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Executive Summary
In the spring of 2019, prior to the COVID-19 pandemic and its devastating and ongoing impact on regional food security, Pima County’s
Sustainability Division was working with the Regional Flood Control
District (RFCD), the Community Food Bank (CFB) of Southern Arizona, several University of Arizona (UA) researchers and an economic
modeling team with Autocase™ to evaluate the full range of potential
benefits (social, environmental and economic) provided by Las Milpitas
de Cottonwood Farm.
This type of evaluation, known as a triple-bottom line cost-benefit analysis or TBL CB, can generate a Net Present Value (NPV) for a project. Net
Present Value is the difference between the present value of cash inflows
and the present value of cash outflows over a period of time. TBL’s are
increasingly used to evaluate sustainability projects since they capture
values associated with community health for example, or environmental benefits, which are normally overlooked or excluded in traditional
cost-benefit calculations.
Specifically, this effort was motivated by the need to collect local information to “operationalize” the newly added food systems targets in the
Sustainable Action Plan for County Operations (FY 2018-2025). Among
other items, the Plan includes targets to “expand [Pima County] sites
with community or heritage gardens,” and “maintain or expand the
number of County acres under commercial, niche and/or commodity
agricultural production” as climate resilience strategies. The CFB and
others joined the project based on the value the results would provide for
showcasing the farm, in programmatic areas and in research.
Materials & Methods
The Autocase™ TBL of Las Milpitas relied heavily on co-produced knowledge and the participation and perspectives of diverse project stakeholders, from farm managers, to education leaders, food justice activists,
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climate scientists, hydrologists, urban design experts and sustainability
practitioners, to highlight some of the cross-disciplinary expertise at the
table.
The Community Food Bank generously offered staffs’ time and operational data on electricity and water consumption, education programs
and other operational costs, along with crop yields and market values
for data inputs. The Regional Flood Control District, which has been
involved in the site since its inception as a City High School project and
then through its evolution into the farm, provided the Autocase™ license.
RFCD, which owns the parcel, continues to provide a no-cost lease for
operating the farm and RFCD staff also provided an updated site design
and estimated crop water demand through an evapotranspiration (ET)
model.
Also included in the analysis, were climate projections provided by Jeremy Weiss, PhD, a UA Climate and Geospatial Extension Scientist, along
with urban water capture considerations suggested by Courtney Crosson, an Assistant Professor at UA’s College of Architecture, Planning and
Landscape Architecture.
Beyond supporting food systems work at Pima County and the Community Food Bank, this report with its localized research and outcomes,
may also serve as a resource for other stakeholders working in similar
areas. Divided into four sections, the report provides the following information:
I.	 Comprehensive Review of National to Local-level Food Systems
Research;
II.	 Overview of Pima County’s Socio-economic Statistics, Health, Wellness and Foodshed;
III.	The Autocase Triple Bottom-line Cost-Benefit Analysis of Las Milpitas Farm; and
IV.	 Summary of Results and Recommendations.

Las Milpitas Autocase Project

Executive Summary

Included in the Appendices, are additional documents that food system
practitioners might also find useful, including:
•

The Project Charter and the Project Management Agreement (the
organizing frameworks for the collaborative research work);

•

A Model Estimating Reference Evapotranspiration (ETo) and Crop
Water Demand;

•

An Overview on “Arizona Agriculture Using Recycled Water,” from
the UA’s Water Resources Research Center;

•

An Excerpt of the Sustainable Action Plan for County Operations
Food Systems Section; and a

•

Bibliography

Results and Recommendations
The outcomes of the Las Milpitas Autocase™ TBL CB analysis are even
more relevant through the lens of a COVID-19 response than the project team could have foreseen a year ago. The results, extended across a
40-year timeline, show that the farm generates an overall positive triple
bottom line net present value of $0.9m under a 100% potable water scenario and $1.5m under a reclaimed/rainwater harvesting scenario over a
40 year life span.
Notably, improving eco-literacy and the public’s awareness of sustainable
food systems contributed over roughly $39,000/yr – or around $900,000
over the project life towards the total NPV. Access to growing plants
and greenery (not necessarily for exercise), which reduces stress and the
risk of cardiovascular disease, resulted in an additional present value of
$320,000. Exercise, as an additional component of the farm experience,
increased the present value by nearly $570,000.

Las Milpitas Autocase Project

The anticipated but unexpected significance that having access to healthier food options (and thereby reducing the risk of numerous health impacts including the risk of cardio-vascular diseases, cancer, and all-cause
mortality) for gardeners was valued at $850,000.
However, one of the most striking outcomes was the finding that since
the farm serves as a place for people to gather, meet, and have fun, as
well as volunteer, the public value benefit contributed to an estimated of
$2.67m.
Based on these and the other outcomes detailed in the report and in
alignment with the Sustainable Action Plan for Pima County Operations,
the project team suggests Pima County continue to advance work and
support for expanding opportunities for food production on County
lands through the following recommended steps:
Page | 11
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1.	 Undertake a GIS analysis of vacant County, RFCD (and City of Tucson and City of South Tucson) owned parcels to identify a portfolio
of candidate sites to expand food production;
2.	 Assign a County staff to act as the Food System Manager to lead the
next step efforts and to coordinate internal efforts and work, and
external collaborations;
3.	 Form a working group with the Community Food Bank and other
key partners to develop a roadmap and Management Plan for expanding gardening and farming on suitable County and other jurisdiction owned parcels through:
a.	 Establishing criteria (access to water, by types; proximity to food
deserts, etc.) for “suitable” parcels for food production by typologies (e.g. table crops, orchards, grains, controlled environment
agriculture, etc.);
b.	 Identify a small number of pilot projects;
c.	 Develop a management structure and business plan to oversee
and finance these pilot projects;
d.	 Piloting a series gardening and farming projects using the Management Plan and key performance indicators to evaluate and
report on results; and
4.	 Based on the results of the pilot projects, iterate and refine the Food
Production Management Plan for County and Lands and expand
the effort to create more economic opportunities for would-be food
producers and early career farmers;

munity College and the University of Arizona to create urban farming training programs and linked economic development opportunities. These might include niche agricultural production, commercial
composting, artisanal food production; farmers markets; wholesale
and retail markets, and commercial kitchens to support and expand
the regional food economy; and
6.	 Work with partner organizations to seek grant funding from USDA
and foundations for food production efforts.
While Pima County has a long history of supporting farming and ranching, the Las Milpitas Autocase™ Project Team believes based on the results of this analysis along with growing community support and interest
in local food production, that the next chapter of this important work
should focus on engaging gardeners, farmers, ranchers and artisanal food
producers in urban and suburban areas of the County.
Such efforts would strengthen community resilience in the face of
COVID-19 and climate disruptions. Furthermore, Pima County with
its significant land assets could play a pivotal role in helping to rebuild
the local food economy. Local First Arizona, reports that 73 cents of
every dollar spent at independently owned local businesses stays in the
community (Nabhan, 2017). Expanding food production on appropriate County lands through environmentally responsible, socially focused
frameworks, could generate numerous community health, wellness, environmental and economic benefits. These efforts could also recover and
highlight cultural knowledge and local heritage practices.
As a region, we need stronger neighborhoods and communities moving
forward, which as detailed in this report, community garden and farm
projects can help build.

5.	 Invite farmers and others that produce, process, distribute, and
sell local and healthy food to collaborate with other agencies and
non-profits, along with higher education partners such as Pima ComPage | 12
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Survey of Research on Community
Gardens & Small Urban Farms

Community Gardens in
the United States

C

ommunity gardens are as unique and varied as the gardeners who cultivate the soil
and the places and regions where they exist, yet
on the whole, they can be defined by their commonalities. For example, community gardens
are spaces where the majority of land is dedicated to noncommercial food production, and
are managed by a collective group of individuals who identify or have an ongoing connection
with that particular place.
These are place-based communities, where
individuals and groups hailing from similar or
disparate backgrounds intersect to either grow
food in individual, personal gardens or share
the bounty from collectively cultivated plots.
The physical gardens, soil, compost, seeds,
plants, and surrounding native vegetation
are closely intertwined with the people who
work, harvest and spend leisure time there. A
community garden is the yoking of these two
features – the land and people who share it –
differing from ornamental or public gardens in
their focus on edible plants and a democratic
structure.
These spaces are known to serve a diverse range
of individuals, from varying socio-economic,
racial, and cultural backgrounds, and exist in
urban and rural communities. The literature
Las Milpitas Autocase Project

focuses significantly more on urban projects,
however gardens in rural environments while
also studied, often face different sets of challenges (Draper and Freedman, 2010). A noteworthy feature of many successful gardens is
their embeddedness in communities with an
existing structure and strong identity, such as a
church or, the even more popular, school garden. They often include a community-building
or gathering component such as spaces dedicated to meeting, leisure, play and education.
There are often uses and benefits that extend
beyond food needs and rather seek to enhance
the health, social cohesion and self-efficacy of
the people who frequent the gardens (Ohmer,
Meadowcroft, Freed, & Lewis, 2009).

History
Community gardening has a longstanding
national and regional history as is reflected
in the current literature. For over a century,
community gardens have served as a strategy
for responding to and managing social and
economic challenges on an individual and local
scale, predominantly among impoverished
communities.
In the 1890s, during a period of increased migration to the United States, shared urban gardens were established both to fill vacant properties and help address social and economic
pressures by improving the food supply (Draper & Freedman, 2010; Ohmer et al., 2009). In
Mexico, to which southern Arizona belonged
until 1854, community farming projects called
ejidos offered plots of land to be communally
cultivated by multiple families until the 1990s
(Orozco-Quintero & Davidson-Hunt, 2009;
Perramond, 2010; Wilson & Thompson). Gardens remained a popular tool in the U.S. for
increasing food access during both World Wars
and the Great Depression, addressing prevalent social and economic stress and efficiently
utilizing vacant urban property. These gardens
were not community-driven projects, however
but an aspect of national programming during
the Great Depression with the Works Progress
Administration designating municipal land
for gardening, particularly for the poor, which
in addition to providing food, also provided a
space to “maintain physical and mental health,
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morale, self-respect and a sense of independence.” (Herrman, 2015, p. 649; Ohmer et al.,
2009).

garden, putting home food cultivation back
on the national stage (Burros, 2009; Draper &
Freedman, 2010).

During World War II, the “Victory Gardens”
program, spurred by First Lady Eleanor Roosevelt, spread across the country as a tool
for sustaining food supplies and a symbol of
patriotism during the war (Draper & Freedman, 2010; Ohmer et al., 2009). These smallscale gardens successfully supported national
food supply during these years and the Victory
Gardens Program implemented by the U.S.
Department of Agriculture during World War
II created 20 million gardens across the country
and produced approximately 40% of the fresh
vegetables in the U.S. (Ohmer et al., 2009).

