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GROUNDWATER MITIGATION
PILOTING GROUNDWATER MITIGATION IN ARIZONA’S VERDE VALLEY

by Amanda E. Cronin, M.S., AMP Insights; Jocelyn Gibbon, J.D., Freshwater Policy Consulting; 
and Davíd Pilz, J.D., AMP Insights (Seattle, WA)

Introduction
 Throughout the western United States — and beyond — management of groundwater resources is a 
significant and growing challenge.  Once considered by many to be a near-limitless resource, groundwater 
scarcity has become increasingly apparent and widespread.  Growing levels of pumping have lead to 
declining groundwater tables, decreased aquifer storage, and diminished well productivity.  The challenge 
is heightened in the many areas where significant surface water features — rivers, streams, and springs 
— are connected to and fed by groundwater.  In these watersheds, declining groundwater tables are 
frequently paired with decreasing streamflow, along with attendant impairments to ecological function and 
water supply security.  These conditions sometimes result in an existential threat to the continued flow of 
the affected river or stream.
 In Arizona, groundwater makes up about 40% of the state’s overall water supply (ADWR, “Supply 
and Demand”).  Yet, as discussed below, groundwater use is comprehensively tracked and managed only 
in the most populated areas of the state.  In the rest of the state, tools for managing groundwater resources 
are limited.  This is true in Arizona’s Verde Valley and the majority of the greater Verde River watershed 
in north-central Arizona, where the lack of good management tools poses a long-term threat to the health 
and flow of the Verde River.  The Verde is one of Arizona’s last healthy, perennially flowing rivers.  It is a 
critical resource to the communities it flows through and serves.
 The Verde River Exchange Water Offset Program (the Exchange) is a new, locally developed, 
voluntary “groundwater mitigation” program.  It is designed to provide local groundwater users with 
a way to reduce their individual “water footprint” and the cumulative impact of groundwater pumping 
on the Verde River.  The Exchange is implemented by the local conservation group Friends of Verde 
River Greenway (Friends) in partnership with other local and regional partners.  Designed with existing, 
regulatory groundwater mitigation programs in mind — but with careful attention to local context and 
values — the program is in its second year and has completed several small pilot projects.  To the authors’ 
knowledge, it is the first voluntary groundwater mitigation program in operation in the US.
 The first section of the article offers background about the Verde River Valley, introduces the concept 
of groundwater mitigation and briefly discusses two groundwater mitigation case studies from the 
Pacific Northwest.  The next section discusses the major hurdles that required consideration prior to the 
development of the Verde River Exchange, followed by the third section which focuses on implementation 
of the Exchange.  The last two sections of the article present the initial pilot projects and look forward to 
initial steps over the next few years of program implementation.

