seller (city or other M&I allocation holder) 
is simply acting as a water provider delivering water to a customer and is trading wet water rather than 
legally transferring their allocation.

2.3.2 Trading NIA Priority Water Allocated to M&I Users

M&I users have obtained allocations of NIA priority water over time through a variety of different events 
and mechanisms including leases of NIA priority water from tribes, Congressionally approved transfers, 
and reallocation from ADWR. To the extent that an M&I user is leasing NIA priority water from a tribe, 
the terms of that lease govern any potential future tradability of the leased water. However, it is unlikely 
that these leases contain terms that allow the M&I lessees to trade their leased water. A number of the 
Congressionally approved transfers and settlements discussed above also contained specific reallocation 
provisions moving NIA water to M&I users. Trading of this water is governed by the specific act that 
authorized the reallocation.

Finally, under the AWSA, 96,295 acre-feet of NIA priority water was made available to ADWR to reallocate 
(Arizona Water Settlements Act 2004). In February of 2013, ADWR finalized a process to reallocate this 
water with the goals of helping to reduce groundwater overdraft, provide additional water to areas with 
limited availability of groundwater, and meet short-term demands for existing M&I water providers who 
either currently rely for permanent demands on groundwater or excess CAP water (Fabritz-Whitney 2013). 
The process will proceed in three steps, the first began in 2013 and reallocated approximately half of 
the available water, 34,629 acre-feet to municipal providers and 12,000 acre-feet to industrial users.  The 
second and third steps will take place in 2021 and 2030 (though the final step is only if unallocated water 
remains). M&I users who obtain water through this process are subject to the general restrictions on 
trading CAP water outlined above. Both CAP’s and ADWR’s policies on trading of municipal water supplies 
also apply to this water.

2.3.3 Trading CAP Water Allocated to Tribes

This section briefly discusses trading CAP water held by tribes including both Indian priority CAP water 
as allocated and defined in the 1983 ROD and NIA water transferred to tribes over time through a variety 
of different acts of Congress. These two water sources have different priorities. Tribal priority water is 
relatively senior within the CAP system and is unlikely to be affected by all but the most drastic shortage 
declarations while NIA priority water held by tribes is lower priority and is highly likely to be affected by 
any shortage declaration. Tribal water rights also tend to be relatively under-developed as well. That is, 
many tribes have more water rights than they are currently able to use. To the extent that it is not already 
leased to other users, tribal water therefore may be a resource in the short-term to help avoid or manage 
shortage. 
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As mentioned above, tribal water rights are unique in the Colorado River system because they are federal 
reserved water rights, meaning they arise outside of state water rights systems but also nest within these 
systems relative to other water rights. As federal water rights, tribal water allocations cannot be permanently 
transferred without Congressional approval (Kenney et al. 2013). A variety of acts of Congress however, 
specifically authorize tribal water leasing, generally for terms of up to 100 years (Carr 2010; Kenney et al. 
2013). Carr (2010) catalogued these authorizations in 2010:

Salt River Pima Maricopa Indian Community (SRPMIC) Water Rights Settlement Act (1988): 
allows SRPMIC to enter into long-term leases of its CAP allocations. Under this Act, 13,300 acre-feet of 
water were leased for 99 years to various Maricopa county cities for an up-front payment of $1,100 per 
acre-foot.

Fort McDowell Indian Community Water Rights Settlement Act (1990): allows the tribe to enter 
into long-term leases of its CAP allocation. The total allocation under this settlement was for 18,233 acre-
feet. In 2001, the Community leased 4,300 acre-feet of water to the city of Phoenix for 99 years, leaving 
them with 13,933 acre-feet in 2010. In the intervening years between 2010 and the present, it appears the 
Fort McDowell Indian Community has leased the remainder of this water and has no water left for lease. 

AK Chin Indian Community Water Rights Settlement Act (1992): allows the tribe to enter long-
term leases of its CAP allocation. The settlement allocated the Community an additional 47,500 acre-feet 
(bringing their total contract to 85,000 acre-feet), of which the community leased 10,000 acre-feet to a 
developer for a reported amount of $1,200 per acre-foot. All of the remaining allocation was in use at the 
time Carr published his report in 2010 and this remains true today based on the most recent CAP reporting.

San Carlos Apache Tribe Settlement Act (1992): allows the tribe to lease its CAP Indian and M&I 
priority water supply for use within Maricopa, Pima and Pinal Counties. The total allocation under the Act 
was 61,645 acre-feet. The Tribe leased 12,500 acre-feet to Scottsdale for a renewable term not to exceed one 
hundred years for an up-front payment of $1,200 per acre-foot. A later Act also specifically authorized a 
lease of 14,000 acre-feet to a private mining company for 50 years with a right to renew for another 50 years 
for $1,200 per acre-foot. Based on recent CAP reporting, the San Carlos Apache tribe has approximately 
14,000 acre-feet of water that is not currently being used either by the tribe or in a lease each year.

Gila River Indian Community and the Arizona Water Settlement Act (AWSA, 2004): authorized 
the Gila River Indian Community (GRIC) to enter leases not to exceed 100 years with entities located in 
ten counties in Arizona. The total allocation to GRIC was 311,800 acre-feet. The settlement agreement that 
accompanied the act contains a number of proposed leases including 41,000 acre-feet to four Maricopa 
cities for a per-acre-foot value that is indexed to a value of $1,203 per acre-foot in December 1993 costs. 
The settlement agreement also provided for a lease to the Phelps Dodge Corporation of 12,000 acre-feet 
per year for a renewable 50-year term. Based on current CAP reporting, GRIC has approximately 44,000 
acre-feet of unused and un-leased water each year. 

Tohono O’odham Nation and the Arizona Water Settlement Act (AWSA, 2004): the AWSA also 
authorized the Tohono O’odham Nation to enter into leases of their CAP water for up to 100 years within 
the CAP service area. The total allocation available for leasing included 27,000 acre-feet of the Nation’s 
Indian priority CAP allocation and up to 28,200 acre-feet of its NIA priority allocation. If the Nation 
proposes a lease of more than 25 years, it must initially make an offer to users within the Tucson area. 
Users in the Tucson area also have the right to make a counter-offer before leases are finalized with any 
entity not from the area. As part of the settlement agreement, ASARCO, a mining company, leased 10,000 
acre-feet of water for 25 years with a provision allowing the Nation to extend the lease by 10 years. Based 
on current CAP reporting, the Tohono O’odham Nation has approximately 21,000 acre-feet of unused and 
un-leased water each year.
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As of 2010, a significant amount of the tribal water that was authorized for leasing had already been leased 
with some exceptions, including a large amount of water held by the GRIC (Carr 2010). Since that time, 
much of GRIC’s water has been leased or put to use for on and off-reservation farming and the same can be 
said of the other tribes as well. Based on recent delivery and contracting reports from CAP, approximately 
80,000 acre-feet of CAP water contracted to tribes is currently unused in either an existing lease or by the 
tribes themselves. It is possible that additional water could be freed up by tribes by reducing their own on 
and off-reservation agricultural water use. 

2.3.4 Excess Water

The topic of Excess Water implicates a host of issues within and around CAP and Lower Basin water policy. 
Rather than tackle these issues, the discussion of Excess Water in this report is limited to a simple definition 
and a description of how CAP markets a small subset of Excess Water. A shorthand definition of Excess 
Water is the amount of water in any year that, while allocated to users under long-term subcontracts, is not 
ordered for delivery in that year or mainstem water rights that are ordered but not used. Mainstem water 
that was ordered but not used is also called “turn back” water (Seasholes 2017). Under a broad settlement 
agreement between CAP and the U.S. that ended years of litigation over CAP debt for construction of the 
CAP system (the Repayment Stipulation), CAP is allowed to market and distribute Excess Water each year. 
CAP has only used this authority to market and distribute turn-back water which they also call “other 
Excess” (Seasholes 2017). It is important to distinguish this from several different types of Excess Water. 
The largest amount of Excess Water is set aside for use by agriculture and is referred to as the “Ag Pool” or 
the “Ag Settlement Pool.” Another pool of water is set aside for underground storage and some other small 
uses. The remainder of this section discusses only “other Excess” which is different from the Ag Pool and 
from the pool used for underground storage. 

CAP policy for other Excess is multi-tiered. First, a subcontractor who ordered water but can no longer use 
it (for example, because it rained after they ordered the water delivery but before the water was delivered) 
can trade the water themselves pursuant to terms in their subcontract (with the caveat that CAP prevents 
users from ordering extra water for the purpose of trading it). According to CAP staff, these types of 
transactions have not been occurring recently (Seasholes 2017). If the subcontractor leaves the water to 
CAP to remarket, then CAP has five options: trade the water themselves, store the water underground, 
store the water in SRP’s system through exchange, store the water in a CAP reservoir, or contribute the 
water to Lake Mead as System Conservation (discussed below Section in 5). As a percentage of total CAP 
delivery volumes, the amount of water subject to these various options is small. From 2012 to 2016, the 
total volume of turn back water has ranged from 0.8% of total deliveries in 2012 up to 6% in 2015 while 
the subset of turn back water remarketed during the same time period has ranged from a high 28,954 acre-
feet in 2013 to a low of 6,466 acre-feet in 2016 (Seasholes 2017). 

Trading of excess water therefore represents a small but important market segment in central Arizona. 
Because use of Excess and Other Excess water in any given year is not set in stone, these are some of the 
more flexible sources of water in the region. The CAP board has the authority to change how significant 
amounts of available excess are used in any given year simply by changing CAP’s excess policies. This 
authority includes the ability to change the use of excess water that is currently dedicated to underground 
storage. This raises the question of whether the current policy makes the best use of the available water 
from economic, regional sustainability, or other perspectives. Answering this question soon is of critical 
importance to the region because the amount of excess water will only continue to decline over time as 
long-term contractors grow into their full allocations. A corollary to this question is what role excess water 
might play in a water market in central Arizona. As one of the more flexible sources of water, it could be 
extremely valuable to users and alternatively, could be left in Lake Mead to benefit the system.  
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2.4 Arizona Water Banking Authority and Central Arizona Groundwater  
Replenishment District

Two central Arizona entities are important to mention briefly in the context of sharing Colorado River 
water and they are discussed more fully below in Sections 3.2 and 3.3. The Arizona Water Banking 
Authority (AWBA) and the central Arizona Groundwater Replenishment District (CAGRD) both store water 
underground in central Arizona – CAGRD to facilitate new housing development, and AWBA for future use 
in the event of shortage. However, both only have Excess CAP water as a primary water source and therefore 
rely on acquiring water through trades to fulfill their respective missions. AWBA primarily acquires Long-
Term Storage Credits but has the ability to lease or purchase other water to store underground. CAGRD has 
an active water acquisition program involving a number of different types of water broadly and Colorado 
River water specifically.    

2.5 Intentionally Created Unused Apportionments (ICUA)

A final water sharing mechanism for Colorado River water, ICUA, allows for a type of water trading between 
Colorado River contractors in different states, including Mexico (Glennon and Pearce 2007). ICUA is created 
when an entity in one state stores Colorado River water from another entity that would have otherwise 
used the water. The primary example of this occurs in the context of interstate water banking in the 
Arizona Water Bank (discussed further below in Sect 3.2). In the Arizona Water Bank context, for example, 
the Southern Nevada Water Authority (SNWA) and Arizona have developed an agreement for Arizona 
to periodically store some of SNWA’s Colorado River water entitlement underground in central Arizona 
groundwater recharge facilities (Kenney et al. 2013). SNWA’s water is “unused” water from Nevada’s annual 
Colorado River apportionment. When SNWA wishes to use the water, the Arizona Water Bank will activate 
ICUAs based on the stored water and work with the Secretary to release the water from Lake Mead for 
Nevada to divert. In the same year, Arizona will reduce their call on water from Mead and instead use the 
stored water. Similar arrangements have been made between Nevada and contractors in California, and 
between contractors in California and the Arizona Water Bank (Kenney et al. 2013). ICUA transactions can 
best be described as water exchanges because, rather than moving one user’s water to another, in ICUA 
trades both users end up with water but from different sources than they would have otherwise.  

ICUAs were authorized by federal regulations in 1999 (43 C.F.R. §414 1999). They permit Lower Basin 
states to store ICUAs off-stream and to sell ICUAs among the Lower Basin states (Kenney et al. 2013). 
Withdrawing ICUAs requires the withdrawing state to inform the Secretary and other Lower Basin states, 
and request release of the water in accordance with the BCPA, the Consolidated Decree and other applicable 
laws. ICUAs must be released in the same year they are created (43 C.F.R. §414 1999). Practically speaking, 
this means that ICUAs are generally not created as the water is stored but rather are officially created at the 
beginning of the year before they will be released. Detailed agreements between contractors to create and 
trade ICUAs are required to manage the intricacies of the regulations. 