It is clear from the literature, that the rise in
gardening on a collective, community level, or
national level, typically follows periods of economic or social hardship. As current research
is showing however, community gardens offer
multiple benefits beyond what was typically just
thought of as improved food access.

In the recent decades, community garden projects have developed as not only a strategy for
alleviating poverty and economic hardships but
also for environmental stewardship and urban
land revitalization (MacKenzie, 2016). Gardens
flourished again in the 1970s as a result of an
economic crisis that caused the price of food to
rise, the budding environmental movement and
underutilized urban land (Draper & Freedman, 2010). “Recession gardens” appeared
after the 2009 economic recession, increasing
the number of national community gardens
by 19%, “as a strategy for supplementing food
costs and cultivating local resilience” (Draper
& Freedman, 2010). As part of her “Let’s Move”
campaign to end childhood obesity, First Lady
Michelle Obama resurrected the White House
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Community Gardens in Tucson and
Pima County
In Tucson, a formal program for community
gardening began over 30 years ago led by University of Arizona (UA) Cooperative Extension
agent, George Brookbank. Since that time, the
gardening education program with support
from Mr. Brookbank and local Master Gardeners, evolved into the Community Gardens of
Tucson, a nonprofit, volunteer-run community garden network (“Community Gardens of
Tucson,” 2020).
Today, the Community Gardens of Tucson
(CGOT) has grown to support 20 community
gardens across the city. Additional community
garden and food systems education programs
have developed in the past decade predominantly with the support from the UA Pima
County Cooperative Extension, including the
UA Community and School Garden Program,

the Garden Kitchen, and Tucson Village Farm.
Not surprising, community-focused garden
efforts in Tucson today reflect the region’s
unique character and diverse cultures. One
outstanding example is Las Milpitas de Cottonwood Community Farm (the focus of the
Autocase Analysis in Section II), which began
in 2010, as a program of the Community Food
Bank of Southern Arizona. Another example
is Mission Gardens which was started in 2012
by Friends of Tucson’s Birthplace with a focus
to recreate and preserve the heritage of the
Spanish Colonial walled garden that was part of
Tucson’s historic San Agustín Mission. Flowers & Bullets, an art and organizing collective,
began work in 2016, to convert the abandoned
Julia Keen Elementary School into a community farm for the nearby Julia Keen and Barrio
Las Milpitas Autocase Project

Centro neighborhoods (Buechler, Tong, Erbe,
& Marderness, 2016). Tierra y Libertad Organization organizes community members in South
Tucson around gardening and traditional practices (Ruiz & Rodriguez, 2016). Garden-related
programs organized by Ishkashitaa Refugee
Network to support the integration of UN refugees into the Southern Arizona Community.
Today, community gardens and farming cooperatives are expanding beyond the urban
core to areas throughout Pima County, gaining
footholds for example, in Tubac, Arivaca, Ajo,
and at the San Xavier Cooperative Farm. The
decades long history and recent abundance of
programs and organizations serving communities across Tucson demonstrate a clear and
sustained local interest in, and value for community gardening.

New Wave Urban
Agriculture

V

ictory Gardens, Community Gardens,
and Market Garden models, like so many
mid-century concepts, have modern counterparts. Extensive variations on the traditional
concepts can be found in “New Wave Urban
Agriculture,” and the numerous and creative
methods associated with cultivating, processing and distributing food in, or around urban
and suburban areas. Often blending traditional
practices and modern technology and analytics, these activities are flourishing because they
Las Milpitas Autocase Project

“benefit consumers concerned about sustainably grown food as well as cities with land to
spare.” (Hamilton, 2014).
New Wave Urban Agriculture (NWUA)
emerged somewhat haphazardly at the intersection of aligned but siloed disciplines
and practices such as “new urbanism” (human-scaled urban design); permaculture (using
patterns and resilient features observed in
natural ecosystems to build communities); the
slow food movement (promotion of local food
and cooking); the environmental and social
justice movements; and even green architecture. Yet, when considered under the umbrella
of sustainability, urban farming begins to fill in
and link many shared connected concepts and
goals - creating access to fresh affordable food;
reducing carbon emissions; building community capacity for collaboration; providing green
infrastructure; and increasing recreation and
wellness spaces in cities and towns.

Urban Farming expert, April Philips suggests
though, that urban planners have yet to thoroughly integrate the trend of rethinking landscapes as food landscapes and thus are slow to
capitalize on new ways to add value in urban
design (Philips, 2013).
A key paradigm shift for city planning is to think
of urban agriculture or the food landscape of the
city as a prime ingredient of the green infrastructure of the city and of the city’s health. Through
urban agriculture policy the food system can be
delineated as food sheds within a city (p. 90).
Urban agriculture can creatively take many
forms, from vertical gardening in space-constrained environments to green roofs. In the
Tucson area, the UA is working with controlled
environment agriculture installed in shipping
containers and experimenting with agrivoltaics,

Several studies have analyzed the food production capacity of urban agriculture and although
most cities could not achieve their entire food
provision needs, there is evidence that putting
vacant and underutilized public land into production could provide resources important to
urban populations. For example, in Oakland,
utilizing vacant and underutilized public land
could provide from 2.9% to 7.3% of vegetable
consumption needs for the city’s urban population (Tong, Crosson, Zhong, & Zhang, 2020).
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or the planting of crops in proximity to solar
panels.
While the designs may differ, a key constant
in NWUA models is the need to produce high
yields in small spaces. But a trade-off in this
process is that NWUA can require much more
in the way of inputs to remain viable over time.
The best NWUA models integrate permaculture concepts to capture and recycle nutrients
on site through composting and where possible,
the inclusion of chickens. In the desert Southwest where heat and water scarcity are added
concerns, urban agriculture seems to succeed
best when a combination of traditional growing practices like guild planting – a companion
planting system that considers canopy, understory and herbaceous layers -- and modern
techniques such as drip irrigation, for example
are deployed together.
Additionally, as Philips (2013) and others have
noted, the expansion of urban gardens and
farms are also dependent on progressive land
use planning accompanied with appropriate
zoning and permitting to ensure the sustainability of these enterprises over time. In some
municipalities for example, short-term permits have been issued to community groups to
establish gardens on abandoned or vacant lots.
As the gardens and their neighborhoods begin
to thrive, developers may seek to capitalize on
grassroots improvements, which in turn can
lead to the loss of gardens through land ownership changes. Therefore, care must be given
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to avoid using community gardens and farms
as short-term community fixes to avoid these
efforts themselves become vehicles for gentrification.
Perhaps even unexpectedly, urban agriculture
might contribute in some part to solving what
has become increasingly referred to as the great
urban/rural divide. How so? Gary Nabhan, UA
ethnobotantist and father of Southern Arizona’s
local food movement, suggests that despite the
unprecedented levels of acrimony emerging at
every level of our society, that when communities can form common ground with others different than themselves, in order to work hand
on hand with the land, can reap the benefits of
collaborative work of “biocultural restoration”
(G. Nabhan, 2018b).

Multiple Benefits:
Community Gardens &
Small Farms

A

s the preceeding sections suggest, urban
farming and gardens continue to persist
in modern times likely as a result of the many
unique benefits they provide to a wide variety
of users. In this section, we explore these benefits in greater detail, especially with respect to
their relationships to arid environments.

Environmental Benefits
Community gardens and small farms provide
multiple environmental benefits, even in desert
environments, where heat and water scarcity
are concerns. The extent of the benefits may
vary depending on the garden design. Nabhan
(2016; 2013, 2018a) in studying and cataloguing arid land farming practices around the
world, has for example, documented traditional
practices which can boost productivity while
reducing the water demands of food production. For a deeper discussion on traditional
ecological farming practices, we refer readers
to Nabhan’s book, Growing Food in a Hotter,
Drier Land (2013). A short but incomplete list
of these practices include methods to build soil
moisture (mulch and basins); reduce heat stress
and evapotranspiration (through plant guilds
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and integrating native trees like mesquites
as nurse trees); and selecting landrace and
desert-adapted plant varieties for cultivation.
Indeed, many of these ancient practices are still
being practiced and newly discovered and adopted for use in garden and farm designs across
Pima County.

Soils: Healthy Soils Support Better Stormwater
Infiltration
In urban and suburban areas poor soil health
can be a common problem. Many sites suffer
from highly compacted and impervious soils
(Ackerman, 2012; Heather, 2012), higher than
average alkaline pH, and low nutrient levels
and organic matter which hider plant root
growth (Egerer et al., 2018; Heather, 2012).
In fact, soil quality in vacant lots may be so
poor that almost nothing will grow on them
(Magdoff & Es, 2009). According to a review
by Yang and Zhang (2015), soil compaction is
the most serious form of physical degradation
in urban areas. This means that even though
they are left “wild,” vacant lots do not serve as
effective, natural zones for stormwater infiltration Instead, the exposed soils on vacant lots
are mostly impervious, thereby adding to urban
stormwater runoff and flooding challenges
(Heather, 2012).
In the urban environment, community gardens
are commonly established in abandoned or
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vacant lots. These parcels often suffer from long
term neglect. In addition to issues of trash, parcels may have been used for illegal dumping of
chemicals and waste products. A thorough site
assessment with a soil analysis and subsequent
environmental remediation (if needed) must be
undertaken before gardening can take place.
Some sites under consideration for gardens and
farms might be formally designated brownfields by EPA. Brownfields are “any land in the
United States that is abandoned, idled or under
used because redevelopment and/or expansion
is complicated by environmental contamination that is either real or perceived.” (EPA,
2020). Before establishing food cultivation
projects, brownfields must be assessed to determine the types and extent of contamination,
for example oil, gasoline, diesel and kerosene
from underground storage tanks, floor drains,
outside storage of barrels, cleaning solvents and
lead are common contaminants, and soils must
be remediated before they can reused. EPA has
programs to support communities in identifying, cleaning and redeveloping brownfields to
intentionally improve community health. The
resulting “healthfields” are free from blight and
contaminants and can help revitalize communities through increased access to healthy living
options (EPA, 2020).

Through adding organic materials, urban
agriculture promotes productivity, porosity and
improved soil quality (Beniston, Lal, & Mercer,
2014). This can increase stormwater infiltration
and promote replenishment of shallow groundwater aquifers in some circumstances. Agricultural farming practices integrating organic soil
amendments have proven highly beneficial in
quickly restoring positive soil characteristics.
In a recent study, adding compost made from
dairy manure solids and tilling soil twice resulted in “significantly reduced soil density and
pH and increased soil organic matter, electrical
conductivity, and concentrations of phosphorus
and potassium…In most instances, plant tissue
nitrogen and phosphorus concentrations were
higher for plants grown in soils receiving compost” (Loper et al., 2010).