The Verde River and Verde Valley
 The Verde Valley is located in central Arizona, north of Phoenix and south of Flagstaff.  It makes up 
the central portion of the Verde River watershed, which extends from the heights of northern Arizona’s 
Colorado Plateau forests and grasslands, through the red-rock canyons of its geologic “transition zone,” 
and into the lower-elevation Basin-and-Range province, where the river is impounded by two successive 
reservoirs before it meets the Salt River east of Phoenix.  The river is a significant source of drinking 
water for the Phoenix metropolitan area.  Irrigation water in the Verde Valley is also supplied by the Verde 
River.  The connected groundwater system is the sole potable water source for numerous Verde Valley 
communities (Clarkdale, Cottonwood, Camp Verde, Jerome, Sedona) and many residents in the upstream 
Prescott-area.  Native American communities also rely on the river, including the Yavapai Prescott Indian 
Tribe, the Yavapai-Apache Nation, the Fort McDowell Yavapai Nation, and the Salt River Pima-Maricopa 
Indian Community (see Figure 1).
 Significant stretches of rivers in Arizona — according to one study, 35% of the state’s formerly 
perennial river miles — have already been altered or lost due to dams or escalating uses that have depleted 
or dried up river flows (Turner and List 2007; The Nature Conservancy Center for Science and Policy).  As 
noted above, the Verde is one of the last remaining healthy, perennially flowing rivers in the state.  
 The Verde River and its tributaries feature over 400 miles of interconnected riparian habitat along a 
flowing river, supporting 92 species of mammals and 76 native amphibian and reptile species (Haney et 
al. 2008).  Forty miles of the mainstem have been designated as a Wild and Scenic River, one of only two 
Wild and Scenic Rivers in Arizona (with the second being Fossil Creek, a Verde tributary) (Arizona NEMO 
2005).  The Verde’s shores house treasured Cottonwood/Willow Gallery Forests, a forest type endemic to 
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the Southwestern United States, and one of the rarest riparian habitat types in North America (Stromberg 
1993 and USGS, Digital Representations of Tree Species Range Maps).  Further, the desert river is at the 
heart of recreational opportunities, local culture and identity, and a critical tourism economy in the area.
 The base flow of the Verde River is derived from hydrologically connected groundwater.  
Consequently, as the area grows and groundwater use increases, river levels decline (Garner et al. 2013).  
The Verde is also a fast-growing area: population of the Verde Basin more than doubled from 1980 to 2000 
(ADWR 2009).  By one estimate, the number of wells in the Verde Valley area of the watershed increased 
from approximately 200 to over 6,000 between 1950 and 2011 (VRBP 2015).  The issue of groundwater 
pumping depleting surface flow is not unique to the Verde Valley, nor even to the state, but is especially 
prevalent in the arid Southwest.  In Arizona, one study documented that without efforts to conserve or 
otherwise alter course, municipal groundwater pumping alone (projected through 2050) could dry up seven 
significant river stretches in the state while significantly degrading others, including portions of the Verde 
River (Marshall et al. 2010).
 Given the importance of the Verde to the communities that surround and depend on it, the paucity 
of available management tools, and long-standing challenges with finding comprehensive solutions in 
a contested and unadjudicated system (described further below), many stakeholders have an interest 
in finding tangible, practical, and locally appropriate steps that can be taken to protect river flows and 
groundwater supplies — or at least to build some of the tools needed to ultimately achieve those goals.  The 
Verde River Exchange was born out of studying successful groundwater management programs elsewhere 
in the West, and adapting one particularly promising mechanism — groundwater mitigation — to the 
Verde’s local context.

