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Abstract: In the Santa Cruz Watershed, located on the Arizona-Sonora portion of the
U.S.-Mexico border, an international wastewater treatment plant treats wastewater from
cities on both sides of the border, before discharging it into the river in Arizona. These
artificial flows often subsidize important perennial surface water ecosystems in the region.
An explicit understanding of the benefits of maintaining instream flow for present and
future generations requires the ability to assess and understand the important trade-offs
implicit in water-resource management decisions. In this paper, we outline an approach for
modeling and visualizing impacts of management decisions in terms of rare terrestrial and
aquatic wildlife, vegetation, surface water, groundwater recharge, real-estate values and
socio-environmental vulnerable communities. We identify and quantify ecosystem services
and model the potential reduction in effluent discharge to the U.S. that is under scrutiny
by binational water policy makers and of concern to stakeholders. Results of service
provisioning are presented, and implications for policy makers and resource managers are
discussed. This paper presents a robust ecosystem services assessment of multiple
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scenarios of watershed management as a means to discern eco-hydrological responses and
consider their potential values for future generations living in the borderlands.

Keywords: ecosystem services; effluent; scenario analysis; water policy; public value;
riparian change

1. Introduction

When international borders separate ecosystems, questions of sustainability and resource equity can
get lost in institutional complexity. The geographic, economic and cultural disconnect between land
and water-resource managers and those who benefit from these resources often limit discourse
between them [1], especially in the U.S.-Mexico borderlands [2,3]. Marginalized stakeholders in the
borderlands tend to suffer from the consequences of unsustainable natural resource policies, because
they have less ability to adapt to change [4,5].

Currently, wastewater from Nogales, Sonora, Mexico, is treated in the United States and deposited
into a U.S. river. Associated ecosystem services have not been documented and could be lost if the
effluent is discontinued. Ecosystem services can be described as the benefits people obtain from
ecosystems [6]. Ecosystem services provide a useful way to convey environmental issues for
watersheds that have multiple and sometimes complex administrative boundaries [7]; in some cases,
the valuation of ecosystem services can be used to support and fund riparian restoration and
conservation projects [8]. Our goal is to develop and communicate the most robust representation of
science pertaining to this policy that might be altered by changing it. Using an ecosystem services
framework, we aim to (1) better understand the multiple roots of a historic and pressing binational
water policy issue, (2) provide language to discuss opposing interests and values, and (3) create a basis
for negotiation and policy implementation.

The Santa Cruz Watershed is located on the Arizona-Sonora portion of the U.S.-Mexico border
(Figure 1). Surface water flows north from Nogales, Sonora, Mexico, into Nogales, Arizona, the
United States, via the Nogales Wash tributary of the Santa Cruz River and continues north in the
Colorado River Basin. Within Nogales, Sonora, the 2010 census recorded a population of about
220,000 with a growth rate of 3.2%. In Nogales, Arizona, the 2010 census recorded a population of
only 20,837.

Rapid industrial and population growth in Mexico’s northern-border region has put increased
pressure on state and municipal governments to provide effective and efficient public services,
particularly for potable water and wastewater infrastructure [3,9]. People in Nogales, Sonora, rely on
groundwater supplies from wells located south of the Santa Cruz Watershed, in the Los Alisos Basin
(a.k.a. the Assumption River; Figure 1). Wastewater generated by both Nogales (Ambos Nogales) is
delivered by gravity to the Nogales International Wastewater Treatment Plant (NIWTP), approximately ten
miles north of the border at Rio Rico, Arizona (Figure 2).
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Figure 1. Location map of the Santa Cruz Watershed, Santa Cruz County, towns, streams

and boundaries.
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Figure 2. Map of the Santa Cruz Watershed with close-up view (right) showing the
location of the Nogales International Wastewater Treatment Plant (NIWTP) in relationship
to the rivers and streams, places, watershed boundaries and the Los Alisos Wastewater
Treatment Plant (LAWTP).
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The NIWTP is operated and maintained by the U.S. Section of the International Boundary
and Water Commission (IBWC). Along the U.S.-Mexico border, the IBWC coordinates with its
counterpart in Mexico, Comision Internacional de Limites y Aguas (CILA), to provide binational
solutions to issues that arise during the application of U.S.-Mexico treaties regarding boundary
demarcation, ownership of waters, sanitation, water quality and flood control in the borderlands [10].
Under IBWC’s Minute 276 [11], the total capacity of the NIWTP allotted for Nogales, Sonora, is
limited to 9.9 million gallons per day (MGD), for which Mexico pays the IBWC approximately
$350,000 USD annually [12].