Increasingly, “soil health” is considered a
critical component for improving garden and
small-scale farming yields, but also in serving important ecosystem service functions.
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An EPA sponsored research report examined
infiltration and vegetative growth on 22 urban
soil plots, comparing growth of vegetation on
plots of soil amended versus those not amended with compost (Pitt, Lantrip, & Harrison,
1999). They observed a “substantial difference
in the appearance of amended and unamended plots”, with the amended plots requiring no
fertilization. Unlike the unamended ones, these
plots also attracted geese, which provided natural fertilizer. The addition of compost indicated
many changes in the hydraulic characteristics
of the urban soil, including its “water holding
capacity, porosity, bulk density, and structure,
as well as increasing soil C [carbon] and N [nitrogen]”. The results of this study indicated an
increase in infiltration by 1.5 to 10.5 times on
compost amended plots.
In the study of vacant lots that were cleared of
debris and weeds and where grass was planted
as ground cover, Heather (2012) reported a 30
percent reduction of stormwater runoff on average and 24 percent peak runoff reduction. In
the Southwest, where climate change impacts
will increase the frequency and strength of high
precipitation events (Gonzalez et al., 2018) increasing the water holding capacity of soils also
provides important climate adaptation benefits.
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Biodiversity: Gardens and Farms Buffer Climate
Disruption
Just as climate change is worsening conditions for cultivation in the Southwest, a region
already historically constrained by a harsh
climate envelope, native flora and fauna species
are also increasingly under stress. An interesting adaptation solution being advanced to
buffer climate disruption, is the enlistment of
gardeners and farmers in building biodiversity
resilience through food chain restoration work.
Food chain restoration involves the active replanting of a wide range of native plant species
and growers are uniquely positioned to help
support efforts that restore critically important
nectar resources at migratory stopovers and
extend nectar bridges to shape long-distance
corridors (Buckley & Nabhan, 2016). Such
efforts, especially those that involve restoring
hydrologic functions, can help re-build and increase the resilience of fragmented landscapes
for pollinators, a resource that growers depend
upon as much as native plants.
Such strategies are supporting the cross-border
recovery of monarch butterflies (Danaus plexippus L.) through the planting of milkweeds
both for larval food as well as a wide range of
nectar plants that are essential for migration
(G. P. Nabhan, Buckley, & Dial, 2015). Beyond just providing food cultivation benefits,
when native species are integrated back into
the design of urban and suburban community

gardens and small-scale farms, the instrinic
value of these sites is also elevated through
their provision of mutual benefits both as food
cultivation sites and wildlife conservation zones
(Lovell, 2010).
A secondary benefit to restoring food chains
and native plant communities is the conservation of soil health and hydrologic functions.
When food chain restoration is an integrated
component of gardens and farms that practice
wise water use designs such as passive rain harvesting basins and active collection in cisterns,
the use of recycled gray water where feasible,
the addition of mulch and multi-story canopy
plantings of native trees, shrubs and flowers,
these benefits are extended not only for plants
and their pollinators, but more broadly for entire food webs that offer us “natural capital and
ecosystem services as crop pollinators” (Buckley & Nabhan, 2016, p. 490).
Among urban and suburban dwellers, gardeners and farmers are also more likely to be aware
of and note changes in phenology or shifts
in nature’s calendar. Phenology, according to
the National Phenology Network (USNPN)
(2020), is a key component of life on earth that
in effect organizes reproduction:
Many birds time their nesting so that eggs hatch
when insects are available to feed nestlings. Likewise, insect emergence is often synchronized
with leaf out in host plants. For people, earlier
flowering means earlier allergies. Farmers and
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gardeners need to know the schedule of plant
and insect development to decide when to apply
fertilizers and pesticides and when to plant to
avoid frosts. Phenology influences the abundance
and distribution of organisms, ecosystem services,
food webs, and global cycles of water and carbon.
In turn, phenology may be altered by changes in
temperature and precipitation.

Urban Cooling: Adapting to Climate Change with
Gardens, Trees, and Farms
University of Arizona climate scientists estimate that Pima County which, has already
experienced a 2.1 degree Fahrenheit increase in
temperatures since 1895, will likely see another
10 degrees Fahrenheit by 2090 (“Could Arizona
be unlivable by 2050?,” 2018) and can expect to
experience 52 days of 105-degree-plus temperatures by 2050 (Davis, 2018). One method for
counteracting these effects is to install vegetation and trees or green infrastructure (GI) to
mitigate heat through a combination of shading
and transpirational cooling with the additional
benefit of reducing stormwater run-off.

Changes in phenological events like flowering and
animal migration are among the most sensitive
biological responses to climate change. Across the
world, many spring events are occurring earlier—and fall events are happening later—than
they did in the past. However, not all species are
changing at the same rate or direction, leading
to mismatches. How plants and animals respond
can help us predict whether their populations will
grow or shrink – making phenology a “leading
indicator” of climate change impacts.
Phenological shifts, hidden or not, are already
occurring in Pima County as one study found
through monitoring the flowering of a hundred Sonoran Desert species from 1984 to 2004
(Bowers, 2007). Over a twenty year period,
researchers observed a shift of more than 30
days in the availability of floral resources many
native bees, butterflies, migratory bats, hummingbirds, and mourning doves depended
upon when returning to the desert uplands.
These phenological disruptions were attributed
to climate change and as this study and many
others are suggesting. When climate change is
coupled with significant land use alterations,
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then critical plant-pollinator interactions
known to underpin ecosystem health become
imperiled.
Gardeners, as a result of their direct and constant interactions with the landscape, are more
acutely aware of climate disruption and phenological shifts than most average urban dwellers.
Enlisting their aid in communicating these
nuances to the public and in participating in
citizen science data collection programs might
be a yet not fully realized opportunity associated with expanding urban agriculture.

When examining the benefits of green infrastructure in Phoenix, researchers found “a
net cooling of air underneath or around canopied vegetation ranging from 0.9 °C to 1.9
°C during the warmest time of the day…and
potential reductions in surface temperatures
from 0.8 °C to 8.4 °C in areas underneath or
around vegetation” Declet-Barreto, Brazel,
Martin, Chow, and Harlan (2013, p. 619). However, while trees provide cooling during the
day, if planted too closely or in urban “canyons”
tree canopies may prevent radiation cooling at
night, especially when fully or partially surrounded by buildings (Shashua-Bar & Hoffman, 2000). Therefore, urban forestry principles need to be integrated in shade planting
projects.
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Like green infrastructure, food sheds can provide similar functions and, as discussed in the
New Wave Urban Agriculture section previously, offer even greater value in certain situations.
Urban farms and community food gardens
can also help reduce urban heat island effects,
mitigate urban stormwater impacts, and lower
the energy embodied in food transportation
(Ackerman et al., 2014). A study by Goldman
(2017) found however, that the cooling ability
of urban community gardens is highly dependent on their composition. Tree-cover provides
consistently better cooling offsets than just
vegetation, leading to the observation that to
have both cooling and food producing benefits,
gardens should be composed of food trees and
shade-tolerant plants in a multi-strata or guild
garden designs (G. Nabhan, 2013).

Carbon Mitigation: Combatting Climate Change with
Localizing Food Production

the country can be as much as 50% (Heather,
2012; Weber & Matthews, 2008). When scaled
to consider urban population needs, emissions
savings associated with local food production
are similarly magnified.
The transportation and distribution of produce
also accounts for about ten percent of the loss
for fruits and vegetables globally. This is due
mainly to food spoilage during transportation
and rejection of produce by supermarkets due
to high “appearance quality standards” (Gustavsson, Cederberg, & Sonesson, 2011).
Of the sixty percent of winter vegetables consumed by US consumers or the roughly six
billion pounds that arrive through Nogales, Arizona border each year, an estimated 60 million
pounds are unsellable due to cosmetic defects
(Noble, 2019). Much of this produce heads directly to the Santa Cruz County landfill where
it undergoes further decomposition releasing

methane as a byproduct, an even more potent
greenhouse gas than carbon dioxide. In recent
years, recognizing opportunities to recover
food and reduce waste, activist groups (Border
Produce Rescue, Potpourri for Animals and
Compost (PAC), Produce on Wheels Without
Waste, the Community Food Bank, and others)
have been mobilizing to rescue and redistribute
a portion of the produce that would otherwise
be discarded due to appearance flaws. Still, in
spite of these efforts, more than 12-16 million
pounds of fresh produce make their way to the
landfill each year.
While growing food closer to home clearly
helps cut carbon emissions, it turns out that
community gardens and farms also provide
other indirect climate benefits. As illustrated
in Table 1. (Okvat & Zautra, 2011) gardens can
help growers develop deeper awareness about
the connections between human actions that
are creating climate change and impacts on the
environment.

Localizing food production can provide significant carbon mitigation benefits through
reducing greenhouse gases (GHGs) associated
with transportation and food waste. Okvat and
Zautra (2011) identified a number of direct
pathways that include not only reducing trucking miles but also lowering the amount of food
packaging, refrigeration, and grocery store
heating and cooling associated with non-locally sourced food. For example, the difference between emissions to transport a locally
grown tomato and one shipped from across
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Table 1. Potential Climate Change Benefits of Community Gardens (Credit: Okvat & Zautra, 2011)
DIRECT PATHWAYS (Greenhouse gas mitigation)
Carbon sequestration: Plants absorb CO2, separate and
release O2, and store carbon

INDIRECT PATHWAYS (Urban lifestyle change and
Education)
Teach people about climate change processes

Reduce carbon emissions associated with food transportation Demonstrate how food choices and systems impact climate
from afar
Reduce carbon emissions associated with food packaging,
refrigeration, and grocery store cooling/heating/lighting

Develop awareness of the connection of human actions and
the natural environment, and humans as part of the Earth
community

Using kitchen scraps are garden compost decreases “trash”
send to landfills, decreasing carbon emissions from
transportation and methane emissions from landfills

Community gardens can have an environmental education
component focused on sustainability, including global climate
change

Reduce carbon emissions associated with sewer system
cleaning of runoff water
Vegetation lowers ambient temperatures, this reduces cooling
demand and thereby reduced CO2 emissions from power
plants
While gardening, carbon emissions are reduced for
transportation, cooling/heating, lighting, appliances