      
Groundwater Mitigation

       The term “mitigation” is defined by Merriam-Webster’s 
online dictionary as “[making] (something) less severe, 
harmful, or painful.”  Taken literally, groundwater mitigation 
refers to actions that reduce the severity of impacts from 
groundwater pumping.  In the context of a groundwater 
mitigation program, the definition has come to mean 
something even more specific.  In this context, groundwater 
mitigation refers to reducing or fully offsetting the impacts of 
new or existing groundwater pumping on connected aquifers 
or surface water sources or both.
       Groundwater mitigation is a policy mechanism used in 
basins across the West to manage groundwater, especially in 
instances where groundwater and surface water systems are 
connected — though historically often treated as separate 
resources in law and policy.  In these physically connected 
systems, mitigation allows management of groundwater 
in a way that considers impacts to surface water, but does 
not require permits or rights to groundwater and surface 
water to be merged into a single system.  It also facilitates 
development of new and changed water uses while 
accounting for impacts.  It is thus a tool to accommodate 
growth and development while preserving critical resources.  
The concept has increasingly been incorporated in areas 
where pumping threatens to deplete surface flows.
       In general, mitigation programs function by requiring 
that new groundwater users mitigate the impact(s) of their 
pumping.  There is no monolithic approach to groundwater 
mitigation and its implementation varies depending on site-
specific hydrology and other factors.  It is possible, however, 
to look at existing programs and glean a set of issues and 
options to be considered in program and policy design.  For 
example, it is critical to identify specifically which impacts 
are to be mitigated and what actions can provide this 
mitigation — sometimes referred to as mitigation “demand” 
and “supply.”  There are also choices to be made about how 
and to what degree mitigation should match relevant impacts 
in terms of quantity, location, timing, and duration.
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 The next two sections briefly describe two groundwater mitigation programs that helped to inspire 
work on the Exchange in the Verde Valley and offer examples of how the mechanism can work.  In addition 
to these two examples, groundwater mitigation programs, or programs that function much like groundwater 
mitigation under a different name (“augmentation plans” in Colorado, for example), also exist or are in 
development across the West in Oregon, Washington, Montana, Idaho, Nebraska, and New Mexico.
The Dungeness Water Exchange (Washington)
 Despite being in rainy western Washington, the Dungeness Watershed nonetheless faces water 
management challenges.  Sitting in the rain shadow of the Olympic Mountains, the Dungeness Valley 
receives only 16 inches of rain each year, very little of which falls in the late summer and early fall.  The 
fertile Dungeness Valley has historically been a farming area and relies on irrigation from the Dungeness 
River.  As one of the sunniest and driest places in western Washington, the Dungeness Valley has also 
attracted considerable population growth over the last twenty years.  Much of this new growth relies on 
groundwater wells that are in hydraulic connectivity with surface water flows.  The Dungeness River also 
supports four endangered species of salmon and steelhead.
 These factors led the Washington State Department of Ecology to adopt a new water management rule 
in 2013 requiring mitigation for all new groundwater wells (WAC 173-518).  This regulatory requirement 
precipitated the launch of the Dungeness Water Exchange, a groundwater mitigation program operated by 
the nonprofit, Washington Water Trust.  This program generates mitigation credits by purchasing existing 
senior irrigation water rights and transferring them to instream flows and also by working with watershed 
partners to operate shallow aquifer recharge sites.  The program sells mitigation certificates for a one-time 
fee to new water users, most of which are new homebuilders.  Clallam County requires that mitigation be 
purchased prior to the issuance of a building permit.  To date the Dungeness Water Exchange has issued 
mitigation certificates to over 200 new homes.  
 For additional information about mitigation activities in the Dungeness basin, see Cronin, TWR #139 
and Cronin & Fowler, TWR #102.
The Deschutes Groundwater Mitigation Program (Oregon)
 The Deschutes River in Central Oregon rises from groundwater springs at the foot of the Cascade 
Mountains and flows approximately 250 miles north to the Columbia River.  Due to the potential for 
groundwater pumping to interfere with state-designated Scenic Waterway flows in the Deschutes River, 
the State of Oregon stopped issuing new groundwater permit approvals in 1995 and created the Deschutes 
Groundwater Mitigation Program in 2002.  The goal of the program is to offset the impacts of new 
groundwater withdrawals on flows within specific geographic areas in the basin (zones of impact) while 
accommodating new groundwater development.  New groundwater permits are not granted by the state 
until the required mitigation is provided.
 Mitigation obligations can be met by either temporary or permanent mitigation credits.  These credits 
are developed by leasing and temporarily fallowing, or permanently purchasing and retiring, consumptive 
use irrigation and municipal water rights.  If developers propose to use temporary mitigation, they are 
required to purchase two credits (each credit represents one acre-foot of water) for each acre-foot of 
mitigation need.  According to the latest five-year review of the program in 2009, modeled streamflow for 
the Deschutes River below the city of Bend has improved by as much as 27 cubic feet per second due to 
mitigation actions.  To date, 66 new groundwater permits have been issued under the program.
 For additional information about mitigation activities in the Deschutes basin, see Cronin & Fowler, 
TWR #102.

Charting a Course for the Verde River Exchange
 In the Verde Valley, a small group of interested stakeholders considered whether groundwater 
mitigation might provide the framework for a voluntary system for reducing the impacts of groundwater 
pumping, despite the adaptations that would be required to adjust to the local context.  The first step was 
to determine whether any “fatal flaws” might prevent success.  A scoping study completed in 2013, with 
support from Environmental Defense Fund and the Walton Family Foundation, concluded that developing a 
groundwater mitigation program in the Verde Valley would be challenging, but that none of the challenges 
were fatal flaws.  The primary hurdles identified by the scoping study were: (1) the lack of a regulatory 
framework to require new groundwater pumpers to purchase mitigation, meaning that (unlike prior similar 
systems) the program would rely on people and entities voluntarily purchasing mitigation to offset their 
impact to the Verde River — an issue of mitigation “demand”; and (2) the lack of adjudicated water rights 
in the area, making development of reliable mitigation “supply” projects potentially difficult.  Each of these 
hurdles is discussed in some detail below.
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Demand for Mitigation in the Verde Valley: Developing A Voluntary Approach
 The first major challenge identified in early feasibility analysis of the Exchange was the lack of a 
regulatory structure that requires or incentivizes mitigation for new groundwater pumping.  Arizona is often 
heralded as having an innovative approach to managing groundwater — but this is true only for specified 
populated areas of the state.  Arizona’s Groundwater Management Act (GMA, 1980) created specific zones 
of the state around large population centers, called Active Management Areas (AMAs), where groundwater 
pumping is restricted and managed.
 By contrast, outside of Arizona’s AMAs, groundwater use is generally subject only to the doctrine 
of reasonable use: under Arizona statute, a landowner may withdraw and use groundwater for any 
“reasonable and beneficial use” (Ariz. Rev. Statutes § 45-453).  The reasonable use doctrine in practice 
enables groundwater users to withdraw water even if the use interferes with a neighbor’s pumping, or if it 
may eventually interfere with surface water rights.  In Arizona, there is no priority or water rights system 
for groundwater outside of AMAs and there are no provisions that require pumping to be limited to the 
amount that can be reliably used in the long-term or that disallow pumping because of anticipated future 
reductions in streamflow.  There is a legal category of water, called “subflow,” that, while pumped from 
underground, is closely enough connected to the stream that it requires a surface water right (see decision 
in “Southwest Cotton”— cite below).  But “subflow” has not yet been identified through Arizona’s stream 
adjudications (discussed below) — so at present, this issue complicates rather than improves the situation.  
Without a statutory provision requiring or incentivizing groundwater mitigation, the Exchange must rely on 
generating voluntary demand for mitigation. 
 Why anyone would voluntarily spend money on groundwater mitigation is a question the Exchange 
has faced from the start.  Broad categories of non-regulatory incentives were identified by the scoping 
study and expanded on over time by Friends and the Exchange planning group.
IDENTIFIED NON-REGULATORY INCENTIVES INCLUDE: 