The surface-water flows of the Santa Cruz River are mostly supported by treated wastewater
discharges [13]. In 2009, the NIWTP was upgraded from an aerated lagoon plant to an activated sludge
plant to mitigate excess ammonia, nitrates and biological oxygen demand discharged to the river.
IBWC subsidizes costs for treating wastewater delivered from Sonora up to its allotted 9.9 MGD.
Through mid-2012, wastewater discharges from Nogales, Sonora, have sometimes exceeded treaty
allocations by more than three MGD. Construction of a new plant, the Los Alisos Wastewater
Treatment Plant (LAWTP), was completed in 2012 with support from the U.S. Environmental
Protection Agency (EPA) to treat the excess from Sonora to Arizona, diverting them to the Los Alisos
Basin, south of Nogales (Figure 2).

In compliance with the National Environmental Policy Act (NEPA), EPA prepared an Environmental
Assessment (EA) to analyze the potential environmental impacts on Arizona of upgrades to the
NIWTP in Rio Rico and diversions of wastewater to the LAWTP in Sonora. The findings from the EA
demonstrated little impacts and determined that an Environmental Impact Statement (EIS) would not
be required for the NIWTP upgrade or construction of the LAWTP [14].

There is a potential for increased diversion of treated effluent flows to the Santa Cruz River in
response to future needs for reused wastewater, climate change and/or future cost increases for
wastewater treatment in Arizona. Mexico is under no obligation to deliver any wastewater to Arizona,
under IBWC’s Minute 276 [11]. In the event that the U.S. considers increasing treatment costs and/or
negotiating for the security of wastewater flows from Mexico, it is important to understand the value
of effluent discharged to the Santa Cruz River in Arizona.

A report by the Arizona Cooperative Extension in 2009 shows that less than a third of Arizona
streams and rivers supported by effluent in 1987 remain supported due to diversions for agriculture,
etc. [15]. Global warming is expected to increase temperatures in the next 50 years, further reducing
surface-water runoff [16,17], especially in arid lands [18]. Because of these issues, stakeholders and
citizens are concerned about the volume of water left to sustain flows, groundwater recharge,
vegetation and associated values for wildlife and human populations in Arizona [19,20].

The most obvious impact of the treated effluent is the Santa Cruz river riparian area and the
multitude of plant and animal species that inhabit the area. The Tucson Audubon Society manages a
9.5 km riparian corridor north of and including Tumacacori National Historical Park (TUMA),
and the Park itself is designated an Important Bird Area (IBA; Figure 2). The IBA is made up of a
cottonwood-willow riparian corridor that is the primary habitat for a number of bird species of conservation
concern, both globally and nationally (e.g., Bell’s vireo (Vireo bellii), yellow-billed cuckoo (Coccyzus
americanus) and gray hawk (Buteo nitidus)), as well as species in rare/unique habitat (e.g., riparian
obligates, like Lucy’s warbler (Oreothlypis luciae) and the summer tanager (Piranga rubra)), who do
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not adapt to non-riparian habitats [21]). A large number of neotropical migrant birds depend on
riparian corridors in the Western U.S. for their summer breeding [22]. Surface flow in this area of the
Santa Cruz River is also important for a number of critical fish, like mosquitofish (Gambusia affinis)
and the longfin dace (Agosia chrysogaster).

In addition to riparian vegetation and wildlife, the benefits of maintaining effluent discharge for
instream flow include the potential for recreation, property value, aquifer storage and groundwater
supply—which is also valuable for off-channel and indirect potable use purposes. Costs of maintaining
instream flow and off-channel use include monetary expenses needed to expand, operate and maintain
the wastewater treatment plants and delivery infrastructure, as well as non-monetary expenses
associated with the potential for effluent to degrade environmental and drinking-water quality. As
future pressures of climate and population change increase, it is important to consider the costs and
benefits of different scenarios of managing binational resources using terminology that can be
acceptable to all stakeholders [23].

2. Materials and Methods

We determined which ecosystem services are of value to stakeholders in the watershed, considered
how they might be altered by subsequent changes in instream flow and modeled potential change
scenarios using a spatially-explicit platform. Results are guided by three goals of valuing ecosystem
services as laid out by Costanza and Folke [24]: ecological sustainability; fairness in resource
distribution; and efficient resource allocation. A benefit transfer is used to calculate monetary expenses
of replacing effluent lost based on the scenarios created. Ecosystem services measured in this study
include water provisioning, vegetation and habitat provisioning; these are compared to real-estate
values, the value to replace water and vulnerable communities.

2.1. Binational Effluent Scenario Development

The NIWTP is currently designed to treat 14.74 MGD with a peak operational capacity 17.2 MGD.
Current discharges average about 15.1 MGD with an annual contribution of 12.5 MGD from Nogales,
Sonora. The LAWTP has just come online in mid-2012 and is expected to divert 2.5 MGD of
wastewater from NIWTP, in Arizona. The wastewater utility in Nogales, Sonora, (Organismo
Operador Municipal de Agua Potable Alcantarillado y Saneamiento de Nogales; OOMAPAS-NS)
hopes to expand LAWTP’s capacity to 7.5 MGD by 2015 [25]. In addition, the uphill pumping station
and the pipeline to the plant are being constructed to potentially handle a volume of up to 17 MGD of
influent to LAWTP. There is no security under Minute 276 [11] for Mexico to continue sending
effluent to Arizona, particularly given the uncertainties associated with climate change, rate increases,
population increases, and water shortages. Considering this, multiple scenarios depicting potential
future discharge from the NIWTP outfall (Figure 3) to the Santa Cruz River were developed as a
percent of the Current Day discharges where 15 MGD of effluent released at NIWTP outfall:

e Scenario 1: 100% or 15 MGD,
e Scenario 2: 83% or 12.5 MGD,
e Scenario 3: 67% or 10 MGD,
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e Scenario 4: 50% or 7.5 MGD,
e Scenario 5: 33% or 5 MGD.