The SNWA example illustrates how ICUAs allow one state to utilize storage in another state to develop 
water that can be used in the future. However, ICUAs could also be used to trade water between contractors 
in different states and Mexico. For example, if infrastructure allowed and the deal met all other legal 
requirements, a contractor in Arizona could pay a contractor in California to reduce their use by X acre-
feet and store that reduction off-channel in California. The agreement would allow Arizona to call on 
the California contractor to develop X acre-feet of ICUAs in a future year, allowing for the release of 
additional water from Lake Mead to Arizona in that year. This concept has also been proposed as a way 
to fund conservation (and a resulting reduction in use) in Mexico in return for ICUAs and corresponding 
additional water for U.S. contractors in California (Kenney et al. 2013).
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Figure 4: Water Sharing Pathways for Colorado River Water Rights
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The foregoing sections demonstrate that a variety of trades are possible within central Arizona’s CAP 
system. The CAP system also nests within the broader category of sharing Colorado River water rights. 
Figure 4 shows the different types of sharing activity for Colorado River water rights in central Arizona 
discussed above.

As this discussion shows, sharing Colorado River water rights is not a simple proposition. The complex 
combinations of federal law with state, local, and tribal laws and policies can greatly complicate many 
of the potential pathways for sharing Colorado River water (Figure 4).  As this Figure illustrates, the 
playing field for Colorado River water sharing is crowded and complex with a healthy dose of uncertainty. 
Complexity and uncertainty are both sources of inflexibility in central Arizona and are an obvious place 
to begin looking for ways to increase the ability of the region to increase water supply flexibility to help 
adapt to short and long-term shortage.

The next section discusses water sharing pathways for groundwater credits called Long-Term Storage 
Credits.

3. Trading Long-Term Storage Credits

This section discusses another critical link in 
central Arizona’s water supply, called Long-Term 
Storage Credits (LTSCs), and details how these 
credits are created, used, and traded. In summary, 
LTSCs are created by storing renewable water 
supplies underground. The term renewable is 
defined under relevant Arizona law related to 
creating, managing and using LTSCs and under 
this definition refers generally to surface water 
supplies both within Arizona and including 
Colorado River water delivered through the CAP 
system. It is important to keep in mind that this is 
more of a legal term than a practical reality, as 
even supposedly renewable surface water supplies 

are scarce and likely growing more so. The main purpose of the term is differentiating surface water supply 
from the portion of water found underground in aquifers that is not renewable in any sense of the word. 
While individual aquifers may have some renewable water – in the form of water that is annually recharged 
into the aquifer – much of the water in an aquifer is not renewable, or not renewable on a time scale that 
is useful to humans. LTSCs therefore come from putting water underground through one of several different 
methods and represent the right to withdraw water from the ground in the future.

3.1 The Underground Water Storage and Recovery Program and Long-Term Storage Credits

Arizona’s 1980 Groundwater Management Act (GMA) and subsequent legislation in 1986 and 1994 enabled 
the creation and trading of LTSCs through Arizona’s Underground Water Storage and Recovery Program 
(Westwater Research 2014). LTSC’s can be created when eligible renewable water is stored underground in 
a permitted underground recharge facility and remains in storage for at least one calendar year. While 
the statutory definition of eligible water under the GMA is complex, it can be summarized as water from a 
renewable source (as mentioned above, this largely means not from groundwater) that would not naturally 
recharge groundwater at the recharge site but for the efforts of the entity undertaking the underground 
storage (Underground Water Storage and Recovery Program 1994). Each LTSC equals the right to pump 1 acre-

Photo: Sinjin Eberle
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foot of water stored underground (Westwater Research 2014). Several different permits may be required 
to create and use LTSCs including, at minimum, a permit for the recharge facility and a recovery permit.

There are two primary mechanisms for storing water underground to create LTSCs: Managed Underground 
Storage Facilities (USFs) and Groundwater Savings Facilities (GSFs) (S. B. Megdal, Dillon, and Seasholes 
2014). USFs, also called direct recharge facilities, are traditional recharge facilities that involve constructing 
shallow infiltration basins that are periodically filled with water that then percolates into underlying 
aquifers. Creating USFs involve significant land, infrastructure, and permitting requirements. GSFs on the 
other hand, do not involve direct recharge of aquifers. Rather, GSFs are groundwater users, usually farms, 
that agree to be supplied with renewable water in lieu of pumping groundwater (S. B. Megdal, Dillon, and 
Seasholes 2014). GSFs are also sometimes called “in-lieu recharge facilities.” The supplier of “in-lieu” water 
to the GSF can accrue LTSCs for each unit of water the in-lieu recipient leaves underground. As with USFs, 
GSFs must be permitted, though the technical, land, and infrastructure requirements are significantly 
reduced. 

The primary source of water for creation of LTSCs in central Arizona, both in USFs and GSFs, is Colorado 
River water delivered through CAP. As discussed above, many CAP contractors do not currently order 
their entire CAP allocation in every year for direct use and instead store some portion of their CAP water 
underground. Indian tribes, as well as several major cities including Tucson, store significant amounts of 
their CAP allocations each year to generate LTSCs. 

The Arizona Department of Water Resources (ADWR) maintains a list of LTSC account holders and the 
amount of LTSCs each account holder has stored. These accounts operate just like bank accounts, with 
ADWR tracking credits and debits each year (S. B. Megdal, Dillon, and Seasholes 2014). Importantly, LTSCs 
are broadly tradeable and transferable with some important requirements (Westwater Research 2014) (Culp, 
Bayon, Scott, and Melton 2015). The most critical requirement is that the buyer or receiver of LTSCs must 
have a permitted recovery well located within the same Active Management Area (AMA) as the stored water 
(Underground Water Storage and Recovery Program 1994). AMAs were created under the original Groundwater 
Management Act and there are three in the central Arizona region: Phoenix, Pinal, and Tucson. Recharge 
and recovery must occur within the same AMA and LTSCs cannot be transferred between AMAs.

Figure 5: Active Management Areas (AMAs) in the Phoenix and Tucson Area
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   While this is simple in principle, there can be a 
disconnect between the location of permitted 
recovery wells, and the location of recharge 
facilities, even within AMAs (Silber-Coats and 
Eden 2017). Lack of adequately located recovery 
facilities could be a barrier to trade in LTSCs and 
could also result in local depletion of groundwater 
supplies. No application to ADWR is required to 
transfer LTSCs, however transfers do require 
notification to ADWR (Ariz. Rev. Stat. 45-854.01 
2017). Finally, a 5% “cut to the aquifer” is 
assessed on water stored for more than one year 
to help support recovery of depleted aquifers, 
and evapotranspiration losses are also taken into 
account, meaning that storage of 100 acre-feet 
will typically result in 93 acre-feet of storage 
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credits given a 2% ET loss. (Silber-Coats and Eden 2017). Despite these requirements, trading of LTSCs is 
growing each year as municipalities and other water users in central Arizona seek additional supplies to 
stave off the worst impacts of looming shortages and to support booming population growth (Figure 6). 

The next two sections discuss the two central Arizona entities that are responsible for much of the creation 
and trade in LTSCs: the Arizona Water Banking Authority (AWBA) and the central Arizona Groundwater 
Replenishment District (CAGRD).

3.2 Arizona Water Banking Authority

AWBA was established by the Arizona legislature in 1996 with the goal of creating a mechanism to buffer 
against potential impacts to central Arizona water users from shortages on the Colorado River and to 
facilitate interstate storage of some of Nevada’s Colorado River water in Arizona (S. Megdal, Dillon, and 
Seasholes 2014). More broadly however, AWBA was created to help Arizona utilize its full Colorado River 
entitlement and thereby reduce the amount unused water sent to California (S. Megdal, Dillon, and 
Seasholes 2014). AWBA is made up of a five-member commission appointed by the governor and two 
ex-officio members (AWBA 2016b). AWBA’s activities are funded by a tax on property owners in the CAP 
service area, a fee on groundwater pumping, and legislative appropriations from the state’s general fund 
(S. Megdal, Dillon, and Seasholes 2014).  

In its primary role, AWBA stores renewable water supplies as LTSCs for later use. More specifically, AWBA 
is charged with providing back up water supply (called “firming”) for various CAP subcontractors. AWBA 
creates supply for firming by storing surface water supplies (primarily excess CAP water) in USFs and 
GSFs in each of central Arizona’s AMAs and creating LTSCs. Use of water supplies and credits stored and 
created by AWBA is primarily triggered by either a major disruption in CAP’s ability to provide water or, 
more likely, by an official shortage declaration on the Colorado River. AWBA has many specific firming 
obligations, but the three most significant are firming of CAP Municipal and Industrial (M&I) priority 
rights, firming of Tribal settlement rights, and so-called “on-river” firming (AWBA 2016b). 

It is critical to note that firming obligations only kick in when an entity to which AWBA owes a firming 
commitment has fully developed their CAP allocation (Arizona Water Banking Authority, Arizona 
Department of Water Resources, and central Arizona Project 2014). So, for example, numerous municipalities 
in the CAP service area do not use their full CAP allocation each year because they have not fully grown 
into their allocation; as a result, if a shortage only reduced one of these entities’ access to water they would 
not have ordered in the shortage year, AWBA will not owe them firming water.   

For its M&I firming obligations, AWBA modeled future Colorado River supply and demand over a 100-year 
period and set numeric storage targets for each AMA in central Arizona (AWBA 2016a):

• Phoenix AMA: 1,566,00 acre-feet;

• Pinal AMA: 243,000 acre-feet; and

• Tucson AMA: 864,000 acre-feet.

As of the end of year 2016, AWBA made significant progress toward these targets in two of the AMAs, 
meeting 91% of their target in the Phoenix AMA and 89% of their target in the Pinal AMA (AWBA 2017). 
Progress was less advanced toward meeting their target in the Tucson AMA (53%). The primary reason 
for the relative lack of progress in Tucson is related to restrictions on funding and specifically on use of 
funding collected via property taxes (described briefly below). Because less property tax is collected in the 
Tucson AMA relative to the Phoenix AMA, less money is available for AWBA to undertake recovery actions 
there. While the Pinal AMA also has a relatively small tax base, the firming commitment there is low so 
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Figure 6: Water Sharing Pathways for LTSCs
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this area does not suffer the same fate as the Tucson AMA. Even less progress has been made in firming 
Tribal settlement rights. AWBA’s primary tribal firming obligation (for the Gila River Indian Community, 
GRIC) arises out of the Arizona Water Settlement Act (AWBA 2017). This obligation totals 350,000 acre-
feet, or up to 15,000 acre-feet per year. AWBA had only accrued 38% of the credits required to firm GRIC’s 
settlement rights as of 2016.

In addition to AWBA’s M&I and Tribal obligations, AWBA also has agreed to firm some M&I rights of on-
river contractors. These are Colorado River contractors who take water directly from the river as opposed 
to central Arizona contractors who take water from the CAP canal. AWBA stores water in central Arizona 
so that during shortage, central Arizona users would forgo a set amount of CAP deliveries, which would 
be diverted by these on-river users while the central Arizona users accessed AWBA’s water supplies stored 
underground. AWBA’s on-river firming obligation is 420,000 acre-feet and AWBA is 96% of the way toward 
meeting this obligation (AWBA 2016b).

AWBA also has an interstate banking function that allows it to store water for the benefit of Nevada and 
California. Interstate banking is governed by agreements involving AWBA, CAP, the federal government, 
and various entities in Nevada and California. The arrangement works much like the on-river firming 
arrangement. AWBA stores water in Arizona on behalf of Nevada or California. When Nevada or California 
is ready to withdraw their water, they take additional water from the Colorado River, reducing CAP’s 
diversion to central Arizona. In lieu of this missing CAP water, water users in central Arizona recover 
credits (i.e. pump stored groundwater) from AWBA. 

As mentioned above, AWBA has three primary sources of funding: a tax assessed by CAP on all property 
owners in CAP’s three-county service area, a fee on groundwater pumping, and legislative appropriations 
from the state’s general fund (S. Megdal, Dillon, and Seasholes 2014). It is important to note that dedication 
of proceeds from property taxes to AWBA occur only at the discretion of CAP’s board, meaning that in any 
given year the board could decide not to provide any funding to AWBA.  As of the end of 2016, AWBA has 
collected more than $431 million from all combined sources and expended approximately $368 million 
(AWBA 2017). Most of this funding comes from the property tax assessment and payments from Nevada 
for interstate water banking.

The previous discussion has focused on how AWBA stores water. However, it is also critical to discuss 
how AWBA firming recipients will eventually recover water AWBA stores underground. This is one of the 
most pressing issues in central Arizona, as recovery of stored water requires significant infrastructure and 
coordination and no recovery has yet to take place. In their 2014 Joint Recovery Plan, AWBA, ADWR, and 
CAP outlined three planned recovery mechanisms (AWBA 2014): Direct recovery involves pumping stored 
water from permitted recovery wells into the CAP canal system for delivery; indirect recovery involves an 
entity to whom AWBA owes a firming obligation who would  pump water themselves from a permitted 
recovery well in lieu of water that would have been delivered to them by CAP; and finally, credit exchanges 
involve swapping CAP water scheduled for delivery to a USF for pumping accrued AWBA storage credits. 

