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In a second study in northeast Tucson, single-family home sales from 1998 to 2003 were 
evaluated within a 0.2-mile buffer from each riparian corridor.  Home sales within a riparian 
corridor showed a combined value equivalent to a 4.1 percent premium on the average 
sales price.  For the 978 sales dataset, the property price premiums that were attributable 
to the proximity to the riparian areas were between $5.34 million and $13.63 million.  
Another study showed that the density of the riparian vegetation was also a consideration 
(Bark and others in Journal of Agricultural and Resource Economics, Vol. 36, Issue 2). 
 
 
Dr. Bark then applied the results of the first two studies to the proposed riparian projects 
along the Santa Cruz River downstream of Tucson to analyze potential benefits of 
allocating water from the CEP to Paseo de las Iglesias, El Rio Medio and Tres Rios del 
Norte projects.  All three projects require an allocation of water to enhance the riparian 
vegetation along the river.  Commercial properties, vacant land, condominiums and 
apartments within the 1.1-mile buffer zone around the river were excluded from the 
analysis.  Hypothetical sale prices were estimated using information on the ratio of average 
assessed value to actual sales in the area.  If the 3.1 percent premium attributable to 
riparian vegetation from the Upper Santa Cruz River study were applied to the hypothetical 
sales prices, the “bump” from the presence of lush riparian vegetation would be from 
$4,169 to $7,315 per house sale. 
 

Estimated Project Benefits (Bark 2011)  

Riparian 
Project Site 

Number 
of 

homes in 
riparian 
buffer 

Total 
assessed 

value 
(millions) 
in buffer 

zone 

Total 
estimated 
sales price 
(millions) in 
buffer zone 

Range of sales 
premiums 
(millions*) 

Range of 
incremental 
annual tax 
revenue 
(millions) 

Estimated 
additional 

tax 
revenue 

per house 
(dollars) 

Paseo de 
las Iglesias 17,524 $1,852 $2,357 $ 73.1 to 96.6 

$0.67 to 
0.88 $ 38 

El Rio 
Medio 8,310 1,122 1,427 44.2 to 58.5 

$0.41 to 
0.54 49 

Tres Rios 
del Norte 9,146 1,710 2,158 66.9 to 88.5 

$0.58 to 
0.77 64 

Total 34,980 $4,684 $5,942 $184.2 to 243.6 
$1.66 to 

2.19 $151 
*Upper Santa Cruz River Study = 3.1 percent sales premium; Northeast Tucson Basin Study 
= 4.1 percent sales premium. 
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In other words, the presence of a lush ribbon of green similar to the effluent-dominated 
Santa Cruz River near Tubac or the ephemeral and intermittent watercourses of the 
northeast Tucson basin is predicted to substantially enhance the value of home sales near 
the river and, by extension, increase the property tax base.  While the estimated additional 
tax revenue is small in terms of a given house, ranging from an average of $38 to $64, the 
total additional tax revenue from the increased values of all homes near the project was 
estimated to be between $1.66 million and $2.19 million annually based on the present 
housing stock in Tucson’s Santa Cruz River corridor.   
 
 
Given the present odors associated with the wastewater treatment in the Tres Ríos del 
Norté project area, it seems unlikely that housing sales there currently reflect full value of 
the effluent-dependent riparian vegetation that currently exists downstream of Roger Road. 
This analysis does, however, suggest the magnitude of potential economic enhancement 
that could derive from cleaning up the effluent and reducing odor along the effluent stream 
and maintaining or enhancing the ribbon of existing riparian vegetation.   
 
 
When the replacement of the Roger Road Treatment Facility is completed in 2015, odors 
will be abated.  Another effect of the replacement of the facility is that discharges of 
effluent at that site to the river are expected to decline from over 20 million gallons per 
day (mgd) to no more than 7 mgd, even as discharges to the river increase downstream of 
Ina Road.  In addition to reductions of effluent discharge at Roger Road, infiltration rates 
along the river should increase with cleaner water, further reducing the extent of flow.  
These changes will likely reduce the amount of vegetation along the river between Roger 
and Ina Roads, and may result in the loss of woody riparian trees in favor of the invasive 
salt cedars.  An allocation of CEP water to the Roger-to-Ina reach could reduce some of 
these adverse biological effects and support greater home values in the future. 
 
 
Substantial economic benefits of allocating effluent from the Conservation Effluent Pool to 
the riparian vegetation components of the Paseo de las Iglesias and El Rio Medio reaches 
upstream are also supported by the study.  The Pima County Regional Flood Control 
District will be constructing the first phase of Paseo de las Iglesias between 29th Street and 
Ajo Way in 2014 (see figure below).  Water delivered through the reclaimed system will be 
needed for some of the project components, such as maintaining amphibian habitats east 
of the river and enhancing the vegetation closest to existing residential development on the 
west bank. 
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Recent expansions of The Loop multi-use path along 
the Santa Cruz River will also likely increase the value 
of adjacent properties.  The Paseo Phase 1 project will 
link the Santa Cruz River Park to the Julian Wash trail 
segment, and the recently completed links along the 
effluent-dominated reaches of the Santa Cruz River 
will link that area to the Rillito River Park.  Market 
studies by others in the eastern United States have 
found trails increase adjacent property values (see The 
Loop Economic Study for more information). Most of 
the watercourses in the northeastern Tucson Basin 
studied previously lack defined public pathways. The 
Santa Cruz River in Tubac has an unpaved trail, but 
the Rio Rico reach lacks a trail. 
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Abstract

In this paper we describe how benefits are transferred from previous non-market valuation research to inform the public policy

debate on the allocation of treated wastewater to Riparian Projects in the semi-arid city of Tucson, Arizona, United States.