It is important to note that Scenario 5 is equivalent to Mexico diverting 100% of their effluent
contributions in 2013.

Figure 3. Photographs of reaches of the Santa Cruz River moving away from the NIWTP,
where (a) water is being discharged at the outfall of the NIWTP (Photo from Tosline [26]);
(b) the river is flowing northward; (¢) the river is drying out at Amado; and (d) the dry bed
north of Amado (Photos b—d by Sam Treese).

(c) (d)
2.2. Santa Cruz Watershed Ecosystem Portfolio Model (SCWEPM)

The Ecosystem Portfolio Model, an online decision support GIS tool, uses the concepts of the three
“pillars” of sustainability as sub-models: the Ecological-Value Submodel (EVM), the Human
Well-Being Submodel (HWB) and the Market Land-Price Submodel (MLP), which can be analyzed
under various scenarios [23,27,28]. The EPM approach embraces traditional geospatial map overlay
analysis for regional ecological planning, originally introduced by McHarg [29], and provides for
multiple scenarios of ecosystem services provisioning to be visualized for suitability/capability
analysis. Through this process, it is easy to identify where “non-capable” areas can be eliminated and
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also to display an ordinal assignment of suitability to “capable” areas. In the fall of 2009, the EPA’s
Ecosystem Services Research Program (ESRP) joined the U.S. Geological Survey (USGS) to develop
the EPM to examine alternative scenarios of ecosystem service provisioning for the binational Santa
Cruz Watershed [23]. Figure 4 is a conceptual graphic of the three sub-models of the SCWEPM,
attributes and ecosystem services. Products from any of the sub-models can be selected, compared or
bundled to inform decision-makers. Assumptions, uncertainties and the strengths and weaknesses of
the EPM are provided in detail by Labiosa et al. [28]. The EPM does not maintain a steady subset of
models within it, as it is flexible, to apply to different places and different problems; however, the
submodels of the EPM need to be calibrated, depending on their intended application.

Figure 4. Conceptual graphic of the Santa Cruz Watershed Ecosystem Portfolio Model
(SCWEPM), sub-models (in red boxes), ecosystem services (in green boxes) and
quantifiable attributes (in purple boxes).
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2.2.1. Ecological-Value Submodel (EVM): Water, Vegetation and Wildlife Habitat

The biophysical models of the environment contained in the EVM generate quantities of natural
resource provisioning or ecosystem services: visible water, vegetation and wildlife. Results from the
EVM help decision-makers make more informed choices.

The Soil and Water Assessment Tool (SWAT) [30,31] was calibrated to improve model performance
and reliability in this arid-land watershed [32]. Important outputs of the SWAT model include flow,
evapotranspiration, estimates of sediment loads and transmission losses. Herein, we discuss SWAT
output in terms of ecosystem services (visible water). We analyzed the impact of reductions in daily
discharge from 15 to 5 MGD on the current perennial reaches of the Santa Cruz River using the SWAT
model. Currently, the discharges from NIWTP are responsible for keeping about 26 river miles of the
downstream Santa Cruz in perennial flow, which the model divided into separate reaches, portrayed in
Figure 2.

Desert riparian forest is one among the most threatened forest types in the United States, as a result
of river regulation, groundwater over-use and invasive species [33]. Riparian forests are also hotspots
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of animal biodiversity in arid ecosystems [34]. Using Wildlife Habitat Relation (WHR) models in
conjunction with vegetation maps, we quantified and mapped terrestrial vertebrate species richness [34].
We assessed the historical changes in riparian habitat and associated species richness by crosswalking
WHR species richness data to a series of six historical vegetation maps dating from 1936 to 2006.
Historical maps depict the spatial distribution of plant communities defined by dominant life form and
patch structure (e.g., riparian woodland, tree savanna) [35]. We assessed changes in habitat
distributions at Tumacacori (2 km of linear riparian area) and Tubac (1 km), before and after the
introduction of wastewater in 1972. We use these historical, pre-treatment plant data as information to
describe future states of riparian change given the diversion of water from the Santa Cruz River.