A variety of factors affect whether and when recovery needs might be triggered. The primary driving force 
is the possibility of shortage declarations. However, it is critical to point out again that recovery is only 
triggered to the extent that a shortage affects a fully developed water right. For example, many M&I and 
Tribal users in central Arizona do not need their full CAP entitlement each year—they have not fully grown 
into their rights. If shortage only wipes out the pool of water that entitlement holders are still not using 
and does not affect the developed portion of a rights holder’s entitlement, then recovery is not triggered.

In its 2014 Recovery Plan, AWBA modeled various recovery scenarios. These scenarios modeled the 
growth of water use of AWBA firming recipients (i.e. the pace at which these recipients fully utilize their 
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entitlements), the hydrologic conditions on the Colorado River and Lake Mead, and  the timing of Nevada’s 
recovery needs (AWBA 2014). Under the Recovery Plan’s “Scenario A,” AWBA assumed that full use of rights 
would not occur until 2045 and under “Scenario B,” the assumption of full use was accelerated to 2035. 
Nevada’s requests for water stored in Arizona were modeled based on whether they start in either 2025 or 
2035 and whether they are steady (a set amount each year until 2063) or whether they are maximized and 
accelerated (AWBA 2014). 

The earliest modeled recovery need in these scenario runs occurred in 2017 and had only a 1% probability 
of occurring (the need for recovery did not, in fact, arise). AWBA does not anticipate M&I firming until 
2035 at the earliest and then only with a 17% chance of occurring in any year. AWBA’s models estimate 
very low probabilities for needing recovery in the near term and in the event of recovery being triggered, 
predict only small amounts of water required. AWBA’s model estimated that the maximum volume of 
recovery that might be triggered in the near term (before 2023) is 17,000 acre-feet per year, rising to 98,200 
acre-feet per year in the mid-term (2024-2034), and 144,200 acre-feet in the long-term (2035-2045). It 
is important to point out that these numbers do not account for whether recovery facilities are or will 
be available to recover all the water that might be required in these years and whether the policies and 
administrative capacity will be in place to facilitate recovery.

While these modeling results may look non-threatening, there are several reasons for concern. First, the 
modeling exercise did not account for reductions to Arizona’s Colorado River allocations beyond 480,000 
acre-feet. The emerging structure of the DCP and discussions about a DCP+ include cuts much deeper 
than that (up to 780,000 acre-feet) that might occur sooner than the cuts modeled in 2014. Additionally, 
as of 2014, all recovery opportunities rely on indirect and credit exchange recovery mechanisms. There is 
simply a lack of infrastructure to facilitate direct recovery (i.e., permitted wells to pump, and facilities to 
treat and deliver the stored groundwater through CAP facilities do not exist everywhere they are needed). 
This significantly limits flexibility and reliability for CAP users and calls into question whether AWBA is 
positioned to meet its firming obligations in full and on time. 

There are also other uncertainties with recovery that are beyond the scope of this report but are of great 
concern to potential future firming recipients (Arizona Municipal Water Users Association 2016). Additional 
modeling to include DCP and DCP+ shortage impacts and timing is required as well as planning for 
recovery that accounts for the lack of existing recovery infrastructure and the need for additional clarity 
on regulatory and administrative issues.

3.3 Central Arizona Groundwater Replenishment District

In addition to enabling Arizona’s Underground Water Storage and Recovery Program, the 1980 GMA 
created what is called the Assured Water Supply (AWS) program (Ar. Rev. Stat § 45-576). The AWS program 
instituted water supply requirements on developers of undeveloped land in unincorporated areas within 
AMAs. The AWS rules require a development to demonstrate that: a 100-year supply of water sufficient to 
serve the needs of a subdivision is physically, legally, and continuously available; the water use is consistent 
with AMA management goals in the AMA within which it is located; and the developer is financially sound 
enough to build the necessary water delivery system to supply their proposed development (Avery et al. 
2006). These requirements are generally satisfied by a municipal entity when a proposed development is 
located within an existing municipal boundary.

However, ADWR’s first proposed rules to implement the AWS elements of the GMA were challenged by 
the development community due to the lack of renewable water supplies to help developers meet the 
AWS requirements (Avery et al. 2006). Many developers in central Arizona did not have access to CAP 
water, the region’s primary supply of renewable water. After a lengthy public participation process, ADWR 
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proposed a new set of rules to implement the AWS requirements. The culmination of this process was 
the creation of the Central Arizona Groundwater Replenishment District (CAGRD), a subsidiary of CAP, 
that allows developers with no access to CAP to indirectly use CAP and other renewable water supplies to 
meet their AWS obligations. The mechanism for this is complex but in short involves CAGRD agreeing to 
use the Underground Water Storage and Recovery Program to replenish groundwater used by its enrolled 
members. The portion to be replenished by CAGRD is the amount considered to be more than what would 
be a sustainable amount of groundwater pumping. The exact proportion of a developer’s groundwater use 
that is in excess of this sustainable amount is calculated according to formulas that are part of the AWS 
rules (Avery et al. 2006).  

By enrolling members, CAGRD takes on those members’ responsibility of ensuring their use is consistent 
with AMA management goals without members actually using renewable water supplies (Avery et al. 
2006). This places a significant burden on CAGRD to acquire renewable water supplies and store the water 
underground using USFs and GSFs. CAGRD primarily relies on two sources of water to accomplish this: 
leasing and purchasing CAP water and purchasing already-developed LTSCs. Table 2 below shows CAGRD’s 
water supplies as of the end of 2014. 

Table 2 raises the question of how CAGRD’s supplies compare to current and projected growth. CAGRD 
estimates that by 2034 they will have an 86,900 acre-foot annual replenishment obligation and by 2114 
that number increases to 113,000 acre-feet (central Arizona Groundwater Replenishment District 2014). To 
meet the 2034 obligation, CAGRD will need an additional 50,370 acre-feet of annual supplies and to meet 
the longer-term obligation, they will need an additional 26,100 acre-feet beyond that. CAGRD’s program 
principles dictate that they should strive to meet the annual obligation with a 50/50 mix of short-term and 
long-term supplies (central Arizona Groundwater Replenishment District 2014). CAGRD predicts that they 
have ample opportunity to meet these growing obligations over time through a mix of short- and long-
term acquisitions of LTSCs, effluent, CAP water, mainstem Colorado River water, imported groundwater 
and water from possible future desalination projects. Whether or not this is true, especially in light of 
looming shortage, remains to be seen. 

Critics of the use of CAGRD as a tool to meet AWS requirements note that it may make groundwater 
pumping more sustainable in many locations only on paper (Avery et al. 2006). The AWS rules that 
gave rise to CAGRD do not require that CAGRD store water in the same part of the local aquifer from 
which its members pump groundwater. central Arizona’s groundwater is not one uniform body of water. 
Parts of it are shallower than others, there are varying levels of connectivity between different regions of 
aquifers, and many aquifers are not located near a recharge facility used by CAGRD. One possible result 
of this complexity is that CAGRD membership may allow a development or municipality to meet the 
letter of the law under the GMA and its AWS requirements, while in fact that member could be pumping 
groundwater from a region of the aquifer that is danger of running dry. The perverse potential scenario 
then is that a CAGRD member could be in technical legal compliance with the law and yet have no water 
physically available to pump from the ground or be rapidly mining groundwater and causing significant 
local groundwater decline. 

LTSCs have emerged as a focal point of central Arizona water management. They are also one of the most 
commonly traded forms of water in the region. The next section discusses groundwater in central Arizona 
from a different perspective. Instead of importing surface water and storing it underground, the next 
pathway involves sharing of water that is already in the ground – called local, native groundwater.
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TABLE 2: SUMMARY OF CAGRD WATER SUPPLIES  
ACQUIRED THROUGH 2014

WATER SUPPLY PRIMARY LIMITATIONS
QUANTITY (AF)

LOCATION

YEAR  
SUPPLY 
FIRST 

AVAILABLE

TERMS OF 
ACQUISITION

TOTAL ANNUAL

CAP Water  
(M&I Priority)

M& I Subcontract entitlement transferred 
from Litchfield Park Service Co. (LPSCO), 
New River Utility Co., West End Water Col, 

and Valley Utilities Water Co.

- 7,996 Phoenix 
AMA 2006

Contract for 
permanent 

water service

CAP Water  
(NIA Priority)

Recommended volume for CAGRD in 
ADWR’s NIA reallocation recommendation - 18,185

Within CAP 
Service 

Area
2017

Contract 
will be for 
permanent 

water service

Tribal Lease of 
CAP NIA Priority 

Water

Lease of White Mountain Apache Tribe NIA 
priority water - 2,500

Within CAP 
Service 

Area
2017 100-year lease

Long-Term  
Storage Credits

Storage credits acquired through 2014 64,879 649 Phoenix 
AMA 2014

One-time 
purchases and 
credit purchase 

agreements

Long-Term  
Storage Credits

Storage credits to be acquired in the future 335,983 3,360 Phoenix 
AMA 2015

Credit 
purchase 

agreements

Long-Term 
Storage Credits

Storage credits acquired through 2014 25,093 251 Tucson 
AMA 2014

One-time 
purchases and 
credit purchase 

agreements

Long-Term 
Storage Credits

Storage credits to be acquired in the future 119,264 1,193 Tucson 
AMA 2015

Credit 
purchase 

agreements

Effluent

Long-term lease of effluent from water 
reclamation facility operated by Liberty 

Utilities; includes access to infrastructure 
sufficient to recharge the purchased effluent 

at USF to be built by Liberty

- 2,400 Phoenix 
AMA 2017 100-year lease

Total 545,219 36,534

4. Trading Local Native Groundwater in Central Arizona

The final water sharing pathway discussed in this 
report involves trading native groundwater. Native 
groundwater is naturally occurring water in 
aquifers in the central Arizona region. Trading 
and using native groundwater is a potentially 
fraught topic – concerns about severe over-
drafting and future scarcity of native groundwater 
supplies motivated construction of the CAP 
system and the passage of the GMA. Moreover, 
the GMA and the AWS rules significantly restrict 
use and trade of native groundwater. In fact, the 
ability to use and trade this water is being phased 
out completely over the next eight years. With 
that said, until the phase-out is complete, this 

section discusses some important, albeit limited, pathways for trading native groundwater that could help 
increase flexibility of water supplies in the region.  

Photo: Sinjin Eberle
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The GMA and AWS rules created four different types of native groundwater rights with varying tradability 
within AMAs: agriculture flexibility credits, Type 1 and Type 2 non-irrigation grandfathered rights, and 
Extinguishment Credits. Each different right has varying restrictions on trade, described briefly below.

Agricultural Flexibility Credits: When the GMA was passed in 1980, farmers were granted irrigation 
grandfathered rights (IGRs) if they had actively used groundwater within an AMA between 1975 and 1980 
(Suggs 2016). The only way for farmers to trade these rights is through trading of agriculture flexibility 
credits that accrue when a farm uses less water in each year than they are allowed under their IGR. The 
primary and most significant restriction on trading flexibility credits is that they can only be traded with 
other farms. Flexibility credits therefore are not a viable mechanism for agriculture to urban trade. The 
reason they are not allowed to be traded to cities is because of the sheer volume of potential credits. 
Allowing for trades with cities could result in rapid groundwater declines. Finally, flexibility credits can 
only be leased one year at a time. In his doctoral research, Suggs (2016) noted that the demand for these 
credits is low and that they lease for the low cost of between $5 and $15 per credit per year (each credit 
represents the right to pump one acre-foot of water). 

Type 1 Non-Irrigation Grandfathered Rights: These rights are created from the cessation of an 
IGR which can no longer be used for irrigation (Suggs 2016). In other words, Type 1 rights were originally 
issued for irrigation purposes but are no longer being used for that purpose (for example when formerly 
agricultural land is developed for urban or industrial use). This differentiates Type 1 rights from the next 
category, Type 2 rights, that were not originally issued for irrigation purposes. ADWR calculates the 
quantity of a Type 1 right as the lesser of 3 acre-feet per acre or the standard water duty associated with the 
acreage from which the irrigation water use was extinguished (Suggs 2016). Type 1 rights are significantly 
restricted in their tradability because the water must be pumped from the land where the IGR originated, 
though the pumped water can be used off the originating land. This restriction generally precludes an 
active market for Type 1 rights because infrastructure costs of pumping in one place and transporting the 
water to another are high relative to other options.