Specifically, we transfer property premiums associated with proximity to riparian habitat to two proposed, and one accidental, urban

Riparian Project. The study demonstrates that nearby property owners would likely benefit from wastewater reuse in riparian

corridor restoration projects. Furthermore, the variable costs of supplying supplementary treated wastewater to one of the Riparian

Projects are covered by incremental property tax revenues. We conclude that there is a window of opportunity to utilize a portion of

Tucson’s treated wastewater, over half of which is currently discharged at the northern end of the city, for additional in-town riparian

restoration projects. Such riparian restoration projects also provide a mechanism for Endangered Species Act compliance.

# 2011 Policy and Society Associates (APSS). Elsevier Ltd. All rights reserved.
1. Introduction

Public policy issues are often reduced to either–or debates: e.g., water for the environment vs. water for growth. On

one side are non-market values for a range of ecosystem services (Costanza et al., 1997; Daily, 1997; MEA, 2003), and

on the other, market values for homes or square metres of mall space developed with estimates of incremental property

and sales taxes. A range of environmental economics methods afford some balance in policy debates by providing

robust estimates of non-market values of public goods, such as riparian ecosystem services (Farber et al., 2006).

Riparian habitat is constituted of vegetation and other features associated with the banks, floodplains and terraces of

ephemeral, intermittent, and perennial rivers. Estimated values of ecosystem services can be used to assess, and in

some cases support, publicly-funded programs, such as riparian restoration and conservation projects, including the

allocation of water to sustain riparian vegetation.

In Tucson, Arizona the perceived scarcity of, and competition for, water fuelled a public-policy debate in late 2009

and into 2010 about treated effluent set aside for environmental purposes. The issue arose as City (Tucson) and County

(Pima) officials neared the adoption of a procedural agreement on how to manage treated wastewater for riparian

restoration and conservation projects. In response, the Tucson Regional Water Coalition (TRWC, 2009), a union of

Tucson area business organizations, submitted a White Paper entitled ‘‘Water as an Economic Resource’’ to the City

and Council in August 2009. The paper lays out an argument to review, and perhaps overturn, the decision to allocate
* Tel.: +61 0459842377; fax: +61 08 83038601.

E-mail address: Rosalind.bark@csiro.au.
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treated wastewater to environmental uses. The TRWC argument was that the treated effluent is so valuable that it

should not be set aside for environmental restoration but used for alternative uses. City officials contacted the author to

provide testimony at a City and Council public meeting on the environmental benefits of metropolitan riparian areas. A

later outcome of this engagement is this paper in which we address the policy controversy, describe how treated

wastewater is currently used and allocated, and evaluate the reallocation of set aside treated wastewater to the southern

parts of the Santa Cruz River from current discharge points in the north of the metropolitan area.

2. Study area

Tucson, Arizona is a city of almost 550,000 people: the Metropolitan Statistical Area (MSA, Pima County) has a

population of just over 1 million (US Census Bureau, 2009 estimate). It is a fast growing MSA ranked thirty second in

the nation, growing 26.5% between Census 1990 and Census 2000. Tucson is characterized by low-density suburban

and exurban growth (Esparza & Carruthers, 2000). Development pressure has generated concern that too much of the

natural desert landscape is being lost and that quality of life will inevitably decline. Urban open space consists of

undeveloped desert-vegetated parcels, parkland, golf courses, and riparian habitat. The provision of public goods such

as parks, open space, and riparian corridors is one aspect of quality of life. There is some evidence that cities and towns

in the Rocky Mountain West that preserve public green space and open space are more attractive to new businesses and

thus ‘‘long-term prosperity may depend upon the preservation of natural amenities’’ (Carruthers & Vias, 2005: 43).

Boulder, Colorado and its open space policy provide an example of how job growth and development can centre

around natural amenities and superior public good provision (Riddel, 2001). Preservation of open space is a policy

priority in Tucson. The voter approved Sonoran Desert Conservation Plan (SDCP) aims to preserve desert landscapes

and riparian habitat, as well as restore sections of the riparian corridor adversely impacted by flood control

infrastructure and groundwater pumping of the aquifer that accompanied urbanisation (Stromberg, 2001).

Restoration of the riparian corridor will require supplementary water. The focus of this paper is the policy debate

surrounding the allocation of 12.33 giga litres (GL, 10,000 acre feet, af)1 of treated effluent to the Conservation

Effluent Pool (CEP) for riparian habitat preservation and restoration. First, we summarize the water supply and

demand ‘‘check book’’ for Tucson. We then proceed to describe the purpose of the CEP before we estimate the

externality benefits of three Riparian Projects2 along the Santa Cruz River using the benefits transfer approach. Finally,

we address the conflict between water users over the allocation of treated wastewater to the CEP.

2.1. Tucson’s water supplies and wastewater allocation

Tucson is semi-arid3 receiving an annual average 309 mm of precipitation and average annual temperatures are

20.4 8C (1971–2000, National Weather Service4). Potential evapotranspiration exceeds precipitation more than six

fold, meaning that lush riparian vegetation depends on perennial flows or groundwater supplies.5 Today, imported

surface water supplies underpin continued strong population growth in the Tucson metropolitan area. Groundwater

overdraft under much of the city (and more generally in the three central counties of Maricopa, Pima, and Pinal) not

only dewatered perennial streams and increased subsidence risk but was a central reason for the federal government’s

funding of the construction of the Central Arizona Project (CAP) and subsequent state groundwater management

legislation (Wilson, 2002). The CAP conveys a portion of Arizona’s Colorado River water entitlement from the

mainstem of the Colorado River into CAP’s three county service area. The City of Tucson now relies on its long-term