2.2.2. Market Land-Price Submodel (MLP)

The Market Land-Price Submodel (MLP) evaluates land price as a function of land use/land cover
(LULC) patterns and other predictor variables. People gravitate toward scenic places, paying more to
live in them than in less attractive areas [36]. A premium is typically paid by buyers of riparian
property of the Santa Cruz Watershed [37-42]. Arora et al. [43] and Amaya et al. [44] studied
different factors that might affect median home values in the U.S. portion of the Santa Cruz
Watershed, using the hedonic pricing method and census data. Census block group data was combined
with GIS data for vegetation and land cover, land administration, measures of species richness and
open space and proximity to amenities and disamenities. Areas with more species-rich habitat in the
U.S.-portion of the Santa Cruz Watershed portray higher median home values, along with those with
closer access to public lands or with relatively more undeveloped private land [43].

A previous study by Bourne [40] quantified an average housing price for homes within 1.1 miles of
riparian vegetation, receiving an average price premium of 3.1%, with premiums ranging as high as
5.8% in Tubac and Rio Rico, Arizona. Estimated median house value in 2009 computed for Santa Cruz
County is $125,907 [45]. If parcels located within 1.1 miles of this river’s reach enjoy an average price
premium of 3.1% of the county’s median house value, the monetary gain that homeowners have for
living near the Santa Cruz River riparian corridor can be approximated as $3903 per home. We used a
parcel map from Santa Cruz County, assuming each parcel has a home on it, to compare our results
with this figure.

2.2.3. Human Well-Being Submodel (HWB)

The SCWEPM’s Human Well-Being (HWB) submodel uses data and models to evaluate a set of
human well-being indicators and metrics of interest to the public, land-use planners and stakeholders.
We developed a Modified Socio-Environmental Vulnerability Index (M-SEVI), using determinants
from binational census and neighborhood data, to identify marginalized communities in the Santa Cruz
Watershed. The M-SEVI is an index that portrays a community’s average levels of education, presence
or absence of access to infrastructure (sewer and/or water lines), migration status (whether or not they
have migrated to the area within the past 5 years), housing-type and average number of dependents [4].
Compared to the rest of the U.S. portion of the watershed, the communities at Rio Rico were identified
as having a low vulnerability; however, communities at Tubac and Tumacéacori were moderately high,
due to a lack of infrastructure. In consideration of environmental justice and to defer any decrease in
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regional quality of life, it is especially important to understand what ecosystem services might be lost
or gained in vulnerable communities.

2.3. Benefits Transfer

Valuation studies can employ benefit transfer as a method to generate monetary value estimates of
ecosystem services, where monetary values estimated at one site are transposed to another [46].
Evaluating substitutes requires understanding replacement costs at policy sites for which to adapt a
value to the study site. In the Santa Cruz Watershed, Colorado River water is delivered to Tucson via a
long system of pipelines called the Central Arizona Project (CAP). Tucson Water Company blends
CAP with groundwater to provide potable water supplies for the city. In FY13, Tucson Water will pay
$144 per acre-foot of CAP water, consistent with prices charged in adjacent municipalities [47,48]. A
study documented by Bark [8] describes the potential to utilize effluent for riparian-restoration—she
clearly denotes that the CAP water is an uninterruptible, highly secure, potable supply, while effluent
is not and should not be compared for such uses in Tucson, Arizona. However, in the case of Nogales,
there is no extra effluent or other sources to fulfill the riparian requirements. Additionally, local
agencies have considered piping CAP water to the area, and therefore, we feel it is an adequate
consideration as the only source of replacement—though we did not consider the additional costs to
extend the CAP water supply in this calculation. We simply estimated the value of binational effluent
to the Santa Cruz River north of the NIWTP as an indicator of the ability to provide ecosystem
services of value to stakeholders using this replacement price.

3. Results
3.1. Scenarios

Surface flows provide many ecosystem services, such as vegetation and habitat for wildlife, as well
as recharge to groundwater resources for water provisioning. Using the sub-models of the SCWEPM,
we mapped and quantified the biophysical outputs and socioeconomic impacts of the scenarios being
considered, where it is assumed the premium will be removed or reduced with less riparian vegetation
and not accounting for willingness to accept values (outlined in Table 1).

The scenarios of effluent discharge in terms of visible water flowing by number of days per year
were plotted in a graph (Figure 5) in relation to the reach identified using the SWAT model (Figure 2).
In our most extreme Scenario 5, where effluent discharge is reduced to 5 MGD, reaches closer to the
NIWTP are not impacted by the change in volume, but those reaches farthest away are predicted to
have up to three times as many dry days per year. As surface flow declines, so does the recharge
to the aquifer. Those reaches that are impacted by perennial flow decline are also impacted by
reductions in percolation and in reaches farthest away from the NIWTP, by as much as 50% from the
current day (Figure 6).

The river at IBA and Tubac will no longer be perennial in Scenario 2, and downstream drying
progresses in further reduction to Scenarios 3 through 5. According to Lite and Stromberg [33],
cottonwood-willow galleries suffer when streams are dry more than 25% of the time. Under Scenario 5
(representing 33% of current day discharge), the river at Tubac (16 miles downstream) will be dry
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approximately 37% of the time (136 days/year), and the IBA, 26 miles, at which the river is perennial

under current conditions, will be dry about 60% of the time (217 days/year).