Water
The use of water for food production in arid
regions like the Sonoran Desert elicits discussions around what constitutes the highest and
best use of this scarce resource. These conversations often focus on the trade-offs between the
environmental and economic costs and benefits of access to healthy food versus meeting
the water resource demands of growing urban
populations. Yet, while it’s not generally known,
the majority – nearly 73 percent – of Arizona’s
water is already consumed by agriculture. Additionally, since 79 percent of Arizona’s agriculture is exported, 67 percent of the state’s limited
water supply is exported along with it (Bae &
Dall’erb, 2018).
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Given the current and likely prolonged drought
conditions in the Southwest U.S. “where a more
arid climate and higher risk of water shortages are expected in the coming century” (Tong
et al., 2020, p. 2), and which models predict a
decrease in Colorado River flow by 5 to 20 percent in the next 40 years (Zielinski, 2010) and
by 55 percent at the end of the century (Udall &
Overpeck, 2017); serious consideration must be
given to how local food production can be expanded in a sustainable and equitable manner.
Fortunately, research on this topic is providing
some answers. In their recent study on optimizing urban food production using Tucson

as a case study, UA and ASU researchers, Tong,
Crosson, Zhong, Yinan, and Zhang (2020)
found that medium-sized cities “with restricted
water access can substantially enhance their local food production capacity in an ecologically
responsible manner using available municipal
land” (p. 11), when sustainable water sources
are incorporated into designs.
In their modeling and analysis, these researchers considered three alternative water resources: reclaimed water (with limited adjacencies to
existing pipelines), active RWH (with limited
precipitation, roof catchment areas, and storage capacity), and passive RWH (with limited
adjacencies to impervious catchment) and
while recognizing current inherent limitations,
found that when coupled with the “full level of
community collaboration the resources available – Tucson can produce significantly more
vegetables than the amount needed by all food
desert residents” (p. 10).
The Tong et al. (2020) study is unique in that
it examined land and water access in association with levels of community collaboration to
support urban agriculture. The results indicate
that areas like Tucson can in fact substantially
enhance local food production in equitable and
ecologically responsible ways, especially when
there is full to even moderate levels of community collaboration, “the resources available in
Tucson can produce significantly more vegetables than the amount needed by all food desert
residents” (p. 10).
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Economic Development
The economic benefits associated with community gardens and small-scale farming are
rarely captured in regional economic analyses that largely focus on the contributions of
anchor industries to GDP. However, a number
of independent studies have revealed how food
production enterprises actually contribute
important economic value to individuals and
households, and in aggregate, to regional food
economies.
Its no surprise, that growing and selling produce can generate added income for backyard
farmers and gardeners. Salvidar and Krasny in
a study (2004) of Latino community gardens in
New York estimated that an investment of $5
to $10 in plants for a garden plot could provide
a profit of $500 to $700 in the sale of produce.
In fact, Ferris, Norman and Sempick (2001)
coined certain community gardens in the San
Francisco Bay area “entrepreneurial gardens”
due to the economic development opportunities they afforded participants and the neighborhoods.
We find that the opening of a community garden
has a statistically significant positive impact on
residential properties within 1000 feet of the
garden, and that the impact increases over time.
We find that gardens have the greatest impact in
the most disadvantaged neighborhoods. Higher
quality gardens have the greatest positive impact.
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Finally, we find that the opening of a garden is
associated with other changes in the neighborhood, such as increasing rates of homeownership,
and thus may serve – as catalysts for economic
redevelopment of the community.
Gary Nabhan (2017) reports that at the height
of the Great Recession in Tucson, food entrepreneurs initiated a wide array of activities with
very little capital, and in fact, they likely fueled
some of the economic recovery in the region.
Nabhan further reports that Las Milpitas
Community Farm operated by the Community
Food Bank, acted as a food incubator for this
process.

ing and expanding the food economy through
the commercialization, production and sale of
products sourced from native plants, such as
mesquite flour, prickly pear cactus juice and
local honey, and specialty crops like Sonoran
White Wheat, along with traditional foods and
unique and evolving culinary interpretations.
Products are sold at farmer’s markets, independent food businesses and gift shops and online. The organization, Local First Arizona has
calculated that 73 cents of every dollar spent at
independently owned local businesses stays in
the community (Nabhan, 2017).

The food economy in Pima County is based on
more than the industrial efforts of a handful
of entrepreneurs, however. Early pioneers in
promoting food heritage like the Southwest
Folklife Alliance, helped launch Tucson Meet
Yourself, which has an estimated $3.5 million
total annual economic impact. Tucson’s UNESCO City of Gastronomy (TCoG) designation in
2015, helped put Tucson and the region on the
global gastronomy map (Severson, 2016). And,
local food businesses continue to be supported
through efforts led by Local First Arizona, Visit
Tucson, Southern Arizona Arts and Cultural
Alliance (SAACA), the UA, and just recently
by the Farmers, Ranchers and Gatherers of the
Southwest project which aims support the regional food economy through highlighting the
cultural traditions and value of regional food
producers. Artisanal food makers are advancLas Milpitas Autocase Project

Physical Health and Mental Wellbeing
An abundance of emerging research evidence
is validating what many people across cultures, have intuitively long felt, that community gardens and access to green space (spaces
covered with vegetation of any kind) benefit
both physical health and wellbeing (Sternberg,
2010). More time in the natural environment is
connected with more physical activity, reduced
stress, and reduced “mental fatigue associated
with living in an urban environment” (Garvin,
Cannuscio, & Branas, 2013, p. 201).
The physiological health benefits of green space
hold true across socio-economic and environmental factors, including sex, ethnicity, and
level of roadway exposure (Yeager et al., 2018).
Access to community greenspaces can act as
a fountain of youth: “A ten percent increase in
nearby green space was found to decrease a
person’s health complaints in an amount equivalent to a five year reduction in that person’s
age” (Sherer, 2003, p. 15). One comprehenisive
study found that “children who grew up with
the lowest levels of green space had up to 55%
higher risk of developing a psychiatric disorder
independent from effects of other known risk
factors” (Engemann et al., 2019, p. 5188).
The specific natural environment of community
gardens has been shown to enhance the additional health benefits of increased fruit and vegetable consumption, increased physical activity,
and improved mental health: “by giving indiLas Milpitas Autocase Project

viduals an opportunity to reconnect to nature
through gardening, those with issues of mental
health , anxiety, and stress experience positive
results stemming from their engagement with
community gardens” (Diaz, Webb, Warner, &
Monaghan, 2017, p. 853).
Benefits of community gardens have been
found to benefit people across demographics,
with specific benefits for people who may experience isolation. The State of California is funding community gardens in Fresno to help foster
community connections and mental health
support among immigrants and refugees, particularly older adults, who are disproportionately isolated by language and post-traumatic

stress and for whom “culturally attuned therapists are in short supply” (MacKenzie, 2016).
Young people involved in gardening programs
are more likely to eat the vegetables they have
grown and also to experience academic and
developmental benefits: “Youth gardening
programs and projects were found to produce
positive dietary, academic, and developmental
results. Gardening-enhanced nutrition programs increased participants’ nutrition knowledge; fruit and vegetable consumption, preference, and asking behaviors at home; physical
activity; and gardening self-efficacy (Draper &
Freedman, 2010; Heim, Stang, & Ireland, 2009;
Hermann et al., 2006; McAleese & Rankin,
2007; Robinson-O’Brien, Story, & Heim, 2009).
The benefit of increased vegetable consumption has been found to be even more significant among community garden participants
than people who garden at home. In a study
published in the American Journal of Public
Health, researchers found that “Community
gardeners consumed fruits and vegetables 5.7
times per day, compared with home gardeners
(4.6 times per day) and non-gardeners (3.9
times per day). Moreover, 56% of community
gardeners met national recommendations to
consume fruits and vegetables at least 5 times
per day, compared with 37% of home gardeners
and 25% of non-gardeners.” (Litt et al., 2011,
pp. “Results” section, para.1.).
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Table 2. Health Benefits of Nature Contact (Credit: Frumkin et al., 2017)
HEALTH BENEFIT

POPULAR PRESS AND CASE EXAMPLES

Reduce Stress

NBC News: How the Simple Act of Nature Helps you De-Stress

Better Sleep

TIME Magazine: How Camping Helps you Sleep Better

Improved mental health (reduced
depression, reduced anxiety)

New Yorker: How Trees Calm Us Down
The Atlantic: The Nature Cure

Greater happiness, well-being, life
satisfaction

Time Magazine: How Just 15 minutes in Nature Can Make You Happier
Greater Good Magazine: How Nature Can Make You Kinder, Happier, and
More Creative

Reduced aggression

The Brain Flux: Nature Reduced Teen Aggression

Reduced ADHD symptoms

CARE.com: 5 Benefits of Kids Playing Outside

Increased prosocial behavior (action National Geographic: We Are Wired to Be Outside
intended to help other) and social
connectedness
Lower blood pressure

ScienceAlert: Just 30 Minutes of Nature a Week Could Reduce Your Risk of
Depression and Heart Disease

Improved postoperative recovery

SHARP Health: 5 Ways Being Outdoors Can Make You Healthier and Happier

Improved birth outcomes

The Oregonian: The More Trees in a City Bring Surprising Benefit, Portland
Study Finds

Improved congestive heart failure

U.S. News: Can Nature Help You Deal With Heart Disease?

Improved child development
(cognitive and motor)

The Atlantic: The Push for Outdoor and Nature-Based Preschools

Improved pain control

Harvard Health: A Prescription for Better Health: Go Alfresco

Reduced obesity

NPR: To Make Children Healthier, A Doctor Prescribes a Trip to the Park

Reduced diabetes

The National: The Health Benefits of Being Outdoors

Better eyesight

NPR: The Telegraph: Time Spent Outdoors Linked to Better Eyesight

Improved immune function

Business Insider

Improved general health (adults,
cancer survivors, children)

Harvard Health: A Prescription for better Health: Go Alfresco

Reduced mortality

CNN: Living Near Nature Could Prolong Your Life

Asthma and/or allergies (studies
show both improvement and
exacerbation)

Plaid Zebra: Spending Time Outside Could Help Prevent the Development of
Asthma

Improved Air Quality

Oregon Public Broadcasting: New Study Says Urban Trees Significantly
Reduce Pollution
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Food Security and Food Justice
Food Security
“Food Security” is a concept that emerged in
the mid-1970s in response to international food
crises. The Food and Agriculture Organization
(FAO) of the United Nations defines the conditions for food security as “when all people,
at all times, have physical, social and economic
access to sufficient, safe and nutritious food
that meets their dietary needs and food preferences for an active and healthy life” (FAO, 2003,
p. “Defining food security” ). Food insecurity,
or the lack of this condition, can include eating
smaller portions of food or forgoing meals
to make household food supplies last longer.
Hunger and food insecurity are linked to larger
social and economic issues, such as unemployment, underemployment, structural racism,
housing insecurity and poverty, and have negative, community health implications (“Advocacy,” 2020; Buechler et al., 2016).
Among the challenges threatening access to
adequate, healthy food is the emergence of
“food deserts.” USDA’s Food Access Research
Atlas, describes food deserts as areas where
residents have “low access to healthy food…as
being far from a supermarket, supercenter, or
large grocery store (“supermarket” for short). A
census tract is considered to have low access if
a significant number or share of individuals in
the tract is far from a supermarket, or areas that
Las Milpitas Autocase Project

lack a full-scale supermarket within a particular
distance” (Service, 2020).
Food insecurity is linked with poverty, which
can be a cause and consequence of poor health,
and poor health can in turn trap individuals
and entire communities in poverty (“Health
Poverty Action Network,” 2018). These mechanisms are being revealed through emerging
research, which shows that when a person lives
in poverty, a physiological response in the brain
overloads the prefontal cortex, or the section of
the brain that solves problems, sets goals, and
completes tasks (Mathewson, 2020). Together,
poverty and food insecurity create a double
blow to an individual, family and/or community’s resilience to stress.