CAP subcontract to meet water demands: it is phasing out its reliance on groundwater.6 CAP water is not direct

delivered but rather is recharged into the aquifer where it mixes with native groundwater before it is pumped into the

metropolitan water utility’s, Tucson Water’s distribution system.
1 We have included acre feet measurements for our readers who work with Imperial measures.
2 Two of the riparian projects are proposed and one is an unplanned riparian project.
3 Köppen Climate Classification, Bwh.
4 See, http://www.wrh.noaa.gov/twc/climate/tus.php, accessed August 10, 2010.
5 See, http://ag.arizona.edu/AZWATER/publications/sustainability/report_html/chap1_02.html, accessed August 10, 2010.
6 Since 2001 Tucson Water has ceased groundwater production at 80 in-town wells and groundwater levels are slowly recovering reducing

subsidence risk. See, http://www.ci.tucson.az.us/water/clearwater_faqs.htm, accessed August 12, 2010.

http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf
http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf
http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf
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The City of Tucson has a CAP subcontract for 177.83 GL (144,172 af), however it has not yet ordered its full

allocation for direct and indirect use.7 In 2008, the City of Tucson ordered 158.21 GL, in 2009 126.60 GL, and in 2010

it scheduled the delivery of just 115.95 GL. This downward trend in water orders is a result of budget difficulties in the

City and at Tucson Water: water sales have declined with the deep recession and wave of home foreclosures.

Unordered CAP water saves money in the short-term (CAP rates for municipal long-term subcontracts were $73,775

per GL in 2008 rising to $95,664 per GL in 2010; $91 per af and $118/af), but there is a long-term trade-off in that less

water is stored now (in aquifers) for future use during times of drought in the Colorado River basin.

Demand, met by Tucson Water in 2007, was approximately 134.45 GL (109,000 af) of potable water.8 Two-thirds

of water delivered is used indoors by Tucson Water customers and returned for treatment at WWTPs and one-third of

total potable deliveries are consumptively used (irrigating residential landscaping, washing cars, and in pools, or lost to

leaks9) and lost to the system.10 In that same year, wastewater treatment plants (WWTPs) in eastern Pima County11

treated 89.54 GL (72,588 af) of wastewater.12

Tucson Water developed and operates an extensive reclaimed water system that indirectly conserves potable

supplies by providing substitute reclaimed water for turf irrigation. However, not all treated effluent is consumptively

reused; a large proportion is discharged into the Santa Cruz River. The pattern of treated effluent ownership13 is the

result of Intergovernmental Agreements (IGAs) between towns in the Tucson Basin.14 The IGAs also permitted the

transfer of treated effluent entitlements to settle litigation with the Tohono O’odham Nation (TON). The settlement of

Native American, specifically the TON’s water rights under the Southern Arizona Water Rights Settlement Act of

1983 (SAWRSA, amended in 1992 and in the Arizona Water Settlement Act, 2004: AWSA) assigned 34.78 GL

(28,200 af) of the City’s (and later IGA partners) annual effluent entitlement to the Secretary of the Interior to hold for

benefit of the TON. The TON refused to accept treated effluent as part of its settlement water portfolio, however, the

treated effluent remains the property of the federal government which can sell or lease the treated effluent (including

any groundwater recharge credits created) to other parties (Bark, 2009).

Metropolitan treated effluent generated is either used to irrigate turf or it is discharged into the Santa Cruz River from

the two metropolitan WWTPs that are both located northwest of the city and adjacent to the river (the river flows north

meaning that discharged effluent flows away from the city). In 2007, total effluent delivery for golf courses (a total 19

courses) through the reclaimed system was 14.57 GL (11,816 af).15 The reclaimed water system also serves entities

located near the reclaimed pipe network: 47 parks; 61 schools including the University of Arizona and Pima Community

College; plus over 700 single family homes. However, the single largest use of treated effluent is non-use16; a little over
7 Indirect use is where CAP water is ordered and delivered, but not immediately consumed, but rather recharged in aquifers for future use.
8 Tucson Water has 225,000 customers (�775,000 population served) in its 906 km2 mile service area, see, http://www.ci.tucson.az.us/water/

about_us.htm, accessed August 10, 2010.
9 Leaks may account for as much as 10% of Tucson Water total deliveries. Tucson Water is implementing a replacement meter program, a water

main replacement program, and adjusting water pressure to reduce the proportion of unaccounted for water.
10 The Arizona Department of Water Resources (ADWR) acknowledges that at least some of the water used outdoors or lost to leaks might reach

the aquifer and thus credits Tucson Water 4% of its total water deliveries from the previous year with what is termed an ‘‘incidental recharge credit’’.
11 The two largest plants are the Ina Road Water Pollution Control Facility and the Roger Road Wastewater Treatment Plant. The third metropolitan

wastewater plant is the Randolph Park Wastewater Reclamation Facility. There are eight wastewater treatment plants in the outlying areas.
12 Of which, metropolitan wastewater treatment plants produced 84.25 GL (68,299 af) and the remaining 5.29 GL (4289 af) was produced at

outlying treatment facilities.
13 The owners of the metropolitan effluent, based on 2007 effluent volumes, are: the City of Tucson (45.5%), Metro Domestic Water Improvement

District (Metro Water, 2.8%), Oro Valley (2.5%), Pima County (4.4%) and the federal government (41.3%).
14 In 1979 an IGA transferred the City of Tucson’s sewer system to Pima County: it retained a 90% ownership of treated effluent produced at

metropolitan facilities and the remaining 10% is Pima County’s share. In later agreements the City divided its share of metropolitan treated effluent,

as well as its CEP and SAWRSA obligations, with new water providers in the northwest of Tucson, Metro Water and The City of Oro Valley.
15 Information from Karen Dotson, Pima County. Golf course irrigation accounts for 70%, 60%, and 84% of the City of Tucson, Pima County and