Table 1. Summary table of impacts to ecosystem services in the Santa Cruz River, Arizona,

for varying effluent release scenarios. IBA, Important Bird Area; TUMA, Tumacacori

National Historical Park.

Effluent Perennial Vulnerable
Vegetation Real-Estate Groundwater
Release Surface . Communities
K Habitat Value Recharge
Scenario Flow Affected
Scenario 1: 18-25 mi. N/A 7,781 parcels with N/A Recharge
100% combined sales price of estimates from
$30,370,153 baseline the channel
~11,160 AFY
baseline
Scenario 2: 16 mi. IBA riparian 7,491 parcels with Tubac impacted Recharge
83% zone impacted  combined increase in estimates from
sales price of the channel
$29,238.,249 decrease by ~4%
(difference/loss of (—428 AFY)
$1,131,904)
Scenario 3: 11.5 mi. IBA riparian 6,684 parcels with Tubac and Recharge
67% zone and north  combined increase in Tumacacori impacted  estimates from
of TUMA sales price of the channel
impacted $26,088,434 decrease by
(difference/loss of ~12%
$4,281,719) (1377 AFY)
Scenario 4: 10.7 mi. IBA riparian 6,405 parcels with Same communities at  Recharge
50% zone and north  combined increase in Tubac and estimates from
of TUMA and  sales price of Tumacacori impacted the channel
TUMA $24,999,464 decrease by
impacted (difference/loss of ~20%
$5,370,689) (2186 AFY)
Scenario 5: 6.3 mi. Same IBA 4,930 parcels with Same communities at  Recharge
33% riparian zone combined increase in Tubac and estimates from
and north of sales price of Tumacacori impacted the channel
TUMA and $19,242.367 decrease by
TUMA (difference/loss of ~32%
impacted $11,127,787) (3564 AFY)




Water 2013, 5 862
Figure 5. Line graph displaying the number of dry days per year that is predicted at each
reach, with varying effluent release scenarios [49], where Scenario 1 is current day or

15 million gallons per day (MGD), Scenario 2 is 12.5 MGD (83%), Scenario 3 is 10 MGD
(67%), Scenario 4 is 7.5 MGD (50%) and Scenario 5 is 5 MGD (33%).
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Figure 6. Column chart portraying predicted transmission losses (cubic meters per second;
cms) at each reach, for varying scenarios [49], where Scenario 1 is current day or 15 MGD,
Scenario 2 is 12.5 MGD (83%), Scenario 3 is 10 MGD (67%), Scenario 4 is 7.5 MGD
(50%) and Scenario 5 is 5 MGD (33%)).
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Based on the historical mapped vegetation data and the WHR models, these riparian forest and
woodlands (RFW) offer potential habitat for 263 species (55 mammals, 169 birds and 38 herptiles),
while other non-forest/woodland (NFW) floodplain types (tree savanna, shrub savanna, shrubland and
strand) provide potential habitat for 99 species (35 mammals, 50 birds and 14 herptiles) [34]. The
historical distribution of these types, along a 3 km stretch of riparian corridor at the IBA, is presented
in Figure 7. Prior to the introduction of treated wastewater, NFW types were the majority cover
type in the area. In 1936, the distribution was about equal, but starting by 1956, there was a steep
decline in RFW and an increase in NFW types (Figure 7). Both types declined slightly between 1956
and 1975. After 1975, with the introduction of effluent, RFW increased slightly and NFW declined.
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Considerable effluent-driven changes are observed from 1983 to 2006, with the decline in NFW and

rapid increase of RFW.

Figure 7. Historical distribution of riparian forests and woodlands (RFW) and
non-forest/woodland (NFW) vegetation along a 3 km stretch of the Santa Cruz River.

1936 1956

A summary of the various effluent-discharge scenarios of the SCWEPM is described below (and

mapped in Figure 8):

e In Scenario 1, where the current 15 MGD are being discharged at the NIWTP, perennial surface

flow is expected to extend across 18-26 river miles, supporting riparian forest or woodland
vegetation, habitat for 267 species and groundwater recharge estimates from the channel at
approximately 11,160 AFY. According to the parcel map, 7781 privately owned parcels of
real-estate exist within the 1.1 mile buffer of the river. This privately owned land calculation
comprises 6331 ha of the 21,116 ha riparian buffer zone. The real-estate value of the riparian
zone in RFW status is estimated to be $30.4 M.