The right to food, and the circumstances that
allow communities to access and afford adequate and culturally relevant food, is a human
right protected by international law according
to the United Nations. Pima County, however,
has higher rates of poverty and food insecurity
than the state and national averages, at 18.2%
and 14.1% respectively and approximately a
quarter of children across Southern Arizona
are food insecure (“Advocacy,” 2020). It has
also been documented that across the country,
Hispanic and Black families experience higher
rates of food insecurity than White households
(“Advocacy,” 2020).

In addressing food insecurity, community
gardens are one important tool for improving
health through providing:

Food access is a structural and social issue that
all communities have a moral and legal imperative to address.

•

Increased access to fresh produce and nutrient-dense foods especially when located
in food deserts and within neighborhoods
to reduce transportation and mobility barriers;

•

High quality fruits and vegetables, including speciality foods which might have
cultural and traditional significance but are
less available and/or costly at grocery stores;

•

Access to green space for physical and mental wellbeing; and

•

Connection to community.

It is important to note that not all community
gardens are equal in their affordability, though.
Tong and Buechler’s “Greening the Food Deserts of Tucson” (2016) reviewed garden plot
costs and structures, finding that some required
monthly fees and others offered scholarships,
space and gardening resources at no cost. The
costs of plot fees and garden supplies were
noted as a “significant barrier” that must be
addressed in future community garden projects
in order to reduce barriers to access (2016).
Additionally, while Tucson has a year-round
growing season, the seasonality and variability of gardening means that food is not always
available and therefore not an ideal resource for
Las Milpitas Autocase Project
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addressing immediate, emergency food needs.
Gardening in fact, can be challenging for newcomers to the desert garden space and even experienced growers who must adjust to different
seasonal planting calendars and apply a range
of water saving and soil amending techniques.
Still, there are a number of organizations
who specialize in transferring such skills and
knowledge to beginning and advanced gardeners alike. The UA’s Pima County Cooperative
Extension, Native Seeds Search, Las Milpitas
Farm, Mission Garden, the Sonoran Permaculture Guild, and many local commercial nurseries offer workshops to help gardeners cultivate
successful desert gardens. Offerings range from
providing introductions to non-toxic integrated
pest management practices, training in drip

irrigation and permaculture design, to tips on
improving soil health and the selection of the
best cultivars, including local heirloom varieties to maximize success and yields.

concern for racial equity. Food sovereignty, in
contrast, is used to describe global movements
for systemic change in food production and
land rights (Cadieux & Slocum, 2015).

At the regional level, community gardens when
properly situated and accessible to low income
communities, and supported with localized
training and resources, can support improved
regional food security as demonstrated by
the results of programs run by Tucson Village
Farm, the Garden Kitchen and Las Milpitas
Farm among others.

According to the research, community gardens
can be a vehicle and a setting for advancing
food justice in a number of ways. First of all,
community gardening allows participants
greater choice about what to eat by growing it
themselves, providing the opportunity to grow
culturally relevant foods otherwise unavailable or unaffordable at local stores (Draper &
Freedman, 2010). The act of growing one’s own
food can also serve as a reclamation of cultural
heritage and connection to the land for groups
of people with a strong agricultural background
who may have been denied the opportunity to
garden or access land historically.

Food Justice
Beyond increasing access to fresh vegetables,
community gardens can be intentional spaces
for increasing community members’ self-determination and participation in public decision-making, putting food justice into practice.
Food justice can be defined as an “Aim to
institutionalize equity in and control over the
food system. Food justice represents “a transformation of the current food system, including
but not limited to eliminating disparities and
inequities” (Cadieux & Slocum, 2015; Gottlieb
& Joshi, 2010, p. 7).
Food justice work often looks at issues surrounding food access and consumption
through a social justice lens, and typically
within a local, urban setting with particular
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Case studies and research cited by Carney and
Krause (2019); Draper and Freedman (2010);
Edelman (2013) all highlight the importance
of the preservation and expression of cultural
traditions as a benefit of community gardening,
which may carry special significance in rural
communities (Ohmer et al., 2009). Furthermore, internal organization practices, education, and leadership development opportunities
can provide a real-world classroom for those
traditionally excluded from decision-making
processes or positions of power. Throughout
the existing literature, participants in community gardens have shown increasing social and
political involvement: “Participating in demoLas Milpitas Autocase Project

cratic structures of a garden can lead community members to engage in other forms of political activism and activities affecting areas of the
neighborhood that are outside of the garden”
(Ohmer et al., 2009, p. 383).
Therefore, community garden relationships
can lead to greater community change through
activism and legislative advocacy, extending
social justice benefits outside of the garden
and giving community voice a center stage in
the civic arena: “Because community gardens
provide a social space for individuals to join
together, community organizing often results
through the interactions. Nearly 25% of the
articles highlighted this effect, and discussed
how community garden participants mobilized
themselves and others within the larger community to address further community needs or
push back against threats of losing garden land”
(Draper & Freedman, 2010, p. 485). Meaningful, social justice work can sprout from community garden activities because developing a
deep understanding of food systems is also a
study of power and can act as a vehicle for understanding and seeing other types of inequities
(Cadieux & Slocum, 2015). Ultimately, more
active and involved community members can
advocate for more representative governments
and institutions, leading to more resilient, equitable communities.
Community gardening can advance social and
food justice in communities, however, it must
be done with intentionality to achieve meanLas Milpitas Autocase Project

ingful results. Community gardens in and of
themselves do not advance food justice unless
they address structures and systems that cause
food insecurity, and avoid imitating the inequitable structures they seek to change (Cadieux &
Slocum, 2015). The charity framework of certain food projects often undermines this work,
limiting the impact of charity organizations in
this area (Cadieux & Slocum, 2015). As noted
in “The State of the Tucson Food System,”there
are numerous local food and gardening programs and organizations in Tucson, yet there
is a need for projects that address and advocate
for improving food workers’ rights (Carney &
Krause, 2019).
This example highlights a need for continuing
to advance food justice in Pima County but also
the potential for food and gardening programs
to miss the mark in impacting social change.
Furthermore, community gardening projects
can struggle to do this work without adequately
involving community members from the beginning (Allen, 2010). Buy-in from and aligning
values with the community where the garden is
located is key to participation, investment and
ownership over the long term: “Community
gardens, particularly neighbor-initiated and
-supported ones, are diverse and shaped by
existing assets, relationships, resident characteristics, and capacity in the host community”
(2000). While community gardens, and local
food production, offer opportunities to address social inequities in a community, systems
change work must be done intentionally and
collectively to achieve its intended impact.

Community Development, Social
Cohesion and Education
Community gardens offer a number of social
benefits beyond access to healthy food and
wellness facilitation. They can provide informal
gathering spaces that build and reinforce social
networks and reduce isolation. Research has
also noted that gardens can strengthen community identity while simultaneously bringing together diverse groups – racially, generationally,
culturally and socio-economically – as indicated by numerous research studies and literature
reviews. Community members, researchers
and stakeholders have found that these projects
and spaces deepen community connectedness,
expand avenues for cross-cultural exchange,
provide unique educational and personal
growth opportunities, and contribute to overall
community and neighborhood development.

Gathering Spaces, Social Networks & Identity
Gardens are often singular spaces in a neighborhood where residents can gather informally
or around a shared purpose. In contrast to
public parks there is more of a sense of ownership as community members are often responsible for creating and maintaining the garden,
it becomes a reflection of those who use it. By
gathering and working together, participants
have an opportunity to build meaningful relaPage | 29

Reducing Isolation

tionships with those around them, across generational and cultural differences or between
family members (Carney & Krause, 2019). As a
result, active residents build a stronger sense of
collective neighborhood identity and belonging
with their community (Draper & Freedman,
2010; Ohmer et al., 2009).
Through participating in a community garden, Draper and Freedman (2010) found
that “participants accessed resources needed
for their community garden from inside and
outside their immediate garden network, and
through weak and strong social ties” (p. 479).
Research has found that gardens hold a particular benefit for youth: “Social capital, including
having a strong help network and involvement
in community groups, has been shown to help
youth growing up in disadvantaged communities negotiate the challenges associated with
poverty, marshal the limited resources and
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opportunities in their community, and achieve
socioeconomic success in adulthood” (Allen,
2010, p. 432). An analysis focused on Tucson
found that “Students participating in school
garden programming reported that it ‘increased
their connectedness and engagement with their
respective schools.’” (Korchmaros & Haverly,
2017, as cited in Carney & Krause, 2019, p. 4).
The personal relationships, social capital and
gained sense of belonging and connection with
where one lives is a notable benefit of community gardens, and especially unique as opportunities for public gatherings in urban neighborhoods and cities become less frequent.
Seniors along with recent immigrants (which
make up approximately 13% and 15% of Tucson’s population), may be especially vulnerable to experiencing social isolation (“Annual

County Resident Population Estimates by Age,
Sex, Race and Hispanic Origin,” 2016). Gardening projects provide avenues for program
participants to connect with other community
groups or organizations and learn about external resources: “The cultivation of relationships
does not solely apply to interactions that take
place between individual garden participants,
but also includes the involvement of those outside of the immediate garden context. Collaborative efforts with entities such as universities,
cooperative extension offices, summer youth
programs, not-for-profit organizations, banks,
and health centers were some of the many
examples mentioned regarding involvement
of the larger community; these relationships
provided resources for gardens (e.g. volunteers,
financial assistance, technical assistance) that
were not available among garden participants
themselves” (Draper & Freedman, 2010).