Type 2 Non-Irrigation Grandfathered Rights: Despite having a similar name, Type 2 rights are 
different from Type 1 rights because they are rights that were originally issued to groundwater users who 
did not use the water for irrigation (Suggs 2016). These rights were granted for various uses: mining, sand 
and gravel, power, and unrestricted uses (for dairies, trailer parks, industries, and other commercial uses). 
Unlike Type 1 rights, Type 2 rights can be traded and pumped from anywhere inside the AMA in which 
they were created. The result is that there is a larger market for Type 2 rights. However, other restrictions 
limit their desirability to buyers. First, because they are non-agricultural rights, they are limited in quantity. 
Second, they cannot be used for AWS certification or designation which makes them undesirable for urban 
water supply development purposes (Suggs 2016).

Extinguishment Credits: The final type of local native groundwater rights that can be traded in 
central Arizona AMAs, Extinguishment Credits, are created by permanently extinguishing another 
type of grandfathered groundwater right (Type 1, Type 2, or an IGR) (Suggs 2016). These credits are 
only allowed to be used to meet AWS requirements; that is, they do not represent an actual right to 
pump water from the ground. However, they can be sold to any user within the same AMA, which 
makes them a marketable credit. The amount of credits generated from extinguishing an existing 
grandfathered right is dependent on AMA-specific rules and is always lower than the full extent 
allowed under the extinguished right (Suggs 2016). Further, the amount of credits that can come 
from a given right declines over time. This feature is in place to encourage the extinguishment of 
grandfathered groundwater rights and the accompanying pressure on local groundwater supplies. 
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TABLE 3: CREATION AND TRADE OF LOCAL, NATIVE GW RIGHTS

CREATION TRADABILITY

Agricultural  
Flexibility Credits

Farm uses less water than allowed under  
their IGR in a given year

Can only be traded for 1 year at a time and 
can only be traded to another farm for 

irrigation use

Type 1 Non-Irrigation 
Grandfathered Rights

Cessation of IGR that can no longer be used 
for irrigation (for example because  

a farm is being developed)

Can be traded permanently or temporarily to 
other users but those users are required to 

pump the water from the land where the right 
originated and transport it to the new place 

of use

Type 2 Non-Irrigation 
Grandfathered Rights 

Cessation of a non-irrigation water use 
(mining, sand and gravel, dairy,  

other commercial uses)

Can be traded permanently or temporarily 
anywhere in the AMA in which they were 

created 

Extinguishment Credits Extinguishment of a Type 1, Type 2 or IGR
Can be traded, but only used for compliance 
with AWS requirements; amount of credits 

declines over time, eventually to zero

4.1 Market for Local Native Groundwater in Central Arizona

This section briefly discusses the frequency and volume of trading of Type 2 rights and Extinguishment 
Credits, the most commonly traded types of local native groundwater rights. Suggs (2016) analyzed the 
market for Type 2 rights in the Phoenix AMA. Between 1987 and 2009, Suggs (2016) found evidence of 
98 permanent sales and 5 leases of Type 2 rights. The average price paid (adjusted to 2010 dollars) for 
permanent sales was $689 per acre-foot, with a range of quantity between 0.2 acre-feet and 4,687 acre-feet. 
The bulk of transaction costs for these transactions are in finding willing buyers or sellers. Once a buyer 
finds a seller or vice versa, the administrative process to legally transfer Type 2 rights is a simple form 
provided by Arizona Department of Water Resources (Suggs 2016).

The other type of frequently traded groundwater right is Extinguishment Credits. Between 1995 and 2013, 
approximately 1.3 million Extinguishment Credits were created in the Phoenix and Pinal AMAs combined 
(Suggs 2016). However, most of these credits have not been pledged for AWS purposes and almost a million 
credits have been created that remained unpledged as of 2013. While market data is not widely available 
for Extinguishment Credit trades, credits in the Phoenix AMA have been sold in the range of $30 to $50 
per acre foot with one observed transaction occurring for $150 per acre foot (Suggs 2016). As indicated by 
the low price and high number of unpledged credits, demand for Extinguishment Credits is generally low. 

While the full reason for this is complex, it can be summed up briefly: the most likely buyers of Extinguishment 
Credits (developers, private water companies, etc.) are also likely to be members of CAGRD, and CAGRD 
has a rule in place to help ensure its financial viability over time (i.e. to ensure steady income from dues-
paying members) that makes the purchase of credits superfluous for its members (Suggs 2016). Without 
this rule, credits would likely be in high demand. This is illustrated by the city of El Mirage that, for 
unrelated reasons, was not subject to CAGRD’s rules after 2014. El Mirage therefore could satisfy its AWS 
requirements by purchasing Extinguishment Credits. They purchased 30,000 acre-feet of credits for $150 
per credit (Suggs 2016). While this was more expensive than the going rate for Extinguishment Credits, it 
still represented a significant discount from CAGRD membership. In sum, while there are markets for both 
Type 2 rights and Extinguishment Credits, neither market is highly active, nor do they currently play a 
significant role in water sharing in central Arizona (Figure 7).
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Section 5 switches from the idea of water sharing pathways and discusses water conservation tools that 
can be used to increase storage levels in Lake Mead. While these tools are different from water sharing and 
do not involve water trading, they are nonetheless critical to a diverse set of tools to promote flexibility in 
central Arizona’s water supply. Indeed, the water sharing tools discussed in this report may provide critical 
flexibility needed to ensure success of these conservation measures, and other efforts to stabilize flows 
though the Colorado River system. 

5. Water Conservation Tools for Storing Water in Lake Mead

Finding innovative ways to store additional water 
in Lake Mead stands out as one of, if not the most 
important steps central Arizona can take to help 
avoid a shortage declaration in the near-term and 
address the structural deficit in the long-term. 
Because Lake Mead’s elevation is the trigger for 
shortage declarations and the resulting cuts to 
Lower Basin water supplies, leaving water in the 
reservoir that would otherwise have been used is 
the most direct way to help stave off shortage 
declarations. The importance of this is widely 
recognized, and significant efforts have already 
been expended to create pathways for leaving 
water in Lake Mead. This section details the 

existing mechanisms for storing central Arizona water supplies in Lake Mead.

It is important to recognize that these mechanisms do not involve physically moving water to Lake Mead 
but instead rely on leaving water in the lake that has already been delivered from Lake Powell and upstream 
tributaries. There are several mechanisms for leaving water in Lake Mead including Intentionally Created 
Surplus (ICS), Developed Shortage Supply (DSS) and System Conservation. ICS and DSS can both result in 
credits in the lake that can be withdrawn later, while System Conservation results in a more amorphous 
category of water called system water. Each mechanism has different restrictions on whether and how it can 
be stored in the lake and used later. Each of these is discussed in turn below. 

5.1 Intentionally Created Surplus

Intentionally Created Surplus (ICS) is a mechanism created by the 2007 Interim Guidelines that allows a 
limited amount of water to be stored in Lake Mead through specific actions defined by the Guidelines. ICS 
can be created four different ways, through projects that create: 1) water system efficiency; 2) extraordinary 
conservation; 3) tributary conservation; or 4) the importation of non-Colorado River system water into the 
mainstem Colorado River (U.S. Department of Interior 2007). In this section, the term contractor is used to 
denote individuals or entities with a contract to use Colorado River water under the BCPA.

Water System Efficiency: System Efficiency ICS is created when a Colorado River contractor makes a 
capital contribution to the Secretary for use in projects designed to realize system efficiencies to save water 
that would otherwise be lost from the mainstem Colorado River in the United States (U.S. Department 
of Interior 2007). The Secretary identifies potential system efficiency projects, lays out terms for capital 
participation in such projects, and determines the amount of ICS that might result from the projects. In 
other words, system efficiency projects are not undertaken by Colorado River contractors themselves but 

Photo: Amy Martin
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are generally large-scale projects where the Secretary seeks non-federal contributions of capital that can 
provide the basis for creation and distribution of ICS. 

The theory underlying Water System Efficiency projects is that they create or unlock a water supply that 
is either new, was previously being wasted, or was used inefficiently, and this water can be used in place 
of water released from Lake Mead. The amount of ICS awarded to a contributing contractor is based on 
the proportion of funding provided by the contractor and the total amount of water supply provided by 
the project (U.S. Department of Interior 2007). Examples of projects that qualify for system efficiency 
ICS include the Yuma Desalting Plant, a large desalination plant, and the so-called “Drop 2” reservoir 
that allows the U.S. to capture and reuse some Colorado River water that would have otherwise flowed to 
Mexico.

Extraordinary Conservation: Extraordinary Conservation ICS is created by a defined list of conservation 
actions. In many ways, Extraordinary Conservation (EC) ICS is the most important and the most heavily 
regulated form of ICS. It is the most important because the avenues for creating EC ICS are the most varied 
of all the types of ICS. EC ICS can also be traded between contractors in the same state under certain 
conditions. Additionally, as explained below, other forms of ICS become EC ICS after certain conditions 
are met. Over time then, EC ICS is likely to make up the bulk of ICS supplies in Lake Mead both because of 
the significant potential for conservation in the Lower Basin and because other types of ICS are converted 
into EC ICS.  

Contractors can create EC ICS through the following activities (U.S. Department of Interior 2007):

• fallowing of land that currently is, historically was, and otherwise would have been irrigated 
in the next year;

• canal lining programs;

• desalination programs in which the desalinated water is used in lieu of Colorado River water;

• extraordinary conservation programs that existed on January 1, 2006;

• demonstration programs pursuant to a letter agreement entered into between Reclamation 
and the Contractor prior to the effective date of the 2007 Interim Agreement;

• tributary Conservation ICS created under Section 3.A.2 of the 2007 Interim Guidelines and 
not delivered in the year created; 

• imported ICS created under Section 3.A.4 of the 2007 Interim Guidelines and not delivered in 
the year created; and

• other extraordinary conservation measures, including but not limited to, development and 
acquisition of a non-Colorado River system water supply used in lieu of mainstem water 
within the same state, in consultation with the Basin States.

Tributary Conservation: Under the 2007 Interim Guidelines, Tributary Conservation ICS is created by 
purchasing water rights on Colorado River system tributaries within a contractor’s state that have been 
used for a significant period of years and that were perfected prior to June 25, 1929 (the effective date of 
the Boulder Canyon Project Act) (U.S. Department of Interior 2007). An example of Tributary Conservation 
ICS would be the fallowing of an irrigation water right on a Colorado River tributary where the tributary 
water can flow into the Colorado River. If this amount of water could replace water that otherwise would 
have been released from Lake Mead to satisfy a downstream need, then Tributary Conservation ICS 
credits can be created. The amount of Tributary Conservation ICS introduced to the mainstem is subject 
to verification by the Secretary. If Tributary Conservation ICS is not delivered in the year it was created, 
then at the beginning of the following year it is converted to EC ICS and is then subject to all provisions 
applicable to EC ICS. 
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Imported ICS: Introducing non-Colorado River system water into the mainstem of the Colorado River 
can create Imported ICS. An example of this would be introducing pumped groundwater from an aquifer 
not connected to the Colorado River or one of its tributaries into the mainstem of the river. Contractors 
proposing to create Imported ICS are required to coordinate with the Secretary to ensure no interference 
with the Secretary’s management of Colorado River system reservoirs and regulatory structures. As with 
Tributary Conservation ICS, Imported ICS is subject to verification by the Secretary, and any Imported ICS 
not delivered in the year it was created is converted, at the beginning of the following year, to EC ICS and 
thereafter is subject to all provisions applicable to EC ICS.

5.1.1 ICS Accounting, Restrictions, and Use

BOR accounts for the creation, storage, and release of all the different types of ICS on behalf of the Secretary 
(U.S. Department of Interior 2007). BOR creates ICS credits in Lake Mead in the name of the contractor 
that creates the credit. ICS of all types can only be released under surplus conditions as determined by the 
Secretary and as outlined in the Consolidated Decree and the 2007 Interim Guidelines. Importantly, ICS 
cannot be released under shortage conditions. ICS credits in Lake Mead are debited a one-time reduction 
of 5% in the year they are created to provide collective storage benefit and then 3% for evaporation each 
year except during declared shortage years (U.S. Department of Interior 2007b). 

There are further restrictions on ICS in the 2007 Interim Guidelines. First, contractors in each Lower Basin 
state are capped at a maximum level of EC ICS credits, both on an annual and on a running basis. The 
maximum amount of EC ICS that can be created in any year is:

• 400,000 AF for California contractors;

• 125,000 AF for Nevada contractors; and

• 100,000 AF for Arizona contractors.

The maximum quantity of EC ICS that can be accumulated in all ICS accounts, at any time, is limited to a 
total of 2.1 MAF made up of:

• 1.5 MAF for California contractors;

• 300,000 AF for Nevada contractors; and

• 300,000 AF for Arizona contractors.

Because creating ICS is based on forbearance – parties with rights to unused water agreeing to allow that 
unused water to be left in Lake Mead and credited to the original owner rather than be delivered to them as 
per the Consolidated Decree – these limits likely represent the maximum amount of willingness at the time 
on the part of some parties to relinquish rights to water. The question now is whether that willingness may 
have changed and if the same parties might be willing to forbear even more for the good of the system? If 
these limits stay in place, the effectiveness of ICS as a tool for preventing shortage will be likewise limited 
over time. 