In Scenario 2, where 83% of current day discharge is released at the NIWTP (12.5 MGD), the
perennial surface flow is reduced to approximately 16 river miles, impacting the IBA riparian
zone on the Tucson Audubon-held conservation easement land and decreasing home values for
up to 290 parcels of land (~461 ha). This results in a loss of up to $1.3 M in lost home value
premiums, for the region. Highly vulnerable communities at Tubac are impacted by this loss.
Recharge estimates from the channel decrease by approximately 4% (approximately 428 AFY).
In Scenario 3, where 67% of current day discharge is released at the NIWTP (10 MGD),
perennial surface flow is reduced to approximately 11.5 river miles, impacting the IBA riparian
zone on the Tucson Audubon-held conservation easement land and areas north of Tumacacori.
Home values for up to 1097 parcels of land (~1318 ha) will lose their riparian proximity value,
including the highly vulnerable communities at Tubac and Tumacacori. This translates into
real-estate value loss of up to $4.3 M for the region. Recharge estimates from the channel
decrease by approximately 12% (approximately 1377 AFY) from the current day.

In Scenario 4, where 50% of current day discharge is released at the NIWTP (7.5 MGD), the
perennial surface flow is reduced to approximately 10.7 river miles, which impacts the IBA
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riparian zone on the Tucson Audubon-held conservation easement land, through all of
Tumacécori National Historic Park (TUMA). Home values for up to 1376 parcels of land
(1451 ha) will lose their riparian premiums, impacting the same highly vulnerable communities
at Tubac and Tumacdacori. The real-estate sales prices for the region, estimated to be lost by this
scenario, are approximately $5.4 M. Recharge estimates from the channel decrease by
approximately 20% (approximately 2186 AFY).

e Finally, in Scenario 5, where 33% of current day discharge is released at the NIWTP (5 MGD),
perennial surface flow is reduced to approximately 6.3 river miles. The same IBA riparian zone
on the Tucson Audubon-held conservation easement through all of TUMA is impacted. Home
values for up to 2851 parcels of land (3056 ha) will lose their riparian premiums, equivalent to
$11.1 M, impacting the same highly vulnerable communities at Tubac and Tumacacori. Recharge
estimates from the channel decrease by approximately 32% (approximately 3564 AFY).

Figure 8. Map series portraying the comparison of various effluent-discharge scenarios of the
SCWEPM, where the perennial flow extent for each scenario is numbered (1, 2, 3, 4 and 5). Maps
display from left to right: vegetation, habitat species richness, transmission loss (at each reach) and
U.S. Census Block groups mapped according to the Modified Socio-Environmental Vulnerability
Index (M-SEVI).
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3.2. Benefit Transfer
3.2.1. Surface Water

We then applied a point benefit transfer to calculate the monetary value for treated effluent being
discharged into the Santa Cruz River from the NIWTP outfall using the figure that Tucson Water will
pay per acre-foot of CAP water in FY13 (fiscal year 2013; $144), to identify how that value might
change under the varying scenarios (Table 2). This creates a linear relationship with the flow regime
when that price is extrapolated out across scenarios. In Scenario 5, the dollar value is reduced by
two-thirds from the current Scenario 1, equivalent to the two-thirds reduction in treated effluent at the
outfall and resulting in a $1.61 M loss.

Table 2. Estimated price of domestic-use water, based on calendar year 2013 (¥*),
calculated at the outfall (point-source) of the NIWTP for varying effluent release scenarios.

Water discharged at Dollar value of treated Dollar value difference from
Scenario the NIWTP outfall effluent at outfall/year * current scenario of treated effluent
(MGD) (million $) at outfall/year *(million $)

Scenario 1: 100% 15 242

Scenario 2: 83% 12.5 2.02 (0.40)
Scenario 3: 67% 10 1.61 (0.81)
Scenario 4: 50% 7.5 1.21 (1.21)
Scenario 5: 33% 5 0.81 (1.61)

3.2.2. Ground Water

We also calculated a replacement cost for the potential loss of groundwater recharge, by multiplying
the recharge values for each scenario by the $144 per acre-foot and estimate $512 K to replace the
effluent lost in Scenario 5 (i.e., a 2/3 reduction; Table 3). Replacement costs can vary depending on if
someone really thinks it is necessary to replace the visible water. Right now, citizens of Santa Cruz
County, in the United States, are benefitting from the surface water and groundwater recharge services
of the effluent, and more so, those who own real-estate adjacent to the riparian zone are benefiting
from vegetation and habitat-provisioning, which increases the value of their land. It is unclear which
official body might take responsibility for paying this amount of money for these services. Like all
economic models of price determination, results are subject to supply and demand, and no one knows
for sure what the future market will be, but we can guess that water will remain a valuable commodity.
This study provides a basis for discussions about the future management, financial investments and
binational policy related to the effluent.
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Table 3. Dollar value, based on calendar year 2013 (¥*), of binational effluent percolating
the soil—estimated as recharge to the aquifer—in the Santa Cruz Active Management Area
(SCAMA), where $144 is paid per acre-foot of water (325,851 gallons). SWAT, Soil and
Water Assessment Tool.