• Avoiding harm to others and/or the environment
• Using mitigation to increase future water security
• Obtaining a marketing benefit by advertising a water-dependent product as “water neutral” or otherwise 

using mitigation in marketing and promotion
• Ensuring water availability for future economic development

 Among these voluntary drivers of demand, the most promising prospect during planning phases was 
the potential for water-dependent businesses in the Verde Valley to purchase mitigation to demonstrate 
their commitment to sustainability and potentially obtain a marketing benefit.  For example, the Verde 
Valley has a burgeoning vineyard and wine-making industry.  Some vineyards irrigate with groundwater 
and these businesses seemed like natural first-movers in the groundwater mitigation market.  Other 
businesses identified as possible early adopters for mitigation sales included small, locally owned hotels 
and other hospitality related businesses that use significant amounts of water.  Many hotels already seek to 
advertise themselves as sustainable and so purchasing mitigation seemed like a natural fit for some of these 
businesses.  In addition to vineyards and the hospitality industry, initial analyses also identified individual 
homeowners and small housing developments as potential targets for outreach.  Because the Verde River is 
such an important feature of the local landscape and a place where many locals and tourists alike recreate, 
a desire to contribute to sustaining the river could motivate demand for mitigation from homeowners and 
developers.
 While identifying several possible drivers of voluntary demand, early discussions about the Exchange 
also focused on whether and how to expand demand over time through other types of incentives.  
Therefore, in addition to the initial drivers described above, the question remains whether there may be 
potential for additional mechanisms to drive demand.  For example, local jurisdictions such as counties and 
cities have authority over land use and other issues that intersect with water use, which these jurisdictions 
might be able to leverage to incentivize participation in a mitigation program.  Similarly, local jurisdictions 
could potentially develop inter-jurisdictional infrastructure or other projects and offer access to the benefits 
of the projects on condition that users participate in the mitigation program.  The extent to which local 
jurisdictions might be willing to explore these types of incentives and how they might be used alongside 
the more altruistic and community-based incentives relied on by the Exchange is a focus of current 
analysis and remains an open question.  It is also a difficult question, and one that the Exchange and local 
jurisdictions need to approach thoughtfully, taking into account local needs, conditions, and potential risks. 
 One of the most critical determinants of success for both voluntary and quasi-regulatory incentives is 
the Exchange’s ability to develop mitigation supply projects that fit both of the different demand models.  
The next section discusses mitigation supply in the Verde Valley with a focus on the difficulty of creating 
mitigation supply given the lack of adjudicated water rights in Arizona.
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Mitigation Supply in the Verde Valley: Working in an Unadjudicated System
 Matching supply with demand is at the core of operations for any mitigation program.  Supply 
meets demand by providing mitigation appropriately matched in quantity, location, timing, and duration.  
Generally, mitigation programs, including the Exchange, rely on reducing consumptive uses of water to 
generate mitigation supply.  The logic is that reducing consumptive water use for mitigation can result in a 
net zero impact of a new consumptive use if the two are properly matched.  Retiring or reducing an existing 
consumptive use through a water transaction is the most straightforward way to create mitigation credits.
 However, water transactions are made difficult in Arizona due to a lack of adjudicated water rights.  
Water rights adjudication is the process of judicially settling all claims to the right to use water on an 
interconnected surface or groundwater system (or connected surface and groundwater system in states with 
“conjunctive management” of these resources).  The result of an adjudication is that the quantity, location, 
type of use, location of points of diversion, and priority relationship of all water rights in a water source 
are fully “decreed” — i.e., finalized and certified by a court with governing jurisdiction.  Water rights in 
the Verde Valley are not adjudicated, meaning that water right quantity, location, priority, etc. are subject to 
change when an adjudication is eventually finalized for the region.
 Along the Verde River, as in most of Arizona, surface water rights are governed by the Prior 
Appropriation Doctrine.  Before the passage of Arizona’s Public Water Code, enacted in 1919, a surface 
water right could be established by putting water to a beneficial purpose, in combination with meeting 
various evolving requirements for providing notice.  The Arizona Public Water Code required that a new 
surface water user apply for and obtain a permit from the state prior to diverting surface water (ADWR, 
“Surface Water”).  Under current law, applications to divert surface water must be made with the Arizona 
Department of Water Resources (ADWR).  ADWR will then issue a certificate of a water right after proof 