Fostering Inclusion
As Borrelli (2007-2008) notes, “Throughout
history, minorities were refused entrance to a
variety of recreational facilities and open spaces, even parks” (p. 276). If catering to diverse
participants that have historically been barred
from the free use of these public spaces, community gardens can be used as a tool to democratize natural, green space in urban settings.
Las Milpitas Autocase Project

Gardens in fact have been used to bring together diverse groups of people, racially, generationally, culturally and socio-economically
to fortify strong social networks (Allen, 2010;
Draper & Freedman, 2010). They offer the
kind of interpersonal learning that comes from
crossing paths with someone very different
from you only to discover your commonalities.
Not only are garden members building relationships with one another, they are connecting with people fundamentally different than
themselves around a common purpose or goal.
As Gary Nabhan advocates in his book, Food
From the Radical Center, “we need to engage
rather than alienate the diverse voices in our
rural and urban communities…as equal partners in collective efforts to ‘stitch back together’
our damaged landscapes and communities” (G.
Nabhan, 2018b, p. 22).

Sites of Reclamation
Many community gardens are acts of reclamation wherein community members and groups
transform otherwise underutilized, vacant lots
into types of communal spaces most needed – a
space where residents feel welcome and included. Ideally this work is led by and for community members, whose direct life experience give
them the expertise to understand and advocate
for what is most desired and needed in a community and how to best implement projects.
This can be complicated if the work initiated or
Las Milpitas Autocase Project

led solely by outside groups or organizations,
as it can jeopardize the project’s impact and
sustainability.
Further complicating the picture of community development improvements is the possibility that property values may rise as a result
of community gardens and increased green
infrastructure. This increase can have both
positive economic impacts as well as negative
impacts on lower-income communities who
may not own their homes and or be able to
afford the associated increase in rents. This
possibility highlights the importance of advancing community garden projects collaboratively
with current residents and with sensitivity, as
gentrification of historically Black and Hispanic
and working-class neighborhoods often occurs.
Aptekar & Myers (2020) found in fact “that
gentrification can amplify racial and class tensions within community gardens and between
gardeners and nongardeners” (p. 1), especially
when the garden is not centered in a food justice lens. Thus, when establishing community
gardens, stakeholder conversations are needed
to identify alternatives and protections, such as
community land trusts, to ensure community
garden projects benefit current residents rather
than contribute to making their neighborhoods
inaccessible.

Educational Spaces
Community gardens are also widely viewed
as important places for community and youth
education and personal development. Research
has found community gardens to be especially
helpful places for children and youth to explore
and learn about nature, science concepts, food
systems and nutrition (Allen, 2010; Carney &
Krause, 2019; Diaz et al., 2017; Draper & Freedman, 2010). As Draper & Freedman (2010)
note, “Youth gardening programs, not designated as a nutrition intervention, were found
to promote youth development (e.g., social
relationships, respect for other individuals and
cultures), improve access and consumption of
healthy foods, and increase science achievement and environmental attitudes” (p. 478).
Through gardening, youth and adults report
gaining or strengthening personal skills such
as patience, perseverance, and responsibility
and learning and practicing communication
and conflict resolution techniques (Allen,
2010; Ohmer et al., 2009). This feature can be
especially important for youth growing up in
households with limited resources as community gardens present an alternative, low-barrier
extracurricular activity for families unable to
pay for camps or other activities (Allen, 2010).
In the community garden setting, adults appear
to benefit most from peer-to-peer learning and
popular education, where skills and knowledge
based on personal experiences are valued (Carney & Krause, 2019).
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Adults active in community gardens have also
reported gaining or strengthening leadership
skills and sense of self that supports greater involvement in the community extending
outside of the garden. For example, Saldivar &
Krasny (2004) found “that 20% of the volunteer
gardeners in their study engaged in political
activism as a result of their involvement in the
community garden program, including forming
coalitions to work on fundraising, workshops,
rallies, outreach, and other local campaigns”
(as cited in Ohmer 2009, p. 383). Allen (2010)
documented the perspectives of community
garden volunteers who received personal benefits from their community contributions, such
as life satisfaction, self-esteem, socioeconomic
achievement, civic engagement, and reduced
likelihood of engaging in detrimental behaviors.

Crime Prevention
Whether community gardens reduce crime as
proponents advocate, or create opportunity
spaces for illegal activities as ambivalent planners worry, is not a well-researched topic. Still,
some comparisons might be drawn from the
existing literature on urban parks and vegetation.
For example, two reports in the Journal of
Environment and Behavior studied: 1. The
impact nature has on mental fatigue (often a
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precursor of aggression and violence), and 2.
The relationship between green space and inner
city crime rates. The research determined that
aggression and violence was “significantly lower
among those people who lived near some green
space than those who lived in more barren conditions.” (MacKenzie, 2016, p. section “Crime
Prevention” para 1).
Garvin et al. (2013) found that vacant lot
greening changes the physical environment
from one that may promote crime and fear to
one that may reduce crime and improve perceptions of safety.
Primarily, greening may make it difficult for
people to hide illegal guns and conduct other
illegal activities such as drug use in or near the
space. Prior work has suggested that urban green
space may in fact promote fear by decreasing line
of site and blocking potential escape routes. Our
results suggest the opposite: that well maintained,
small scale green space may increase perceptions
of safety (p. 201).

fewer property crimes, and 56% fewer violent
crimes than buildings with low levels of vegetation” (Kuo & Sullivan, 2001, p. 356).
When considering whether to apply the research on green space to community gardens, it
is also important to note that in general gardens draw together groups of people engaged
in a community-based activity. The installation
of security equipment at gardens is certainly a
realistic consideration that should be addressed
in planning. An additional consideration might
also be the need and placement of barriers to
deny access to uninvited “gleaners” or curious
harvesters that might be tempted to reap the
benefits (without the labor) of the garden’s
bounty.
In the absence of contrary research, the benefits
of community gardens appear to far outweigh
fears surrounding their potential to encourage
increased illegal activities as Figure 1 illustrates.

In another study that looked at violent and
property crimes around public housing buildings in Chicago, investigators found that
“Compared to buildings with low levels of
vegetation, those with medium levels had 42%
fewer total crimes, 40% fewer property crimes,
and 44% fewer violent crimes. The comparison
between low and high levels of vegetation was
even more striking: Buildings with high levels
of vegetation had 52% fewer total crimes, 48%
Las Milpitas Autocase Project

Figure 1. Impacts of Land-Use Change and Local Good Choice (Metcalf & Widener, 2011)
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12
Overview of Pima County

Statistics by category types:

Pima County
Demographics

•

A

s highlighted above, addressing a key consideration of social justice in food systems
work requires understanding the composition
of the community or the demographics. Many
residents in Pima County fall into the category of “socially disadvantaged groups,” which
the USDA defines as those whose identity in
a group has subjected them to racial or ethnic
prejudice without regard to their individual identity.” In terms of income parity, Pima
County also has a disproportionate (compared
to national averages) numbers of low-income
households, defined by HUD as 80% of the median family income for the area; very low (50%
of the median family income for the area); and
poverty (30% of median family income for the
area. The median household income in Pima
County is $53,464.

Ethnic composition of Pima County –
51.3% White residents, 37.6% Hispanic
or Latino residents, 3.3% Black or African
American residents, 2.83% Asian residents,
2.45% American Indian & Alaska Native
residents, with the remainder of residents
being of two or more ethnicities, or some
other race (“National Population Totals
and Components of Change 2010-2017,”
2017).

•

Poverty – effects 16.2% of the population
in Pima County, AZ, which is higher than
the national average of 13.1%. The largest
demographic living in poverty are Females
18 - 24, followed by Males 18 - 24 and then
Females 25 – 34 (“Pima County, AZ,” 2020).

•

Crime – while Tucson’s rate of violent and
property crime has been declining overall
since 2004, rates remain higher than the
national averages (Brown, 2020) at:

▷ 499 violent crimes (per 100K) compared to national average of 383 in
2017; and
▷ 3193 property crimes (per 100K) compared to national average of 2362 in
2017.

Community Health
Needs Assessment

A

ccording to Pima County’s 2018 Community Health Needs Assessment (CHNA)
and the Centers for Disease Control and Prevention, social determinants of health (SDOH)
are indicators that can provide insights into the
factors that largely determine a person’s access
to the resources that support health outcomes.
These include, “conditions in the environments
in which people are born, live, learn, work,
play, worship, and age that affect a wide range
of health, functioning, and quality-of-life outcomes and risks”
Social determinants of health (SDOHs) are
typically categorized within five key domains,
as defined by the CDC: Neighborhood and Built
Environment, Health and Health Care, Social and
Community Context, Education, and Economic Stability. A variety of individual indicators
are found throughout these domains and often
overlap (Pima County Community Health Needs
Assessment, 2018).

Las Milpitas Autocase Project
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Social Determinants of Health Indicators
The 2018 Pima County CHNA provides the
following information on SDOH indicators:
•

•

Housing: Populations facing substandard
conditions in the built and natural environment (e.g. heat stress, air quality, access
to safe recreational areas, walkability, etc.)
are predominantly low- and extremely
low-income populations, people facing
homelessness or housing insecurity, people
with disabilities and illness, the elderly, and
children.
Health insurance coverage: Only 12.3% of
County residents have health insurance,
only 9.4% of children under 18 have health
insurance.

•

Cost burdens of home ownership or renting: Between 2013-2017, 9.39% of Pima
County homeowners and 25.84% of renters
were severely cost burdened, slightly higher
than both Maricopa County and Arizona.

•

Unemployment rate: In 2018, the unemployment rate was 4.1%, in 2019 it was
4.4%.

•

Education levels: 87.7% of residents have a
high school diploma or higher, 30.8% have
a bachelor’s degree or higher.

•

Average number of poor mental health
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(2017); and

days (≥ 14 days out 30): 12% of respondents
and 13.5% of Medicare beneficiaries report
depression.
•

Leading cause of death: Heart disease 171
people per hundred thousand and cancer
156 people per hundred thousand.

Nutrition Related Health Conditions
Food and nutrition related health conditions of
County residents also fare worse than national
averages across many categories:
•

Obesity rates according to the Pima County
CHNA (2018):
▷ Approximately 26.6% of adults in Pima
County are obese, which is higher than
the state’s obesity rate of 24.7%. High
school students are at an increased risk
for obesity, with physical activity levels
and fruit and vegetable consumption of
Arizona youth ranking lower than those
of their national counterparts.

•

▷ Pima County: 58,254 diabetes-related
hospital discharges (in-patient care and
emergencies) in 2016.
•

Enrollment in federally funded nutrition
programs according to Carney & Krause
(2019):
▷ A reported 14.7% of Pima County’s
population are enrolled in Supplemental Nutrition Assistance Program
(SNAP) from 2012-2016 (Pima County
Community Health Needs Assessment,
2018); and
▷ 57.6% of eligible participants in 2018
were enrolled in Women, Infants, and
Children (WIC) which is slightly higher
than the state average of 50.8% and the
national average of 52.7%.