Water percolating to the

. SCAMA aquifers derived . .
Scenario recharging the SCAMA current scenario to recharge

by SWAT SCWEPM . . .
aquifers/year * (million§) SCAMA aquifers/year * (K $)
(acre-ft/year)

Dollar value of water Dollar value difference from

Scenario 1: 100% 11,160 1.6

Scenario 2: 83% 10,732 1.55 (62)
Scenario 3: 67% 9,783 1.4 (198)
Scenario 4: 50% 8,974 1.29 (315)
Scenario 5: 33% 7,596 1.1 (513)

3.3. Willingness to Pay

Demand for ecosystem services can also be elicited by posing hypothetical scenarios that involve
the description of alternatives in social survey questionnaires [50]. A contingent valuation (CV) survey
of visitors to TUMA and Tubac Presidio State Park was used to obtain willingness to pay (WTP)
estimates for effluent use to maintain the riparian corridor [51]. In 2006, the mean WTP via a one-time
payment, to maintain the Upper Santa Cruz riparian corridor, was $71 per respondent, the median
response was $30 and the most common response was $50, though you can visit these sites and not
actually see the river. We multiplied the median value by the yearly number of visitors at TUMA,
roughly 60,000 [47], to calculate a WTP value of approximately $1.8 M. This could cover the
estimated price of domestic-use water calculated at the outfall (point-source) of the NIWTP for
effluent release in Scenario 5 ($1.61 M) or be stretched out to cover the same scenario’s dollar value of
binational effluent percolating the soil estimated as recharge to the aquifer for approximately three and
half years, where $513 K would be needed to replace lost recharge per year.

4. Discussion

Hedonic modeling results suggest that policies to maintain the riparian corridor via managed
effluent for instream flows, can support biodiversity and provide economic benefits to homeowners in
Santa Cruz County, improving regional economics and quality of life. The potential harm to the local
real-estate market and the identification of vulnerable communities being impacted by a diversion of
flow might influence the United States and local politicians to recognize the need to ensure flow for
environmental justice, given the executive order issued by the U.S. President in 1994 mandating that
all Federal Agencies address environmental justice in their duties.

There are a lot of stones left unturned as we publish this report. We want to recognize that in the
iterative process of building the SCWEPM, our scenarios only consider the value of instream flow that
the effluent contributes in Arizona. Further, our research does not reflect the costs associated with
treating wastewater at NIWTP vs. pumping the wastewater and treating it at the LAWTP, something
we consider to be an important next step in associated research. Future economic research suggestions
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include conducting a cost-benefit analysis for Nogales, Sonora, to identify how much money and effort
it takes to send the effluent waters up and over the watershed south to Los Alisos (in terms of energy
and dollars/pesos) vs. the gravity-supported downhill flows to NIWTP. And finally, our results do not
reflect the real cost of piping the CAP water to the NIWTP for our scenarios, which would ultimately
increase the values represented in our study substantially. We recognize that this research is very basic
in the field of economics and welcome more related research in this field. We stress the importance of
primary economic valuation or even more accurate secondary methods (benefit function transfer). The
methods employed within are very indicative and could vastly be improved through primary analyses.

The replacement costs that have been calculated in this study are based on the assumption that
someone will be willing to pay to have the effluent replaced, for surface flows and/or groundwater
recharge. Local representatives from the U.S. Bureau of Reclamation (BOR) have been developing a
Nogales/Santa Cruz Active Management Area (SCAMA) “Water Storage Appraisal Study” with the
City of Nogales and Arizona Department of Water Resources (ADWR) with Santa Cruz County, to
investigate the possible management alternatives for future water storage and sustainability in our
study area [26,52]. Here, we demonstrate that groundwater supplies are being recharged through
percolation and transmission losses via surface flow from effluent, and decreasing flow will decrease
recharge potential. It is possible that the State of Arizona might consider the recharge value a worthy
investment for achieving potential safe-yield in this shallow aquifer.

In 2000, the Groundwater Users Advisory Council for the SCAMA suggested that the Federal
government provide funds or incentives to purchase effluent from Mexico [20]. The quantification of
ecosystem services can be used to motivate payment for conservation [53]. Payments for ecosystem
service (PES) policies compensate individuals or communities for undertaking actions that increase the
provision of ecosystem services, and hundreds of PES initiatives have emerged around the globe.
Mexico has initiated large-scale programs that give direct payments to landowners for undertaking
specific land use practices that could increase the provision of hydrological services [54].

Riparian areas recognized by this research effort as having species-rich habitat have more
biodiversity potential and could be considered for wildlife observation or conservation. The U.S.
National Park Service (NPS) mission is to preserve the natural resources of their parks for this and
future generations. The river at Tumacacori National Historical Park (TUMA) will no longer be
perennial if all the waste water coming from Mexico is diverted to the Los Alisos Basin (Scenario 5).
The NPS and Tucson Audubon Society might consider results from this scenario analysis in
formulating ecological preservation plans for the riparian area and habitat at Tumacacori.

The Endangered Species Act (ESA) requires the identification and designation of “Critical Habitat”
that can be protected to prevent extinction. The designation of “Critical Habitat” protects an area to
prevent extinction and could ensure the maintenance of instream flow to support the riparian
cottonwood-willow forests. We consider the transboundary impacts that improved water quality used
by migratory wildlife should be explored for a cost-comparison, because increasing the amount of
aquatic and riparian habitats at Los Alisos in Sonora could largely benefit wildlife that migrates into
Mexico and offset losses identified in the United States [14].