of the beneficial use is presented (Ariz. Rev. Statutes § 45-151 et seq.).
 While it is possible to know how “claimed” water rights are being used currently and how they have 
been used in the past, only a final adjudication will permanently settle water rights on the Verde.  In other 
words, water rights that are being relied upon today could eventually be found in an adjudication to not be 
valid or to be significantly different (perhaps allowing less water or a smaller place of use) than what is 
being claimed today.
 The Verde River is part of the larger Gila River Adjudication, which includes over 38,000 parties 
and embraces vastly complex legal and hydrologic issues (ADWR, “Adjudications”).  The adjudication 
proceedings have been ongoing for over forty years, and due to the complexity and size, it is unlikely 
that there will be significant resolution anytime soon.  This uncertainty around water rights limits water 
management options and has resulted in little enforcement of surface water rights throughout the state.
 The lack of adjudicated water rights means that — for the purposes of developing mitigation supply 
water transactions — water right quantity, validity, and relative priority can only be estimated.  This 
circumstance vastly complicates these transactions.  Groundwater mitigation programs in fully adjudicated 
water rights contexts often rely on changes of use of water rights to create mitigation supply.  For example, 
in the Dungeness and Deschutes examples described above, temporary and permanent changes of use of 
irrigation water rights to instream water rights are two of the primary vehicles for developing mitigation 
supply.  Arizona does have laws on the books that allow for these types of changes to water rights, at least 
on a permanent basis (called a sever and transfer under Arizona law [Ariz. Rev. Statutes § 45-172]).  Yet, 
the lack of adjudication and resulting uncertainty is likely one reason that no sever and transfer applications 
for instream flow purposes have been approved in the state.
 The Exchange and its partners, therefore, needed to identify transactional forms combined with water 
rights due diligence procedures (described below) that can be effective even within the uncertainties 
of an unadjudicated system.  Initial scoping identified three broad categories of transactions that could 
generate supply for the Exchange.  These categories include transactions involving: 1) surface water; 2) 
groundwater; and 3) reclaimed water — meaning that the Exchange can engage current surface, ground 
or reclaimed water users to alter their current water use so that a consumptive use benefit to stream flow 
results.
 Given the physical (if not legal) interconnectivity between surface water and groundwater in the 
Verde Valley, temporary or permanent retirement, or forbearance of a surface water use or a groundwater 
use, could generate mitigation credits to offset groundwater use.  Aquifer recharge is another possibility 
for generating mitigation credits.  With careful use of existing groundwater science and by using water 
supplies that are currently being consumed, areas in the watershed could be identified where recharge 
would enhance stream flow in the Verde River or tributaries, and mitigation credits could be generated.  
Finally, reclaimed water from cities in the Verde Valley that is currently evaporated or consumed could also 
potentially be used — most likely as supply for aquifer recharge  — to increase stream flows in the Verde.
 The most promising transaction types identified for initially generating mitigation supply in the 
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Verde Valley are temporary forbearance agreements or other water use agreements with irrigators.  A 
forbearance agreement is a contract with a water rights holder to abstain from the use of all or portion of 
their water right for a given period.  Forbearance agreements do not require state approval and thus lack 
any state regulatory backing for enforcement.  Compliance with a forbearance agreement is measured 
by the performance of the water right holder (i.e., by temporarily ceasing irrigation on a specific number 
of acres).  Forbearance agreements are often short-term and offer several key benefits to the landowner, 
including that any landowner can voluntarily enter an agreement with a private organization without going 
through an official administrative review.  Another possible water user agreement option would be reducing 
consumptive irrigation use by switching to less water-intensive crops or “deficit irrigating” existing crops.
 Forbearance agreements can also facilitate agreements among a group of water users to rotate the 
forbearance responsibility among several landowners to maintain the viability of agricultural operations.  
In some areas, including the middle Verde River, seasonally-timed short-term forbearance agreements or 
longer-term arrangements among a small group of water users can provide long-term benefits to streams, 
aquifers, or riparian habitat by supplying water during the hottest and driest time of the year. 
 As the Exchange has moved into pilot transactions, it has worked closely with the local chapter of 
The Nature Conservancy in developing supply.  Prior to assisting the Exchange, the Conservancy has 
been working with farmers and others in the watershed to develop a robust and successful flow restoration 
program.  This past success has been a major boon to the Exchange as the Conservancy has been able to 
assist the Exchange with developing mitigation supply for pilot projects.