Oro Valley’s delivered treated effluent allocation, respectively.
16 Partial benefits accrue for this non-use. The federal government, Metro Water, the City of Tucson, Pima County, and Oro Valley all participate in

the Lower Santa Cruz River Managed Recharge Project which is upstream of the Roger Road WWTP. ADWR permits owners of the treated effluent

discharged into this project to receive 50% credit for the volume of effluent that reaches the aquifer in the form of groundwater recharge credits

(GWRCs). In 2007, the City of Tucson discharged 22.10 GL (17,919 af) into this project and earned 6.27 GL (5080 af) in GWRCs. Pima County

discharged 3.59 GL (2912 af) and earned 0.75 GL (604 af) in GWRCs. Another managed recharge facility, the Upper Santa Cruz River Managed

Recharge Project (Phase I), is operated by the City of Tucson and Reclamation. The City of Tucson accrues approximately 2.84 GL (2300 af) in

GWRCs per year.

http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf
http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf
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three-quarters of the effluent produced at the WWTPs (64.58 GL, 52,352 af) in 2007, was discharged into the Santa Cruz

River. This included the entire federal and Metro Water’s allocations, the entire CEP, and portions of the City of Tucson’s

and Pima County’s shares. Treated effluent discharged into the Santa Cruz River supports an unplanned riparian

restoration project, the Tres Rio del Norte (TRdL) project. There are opportunity costs to this discharge that we

investigate in this paper.

2.2. The Endangered Species Act and the Conservation Effluent Pool

The Endangered Species of Act of 1973 was amended in 1982 and in 1983 the U.S. Congress adopted Section 10.

Section 10 provides a mechanism whereby non-federal entities can develop sites that are habitat to endangered

species, or where development might harm these species, if they minimize harm and mitigate their activities. The

party has to submit a Habitat Conservation Plan (HCP) to receive an Incidental Take Permit (ITP, under ESA

§10(a)(1)(B), 16 U.S.C. §1539). The policy permits the substitution  of preserved or rehabilitated  habitat elsewhere

for a take.

As a federal statutory requirement, the ESA poses challenges for governments and landowners affected by the Act.

Because ‘‘taking’’ is broadly defined, ESA permits are essential to conducting government (infrastructure replacement

and development) and private development activities (commercial, industrial, residential) in a critical habitat. It is for

this reason that the City of Tucson Mayor and City Council Representatives (Mayor and Council) and the Pima County

Board of Supervisors decided to make the CEP available for HCPs without parties having to submit to an additional

process to obtain a permit. Any party that obtains a Section 717 or Section 10 permit from the U.S. Fish and Wildlife

Service can use the CEP to meet the requirements of the permit. This decision means that the CEP is a public good for

Pima County.

The 2000 City/County Supplemental IGA stipulates up to 12.33 GL (10,000 af) of reclaimed water18 be made

available for the CEP to be used for Riparian Projects that are either: part of a HCP approved to meet Section 7 or

Section 10 requirements of the ESA; or for ‘‘Riparian Projects’’ for environmental restoration mutually agreed upon

by both parties. The first priority for the CEP is for HCPs, and only after ESA needs are met, is CEP effluent available

for non-HCP Riparian Projects. Note that the party receiving the ITP for a HCP need not be one of the entities that

generates the effluent. CEP effluent can be used anywhere in Pima County but the effluent has to be sourced from the

metropolitan WWTPs of Ina Road and Roger Road. However, as yet, no party has obtained CEP effluent for ESA

permitting. This has meant that to date all CEP has been discharged into the Santa Cruz River.

One reason the CEP has neither been designated for a HCP nor a Riparian Project is that the City and Council and

Pima County Board of Supervisors have yet to sign a procedural agreement that would establish: how a party could

apply for CEP effluent; City and County responsibilities for oversight and monitoring of the CEP; prioritisation of

projects; and the tracking of CEP effluent and permits. A procedural agreement is pending and is likely to be submitted

to City and County governing boards for approval soon. Criteria to access the CEP are being established. To maximise

the benefits from the CEP projects that: require start-up water (revolving project), but where the CEP is replaced over

time with an alternative water source, such as harvested rainwater and stormwater; are multi-purpose, supporting

riparian habitat, recreation, recharge, and flood control objectives; and are nearby existing reclaimed pipelines, to

reduce costs, are likely to be prioritised. We suggest another requirement, that Riparian Projects which are in-town also

be prioritised as these provide opportunities for large numbers of homeowners and residents to directly benefit from

conservation and rehabilitation activities.

The costing of CEP water is a function of the reliability of supply. If a project uses Tucson Water’s reclaimed water

system to wheel (i.e., convey) the treated effluent, the HCP or Riparian Project will pay one of two rates. The

interruptible environmental rate is equal to the variable costs of conveying the water; capital costs are excluded.