It would be prudent also to consider assigning monetary values to more ecosystem services
identified in the SCWEPM. Improvements to the SCWEPM include the potential to incorporate
measures of environmental quality and include scenarios of climate change. A study done by
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Tucson-based Sonoran Institute shows water quality and fish activity improving in the Santa Cruz
River near Rio Rico because of the upgrade to the NIWTP in 2009, but the reach is still impaired for
pollutants [55,56]. We demonstrated this application of the SCWEPM in a presentation to the
Arizona-Mexico Commission (AMC), where an action item based on stakeholder interest was then
initiated. The AMC is a public-private membership-driven, non-profit entity, with the capacity to
develop collaborative solutions for the combined region. The Environment and Water Committees of
the AMC developed an “action item” (intended to facilitate work that might otherwise not take place)
for additional modeling using local datasets that could lead to incorporating climate predictions or new
developments (e.g., urbanization or a new proposed mine). Committee members are interested in
modeling the “net benefit” per acre-foot of binational effluent in future iterations. Datasets at the
committee’s disposal have been made available to improve the functionality of comparing tradeoffs in
terms of environmental quality.

In December 2000, the IBWC declared Minute 306 [57], which is recognized by policymakers in
both countries, to protect the Colorado River Delta and ensure water for ecological purposes [12].
Ojeda-Revah and Brown [5] demonstrate that diversion of water in the Colorado River comes at the
expense of habitat provisioning, sustained surface flow, flood control, groundwater recharge and
pollutant removal through filtration, all of which can be quantified using ecosystem service valuation.
The potential impacts to vegetation, fish and wildlife habitat through effluent loss in the Santa Cruz
River may influence binational surface-water or land-use managers to recognize the need to ensure
instream flow here, too, for ecological purposes.

5. Conclusions

Water is the focus of increasing controversy in arid lands where managers are challenged by the
lack of an economic market for surface flows. The integration of ecosystem services and scenario
analysis into watershed-management plans provides a conceptual basis and a decision-making
framework to support information-rich planning processes that can span administrative boundaries and
maximize social welfare. The quantification and valuation of ecosystem services associated with
instream flow is recognized by water law and thereby provides a platform to foster negotiation for
maintenance and in some cases, payment for provision.

This study was designed to explore means of resolving the allocation of binational effluent in the
study area. Relocating the historical effluent supply from the river comes at the expense of ecosystem
service provisioning, which is of interest to managers, environmentalists, and legislators. In
considering how to allocate effluent for instream flow, decision-makers need to know which parts of a
watershed are providing ecosystem services and how much flow is needed to sustain them. In this
paper, we provide a framework for understanding the value of binational effluent, discuss how
estimates are developed, and summarize the ecosystem services provided by effluent-driven instream
flow. A scenario analysis of declining discharges from the binational treatment plant in Arizona
demonstrates that at the most extreme, visible water declines at an Important Bird Area from
7.5 months out of a year to 2.5 months. This results in a loss of riparian forest and woodlands, habitat
for many species, and reverts the riparian zone to pretreatment-plant conditions. We relate losses of
habitat and vegetation to losses in property value when homes are no longer situated by a perennial
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river and identify socio-environmentally vulnerable neighborhoods that might be impacted by these
losses. Ultimately, monetary values are estimated to replace the amount of water at the outfall and in
terms of groundwater recharge, given the replacement water supply is provided. Our estimates are
offered to suggest ballpark figures and no significance should be attached to any of the individual costs
reported, as they are subject to spatial and temporal variability. Ideally, the effluent discussed herein
could be examined with all externalities accounted for and the means of estimating value in this study
would be directly comparable. Limitations of this case study, including the fact that not all ecosystem
services are quantified or monetized, can be improved upon in the future.

Our results might be used to consider offsets to treatment costs and create incentives to maintain
flows in Arizona. Binational governmental agencies can use these findings as they wish to satisfy
stakeholders, improve environmental quality, protect wildlife, sustain safe-yield, uphold real-estate
markets and/or protect marginalized communities, depending on their mission. A ribbon-cutting
ceremony was held on 30 August 2012, in Nogales, Sonora, to inaugurate the LAWTP to handle
wastewater flows from about 20,300 sewer connections, equivalent to Scenario 2 of this analysis for
the NIWTP. The potential for new copper mining operations, urban growth and climate change could
also impact surface and groundwater in the Santa Cruz River, both at the treatment plant (as we have
modeled), but also for citizens relying on the groundwater availability south of there. It will ultimately
be up to policy-makers and land-use managers whether or not they use the information now available
for regional planning or to make decisions about future ecosystem service provisioning. We are
hopeful that the continued advancement of interdisciplinary ecosystem service investigations can be
established as a precedent for binational policy development and implementation.
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