Implementing and Managing the Verde River Exchange
 Early in the process of considering a groundwater mitigation program, a planning group was formed 
to consider first, the feasibility of forming a groundwater mitigation program and then later the design and 
strategy for the program.  The planning group played a substantial role in determining the institutional 
design of the program as well as guiding initial outreach efforts.  The planning group was eventually 
formalized as the Exchange Advisory Council (Advisory Council), with representatives from local and 
state conservation groups, local irrigators, local elected officials and municipal staff, and other community 
members and water experts.  The Advisory Council provides overall strategic direction to the Exchange, 
weighs in on policy decisions, and guides and participates in outreach activities for the program.  It is 
also responsible for reviewing mitigation supply projects before mitigation credits are created.  Given the 
voluntary nature of the Exchange, the local and outside technical expertise gathered on both the initial 
planning group and the Advisory Council are critical to building a robust groundwater mitigation program 
with community buy-in.
 The planning group identified one primary goal and two secondary goals for the Exchange.  The 
primary long-term goal for the Exchange is to reduce the impact of groundwater pumping in the Verde 
Valley on the Verde River and its springs and tributaries.  Secondary goals for the Exchange include 
indirect stream flow augmentation as well as piloting a new conjunctive water management strategy.  The 
five-year vision statement for the Exchange is to develop “[A] new model of locally driven groundwater 
management [that]sustains a vibrant regional economy and secures a healthy Verde River.”
VALUES OF THE EXCHANGE INCLUDE: 

• implementing actionable local solutions that work in the larger Arizona water rights and water politics 
picture

• respecting local economic, environmental, and social values
• preserving property rights and local water users’ autonomy
• ensuring collaboration and shared stewardship among water users and community members from 

different sectors
• focusing on a positive, voluntary, and proactive approach
• addressing long-term challenges

EXCHANGE POLICIES AND CRITERIA ALSO AIM AT:
• ensuring no net loss in hydrologic function
• entering into water use agreements only with willing participants
• avoiding impairment to senior water rights
• creating mitigation credits from water that has been beneficially used
• respecting ditch company rules
• operating consistently with land use requirements

 In addition to broad strategic guidance, the Advisory Council has also helped develop and adopt 
specific policies for the pilot phase of the Exchange.  These policies are meant to address the challenges 
and goals presented above, and to define how mitigation and impacts will be matched under the program.  
The next two sections briefly discuss key policies related to mitigation supply and mitigation buyers.
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Criteria for Mitigation Supply Projects
 As described above, mitigation supply projects involve making changes to existing surface or 
groundwater uses in order to reduce consumptive use and generate mitigation credits.  Because there are 
currently not adjudicated water rights in the Verde Valley — and no water rights at all associated with 
groundwater use — evaluation of potential supply projects centers around the relevant water use, along 
with information related to any water rights claim.  
 There are three minimum criteria for mitigation supply projects in the pilot phase of the Verde River 
Exchange: 

(1) the water use must be tied to a historic surface water use with a water rights filing and evidence of use 
prior to the Public Water Code of 1919 (though some groundwater users can be eligible); 

(2) the water use must have demonstrable proof of beneficial use in three out of the last five years; and 
(3) the use must be located in a “zone of impact” that matches mitigation demand.