Diabetes mortality rates according to the
Pima County CHNA (2018):
▷ Pima County: rate is 27.2 per 100,000
people (2016), state average is 23.7 per
100,000 people (2017) and the national average is 21.5 deaths per 100,000
Las Milpitas Autocase Project

Food Access
Food insecurity often co-occurs with other factors such as lack of affordable housing, health
problems and low wages. When taken together,
these factors are considered part of the array of
social determinants of health discussed above.
•

Food insecurity in Pima County is estimated to be at 14.1% of the population, slightly
higher than the state average of 13.1% (Carney & Krause, 2019, p. 4).

•

“Food insecurity among college students
is a growing concern across the country”
(Carney & Krause, 2019, p. 5).

•

“One comprehensive study of Tucson found
that residents of East and West Tucson had
to travel on average four miles to purchase
groceries” (Carney & Krause, 2019, p. 5).

The Pima County
Foodshed

R

egional ties to agricultural production in
Pima County date back over 4000 years.
In fact, archaeological evidence of Hohokam
farming, suggests some areas across the County
are among the oldest continually farmed sites
in the United States (G. Nabhan, Grenade,
Mabry, & Bechtol, 2014). Today, the rich traditions associated with farming, ranching and
gathering are practiced alongside modern agriLas Milpitas Autocase Project

cultural methods. A number of local organizations, for example Mission Garden and Native
Seeds Search, have been involved in promoting
the adaptation and seed-banking of landrace1
and heirloom cultivars and in turn, increasing
appreciation of well-adapted desert varieties of
fruits, vegetables and heritage trees.
According to an annual report produced by the
UA Regional Food Studies Center (Carney &
Krause, 2019):
•

Pima County is home to 855 farms with an
annual production of $97 million;

•

In comparing agricultural production
across Arizona’s border counties, Matt Mars
and Hope Schau (2017) recently reported
that “nearly 80% of the 855 farms in Pima
County operate on 50 or less acres;

•

Pima County ranks 5th in the state for barley production, 6th for cotton and 7th for
alfalfa hay;

•

Latinx farmers in southern Arizona are
often excluded from federal subsidies
due to an emphasis on fruit orchards and
high-value vegetable crops like chillies
and elote (white corn), as opposed to

1 “A landrace is a domesticated, locally adapted, traditional variety of a species of animal or plant that has developed over time, through adaptation to its natural and
cultural environment of agriculture and pastoralism, and
due to isolation from other populations of the species.”
(Wikipedia, 2020)

commodity crops (Vázquez-León 2009).
Between 1995 and 2005, the total amount
of subsidies granted to 39 Hispanic-owned
farms ($1,166,067) was 98.8% less than the
$92,255,324 in subsidies granted to 812 Anglo-owned farms in southeastern Arizona
(Vázquez-León 2009); and
•

Small-scale growers in southern Arizona
continue to face numerous economic and
environmental constraints including access
to capital, land, and water and an uneven
playing field where federal subsidies favor
large-farm commodity operations (Douglass-Gallagher & Stuart, 2019).

In terms of opportunities associated with the
regional food economy, the same report (2019)
shared that:
•

Pima County alone supports 22 farmers
markets, 10 of which accept WIC and
SNAP electronic benefit transfer (EBT)
cards, and four community supported agriculture programs (CSAs);

•

The food industry in Tucson employs
39,000 people (14% of the city’s jobs) and
boasts twice the amount of food trucks and
food carts per capita than New York City,
63% of the 2,500 restaurants and bars are
locally owned and over 145 artisanal food
products created with unique local ingredients from 45 local producers can be found
throughout the city; and
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•

Southern Arizona currently has a shortage of licensed commercial kitchen space,
which complicates the processing and storage component in the local food economy.

Underlying allthese statistics, is a robust food
culture in Pima County, which is infused with
cultural heritage and ethnicity and includes the
practices, attitudes, beliefs, networks and institutions involved in producing and promoting
local food. In fact, the significance of regional
food culture contributed heavily in the designation of Tucson as a UNESCO City of Gastronomy in 2015, the first in the U.S. Just a few
highlighted references from Tucson’s UNESCO
application (G. Nabhan et al., 2014) include:
•

Dozens of native desert plants and animals
listed in the Slow Food International Ark
of Taste—more than for any other North
American landscape, and contributing to a
distinctive “desert terroir”;

•

Tucson’s heritage foods include crops
cultivated in ancient times and historically,
fermented foods, roasted and baked foods,
meats, and cheeses distinctive to the desert
borderlands region. These heritage foods
are representative of many living traditions
that thrive today, and are a source of identity and cultural vitality for the people who
live here; and

•

The region’s unique cuisine, which has
developed through the layering and blend-
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ing of prehistoric native wild foods and
ancient crops and varieties arriving from
Mesoamerica; introductions of plants
and livestock from the Old World during
the Spanish Colonial period; ingredients
and dishes brought by a sequence of later
arriving cultural groups; and contemporary
culinary innovations using local heritage
ingredients.
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31
Case Study of Las Milpitas Community
Farm using Autocase Software

About Las Milpitas
Community Farm

L

as Milpitas de Cottonwood Community Farm, the case study for the economic
analysis provided in this report, is a specific
type of community garden model in Tucson
that is centered in a food justice vision. The
farm is managed by the Community Food Bank
of Southern Arizona (CFB), a Tucson-based
nonprofit that directs operations and programming, including securing resources and providing staff for Las Milpitas. The CFB also operates
as a traditional food bank, providing emergency food support to all five counties in southern
Arizona through the federal Emergency Food
Assistance Program (TFAP) and Commodity
Supplemental Food Program (CSFP) (“Community Food Bank of Southern Arizona,”
2020).
Additionally, CFB procures food through direct
donations and the national Feeding America
network, of which it is a member, to supplement the food boxes families and individuals
receive. CFB has also made significant investments in recent years to rescue produce at
the U.S. Mexico border in Nogales, AZ which
have increased fruit and vegetables available to
program participants through seasonal produce
distributions (Carney & Krause, 2019). The
Gabby Gifford’s Resource Center, at CFB’s main
warehouse, connects program participants with
Las Milpitas Autocase Project

other emergency food or federal poverty alleviation services, such as the Supplemental Nutrition Assistance Program (SNAP), formerly
known as food stamps, and the Special Supplemental Nutrition Program for Women, Infants
and Children (WIC). Moreover, through Agency Market, Caridad Community Kitchen and
school pantry sites CFB provides communities
direct food support through school, nonprofit,
and faith-based partners, who extend CFB’s
regional reach and help distribute almost half
of the food provided (Carney & Krause, 2019).
By providing over 35 million pounds of food
annually and serving over 100,000 community
meals annually, CFB is the leading organization
providing hunger relief in Southern Arizona
(2019).
The Community Food Bank has established
itself as a national leader among food banks
for its programs that seek to meet the community’s immediate food needs and also address
the social and economic factors, or root causes,
that allow food insecurity to persist. In 2018,
Feeding America, a national food bank network, named CFB “Food Bank of the Year” for
its hunger relief, health, community education
and development programs (“Feeding America,” 2018). Part of that work involves health
and nutrition education, including a “Health
Initiatives” program that focuses on reducing
diet-related disease among clients and improving the nutritional quality of food boxes. CFB’s
partners are not just conduits for food distribution, but valued partners who receive support
through a formal network that connects them

to trainings, peers, and institutional grants
(Carney & Krause, 2019).
CFB offers numerous programs to address root
causes of food insecurity. For example, one
program Caridad, provides culinary training
and a certification program as a career pathway
into the culinary industry for those struggling
with under or unemployment. CFB also operates two farmer’s markets that accept SNAP
benefits, which are doubled dollar-for-dollar
through a matching program; (WIC) benefits;
and Arizona farmer’s market checks. CFB staff
work to feature produce from local farms and
also work with Tucson-based institutions to increase local food procurement and support the
local food economy (Carney & Krause, 2019).
Through quarterly civic engagement trainings
with program participants and
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policy campaigns, the CFB supports community empowerment to affect policy changes. The
goal of these programs is to complement CFB’s
emergency food work by supporting families
to navigate out of poverty, improve health, and
change the social conditions that create economic and health inequity.
Finally, and most relevant for the purposes of
this report, is the longstanding farm and garden
programming offered by CFB for over 20 years,
of which Las Milpitas is a part. The food bank
installed a small garden on the west side of the
warehouse in 1998 to serve as a gathering and
educational space where those picking up food
boxes could learn about gardening. Since then,
the program expanded to include Las Milpitas
Community Farm, a school garden program,
and a leadership development program known
as Garden Leaders. Past programs included the
Marana Heritage farm, which was a production farm and youth farmer training site, and a
low-income backyard garden cooperative. The
longevity and innovation of these programs,
as they preceded the majority of the aforementioned programs and in many ways led the
way for additional community development
programs, demonstrate the importance of gardening as one of CFB’s strategies for building
community networks, and investing in community leaders.
Las Milpitas de Cottonwood Community Farm
is a five-and-a-half-acre community garden located over six miles away from the CFB’s warePage | 42

house, along the banks of the Santa Cruz River
on a Pima County Regional Flood Control
District (RFCD) parcel. Development of the
farm began in 2010 however, Milpitas gardeners are not the first to cultivate the soil there.
Agriculture has thrived in the area for millennia, with a rich heritage dating back 4,000
years to Hohokom, Tohono O’odham, Mexican,
and Chinese farmers. In the early aughts, the
same tract of land was home to the Farmacy
Gardens, medicinal herb gardens cared for by
clients and volunteers of a low-income, integrative medicine center called Spirit of Service.
The downtown charter school City High took
over management of the land in 2006 as part of
the school’s gardening curriculum.
Four years later, the Community Food Bank
and the school began a formal partnership
to expand the space into a community garden with the benefit of a no-cost lease from
Pima County’s Regional Flood Control District (RFCD). Program staff sought to create a
garden capable of deeply engaging neighbors
in the adjacent Verde Plaza and Cottonwood
Estates mobile home communities around
food production and community building in
a unique natural space over a mile from the
nearest grocery store (Portillo, 2018). Since
its inception, Milpitas has built the farm and
programming in collaboration with community
members, including a series of several meetings
with a range of 15-60 attendees to both name
the farm, and envision the design and purpose
of the space. It is the from the knowledge and
ideas from those early meetings and continued