Interruptible means that if there are higher-priority users for the treated effluent, for example for golf course irrigation,

these demands are met first, and only if there is sufficient supply and pipeline capacity, are interruptible demands met.
17 Section 7 of the ESA requires that ‘‘. . . all federal agencies must take such action as is necessary to insure that actions authorized, funded, or

carried out by them do not jeopardize the continued existence of’’ threatened and endangered species (ESA §7, 16 U.S.C §1536).
18 In 2007 Tucson Water held 76% of total non-federal effluent entitlements, Pima County 10%, Oro Valley 6.5%, and Metro Water 7.4%. Based on

this breakdown their respective CEP contributions would have been 9.38 GL, 1.23 GL, 0.80 GL and 0.92 GL (7605 af, 1000 af, 651 af and 744 af,

respectively).
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The interruptible rate, $275,106 per GL ($339 per af), consists of an environmental rate plus the Pima County

wheeling rate, $218,674 per GL and $56,432 per GL, respectively ($270 and $70 per af). If a project needs a more

reliable water supply, i.e., a non-interruptible supply, then the HCP or Riparian Project must pay the full treated

effluent rate, including capital costs, of $645,440 per GL ($796 per af). In addition, although Tucson Water’s reclaimed

water system is extensive, if a proposed Riparian Project is not located near the system, it must pay to have the system

extended: this would increase project costs.

3. Non-market valuation and public policy

This section summarizes the results of two non-market valuations of riparian habitat in Arizona and transfers these

benefits to three Riparian Projects in the Tucson metropolitan area. The estimates from the non-market valuations are

then compared with the cost of supplying incremental water to support the projects. This exercise permits the

screening of each project’s feasibility.

3.1. Benefits transfer method

Eshet, Baron, and Shechter (2007) provide good background on the benefits transfer method. The approach

transfers existing non-market values from one or more study site(s) to another policy site. This transfer should be

ecosystem service specific. Economists use benefit transfer techniques because it is expensive and time consuming to

undertake original valuation research. Farber et al. (2006) provide some guidance on contexts in which such transfer is

defensible. In the U.S. the federal government is a key ‘‘consumer’’ of benefits transfer studies and much of the

literature on the approach pertains to U.S. benefit transfer examples. Guidance from the U.S. federal government

recommends a close correspondence in the ‘‘comparability of the users and of the natural resource and/or service being

valued in the initial studies and the transfer context; the comparability of the change in quality or quantity of the natural

resources and/or services in the initial study and in the transfer context (where relevant); and the quality of the studies

being transferred’’ (FedReg, 1996: 499). For our benefits transfer the study and policy sites are all located in

southeastern Arizona; all are located along the same river and are/would be supported by treated effluent. The large

sample size at the study sites and policy sites should reduce errors, and by constraining the analysis to those homes

proximate to the riparian corridor, the information could be useful in assisting local and county policymakers in

prioritising Riparian Projects.

There are three main approaches to benefits transfer: mean unit value transfer, benefit function transfer, and meta-

analysis functions transfer. In the first the average unit value of an environmental resource from a research project site,

a ‘‘study site’’, is applied to a geographically or temporally separate new project site or ‘‘policy site’’ (Farber, 1998).

The second methodology transfers the estimated values of the benefit function to the policy site in order to account for

demographic and environmental variability between the study and policy sites (Rosenberger & Loomis, 2003). The

validity of these two methodologies is assumed to improve if the study and policy sites are similar in terms of

geography, type and level of environmental amenity, and the socio-economic profile of the population or information

on their characteristics is available (Boyle et al., 2009). Chattopadhyay (2003) finds that where study and policy sites

are similar the unit value transfer approach is more appropriate. The meta-analysis approach uses the information from

many studies; the regression function generated accounts for more of heterogeneity at the study sites. In this benefits

transfer, we use the simplest and most transparent unit value approach.

Non-market values are transferred from southeastern Arizona to Tucson and from northeast Tucson

to northwest Tucson. We note that there are population and perhaps attitudinal differences between the study

sites and policy sites that may affect the reliability of the benefits transfer (Loomis & Rosenberger, 2006; Rolfe,

2006). The first study site is semi-rural and the river currently supports a rich riparian corridor (SI, 2009: 19) and

the second study site is a higher elevation foothills location with some remnant riparian habitat and mostly

ephemeral rivers. The policy site is diverse, with exurban and urban housing markets and large stretches of

ephemeral washes that support little or no riparian vegetation. But there are also similarities between the attributes

of the study sites and policy sites: the first study site and the policy sites are all located along the Santa Cruz River

and the riparian vegetation that currently exists, or is proposed, will be supported by treated effluent. The second

study site is in Tucson’s metropolitan area and supports a diverse riparian habitat such as that planned for the

policy sites.
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We acknowledge that there are issues with benefits transfer but the benefits transfer study undertaken here is a

screening or ranking exercise designed to inform decision makers (Moeltner & Woodward, 2009) about wastewater

allocation.

3.2. Benefit transfer: study sites

We utilize two hedonic property price studies that estimate the value of effluent-supported and remnant riparian

vegetation, respectively, to nearby homeowners in Arizona (Bark, Osgood, Colby, Katz, & Stromberg, 2008; Bourne,

2007). The hedonic method is a revealed preference method for valuing non-market goods. The method uses actual

single-family residential market sales data and regresses these values on the structural, neighbourhood, and

environmental features of homes. Intuitively housing prices are affected by location, not only by jurisdictions such as

neighbourhoods or school districts, but also by the nearby environment, such as golf courses, parks, and riparian

corridors. The basic premise of the method is that the value of a home can be separated into its constituent features or

characteristics (Rosen, 1974), for example how many bedrooms, bathrooms, and garage spaces it has, its age, school

district, and location. If it is found that there is a statistically significant premium, or discount, for location, holding

others factor constant, it is this value that is attributed to the location. The disadvantages of the method are the time and

expense of conducting hedonic studies (hence the need for benefit transfer), the large amounts of data to collect and

manage, and issues of model specification.