5.2 Developed Shortage Supply

In addition to creating the ICS program, the 2007 Interim Guidelines also outline a process for creating 
Developed Shortage Supply (DSS). DSS is water that a contractor develops for use only during a declared 
shortage. This contrasts with ICS, which cannot be used during shortage and is specifically designed to 
avoid shortage. DSS is a type of last resort mechanism for use in the event of shortage declarations. DSS can 
be created in only two ways: by purchasing water rights perfected prior to June 25, 1929, on Colorado River 
tributaries (called “Tributary Conservation DSS”) and allowing that water to flow to the mainstem (subject 
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to verification by the Secretary), and by introducing non-Colorado River system water into the mainstem 
(called Imported DSS) (Verburg 2010). Tributary conservation DSS can only be delivered for domestic use. 
DSS can only be created by projects that are approved by the Secretary before a declared shortage occurs 
(U.S. Department of Interior 2007). In other words, contractors can get approval for DSS projects at any 
time but then must notify the Secretary of the actual amount of DSS they plan to create and use for the 
following year upon declaration that the following year will be a shortage year.

The process of creating and delivering DSS would begin with a contractor applying to the Secretary for 
approval of a DSS plan. This plan would outline the source of water and other important details. Once 
approved, the DSS plan could be put into action only upon a shortage declaration by the Secretary. Upon 
a declaration of shortage, a contractor with an approved DSS plan would notify the Bureau of Reclamation 
of the amount of DSS it wants to create in the next year (shortage declarations are made in the year prior 
to the actual shortage conditions). In the year of creation (i.e. the year when DSS is to be delivered), the 
total amount of DSS is subject to a 5% deduction to be held in Lake Mead to create additional system water 
storage. Delivery of DSS is guided by a Delivery Agreement between the contractor that creates the DSS and 
the Secretary. Additionally, the 2007 Interim Guidelines state that DSS must not cause the total amount of 
deliveries in the Lower Basin states to exceed 7.5 MAF (U.S. Department of Interior 2007). DSS cannot be 
converted into ICS and cannot be traded to another contractor.

An example of a DSS agreement is helpful to fully illustrate this discussion. In 2007, the Colorado River 
Commission of Nevada (CRCN) and the Southern Nevada Water Authority (SNWA) signed a Delivery 
Agreement with the Secretary that covers creation and delivery of both ICS and DSS for SNWA in Nevada 
(“Contract No. 07-XX-30-W0520” 2007). The source of the ICS and DSS were two different projects. First, 
SNWA and CRCN negotiated forbearance options with water users on two Colorado River tributaries in 
Nevada. When conditions for triggering the forbearance option occur, water use on the tributaries is ceased 
and the water flows to Lake Mead through the Virgin and Muddy Rivers. The second project involves 
development of wells in the Coyote Springs Valley and infrastructure to convey water pumped from these 
wells to Colorado River tributaries and on to Lake Mead. The contract allows the Nevada contractors to 
use these projects either for ICS or DSS. This means that the Nevada contractors have the option, upon 
a shortage declaration by the Secretary, to trigger forbearance by water users on the Virgin and Muddy 
Rivers and to pump water from the Coyote Springs wells and deliver all this water to Lake Mead. They can 
then take delivery of this water as DSS, less the 5% system use deduction, during a shortage, in addition to 
whatever other Colorado River water they are entitled to that year. 

5.3 System Conservation Projects

The System Conservation Program (SCP) differs from ICS and DSS in several important ways. First and 
foremost, SCP projects do not result in storage credits in Lake Mead, meaning that the party or parties that 
create or fund the creation of the conserved water cannot recover the water in the future. Whereas ICS and 
DSS are meant to store water for later use, system conservation water is meant to increase lake levels to 
buffer against shortage declarations. The water created by SCP projects is referred to as system water. That 
is, it represents a water supply created to benefit the Colorado River system rather than any one user.

The SCP began with a series of demonstrations in the Lower Basin from 2006 to 2010 (Verburg 2010). From 
2006 through 2010, a total of 13,500 AF was conserved and retained in system storage (Verburg 2010). After 
the expiration of the first two demonstration runs of the SCP program at the end of 2010, the program 
was not renewed again until July of 2014. The 2014 SCP expanded the scope of the program to include the 
entire Colorado River basin. Additionally, the parties to the 2014 SCP agreement (the Secretary of Interior, 
the central Arizona Water Conservation District (CAWCD, or CAP), the Metropolitan Water District of 
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Southern California (MWD), Denver Water (DW), and the Southern Nevada Water Authority (SNWA), 
collectively, the “Parties”) agreed to provide capital contributions to fund the program (Department of 
Interior 2014). In 2015 and again in 2016, the same Parties agreed to extend the program by providing 
additional funding under the same terms as the 2014 Agreement.

The SCP provides compensation for Colorado River water users to reduce consumptive use. The 2014 
SCP agreement defines “System Conservation” as “a voluntary, measurable reduction of consumptive use 
of Colorado River water, including the elimination of system losses or reductions in demand through 
increased efficiency. . .” (Department of Interior 2014, 8). Further, the agreement states that, “All water 
conserved as a result of the Pilot Program shall be for the sole purpose of increasing storage levels in Lakes 
Mead and Powell as a benefit to the Colorado River System and shall not accrue to the benefit or use of any 
individual user.” This clause critically differentiates SCP water from ICS and DSS water that does accrue to 
the specific contract holders that create the water.

System water is water that, while it is measurably conserved somewhere in the system, is not credited to 
the water user who creates it nor officially tracked (as with ICS, for example) in an “account” in either Lake 
Powell or Lake Mead. Once created, system water will not be released to any specific water right holder. 
This is not to say that no one is keeping tabs on how much system water is being created. It is critical to 
understand how much system water is left in the lakes each year because this helps understand how much 
progress is being made in avoiding a shortage declaration. This is a much easier task in Lake Mead than 
in Lake Powell. Leaving system water in Lake Mead is simply a matter of adjusting release and delivery 
amounts from the lake. This is in stark contrast to the task of quantifying reductions in consumptive use 
and shepherding water from a remote tributary somewhere in the Upper Basin, past water users in the 
originating state and then in Utah, all the way to Lake Powell. 

The purpose of system water then, is to more generally reduce pressure on basin storage and water use, 
and to provide a basis for investigating how the presence of increased system water does or does not help 
maintain lake levels. 

More specifically, the stated purpose of the 2014 agreement is to determine: 

“. . . whether System Conservation is a sufficiently cost-effective, robust, and feasible method to 
partially mitigate the impacts of salinity and ongoing drought on the Colorado River System by 
managing water elevation levels in Lakes Mead and Powell above critically low elevations as a first 
priority, with the ancillary benefit of enhancing flows in areas upstream of storage reservoirs.”

In addition to this stated goal, another critically important purpose of the SCP program is to provide 
an incentive to reduce consumptive use across the Colorado River basin for the long-term. SCP projects 
implemented to date have primarily involved payments to individual farmers or irrigation districts to 
conserve water, often through fallowing irrigated land. The program operates like a grant program. SCP 
Project proponents in both the upper and Lower Basins submit proposals to the Parties for review, approval, 
and funding. Some project proponents are Colorado River water right holders or states and some are NGOs 
or other parties who are working on behalf of the system. The Parties review SCP project proposals based 
on a list of factors that include but are not limited to:

• consistency with the 2014 SCP Agreement;

• geographic diversity;

• cost per acre-foot;

• ease of administering the project and verifying the amount of conservation, reduction in 
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salinity, or increasing the quantity of water flowing into Lakes Mead and/or Powell;

• potential for third-party impacts resulting from projects;

• number of intervening water users located between the project and Lakes Mead or Powell;

• degree to which projects will generate measurable increases in flows or water quality that 
benefit habitat and the environment; and

• the location and timing of increases of flows or water quality.

Approval of funding generally requires unanimous agreement among all Parties, however, a project can 
still be funded over the objection of a party so long as none of the objecting party’s capital contribution is 
used for the project (Department of Interior 2014). Finally, Parties to the agreement have the right to veto 
any project in their state, even when they are the only Party objecting to funding the project. To date, the 
bulk of the funding for SCP projects has gone, by agreement, to the Lower Basin.

5.4 Arizona Contributions to Lake Mead to Date

This section briefly describes Arizona’s contributions to Lake Mead from 2007 to the present. The analysis 
is derived from the Bureau of Reclamation’s annual Colorado River Accounting and Water Use Reporting 
for the Lower Basin states from 2007, when the initial shortage sharing guidelines were agreed upon, to 
2016. Information for planned activities beyond 2017, while more speculative than the data found in 
BOR’s accounting, is derived from various planning documents produced by CAP and others. 

In 2008, CAP (along with entities in both California and Nevada) contributed financing for the Drop 2 
Reservoir (now called the Warren H. Brock Reservoir) that captures unused Colorado River water that 
would have flowed to Mexico and allows for its use in the Lower Basin. This project reduces the amount of 
water that needs to be released to Mexico from Lake Mead. Initial estimates of the savings from the Brock 
reservoir were 70,000 acre-feet per year (Verburg 2010). For their share of the financing burden, CAP was 
awarded 100,000 acre-feet of System Efficiency ICS in 2008. Two years later in 2010, CAP also contributed 
capital to a pilot run of the Yuma Desalting Plant and in exchange received 2,094 acre-feet of System 
Efficiency ICS. The same project yielded another 956 acre-feet of System Efficiency ICS in 2011, bringing 
CAP’s total ICS balance to 103,050 acre-feet. In BOR’s most recent accounting for the 2016 calendar year, 
Arizona’s ICS balance was unchanged. In other words, CAP’s financial contributions to the Drop 2 reservoir 
and the Yuma Desalting Plant are Arizona’s only fully realized contributions of ICS to Lake Mead since the 
signing of the 2007 Interim Guidelines.

Arizona has been more active in creating System Water through the SCP program. Beginning in 2013, 
various participants in Arizona undertook SCP projects. From 2013 to today, these participants have ranged 
from CAWCD, to individual cities, and Indian tribes. Arizona’s contribution of system water to Lake Mead 
to date is just under 100,000 acre-feet (Bureau of Reclamation 2017).  

Recent conservation activity in Arizona is taking place as part of a Lower Basin Drought Response MOU 
(LB MOU) signed in 2014. Arizona’s LB MOU commitments include several different components 
including both ICS creation and the creation of system water. Together, Arizona’s LB MOU commitments 
total 345,000 acre-feet of ICS and system water. Under the LB MOU, Arizona committed to creating 
approximately 190,000 acre-feet of Extraordinary Conservation ICS by the end of 2017. 131,000 acre-
feet of this commitment are supposed to come from forbearance of CAP water use by eleven agricultural 
districts served by CAP. Another 30,000 acre-feet of this commitment is supposed to come from a supply 
replacement project initiated by Phoenix. Under this project, Phoenix plans to take 15,000 acre-feet of 
water from another source (so-called New Conservation Storage in Lake Roosevelt in the Salt River Project 
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system, described briefly below in Section 6.2) and leave an equivalent amount of their CAP water in Lake 
Mead in both 2015 and 2016. 

Neither the agricultural forbearance nor the Phoenix replacement water projects were officially recorded 
by publication of this report, as neither ICS contribution is reflected in BOR’s 2016 Accounting , it’s most 
recent published report (Bureau of Reclamation 2017). As of the writing of this report, BOR has not released 
its 2017 accounting which should contain documentation of Arizona’s ICS contributions. Arizona had 
until the end of 2017 to fulfill their commitment under the LB MOU though, as an MOU, there are not 
legal consequences for failure to perform.

Finally, it is not clear today how the ongoing DCP negotiations affect commitments to the LB MOU (i.e., 
whether the DCP commitments would be in addition to, or would include the already-committed 345,000 
acre-feet). In addition to their planned ICS contributions, Arizona also committed to contribute 154,000 
acre-feet of system water to Lake Mead under the LB MOU. Recall from the discussion above that system 
water, unlike ICS, cannot be recovered and is not subject to the same accounting procedures as ICS.

ICS and System Conservation are lynchpins of the Lower Basin’s and Arizona’s responses to potential 
Colorado River shortage. Maximizing and streamlining their implementation is widely recognized as one 
of the most critical things central Arizona and the Lower Basin can do.   

The next section describes four additional, important water sources for central Arizona. Despite their 
importance, water sharing pathways are not fully described and diagramed for these sources. This is either 
because information was not readily available, the source is relatively small compared to the sources 
described above, or the source is a speculative future source with little in the way of existing law and policy 
guidance.

6. Additional Central Arizona Water Supplies

This section briefly describes four additional water 
supplies that are not discussed in depth including:

   •  Salt River Project water supply;

   •  Lake Roosevelt New Conservation Storage;

   •  Treated effluent; and

   •  Imported groundwater.