 If all these minimum requirements are met then the subject water right or groundwater use is eligible 
for further consideration in light of preferred and more detailed criteria.
 To match the location of groundwater pumping with the location of mitigation, three zones of impact 
were established for the pilot phase of the Exchange (depicted in Figure 2 below).  A buyer’s pumping 
impact can be offset only by mitigation supply created in the same or an upstream zone of impact.  So, for 
example, in Figure 2 below, an impact in Zone 3 can be offset by a project in either Zone 1 or 2, but the 
options for offsetting impacts in Zones 1 and 2 are more limited.
 First, an interested participant in a supply project is contacted and the surface water or groundwater 
use is identified as the basis of a potential and desirable pilot mitigation project.  Then, due diligence 
on the water use and water right claim is conducted to verify the validity of the water use or water right 
claim.  Due diligence related to the water use draws on available sources of information including legal 
parcel records, aerial photography, state water rights filings, and well registry records as well as landowner 
interviews and site visits.
 The Exchange policy also defines how mitigation credits (referred to as “Water Offset Credits”) are 
quantified.  Following the due diligence review, a consumptive use assessment based on a standardized 

estimate of crop irrigation requirements and irrigated acreage 
is completed to determine the annual volume of the credit.  
Estimates of consumptive use and impacts of groundwater 
pumping on local hydrology are necessarily inexact, even 
when studied thoroughly with the best science.  To account 
for these uncertainties the Exchange uses a trading ratio of 
1.25:1 for all mitigation projects.  A trading ratio is simply 
the ratio of the mitigation required relative to the pumping 
being offset.  Uncertainty or risk is addressed through using 
the trading ratio to provide insurance that the mitigation will 
be sufficient to the task.
Criteria for Mitigation Buyers
 As discussed above, attracting buyers to a voluntary 
mitigation program was one of the biggest challenges 
identified in designing the Exchange.  Exchange policy 
allows for irrigation, domestic, commercial, municipal, and 
new and existing groundwater users to participate in the 
program by purchasing credits (with only a few exceptions).  
The program is focused on groundwater users as buyers 
because surface water users are generally using water under 
a senior water right, whereas the impacts of (typically more 
recent) groundwater pumping are not regulated or managed. 
 The general requirement for buyers is that they have 
a groundwater use within the project area (the Verde Valley 
as depicted in Figure 2).  If it is a new groundwater use it 
must be outside of the Holocene alluvium zone as mapped 
by the Arizona Geological Survey.  This is a geologic zone 
physically close to the river and generally known to be in 
direct hydraulic connectivity with the Verde River — and 
which may in the future help to define the legal “subflow 
zone” in the watershed (see decision in Gila IV— cite below).  
Thus far, the Exchange has worked only with existing, rather 
than new, groundwater users. 
 Mitigation buyers purchase “Water Offset Credits” 
that represent an offset of water use for the calendar year 
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in which the certificate is issued and may be renewed annually, contingent on available supply.  The 
Exchange’s Mitigation Policy provides guidelines for estimating the annual consumptive use of different 
types of likely mitigation buyers, in order to match the quantity of the groundwater use with the quantity of 
mitigation provided on an annual basis.  (Mitigation buyers, however, may also choose to offset a portion of 
their water use.)
 In the future, the Exchange plans to offer alternative mitigation packages available only to individual 
domestic users and small businesses with minimal reliance on water as part of their operations or services.  
“Packages” are based on estimating an average amount of water use for a broad set of users.  As mitigation 
sales increase, the package approach to selling mitigation to individual homeowners and an identified 
set of particularly low-water-use businesses is expected to make marketing, tracking, and administrative 
processing more straightforward than if, for example, each home purchased a distinct amount of mitigation.
Verde River Exchange Outreach
 Attracting participants to the Exchange and generally raising awareness of the impact of groundwater 
pumping on surface water resources are both critical to the success of the Exchange.  As the first program 
of its kind in Arizona, the Exchange focuses on broadly communicating its benefits to ensure that the 
program is well received in the community as a whole.  Considerable effort has been put into general 
outreach including presentations at local group meetings and events, creation of paper marketing materials, 
a website, news releases, and organized events.  For example, the Exchange held an end-of-year celebration 
in 2016 and showcased the first two mitigation buyers.  Exchange press releases have led to coverage of the 
program in at least fourteen media outlets at the local, state, and national level.  Generally, press coverage 
has been very positive, emphasizing the cooperative and voluntary nature of the program and its role in 
preserving a flowing Verde River.  The Exchange also gained a statewide audience of water managers and 
experts when it was recognized as one of five finalists in the 2016 Arizona “Water Innovation Challenge” 
sponsored by the Arizona Community Foundation, Republic Media, and Arizona State University’s 
Morrison Institute for Public Policy.