Bourne (2007) found evidence that riparian habitat supported by treated wastewater is an amenity benefit to

nearby homebuyers in the Upper Santa Cruz River riparian corridor in the communities of Tubac and Rio Rico,

Santa Cruz County, Arizona. These two towns are located 72 km and 92 km (45 mi and 57 mi), respectively, south

of the Tucson metropolitan area. For 25.75 km (16 mi) upstream of the Nogales International WWTP (NIWWTP)

the Upper Santa Cruz River is a perennial stream dependent on treated wastewater. The NIWWTP generates

0.06 GL of treated wastewater (46.03 af) per day or 20.73 GL annually (16,802.16 af per year).19 The study

utilizes data from 1272 single-family residences (1401 sales) that sold between January 2001 and October 2005.

The author determines that at a distance greater than 1.77 km (1.1 mi) proximity to the riparian corridor no longer

adds value to a home. In her sample, 786 homes are within this threshold distance of the riparian corridor. Within

this buffer zone house price premiums vary with distance and average $3814 per home (in 2001$) or 3.1% (some

homes experience a 5.8% premium). Bourne estimates that the total house price premium attributable to the

riparian corridor is $2.53 million (in 2001$) for these 786 homes. The author notes that this study only captures a

small part of the overall ‘‘value’’ of the Upper Santa Cruz riparian corridor: the premium value to homebuyers

that likely pay more to live near a treed-corridor, i.e., aesthetic value. It does not capture the aesthetic values for

tenants and visitors, nor the value of other ecosystem services such as aquifer recharge, wastewater treatment,

recreation, and option and existence values. Bourne’s research is relevant to an assessment of the expected value

of the CEP because she found statistically significant premiums for proximity to a treated effluent-supported

riparian habitat.

Bark et al. (2008) investigated how the quality of the nearby riparian vegetation affects house prices. Riparian

ecological survey data was collected at 51 stratified-random sites in the 200-km2 study area in northwest Tucson in

2003. Four metrics for riparian vegetation health: wetness, diversity, biomass and upland connectivity were included in

the hedonic model. The authors buffered the riparian corridors by a narrower buffer than that used in Bourne (2007), a

0.32 km (0.2 mi) buffer, and selected all the 1998–2003 single-family residential sales within these buffers. The

authors ran a number of semi-log hedonic property price models for the entire six-year dataset and also for those sales

in 2003 against standard structural and neighbourhood variables (school districts and south or north of the main dry

river, the Rillito River) as well as the riparian vegetation quality variables and binary variables indicating riparian

corridor size. Results from their 1998–2003 Schools Model show a combined value equivalent to a 4.1% premium on

the average sales price for average measures of riparian health.20 Two other model specifications estimate this
19 Since the completion of this study the NIWWTP has undergone a $60 mn upgrade that has improved water quality and odour concerns and

perhaps increased the associated value of the ecosystem services provided by the riparian corridor that is supported by the treated effluent (SI, 2009).
20 This premium is for combined average Biomass + Wetness + Diversity + Upconn hedonic values ($7439) and an average house price of

$183,045.
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premium at between 3.0% and 7.6%.21 For their 978 sales dataset, the property price premiums attributable to the

riparian vegetation are between $5.34 million and $13.63 million (in 2003$).

The features of riparian health that were most highly valued are the same in two specifications (school and

elevation): upland connectivity, followed by wetness then diversity. This research provides estimates of value for

riparian health and a ranking of homebuyers’ valuation of specific features of riparian habitat health. The three

Riparian Projects discussed in the following section will, or do have, such features. The most highly valued feature,

upland connectivity, is a priority for the projects: the three projects together would create a continuous 48 km urban

riparian corridor.

3.3. Benefit transfer of non-market riparian vegetation values: policy sites

The three policy sites described below are all Riparian Projects but could also qualify as potential HCP sites. The

Santa Cruz River runs south to north through the Tucson Metropolitan area. In ArcGIS 9.1 we split the Santa Cruz

River into the three riparian restoration projects. From south to north (upstream to downstream) they are: Paseo de las

Iglesias (PdlI), El Rio Medio (ERM), and Tres Rios del Norte (TRdN).22 The last project is an unplanned riparian

ecosystem that developed in response to treated effluent discharge at both the Roger Road and Ina Road WWTPs into

the Santa Cruz River. Thus the benefit transfer estimated values for the TRdN policy site are value estimates for this

unplanned project and the CEP wastewater it receives. The southern two sections are currently dry riverbeds that

support little vegetation. The PdlI and TRdN policy sites have recreational access with shared-used walking trails and

bicycle pathways (Santa Cruz River Trail) whereas the ERM policy site has a proposed shared-used pathway. The Bark

et al. (2008) study site has a shared-used pathway (Rillito River Park Trail), whereas the Bourne (2007) study site does

not host dedicated shared-used pathways. Enhanced recreational experience with improved vistas is another potential

benefit of riparian restoration.

The benefits accruing from riparian restoration projects will take time to be realized. A similar project in the

Phoenix metropolitan area, the Rio Salado Habitat Restoration Area, was approved in 2001, designed between 2002

and 2004, and today is an example of a successful urban riparian restoration project (DeSemple, 2006). Restoration in

that case not only involved returning water to the riparian corridor, but also construction of earth works, tree

replanting, and recreation infrastructure. Most of the design, engineering and construction costs are one-time costs,

whereas irrigation costs are on-going costs that must be borne by the project funders.