6.1 Salt River Project

In addition to CAP’s delivery of Colorado River 
Water, the Salt River Project (SRP) is central 
Arizona’s second largest provider of renewable 
water supplies. SRP provides water to an area of 
approximately 550 square miles in Maricopa, Gila 
and Pinal counties (Roberts 2009). Much of the 

water provided to this area is for domestic and municipal uses, though SRP also serves a significant amount 
of agricultural land. SRP deliveries vary each year but average approximately 1 million acre-feet (Roberts 
2009). In addition to providing water, SRP also provides electric power to more than 900,000 customers in 
the areas in and around Phoenix. 

Photo: Ken Neubecker
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SRP provides both surface and groundwater to its users. SRP stores surface water from the Salt, Verde, and 
Gila Rivers in a series of seven dams and reservoirs. The largest single reservoir is Lake Roosevelt, with a 
storage capacity of more than one and a half million acre-feet, while the storage system as a whole has a 
capacity of just over two million acre-feet (Roberts 2009). SRP’s groundwater pumping varies and between 
1950 and 2009 was between approximately 50,000 acre-feet per year and more than 500,000 acre-feet per 
year. Importantly, the SRP and CAP systems are tied together at Granite Reef dam and the two systems are 
operated in close coordination. The SRP/CAP intertie also allows for exchanges of water between the two 
different sources.

At this time, additional research is required to more fully describe and analyze specific water sharing 
pathways involving SRP. However, because SRP is a critical element of the water portfolio of many Phoenix 
area water users, and because SRP’s canal system has a critical interconnection to the CAP system, SRP 
represents a critical additional resource for water sharing in central Arizona. 

6.2 Lake Roosevelt New Conservation Storage

SRP’s largest reservoir is called Lake Roosevelt. In 1996, Phoenix and five other Valley Cities agreed to fund 
an expansion of SRP’s Theodore Roosevelt Dam in exchange for access to additional stored water. “Plan 
6” as this project was called, involved raising the dam height by 77 feet, increasing the reservoir’s storage 
capacity by 304,739 acre-feet. This additional volume of water is referred to alternately as “Plan 6 Water” 
and “New Conservation Storage” (NCS). Actual storage volume varies by year and depends on SRP’s flood 
storage needs.

A project involving NCS completed by Phoenix and CAP provides an illustration of a flexible tool with 
significant potential for the future. Phoenix has access to an approximate average annual volume of 32,300 
acre-feet of NCS. As part of Arizona’s commitment to the LB MOU Phoenix agreed to use its access to NCS 
water to develop 15,000 acre-feet of ICS to help CAP meet its ICS target for the LB MOU. Phoenix agreed 
to order delivery of 15,000 acre-feet of NCS in 2015 and 2016 and forgo an equivalent amount of its CAP 
allocation in those years, leaving the CAP water in Lake Mead as ICS. 

In the future, NCS could be used in the same way to create ICS by Phoenix and other valley cities with 
access to NCS. Whether it is used to develop ICS or in a different way, NCS is a unique pool of water in 
the central Arizona context. It appears to have few limitations on its use other than the variability in its 
availability.  

6.3 Treated Effluent

Treated effluent plays an important role in central Arizona and promises to continue to be more important 
in the future. Central Arizona cities create and treat significant amounts of wastewater. A 2013 estimate 
completed for CAGRD put the amount of treated effluent supply at just over 400,000 acre-feet per year 
(central Arizona Groundwater Replenishment District 2014). Of this amount, CAGRD estimated that, as 
of 2015, between 59,600 and 119,200 acre-feet per year of effluent was currently being discharged from 
wastewater facilities and not reused or recharged to create LTSCs. In 2010, the Phoenix AMA alone was 
producing 371,489 acre-feet of total effluent each year and was reusing approximately 82% of this water 
for power production, agriculture, recharge and environmental uses (in the form of treatment wetlands) 
(Middel, Quay, and White 2013).  

Effluent can be used to increase flexibility in central Arizona in several ways. It can be provided for direct use 
for irrigation of golf courses and parks, some industrial processes and for power generation (for example, 
a significant percentage of the Phoenix-area’s effluent is used in cooling processes involved with nuclear 
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power production). When provided for direct use, it might free up other supplies, such as Colorado River 
water delivered through the CAP system, for ICS creation or other sharing pathways identified above. 
Effluent can also be directly recharged into aquifers to create LTSCs. These LTSCs can then be traded as 
outlined above in a variety of different ways. Finally, treated effluent can be provided to agriculture to 
grow certain crops in lieu of pumping groundwater and create LTSCs through the GSF pathway for LTSC 
creation.  

The primary limitations on using and trading effluent are related to its cost, infrastructure needs and 
regulations surround creation, use and discharge. The cost to treat wastewater to required regulatory 
standards vary over time because treatment needs vary over time. For example, as the amount and chemical 
makeup of water reaching treatment facilities changes, so too does overall cost. The cost of effluent in 
turn will directly impact how it can be traded because it will need to make economic sense for users to 
substitute effluent for a current supply. Infrastructure needs are also a critical consideration. There must 
be a way to get effluent from treatment facilities to end users to enable reuse. Finally, reuse is subject to 
a complex set of regulations regarding treatment standards and allowable uses. This has a feedback loop 
that influences costs but also can limit potential reuse options as well. For example, only certain types of 
crops can be grown with effluent. As effluent reuse has grown in importance, these regulations have been 
evolving to allow greater flexibility for reuse, but regulatory issues are still important considerations for the 
feasibility of sharing treated effluent in central Arizona.

Treated effluent promises to be an important water source for central Arizona. As with NCS described 
above, it is one of the more flexible sources of water in the region. It should therefore be a focus of future 
work to determine the best role of effluent in water sharing and adapting to shortage.

6.4 Imported Groundwater

The final source worth mentioning in this report is groundwater pumped outside of the central Arizona 
AMAs and imported into the area. There are three regions from which groundwater has been in the past 
or will likely be imported: McMullen Valley Groundwater Basin, Butler Valley Groundwater Basin, and 
the Harquahala Valley Irrigation Non-Expansion Area. An estimate of the total amount of groundwater 
potentially available in these areas is approximately 3.34 MAF (Carr 2010). Each of the different areas 
have different restrictions on export including restriction on who can import the water and what they 
can use it for. In addition, ADWR charges per-acre foot fees for groundwater importation and remits these 
fees back to the county of origin (Carr 2010). It is important to note that while the total amount of 
water underground in these three regions is large, importing groundwater can be exceedingly expensive 
depending on the infrastructure required to pump and transport the water over long distances (and to pay 
the county remittance fees). Finally, this water is not renewable and pumping this groundwater should 
be considered groundwater mining. While there are restrictions on how fast the water can be pumped, 
these restrictions do not mandate aquifer sustainability over time (Carr 2010). Therefore, the precise role 
of imported groundwater in central Arizona’s water portfolio should be carefully considered. 
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7. State of Existing Water Sharing Pathways and Conservation  
Tools in Central Arizona

The picture of water sharing and conservation in 
central Arizona that emerges from the foregoing 
discussion is complex and varied. Central Arizona 
is not lacking in the number and variety of water 
sharing pathways or water conservation tools 
that might be used to increase water supply 
flexibility. Rather, each of the many pathways 
and tools outlined above has one or more legal, 
physical, political, financial, or other issues that 
hinders maximizing their benefit to the region. 
Additionally, the pathways and tools are not well 
integrated – that is, they are generally difficult to 
use by themselves and are so entrenched in their 
own specific legal and physical contexts that 
using multiple pathways, tools or both, in concert 

is daunting. The lack of flexibility that results from these realities could severely restrict central Arizona’s 
ability to prevent and adapt to long-term water scarcity. On the other hand, flexibility and adaptation 
would be greatly enhanced by facilitating more, easier, and integrated water sharing transactions and 
conservation actions. This section therefore begins to turn from the detailed analysis that has preceded it, 
to the start of a discussion about how to do this – how to enhance water sharing and conservation in 
central Arizona.  

This discussion begins by highlighting specific challenges of implementing the water sharing pathways and 
water conservation tools described in this report. The degree to which these challenges can be overcome 
depends on many factors, some technical, some legal, some physical and many political and economic. 
The technical challenges are briefly described below. Some of the more difficult to characterize political 
and economic challenges are also briefly explored below though, as noted in the introduction, these 
challenges deserve their own detailed analyses beyond the scope of this section. However, the ability to 
clearly articulate incentives for participation and the benefits of water sharing and water conservation will 
be critical to overcoming political inertia. Therefore, after discussing technical challenges to water sharing, 
this report develops a brief conceptual framework for a central Arizona Water Exchange (Water Exchange). 

The Water Exchange concept is not a concrete proposal for a new water management institution. Rather, 
it is a description of the institutional functions that could help integrate and align incentives for water 
sharing conservation so that a water shortage declaration might be avoided, or the impacts on central 
Arizona from shortage and long-term drought might be reduced or mitigated.

7.1 Challenges to Water Sharing and Conservation in Central Arizona

This section outlines challenges for water sharing in central Arizona and for water conservation actions 
that can bolster storage levels in Lake Mead. The challenges are briefly discussed below and summarized 
in Table 4. 

Transaction Costs Associated with Colorado River Water Right Trades: Transaction costs, or the costs 
involved in water trading that are not the direct cost of the water itself, are a major hurdle for water 
markets (D. E. Garrick 2015; D. Garrick, McCoy, and Aylward 2011). One of the most common sources 
of high transaction costs for water trades is lengthy and complicated administrative processes required to 
trade and transfer water rights. Section 5 contract and Section 5 subcontract trades on the Colorado River 
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both require multiple layers of approval, each adding its own additional transaction costs. Similarly, other 
pathways described in this report exhibit varying but often high transaction costs as well. The extent to 
which this is a barrier to water sharing in the region deserves study as does the question of what can be 
done to reduce these transaction costs. 

Status of Trading PPRs on the Colorado River: While it is clear that PPRs can be converted to Section 
5 contracts and then traded and transferred, it is an open legal and political question whether PPRs can 
be traded and transferred without such conversion. This question is particularly relevant right now. As 
discussed above, CAP’s board has approved the purchase of land and subsequent transfer of the appurtenant 
PPRs from an irrigation district to central Arizona for use by CAGRD. The threshold legal question is simply 
whether these rights can be traded without first being converted to Section 5 contracts. If the answer is yes, 
then additional questions may include: what administrative process and approvals will be required? Can 
tribes trade their PPRs or are they limited by other laws or policies (like the Indian Non-Intercourse Act)? 
Finally, trading of PPRs is likely to be, as it is in the current proposed CAP purchase, politically sensitive and 
difficult. This, in turn, raises transaction costs, generates uncertainty, inhibits flexibility overall, and raises 
the incredibly difficult question of how to make these types of trades socially acceptable and economically 
bearable for the communities from which PPRs might be traded. 

Restriction on Payments for Trading M&I CAP Allocations: Water trading requires alignment of incentives 
on the buyer and seller side. Buyers have the obvious incentive, possibly among others, of gaining access 
to additional water supply. Sellers too can have a range of incentives, but one of the most common and 
likely is simply to be paid fair value for selling their water. The CAP policy to limit payment for trades 
between M&I users eliminates this incentive. While CAP likely has sound policy reasons for this restriction, 
including reasons related to their repayment obligation, additional study and information could help 
illuminate what, if any, effects this policy has on trades of M&I CAP allocations. If it has a chilling effect on 
transactions that might otherwise happen, then it is worth additional investigation to determine whether 
CAP’s concerns that underlies this policy can be addressed while removing this disincentive to trade. 

Limitations on creation of EC ICS: The total current cap on ICS storage in Lake Mead is 2.1 million 
acre-feet. Each Lower Basin state also has individual caps on annual EC ICS creation Arizona’s caps are 
particularly low (100,000 acre-feet per year and 300,000 total). While these caps have not been a hindrance 
to date (i.e. no state, nor the lake has bumped up against their caps), they could dampen EC ICS creation 
at a critical time when as much ICS creation as possible may be needed to help forestall shortage. At the 
very least, the existing limits should be re-evaluated in light of the most current hydrology and with any 
new DCP’s terms in mind to see whether they need to be modified for the benefit of the users depending 
on Lake Mead.

Excess Water: There are a number of critical questions and challenges surround CAP’s handling of Excess 
Water. As with all things related to CAP, much of the current strategy for the use of the water is tied up with 
CAP’s repayment obligation and overall budget.. However, the use of this water could be further analyzed 
to determine if it is being put to its highest and best use under current policies. For example, is this water 
more valuable being stored underground by AWBA for future firming obligations and by CAGRD to meet 
municipal water supply requirements for new development? Or is it more valuable being left in Lake Mead 
today to help forestall a shortage declaration in the next few years? What is the relative value of this water 
going to agriculture versus other possible uses? These and other questions deserve additional study and 
also implicate a host of other political and social issues.