Pilot Projects
 The Exchange was formally launched in 2016 with the implementation and announcement of two 
small pilot projects.  Two prominent vineyards in the Verde Valley agreed to purchase newly created Water 
Offset Credits to help mitigate the impact of their groundwater use on the Verde River.  Both businesses 
use groundwater to grow grapes in their vineyards close to the banks of Oak Creek, a major tributary to 
the Verde.  Both vineyard owners are interested in the long-term sustainability of their operations and the 
region, and in demonstrating that the Verde Valley’s burgeoning wine industry can be compatible with, and 
supportive of, that sustainability.  Each enterprize also derives value from visitors who are attracted to the 
Verde Valley in part because of the beauty and feel of its desert river and streams.  Each vineyard owner 
is a community business leader interested in helping advance innovative and collaborative solutions to 
long-term challenges.  The two vineyards thus agreed to be “first adopters” to help pave the way for the 
Exchange by participating in the new program.
 Each of the two initial Exchange pilot projects involved the purchase of Water Offset Credits to 
mitigate the impacts of groundwater use associated with about 4.5 acres of vineyard during the calendar 
year in 2016.  Credits were created when a nearby family agreed to temporarily fallow pasture acreage that 
had recently and historically been irrigated with water from Oak Creek, thus reducing the “draw” on the 
system.  Based on its program criteria and procedures, the Exchange estimated the reduced consumptive 
use of irrigation water associated with the forbearance agreement and recorded this volume of water as 
Water Offset Credits, which were then purchased by the vineyards.  A neutral third-party, Bonneville 
Environmental Foundation (BEF), provided third-party review of the supply project to ensure consistency 
with program criteria, and the credits were tracked via an internal Exchange registry.  BEF is a leader 
in the field of voluntary water offset actions and provided critical support to the Exchange through their 
advice and review.  The Nature Conservancy monitored the supply project to ensure compliance with the 
temporary fallowing agreement.

Next Steps
 Upon completion of the initial pilot projects, the Exchange completed a strategic planning process 
to guide next steps in refining the program and expanding its reach and impact.  The strategic plan 
contemplates expanding participation in the program on the part of both buyers and those who partner with 
the program to create supply.  As of this writing (July 2017), the Exchange is finalizing and preparing to 
announce additional pilot projects representing purchase of 2017 Water Offset Credits by a more diverse 
set of Verde Valley businesses, and in a wider range of locations within the project area.  The Exchange 
is also diversifying the methods for generating Water Offset Credits, looking into options for supply 
projects ranging from crop conversion to recharge projects.  Eventually the Exchange would like to 
pursue mitigation projects that last longer than a year, and that put a larger volume of water back into the 
system.  At the same time, the team is exploring options for small, standardized “packages” for purchase 
by residential and other small water users, and working with BEF and other partners to investigate the 
possibility of registering credits on a national registry.
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 Expanding the reach of the program includes exploring technical, legal, and political aspects of 
possible new mechanisms, but it also includes expanding understanding of the program and its benefits 
within the community.  To this end, the Exchange is reaching out to businesses, residents, elected leaders, 
and others within the Verde Valley to broaden the dialogue about both the offset mechanism and the long-
term challenges it is meant to help address.
 Finally, the advisory council is embarking on its investigation of new incentives that could help 
encourage and facilitate broad participation in a mitigation program.  This investigation includes initiating 
a dialogue with local jurisdictions about how offset mechanisms might be further incorporated into local 
planning and development processes.  Ultimately, it is hoped that the Exchange will be able to continue 
to work with Verde Valley water users of all sectors to put real water back into the Verde River system.  
The Exchange intends to raise the profile and understanding of the long-term issues facing this watershed 
and others like it, and is beginning to craft pieces of a locally grown solution that could both sustain the 
river and allow the area to grow, develop, and thrive.  As the program grows, it is expected that local 
stakeholders will continue to contribute resources and creative energy to advancing innovations and 
collaboration in the watershed.  The Exchange has been built with careful attention to innovations that 
have been tested elsewhere — and at the same time is offered as a new tool to be considered in ongoing 
discussions of the fate of the Verde River, the communities that depend on it, and that of other similarly 
situated watersheds.

To follow the progress of the Verde River Exchange, visit the program website at 
www.verderiverexchange.org.
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