Neither the PdlI nor ERM are yet funded but both are in the late planning stages. For example the PdlI project

envisages the restoration of 2025 ha (5005 acres) along a 12.1 km (7.5 mi) stretch in south and downtown Tucson.23

The plan has three features that homebuyers and riparian ecologists value: diversity, wetness and upland connectivity

(Bark et al., 2008). Furthermore this section of the Santa Cruz includes many South Tucson, south of downtown and

downtown neighbourhoods which can benefit from the restoration project. The project would contract for up to

2.47 GL (2000 af) of the CEP. At the interruptible rate, including wheeling costs, the variable costs of this project

would be $678,675. In order to screen or rank Riparian Projects that might use the CEP, project costs (fixed and

variable) can be compared to the property price benefits accruing nearby homebuyers and associated incremental

property tax revenues.

Each of the three Riparian Projects was buffered with a 1.77 km (1.1 mi) buffer (like the Bourne, 2007 study site the

floodplain is flat and wide at the policy sites). All parcel points within the buffers were selected and then joined to the

Pima County Assessor’s 2010 single-family residence (SFR) database. We excluded commercial properties, vacant

land, condos and apartments from the analysis. The dataset includes 17,525 homes in PdlI; 8310 SFR in ERM; and

9146 SFRs in TRdN. We then estimated the sales prices of these homes using information on the average assessed

value to sales value ratio, which varies by economic district.24 For our purposes we averaged this ratio in each of the

study areas to get a ratio of 78.6% in PdlI, 80.3% in ERM, and 79.3% in TRdN. Using these estimated sales prices we

transferred the 3.1% sales premium attributable to riparian vegetation from Bourne (2007). The dollar premium per
21 These premiums are for the 1998–2003 River and Elevation specifications, respectively.
22 See http://cms3.tucsonaz.gov/planning/prog_proj/projects/elrio/index.html, accessed September 10, 2010.
23 The ERM would restore 1083 ha (2675 acres) along a 7.2 km (4.5 mi) stretch of the river and the TRdN would restore 8013 ha (19,800 acres)

along a 29 km (18 mi) the northern most stretch of the Santa Cruz River in Pima County.
24 See http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf, accessed 9 September 2010.

http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf
http://www.asr.co.pima.az.us/pdf/2010EcoDistricts.pdf
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Table 1

Estimated values using benefits transfer, in $ millions ($2001 and $2003).

Policy site # of homes

in buffer

Total assessed

value

Total estimated

sales price

Bourne premium

(Bark et al. premium)

Incremental property

tax revenues

PdlI 17,525 1,852 2,357 73.1 (96.6) 0.67 (0.88)

ERM 8,310 1,122 1,427 44.2 (58.5) 0.41 (0.54)

TRdN 9,146 1,710 2,158 66.9 (88.5) 0.58 (0.77)

Total 4,684 5,942 184.2 (243.6) 1.66 (2.19)
house in the policy sites is estimated to be $4169, $5323 and $7315 as we move upstream. For an upper bound estimate

we used the 4.1% premium from Bark et al. (2008) applying it to all homes in the buffer. This premium is within

Baskaran et al.’s (2010) 30–80% error bounds.

In the final step we estimate the incremental property revenues using an estimate of the property tax rates in each

study area. Property tax rates consist of many separate components some of which are determined by location, i.e.,

school districts, fire districts, water districts and jurisdiction, i.e., by city or unincorporated County as well as other

taxes. Because of the complexity of the property tax system we estimated property tax rates by randomly selecting in

Excel 30 parcels from each sub dataset (PdlI, ERM, TRdN), manually recording the 2010 property tax bill and

calculating the property tax rate using the 2010 assessed value. We did this for each jurisdiction: the City of South

Tucson, the City of Tucson, Pima County, Marana, and ‘‘unassigned’’ and then averaged the tax rate.25

Table 1 records the estimated incremental property tax using these jurisdictional tax rates. Note that, because

property taxes are levied on 10% of the home’s assessed value, we multiplied the estimated sales premium by the

assessed value: sales price ratio, then by 10%, then by the property tax rate. The per-house estimated incremental

property taxes paid by homeowners in PdlI are $38, in ERM $49 and in TRdN $64. These estimated incremental

property taxes, without the need for any surcharges, would cover the marginal costs of wastewater for the PdlI

project. The ERM project is smaller in scope than the Pdll and depending on the volume of supplementary water

required; it may or may not pass this cost–benefit test. The TRdN is an unplanned Riparian Project; the estimated

$66.9 million premium, calculated by transferring benefits from Bourne (2007), is an estimate of the value of this

riparian habitat to nearby homeowners. Unlike the ERM and PdlI stretches, there is no requirement for

supplementary water at this site, but, if the CEP were fully utilized on HCPs and Riparian Projects, discharge would

be reduced from the current 64.58 GL (2007 figure) by 12.33 GL; there might be some marginal negative impact to

the riparian habitat at TRdN.

4. Discussion

There is a continuum of water use from out-of-channel consumptive uses to in-channel environmental uses. Treated

wastewater, like storm water, is a resource that is often perceived as best managed when it is disposed of quickly. As

water budgets tighten and concerns about future droughts grow, water managers are taking a second look at these two

water sources. The substitution of storm water or treated wastewater for potable supplies, where such substitution is

feasible and defensible, is an efficient use of water. Public acceptance of potable uses of these water supplies is likely

low (Nancarrow, Leviston, & Tucker, 2009). The treated effluent set aside to support the CEP demonstrates an

evolution in the value and use of treated effluent from discharge to substitution for groundwater irrigation of turfed

areas, to supporting HCPs and non-federally mandated Riparian Projects.

Tucson Water developed a large reclaimed water system to meet the public’s desire to irrigate golf courses with

non-potable supplies. This system now can be used to meet other goals such as riparian-corridor habitat enhancement.