Municipal Demand Reduction and ICS: The 2007 Interim Guidelines do not contain clear provisions 
about circumstances where municipal water users can create EC ICS by reducing current demand for water. 
However, several cities in central Arizona have undertaken significant conservation measures resulting in 
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reductions in their overall water needs even as their populations have grown. A pathway to create EC ICS 
(or a new category of ICS) through measurable municipal demand reduction would both incentivize such 
actions and open a new avenue for ICS creation to help forestall shortages. As it stands now, municipal 
conservation creates additional excess CAP water supplies that are either stored underground or distributed 
to agricultural users. One key would be showing that a municipal conservation effort reduces current 
demand, which, in turn, would allow a municipality to reduce their call on Colorado River water as 
compared to previous years. 

The Future of System Conservation: The system conservation program has been on a periodic re-
authorization schedule since its inception. The long-term future and funding of the program therefore is 
not clear at this point. Also, the total amount of system water created to date has been limited. This may 
be a function of limited funding or limited willingness to participate but both theories should be explored. 
If there is broader willingness to participate in the program than there is funding available, then funding 
for this important program should be prioritized. System conservation needs to be continued, well-funded, 
and broadly inclusive of new players and new mechanisms (e.g., funders and municipal contributions and 
new, innovative water conservation strategies). 

AWBA Recovery Modeling and Recovery Implementation: Given the new reality in terms of timing and 
depth of potential shortage under the possible DCP and AWBA needs to update its recovery modeling 
exercise from the 2014 Joint Recovery Report. Firming obligations may come sooner and in larger quantities 
than original modeling showed, but the only way to know for sure is to create new model scenarios with 
the anticipated DCP cuts included. Some more granular modeling that includes spatial analysis would also 
be desirable. For example, a modeling approach for each entity to which AWBA owes a firming obligation, 
rather than a CAP-service-area-wide model could help cities and tribes in their water planning. 

In addition to updating recovery modeling, AWBA should work with partners in central Arizona to bolster 
existing and create new recovery pathways and infrastructure. Direct recovery infrastructure is largely absent 
in the region. In addition to these infrastructure needs, recovery implementation would also be hampered 
in the current environment by a lack of regulatory and administrative clarity about distribution of existing 
credits and stored water. AWBA should convene a committee to help with modeling updates (by helping 
frame modeling scenarios), planning for direct recovery infrastructure needs, investigating new recovery 
mechanisms or trades/exchanges that might provide new pathways for recovery, and finally, clarifying and 
modifying as needed, existing regulatory and administrative provisions related to distribution of credits 
and water. In other words, AWBA might explore how to develop a more holistic/comprehensive approach 
to firming that includes an array of supplies and a diversity of recovery approaches and infrastructure.

Limitations of CAGRD: CAGRD is a functional groundwater mitigation program within central Arizona. 
This means that as currently composed, CAGRD provides a useful way of offsetting potential impacts of 
new development on the region’s local groundwater supply. However, it fuels urban growth without true 
regard to long-term water supply availability. CAGRD may therefore be a hindrance rather than a benefit to 
shortage adaptation. One of the biggest threats is the potential disconnect between the location of USFs and 
GSFs and the location of CAGRD members’ pumping. If some developments and municipalities that rely 
on CAGRD to meet the letter of the law in terms of their AWS obligations nonetheless cause unsustainable 
local groundwater declines, then cities could be left dry in reality when they are supposedly “wet” under 
the letter of the law. This would especially be the case during shortage when access to additional supplies 
could be extremely difficult. 

Because of its experience acquiring renewable water supplies in the region, CAGRD, under the right type 
of mandate, could play an important role in creating flexibility in the region. CAGRD needs to quantify 
and address the risk of CAGRD members “going dry.” In other words, the locations where the mismatch 
between the physical location of replenishment and pumping is greatest need to be identified and addressed 
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TABLE 4: SUMMARY OF LIMITATIONS

PROGRAM PRIMARY LIMITATIONS POTENTIAL STEPS  
TO ADDRESS LIMITATIONS

Colorado River 
Water Rights

High transaction costs

The costs involved in administrative and other processes related 
to trading Section 5 contracts and subcontracts should be 

quantified and further analyzed and recommendations made for 
lowering these costs

Trading PPRs

Conduct legal analysis on trade and transferability of these 
rights for all parties including native tribes; think about required 
process for trading these rights without injury to other users or 

the system as a whole

Restriction on payments for 
CAP M&I trades

Study the effect of this policy on trades (does it have a chilling 
effect?) and analyze potential solutions if it is a hindrance to 

trade

Extraordinary 
Conservation 

ICS

Caps on creation and storage Explore implications of removing or increasing caps

Limited mechanisms Explore the need and implications (costs/benefits) of specifying 
additional mechanisms for creating EC ICS

System 
Conservation

Uncertain future funding and 
implementation

Explore expanded funding partnerships and program 
participation; analyze the potential to track system conservation 

and convert to ICS or a new category of permanent storage

AWBA Firming 
and Recovery

Outdated modeling possibly 
irrelevant under DCP scenarios

Update modeling to include all possible DCP scenarios and 
consider more granular modeling for individual users

Lack of realistic recovery 
options

Expand direct recovery options and explore new recovery 
pathways

Lack of administrative and 
regulatory clarity about 

distribution of water/credits

Enact new/additional regulations/clarify how to distribute water 
and/or credits when the need arises

CAGRD

Mismatch between physical 
location of replenishment and 

pumping

Quantify the extent and risk of CAGRD members going dry and 
explore options for remedying including use of Extinguishment 

Credits

Single-purpose mitigation-
like market fueling only urban 

growth

Explore a more holistic approach and role for CAGRD including 
adaptation to shortage

Local 
Groundwater 

Trading

CAGRD rule dampening utility 
and trade of Extinguishment 

Credits

Explore whether CAGRD rule changes could open the market for 
Extinguishment Credits while keeping CAGRD financially whole 

and not jeopardizing local groundwater levels

Excess Water Current use of Excess Water
Study whether banking, CAGRD and other current uses are the 

highest and best uses for excess water when available or whether 
there might be better alternatives for the region
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before problems emerge. This could involve additional replenishment sites or alternatives such as opening 
the market in local groundwater trading (discussed more below). Additionally, as with AWBA firming, the 
assumption that storing excess water underground to offset new development impacts is the highest and 
best use of excess water deserves scrutiny.    

Limitations on Local Groundwater Trading: The ability to trade Type 2 and Extinguishment Credits 
resulting from retired, grandfathered groundwater rights in central Arizona will expire in 2025 and the 
potential quantity of these credits decreases every year between now and then. This feature is critical to 
protect groundwater supplies in central Arizona. In the short-term however, it is useful to analyze what 
role increased trading in these rights might play in shortage adaptation and avoidance. One obvious line 
of questioning is whether trade in Extinguishment Credits might be opened via policy changes within 
CAGRD that currently negate the need and ability for CAGRD members to purchase these credits. It is 
important to keep CAGRD financially whole, but perhaps there is a way to do this while also leveraging 
the existence of these credits to benefit CAGRD members and the region. 

Beyond their relationship to CAGRD, short-term pathways for using Type 2 and Extinguishment Credits 
more broadly in the region should also be explored. For example, are there ways to incentivize substituting 
these credits for some portion of an entity’s CAP allocation in the short-term, allowing for additional CAP 
water to be dedicated Lake Mead now while trading and use of these rights is still allowed? A starting 
point for all of these analyses is conducting a current inventory of credits and ownership. It is also vital to 
carefully circumscribe any use and trading of Type 2 rights and Extinguishment Credits to avoid stressing 
the region’s already scarce groundwater supplies.

The limitations described above are summarized in Table 4.

7.2 Beyond Technical Challenges to Water Sharing 

Though it is critical to identify and understand the technical challenges to water sharing above, it is more 
important to think about an even bigger set of challenges. Many of the hurdles above can be worked 
around in an ad hoc way. Trades of all types outlined and discussed in this report do occur even though 
they could be done more efficiently. Technical complexity can be addressed with more resources, more 
effort, and more expertise. But moving central Arizona toward a more flexible water future that can adapt 
to reduced water supplies may require fundamental changes to political, social and cultural expectations 
about how the system functions. 

Two current events portend the challenges ahead: the resistance that CAP is meeting in its proposed 
purchase of PPRs from Mohave County and a recent effort within the Colorado River Indian Tribes (CRIT) 
to recall the entire tribal council over the council’s ongoing support of the idea of leasing some of the 
CRIT’s Colorado River water rights to users in central Arizona (Davis 2018).  Both of these demonstrate 
one of the most essential and difficult challenges that water sharing faces: political, social and cultural 
opposition to the very idea that water can or should ever be traded. Reasons for this opposition vary, 
but generally involve concerns about what happens to communities from which water is traded. Both 
Mohave County and CRIT members are concerned about long-term community economic and cultural 
viability if a trend of water transfers away from their communities grows over time. These concerns are 
valid and deserve to be addressed through serious discussion and analysis. Without the proper oversight 
and governance, water sharing does have the potential to leave users and communities, especially those 
that may already be vulnerable, in a worse condition economically and socially. Therefore, it is critical that 
an expansion of water sharing be preceded by careful analysis and planning for ways to address potential 
negative impacts and maintain community economic and social/cultural values related to water.

The next section discusses a conceptual framework for a central Arizona Water Exchange that could help 
do just that. 
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7.3 Conceptual Framework for a Central Arizona Water Exchange: Incentives and Benefits

This section presents a brief discussion of the concept of a water exchange in central Arizona. A threshold 
issue before discussing the Water Exchange is defining what a water exchange is. As used here, the definition 
of a water exchange is broad. A water exchange is an institution that helps facilitate each of the water 
sharing pathways described above, unique combinations of these pathways and also has capacity and 
expertise to develop new innovative pathways in the future. 

Institutionally, a water exchange can take many forms from a newly comprised, standalone entity, to a 
program of an existing entity. This report does not discuss the pros and cons of any institutional structure, 
as form is best discussed once function is better defined and agreed upon. What is more important for the 
present discussion is the role and services a water exchange might play in the region and how these would 
help align incentives and derive benefits for central Arizona and for the Colorado River system.

Understanding the benefits that a central Arizona Water Exchange could provide is aided by looking first at 
the state of water markets in the region today. Many different markets exist in central Arizona and Arizona 
more broadly. As discussed above, markets exist to varying extents for different types of Colorado River 
water rights, for LTSCs, for native groundwater and other water sources as well (Carr 2010; Glennon and 
Pearce 2007; Culp, Bayon, Scott, and Tom Melton 2015). Each of these markets operates independently 
of one another, but they operate in roughly the same geographic, legal, political, social and economic 
context (Figure 8 ). 

Figure 8: Current Market Conditions 
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If a buyer or seller wants to participate in a water market in Arizona, they need to be sophisticated enough, 
or able to hire a broker who is sophisticated enough, to understand the unique rules associated with their 
chosen market. This is difficult by itself. If the same buyer or seller wants to try to use multiple markets 
at once to achieve a goal, they need to know all the rules of all the markets and fill in some blank spaces 
about how different water sources can and cannot interact and be used (for example, whether a water 
supply they purchase can be wheeled in CAP facilities, or whether groundwater credits they purchase can 
be pumped from their desired location).
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Figure 9: Market Integration with Central Arizona Water Exchange (CAWEX)
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A water exchange could alter this dynamic and make water sharing more transparent, broadly accessible 
and useable. One way it could do this is by integrating multiple markets under one programmatic umbrella 
(Figure 9). The specifics of the programmatic approach, the policies and guidelines for integrating markets 
and accomplishing goals, would, in turn be guided by stakeholders, an elected board or some other form 
of representative governance. These details are not discussed further in this report except to point out the 
importance of inclusion and transparency in whatever governance structure ends up guiding the Water 
Exchange.  

The vision for a central Arizona Water Exchange, seen in Figure 9, is one where the Exchange actively 
fosters water sharing and integrates it into the fabric of central Arizona’s water supply in a way that 
increases transparency and equity. The Exchange would do this by developing a trading platform that 
integrates laws, rules, and policies for each type of possible market trade so that a buyer might be shown 
multiple different possible water sources. The Exchange would also more generally match buyers and 
sellers, host auctions and other market platforms to allow for the trade of water rights, and, critically, serve 
as an information clearing house or “market-maker” for market activity. One way to look at the goal of the 
Exchange is that, if successful, it would provide many of the services that now are only accessible to buyers 
and sellers with sophisticated legal and planning staff or the capacity to hire such experts.

As a final way to illustrate one of the most important roles an exchange might play is to consider integrating 
multiple pathways into a single transaction. Left alone, many water users in the region would not have the 
legal and economic capacity and expertise to use multiple pathways together to achieve one or more goals. 
However, an exchange, with expertise in all the existing pathways could provide the expertise itself. Figure 
10 illustrates an integrated transaction that takes advantage of multiple different pathways.