To this end we conducted a simple cost–benefit analysis using benefits transfer from two hedonic property price studies

(Bark et al., 2008; Bourne, 2007) and compared estimated benefits to the variable costs of funding Riparian Projects.
25 The rates for PdlI are: 10.093% unassigned, 11.517% Tucson, 9.423% South Tucson, 13.671% PC and average 11.17%. For ERM they are:

13.257% unassigned, 11.139% Tucson, 12.782% PC and 12.483% average. For TRdN they area: 13.273% unassigned, 11.922% Tucson, 12.244%

PC and 11.99% average.
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We find that the estimated incremental property tax revenues associated with property price premiums are sufficient to

pay for the variable costs of the PdlI Riparian Project. We also find that the current unplanned Riparian Project, TRdN,

likely generates large premiums for homeowners. This premium is an estimate of the non-market externality benefits

of discharged treated effluent at this site.

The policy controversy stems from the perceived opportunity costs of the CEP. In the TRWC White Paper (TRWC,

2009) the replacement cost of the wastewater is used as a proxy for the opportunity costs forgone by allocating this

water to the CEP. The replacement cost is estimated as the cost of purchasing high priority water rights from irrigation

districts along the mainstream of the Colorado River. Such water rights are estimated to cost $4.05 million per GL

($5000 per acre foot) and therefore the White Paper estimates the opportunity costs of the CEP allocation at $50

million ($4.05 mn � 12.33 GL). The argument continues that if Riparian Projects supported by the CEP do not return

values approaching this figure that the water should be used for urban uses. Our benefits transfer study suggests that the

estimated private externality benefits of riparian habitat, in terms of property premiums, exceed this (see Table 1).

However, there are other problems with the paper that we first discuss before concluding on how non-market valuation

can even the playing field in such policy debates.

Treated effluent allocated to the CEP should not be considered equivalent to high-priority Colorado River water.

One is an uninterruptible, highly secure, potable supply and the other an interruptible, non-potable supply. The

possible uses for each water source are very different. It is also unlikely that the City of Tucson would ever consider

Colorado River water as a source for riparian restoration projects. This comparison also presumes that Tucson officials

would, without the CEP, use treated effluent as a potable supply. Currently, the City of Tucson does not order its full

subcontract entitlement of potable water from CAP. The unordered entitlement does not carry over: it is lost to the city.

Until the city orders its full CAP entitlement and fully utilizes its reclaimed water supplies, the opportunity costs of the

CEP are the current uses of the treated effluent. In 2007, 59% of all county and City treated effluent was discharged

into the Santa Cruz River, indirectly supporting riparian habitat. The second-largest use was replacing potable water as

a source of turf irrigation for parks, schools, golf courses, and private residences. It is neither used as a drinking water

supply, nor for recharge for future potable supplies.

The CEP was not set up to trump other uses of reclaimed water: if the full CEP supply is not used in any one year it is

not carried over; rather, it reverts to the ownership of the entity that generated the effluent. To date no treated effluent

has been set aside for the CEP. Furthermore, the volume of water dedicated to the CEP is capped at 12.33 GL

(10,000 af). Therefore, over time the proportion of non-federal treated effluent dedicated to the CEP will fall as water

use and associated volumes of wastewater treated increase with growth. If the entire CEP had been utilized in 2007, it

would represent 14.6% of total treated effluent entitlements, and a quarter of all non-federal treated effluent

entitlements, whereas forecast increases in treated effluent production would, by 2030, bring these percentages down

to 10.5% and 15%, respectively (City/PC, 2009: a total of 117.53 GL or 95,286 af and non-federal entitlements of

82.75 GL or 67,087 af). In addition, Pima County’s non-metropolitan facilities produced 5.38 GL (4362 af) of treated

effluent in 2007 and production is projected to rise to 36.24 GL (29,377 af) by 2030. Some of this treated effluent may

be available for non-CEP Riparian Projects. It should be noted that these outlying WWTPs are not connected to the

reclaimed water system and therefore any projects supported would likely be local projects supported by locally

generated treated effluent.

In our benefits transfer the unplanned TRdN project is ranked second, in terms of estimated benefits, after the PdlI

project. The CEP, if operational, would reallocate a fifth of the treated wastewater currently discharged to the Santa

Cruz River: this reduction might have an adverse impact on the riparian habitat north of the metropolitan WWTPs, the

TRdN. We do not have information on what these ecological impacts might be; however, some of these impacts are

likely outside of our study area of Pima County because much of the discharge flows into the upstream county of

Pinal.

For the period of time in which the Tucson area does not fully use its potable and effluent entitlements there is a

window of opportunity to utilize the CEP as it was intended – to support HCPs and for county and city approved

Riparian Projects. The development community, far from being harmed by the CEP, is a direct beneficiary of it:

without it, some infrastructure (roads, bridges, flood control, utility corridors) and development projects (commercial,

industrial, residential) in sensitive areas might have to be forgone. With it these projects can go ahead, with developers

and the city potentially generating mitigating credits with CEP-supported Riparian Projects. The real opportunity costs

of not utilizing the CEP are future development and infrastructure improvements. The real opportunity in the CEP is to

design, plan, and construct multi-benefit Riparian Projects that beautify neighbourhoods; create recreation
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opportunities; and incidentally improve flood control, storm water management as well as providing water quality

benefits and infiltration to the aquifer, which in turn make Tucson a better place to live and a more attractive tourist

destination.

Finally, the lessons learned in: passing legislation establishing the CEP; how to implement CEP-supported riparian

restoration and conservation projects, including the ecological and cost–benefit principles used to prioritise projects;

and working across jurisdictions, can provide guidance to officials in other arid and semi-arid regions that are

experiencing similar conflicts over water use and have pressures to conserve or rehabilitate water-dependent habitat.
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