The example in this figure is based on an actual trade executed by Tucson and Phoenix, whereby Phoenix 
stored some of their CAP entitlement underground in Tucson with the understanding that in the future 
Phoenix will take an equal amount of Tucson’s CAP water while Tucson withdraws the water Phoenix 
stored in their region. The ability for less sophisticated parties than Phoenix and Tucson to plan for and 
execute this type of complex trade would be a major benefit of a central Arizona Water Exchange.
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The point of describing and illustrating some of the specific roles the Exchange could play is not to suggest 
any one role or structure but rather to make clear that water exchanges are not monolithic. A water 
exchange in central Arizona can be designed to play whatever role the collective stakeholders want it to 
play. It can also be designed to operate without undermining existing rights or any requirements applicable 
to individual pathways. With that said, a central Arizona water exchange would likely be most successful 
at increasing flexibility and helping mitigate for shortage if it was given broad freedom and capability to 
combine the full range of water sharing pathways in innovative ways under one market and programmatic 
umbrella.

Central Arizona is not lacking in the number and diversity of sharing pathways. But currently, central Arizona 
is like a chessboard. It has different pieces that are each locked into moving in only one way by existing 
laws, policies and general inertia. The region needs a new set of rules, or at least a platform for navigating 
the existing rules quickly and with low transaction costs. A central Arizona Water Exchange could provide 
that service and in so doing, help to maximize diverse benefits for as many water users as possible, to ensure 
continued economic growth in water-dependent sectors while working to address the structural deficit in 
Lake Mead, and encouraging and maximizing conservation and efficient, smart water use.  

While the specifics of a water exchange in central Arizona are beyond the scope of this report, the primary 
purpose of this discussion is to show how an exchange could help align incentives for flexible water 
management in Arizona and the benefits this could have for the region. At a high level, a Colorado River 
shortage furnishes the major incentive to increase flexibility. As the DCP negotiations show, parties in the 
basin and in central Arizona specifically, are motivated to action. But the DCP is a blunt instrument. It calls 
for large mandatory cuts in water deliveries at higher lake levels than under the Interim Guidelines, but 
offers little in terms of institutional support and mechanisms to ease adaptation to these cuts. Water users 
may go along with the cuts because not doing so could be more catastrophic. But the immediate cuts are 
a red herring. The real issue is dealing with enduring shortage and reduced water availability. The basin 
cannot afford to renegotiate a new drought plan every few years while water supplies in Lake Mead and 
the entire Colorado River system continue to decline. All signs point to central Arizona needing to reduce 
the amount of Colorado River water it uses not only temporarily, but in perpetuity.

A central Arizona Water Exchange could help align incentives and flexibility for the long-term sustainability 
of central Arizona’s water supply, especially if that supply is permanently diminished. It can pave the way 
to more regular and consistent contributions of water to Lake Mead. It can provide agricultural water 
users with alternatives to returning to unsustainable groundwater pumping. It can provide cities that rely 
on low priority CAP rights with the capacity and knowledge to confidently participate in a market with 
larger, more sophisticated players. It could also help incentivize participation by native Tribes, in ways 
that benefit them and keep their rights and communities whole. With all this said, a water exchange is 
no panacea. There is no substitute for hard work and making hard choices. The DCP is a hard choice that 
Arizona and its Lower Basin partners will hopefully make soon. But the challenge does not end if the 
agreement is signed. The real challenge, the challenge of living with less water in perpetuity, only begins 
when the agreement is signed.

By detailing some of the most important water sharing pathways and water conservation tools, and 
sketching out a vision for a central Arizona Water Exchange, this report is one small step to meeting that 
challenge. With that in mind, the concluding section describes some important next steps that would 
move the conversation about the central Arizona Water Exchange from the realm of pure theory to more 
practical analysis.
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7.4 Next Steps for Developing a Central Arizona Water Exchange

Broadly, the next steps required to bring the concept of a water exchange for central Arizona from the 
realm of theory into practice focus on three things: gathering and analyzing data to quantify supply and 
demand for a potential exchange; exploring existing and new transaction tools for the exchange to use to 
promote water sharing; and socializing the concept of a water exchange with key stakeholders and policy 
makers. Each of these are briefly discussed and outlined below.

7.4.1 Quantifying Supply and Demand

Identifying and explaining existing sharing pathways is a critical step in developing a water exchange, 
however, it is only one step toward determining the feasibility and usability of the pathways in the 
exchange context. The next critical step is to put numbers behind each pathway – to conduct a detailed 
supply and demand study to determine how much water might be available from all possible sources and, 
on the other side, whether there is demand for water from these sources. 

This analysis should begin by quantifying the supply of water potentially available from each source 
identified in this report. This includes both the amount of developed and undeveloped or unused amounts 
of water from each source. While the full supply of water in the region from all sources cannot be considered 
supply for a water exchange, it is nonetheless important to estimate the total pool of supplies for the 
region as a starting place. Determining how much of this total might end up being put into the market is 
a complex question.  Tallying the currently un- or under-utilized portion of the total is a likely first step, 
while additional steps would likely include detailed economic, market and spatial analyses.

Demand is the other side of the quantification question but does not have as obvious a starting place. 
Demand analyses could take different forms, but two are recommended here. The first type of demand 
analysis would look at current and potential future drivers of demand for the benefits a water exchange 
could provide. Such an analysis would include a deep dive into regional drivers like the DCP, AWBA 
recovery, and CAGRD’s activities to estimate the extent to which those impacted by these policies and 
activities might be driven to participate in an exchange. While it can be difficult to quantify the extent 
to which parties may choose to participate in something like an exchange, it is nonetheless important to 
recognize the drivers that are present in the region and those that are on the horizon as well.

The second type of demand analysis is more quantitative and would involve a portfolio-based approach. 
Using publicly available information, it is possible (though labor and time-intensive) to recreate the 
current water supply portfolio of most water users in central Arizona. The current water supply portfolios 
of all or a representative cross section of central Arizona water users could be analyzed compared to 
growth projections and other factors to analyze what water demand in the region may look like in the 
future. Much like cities plan their water needs far into the future by predicting future demand based on 
population growth, it should be possible to similarly study the central Arizona region as a whole and use 
this information to help quantify the extent to which an exchange in central Arizona might be in demand.

Another factor that should be explored in studying demand for an exchange, is the role of an exchange 
in helping meet environmental water needs such as water for riparian areas and wetlands and increasing 
groundwater tables for groundwater dependent ecosystems. This topic is not covered in this report, but an 
active water exchange could and should include pathways for water sharing for environmental benefit in 
addition to water supply reliability benefits.

Finally, supply and demand should also be studied through an economic lens. An economic study of the 
potential benefits and costs of a water exchange in central Arizona would be a critical supplement to more 
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generally quantifying supply and demand in the region. Examples of questions that could be addressed by 
an economic study include: how might the exchange impact water value and water pricing in the region? 
what are current transaction costs for water trades in the region and might/how might he exchange help to 
lower these costs? how do the costs of setting up and operating an exchange compare to other alternatives 
the region might adopt? what are some of the indirect economic impacts that water sharing might have 
in the region (i.e. impacts felt by those who do business with water-dependent businesses even if they do 
not directly use water themselves)? 

7.4.2 Exploring Transactional Forms for Water Sharing

While this report mapped out legal, policy and practical considerations for water sharing pathways in the 
region, it did not discuss in detail how these sharing pathways might be implemented. The distinction 
between a sharing pathway and its implementation is subtle. For example, while this report identifies how 
certain types of Colorado River water can be traded, it does not go into detail about the specifics of the 
transactions that might be involved in sharing these supplies. The transactions that might underlie a sharing 
pathway range from the obvious devices like sales and temporary leases, to more complex agreement types 
like rotational forbearance agreements and option contracts. One of the primary benefits of an exchange 
would be to develop transactional mechanisms and templates that work best for each of the different types 
of trades that could be housed in the exchange marketplace. This would include developing specific deal 
templates and guidelines that could be reused and help to lower transaction costs and barriers to market 
entry for less sophisticated parties.

However, before an exchange could play this role effectively, additional work needs to be undertaken to 
explore transaction mechanisms for the available sharing pathways in the region. This analysis could 
include looking at past transactions in the region as well as transaction examples from outside the region 
including the upper Colorado River basin and the broader western U.S. 

7.4.3 Socializing the Concept of a Water Exchange 

The final next step suggested here is to work with stakeholders and others to spread the idea of a water 
exchange, solicit feedback, and work to develop a level of comfort and acceptance, if not yet full support, 
of the concept among water users and decision-makers. The need for this is evident and has been discussed 
above in the context of the polarization occurring in response to proposed trades from Mohave County 
and the Colorado River Indian Tribes to central Arizona water users. Of all possible next steps, this is 
the one for which it is perhaps the most difficult to develop a concrete plan. The concept of socializing 
the water exchange idea is amorphous in that it is difficult to distil into numerical or even quantifiable 
goals and deliverables. It’s importance however, cannot be overstated. Fear, misunderstanding, principled 
opposition, and irrational opposition are all likely responses to the concept of a water exchange. If the 
idea is not brought to light tactfully and in a way that honestly seeks input from all potentially affected 
stakeholders, it has the potential to die before it receives a fair evaluation in the court of public opinion 
and elsewhere. 

These facts mean that the process of socializing the water exchange concept cannot be rushed and must 
seek out honest input. Seeking out honest input means engaging in discussions with stakeholders without 
preconceived notions of what the exchange must look like in the future or the exact roles the exchange 
will play. It also likely means walking forward slowly and not springing the idea as though it is a foregone 
conclusion – it is most certainly not.

Aside from a traditional, albeit slow campaign of presentations and meetings to seek input and develop 
the idea further, another specific approach has been recommended that could be used in the near-term to 
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help socialize the idea. A coalition of water users, NGOs and others recently applied to BOR for a grant to 
support development of a central Arizona Water Exchange simulation “game.” The idea was to develop a 
software-based trading platform that would allow water users and others to simulate using water sharing 
to solve water supply challenges in central Arizona. The game platform would not be aimed at perfectly 
recreating all possible sharing pathways and legal and political conditions, however it would include 
a thorough enough set of options so that players could test a variety of realistic approaches. The game 
approach is a unique idea that could be useful in socializing the concept of a water exchange. By allowing 
players to undertake trading without the real-life political, technical, and legal hurdles that hamper trade 
now, players can be exposed to the benefits of an exchange and see first-hand how an exchange could 
impact water management in the region. While the BOR grant proposal was not funded, work is ongoing 
to bring the game concept to reality.

Whether the game is made or not, another critical next step is to begin what should be a long and 
concentrated effort to discuss water sharing and the concept of a water exchange for central Arizona with 
key water users, stakeholders and others. An exchange can only come to life if the concept is broadly 
supported politically, culturally and socially. Building that support will require soliciting meaningful 
feedback from policy makers and those who might use the exchange. And, more importantly, taking that 
feedback to heart and using it to shape development of the exchange.

8. Conclusion

The premise of this report is that increasing 
flexibility in central Arizona’s water supplies 
could help ease the potential pain of inevitable 
water scarcity. While flexibility can manifest in a 
variety of ways, this report described three: 1) 
flexibility in moving water and water rights 
between different users and uses through 
voluntary, market-based mechanisms (called 
water sharing); 2) utilizing innovative water 
conservation tools that might help the region 
avoid shortage or manage shortage conditions 
when they eventually arrive; and 3) the role of 
and potential for a new institutional form, a water 
exchange, to facilitate water sharing. 

The analysis above characterized the benefits, challenges, and incentives for water sharing and conservation 
from the perspective of existing law and policy. The report proceeded by describing of the landscape of 
water sharing and water conservation tools in central Arizona, breaking the analysis into four categories:

• trade in different types of Colorado River water rights;

• trade in Long Term Storage Credits (LTSCs);

• trade in local, native groundwater rights; and

• pathways to conserve and store water in Lake Mead.

After describing the sharing pathways and water conservation tools that can increase storage in Lake 
Mead, this report introduced a conceptual framework for a central Arizona Water Exchange. Without 
prescribing a specific form and role for the Exchange, this report tried to convey the potential role for such 
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an institution in increasing water supply reliability and adaptability in light of climate change, population 
growth and the structural deficit in Lake Mead. 

The Lower Basin is at a critical juncture in facing its water future. Considerable progress has been made in the 
past decades to develop new tools to meet water supply challenges on the Colorado River. What is needed 
now is a catalyst to fully modernize these tools and integrate them so that they can be harnessed to future-
proof the Lower Basin’s water supply. A future-proof water supply must be flexible because variability is a 
hallmark of central Arizona’s water supply now and into the future. It must include diverse supply options 
that allow each user to create a water supply portfolio that best meets their needs while also maximizing 
regional economic, social , environmental and other benefits from water use. Water sharing pathways and 
innovative water conservation tools, focused and integrated into a central Arizona Water Exchange, while 
not a panacea in and of itself, could be an important part of helping the Lower Basin rise to meet this challenge. 
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