involvement of community of gardeners today,
that staff have continued to build the farm’s
structures, production capacity, and expand native green space and community programming.
Las Milpitas’ vision is to bring “residents from
all areas of Tucson together to build community and create strong leaders working
for a resilient, sustainable local food system.”
(“Community Food Bank of Southern Arizona,” 2020). Nine years after the farm’s initial
development, Las Milpitas continues to serve
as a local resource for community members to
gather and learn how to garden in Tucson’s arid
climate. The community garden is central to the
Las Milpitas program, as it provides free materials and support for community members to
grow food for themselves, making healthy, local
food more accessible to low-income families.
To participate, applicants must income-qualify
or live in the surrounding neighborhoods. The
garden plots, gardening supplies, climate-appropriate seeds and seedlings, and educational
workshops are offered in exchange for volunteer time supporting farm upkeep and collective projects. Monthly potluck meetings and
biannual planting celebrations provide opportunities to build and sustain meaningful relationships among gardeners as well as increase
their skills and ownership of program activities.
Interest and participation in the community
garden has continued to grow, and gardeners
hail from across Tucson to access program
offerings (Buechler et al., 2017). There are apLas Milpitas Autocase Project

proximately 70 active community garden plots
during any given season, with space to expand
participation. The in-ground plots, grouped
into “neighborhoods,” are spread around the
farm and integrated among native vegetation
and shade, outdoor classrooms, tool sheds,
pollinator gardens, seating areas, and other
farm structures. Art abounds, with murals that
adorn tool sheds and rainwater cisterns painted by City High students and other program
participants. Other areas of the farm open to
gardeners and the public include a patio area
with bistro lighting and three covered ramadas,
a composting toilet, the children’s learning garden, off-grid solar aquaponics demonstration
site, two greenhouses, compost operations and
demonstration, and a chicken coop. The farm
provides a verdant respite in the middle of the
Tucson for gardeners, volunteers and visitors to
enjoy.
The farm is also an educational site for community gardeners and the southern Arizona
community, offering free or low-cost training
and support in desert food cultivation. Milpitas hosts free workshops and hands-on work
days, teaching all those interested about gardening with a focus on organic and regenerative methods and related topics, such as food
justice and environmental conservation. Many
workshops are offered in Spanish and all offer
interpretation, which enhances accessibility.
Farm staff works closely with gardeners interested in refining their gardening abilities and
personal growth through Garden Leaders, a
leadership development training that includes
Las Milpitas Autocase Project

communications and facilitation training, and
mentorship along with advanced gardening
experience.
Through the Youth with Roots program and
school partnerships, the farm teaches kids
and youth from Pima and Santa Cruz counties about food cultivation, sustainability, and
being active members of their community. The
farm’s north end hosts groups of students who
manage their own garden plots and learn about
green technology at the Solarponics demonstration site, which combines aquaponics and
solar power technologies to grow vegetables
and edible mushrooms year-round. Through
accessible educational opportunities tailored to
community interests and needs, Las Milpitas
aims to increase skills and knowledge about
sustainable food cultivation, and support community members to take an active role in the

community as leaders and advocates.
In addition to the community garden, Milpitas
offers beginning or part-time farmers space to
grow commercial produce in the farm’s south
end. Plots of land of 675 square feet in size are
available to growers who pay a small monthly
fee for water and materials. In exchange, these
growers have space and access to a harvest station to produce food for the CFB consignment
farmers’ market or local stores. Not only does
this offer an opportunity to gain small-scale
farming experience but also offers supplemental income. New market growers connect with
the Las Milpitas program first as community
gardeners in smaller plots or through a partnership with the International Rescue Committee’s (IRC) New Roots Program for refugees. At
Milpitas, these growers invest in the program
and the land to sell their produce and be active
participants in Tucson’s local food system.
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Finally, much of what Las Milpitas Community
Farm offers is a tranquil and natural space for
community building and gathering. Opportunities for celebration and play are as important
as gardening and education for the program,
demonstrated by a regular offering of events
open to the entire community. These include
the Pumpkin Smash festival, public mesquite
millings, and film screenings that educate and
celebrate local food, organic gardening methods and community organizing. In addition,
the program offers the space to community
members, groups and organizations at no cost
or in exchange for a small donation to host additional events and educational opportunities,
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expanding the resources available at the farm
and the number of people accessing the garden.
The gardens and natural spaces are an invitation and opportunity the Milpitas program uses
to grow a sense of community and build connections among people and groups from across
the region.
The community who uses the garden are comprised of diverse groups of people in age, countries of origin, cultures, ethnicity, and are connected to Milpitas as gardeners, volunteers, or
through their schools. Recent gardener surveys
showed that nearly a third of all community
gardeners speak Spanish as their first language,

and over half of all gardeners self-identify as
either Hispanic/Latino, Black, or Native American. Nearly a third of gardeners use other forms
of food assistance while gardening at Las Milpitas, such as SNAP or emergency food boxes.
Additionally, over half of gardeners last season
made $2,000 or less per month. The gardens
at Las Milpitas reflect a diverse community in
terms of cultural identity, race, and socio-economic status, though Food Bank staff work to
ensure users with the highest economic need
continue to have priority access.

Las Milpitas Autocase Project

Autocase Study
Purpose
Pima County with support from the Regional
Flood Control District, embarked on an evaluation of an urban farm pilot project to help
inform whether a wider rollout of an urban
agriculture program within the region will
provide an opportunity for residents to lease
plots of land from the County and grow crops.
As such, the County and Impact Infrastructure - with significant assistance from local
partners – have conducted a pilot triple bottom
line cost benefit analysis (TBL-CBA) to provide
decision support using Impact Infrastructure’s
Autocase software. For the County, TBL-CBA
provides an objective, transparent and defensible economic business case approach to assess
the costs and benefits pertaining to the Urban
Agriculture project.

Triple Bottom Line Cost Benefit Analysis
Approach
TBL-CBA is an enhanced form of cost-benefit
analysis (CBA) - a systematic process for calculating and comparing benefits and costs of a
project or policy, and is generally conducted to
justify an investment or compare projects. The
Las Milpitas Autocase Project

TBL-CBA process accounts for a project’s full
range of environmental, social, and economic
impacts.
The process involves both quantification of
the lifetime impacts of a project, as well as the
monetization of those impacts. Since TBL-CBA
includes the quantification and monetization
of impacts relating to a base case and a design
case – results are incremental and relative. Both
benefits and costs are expressed in monetary
units, which allows you to evaluate different
alternatives with a variety of attributes using a
common measure.

Project Overview
The base case was identified as a vacant, unmanaged 5-acre section of a parcel of land (the
undeveloped site of the current Las Milpitas
Farm). The alternative/design case being valued
is one in which the unutilized land is compared
to an urban agriculture project whereby the
county provides a no-cost lease to Las Milpitas
Community Farm, who subsequently incur
capital costs and ongoing operations and maintenance costs to convert the land to be suitable
for farming. They in turn lease the space to
commercial farmers, provide community garden space, and educational programs for adults
and children.
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Impacts Being Valued
Table 3 shows the list of financial, social, and
environmental impacts valued as part of this
project. A short description is also given, with
more detailed valuation methodologies provided later in the report.2

Table 3. Impacts being valued in this study
Financial
Capital Expenditure

These are the upfront costs of a project

Operation & Maintenance

The ongoing yearly costs for wages, insurance etc.

Electricity

The financial cost of electricity use

Water

The financial cost of water use

Rental Revenue (Events)

Revenue the farm gets from hosting events

Rental Revenue (Gardeners)

Revenue the farm gets from commercial gardeners

Avoided Lease Cost

The benefit of not having to pay for the land the farm is on

Property Value

The potential increase in property value due to green space

Urban Heat Island

The reduced heat stress mortality from reduced temperature

Water Scarcity Value

The inherent social value of water scarcity beyond its utility price

Recreation

The value people gain from recreational amenities

Social
2 “In 2012, Outside Magazine published an article on
what Japanese scientists call Shinrin-yoku, or forest bathing. Forest bathing is defined as making contact with and
taking in the atmosphere of the forest. What sets forest
bathing apart from simply taking a walk in the forest is
that we consciously take in the sights, sounds, smells, and
the whole experience, rather than allowing our minds
to do the things they habitually do, like putting together
a mental grocery list. Results of a study of 280 subjects
conducted in 2010 found that forest bathing was associated with lower levels of a stress indicator called cortisol,
lower pulse rate, and lower blood pressure” (Smith, 2014,
p. para 2). For the purpose of this analysis, “forest bathing” is used as a proxy for experience in the garden.

Food Desert/Healthier Diet

The health benefits from having greater access to healthier food

Forest Bathing

The reduced stress associated with proximity to green space

2

Health from Exercise

The societal gain from physical activity due to gardening

Community Cohesion/Volunteer

The benefits to the community from volunteering at the farm

Education

The training and eco-literacy from programs provided at the farm

Food Miles

Reduced social impacts of trucks by growing food closer to its end use

Food Revenue to Farmers

Commercial farmers selling food at local markets

Avoided Food Purchase

Community farmers offsetting purchasing food
Environmental
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Pollination

The farm’s positive impact on local pollination

GHG from Electricity Use

The embodied CO2e within electricity used by the farm

Air pollution from Electricity Use

The embodied criteria air contaminants (CACs) within electricity used

GHG from Water Use

The embodied CO2e within water (energy to deliver and treat)

Air pollution from Water Use

The embodied CACs within water (energy to deliver and treat)

GHG Avoided by Vegetation

CO2e sequestered and stored by vegetation at the farm

Air Pollution from Vegetation

CACs removed by vegetation at the farm

GHG & Air Pollution from Food Miles

Reduced CO2e and CACs from trucks by growing food closer to end use

Las Milpitas Autocase Project

Key Assumptions
Some of the key underlying assumptions that
affect the lifetime results are outlined below:
•

Temporal assumptions
▷ This report presents impacts in lifetime
net present value over a 40-yr period
using a 3% discount rate and converts
all future cashflows into 2019 USD
value.

•

Spatial assumptions
▷ This report uses as many local data
points as possible to make the results
contextually specific and relevant. This
includes things like local electricity and
water rates, e-grid emission factors,
climate change projections, property
values etc.

•

•

Scenarios
▷ There were numerous scenarios considered for this analysis:
◊ Water: three different water use scenarios were assessed:
1.	First, where the farm uses 100%
potable water;
2.	Second, where the farm utilizes
on-site rainwater harvesting to capture 18% of its overall yearly water
demand, and uses potable water for
the remaining 82%; and
3.	Lastly, where the farm utilizes onsite rainwater harvesting to capture
18% of its overall yearly water demand, and uses reclaimed water for
the remaining 82%.

◊ Climate change: The effect of urban
heat island mitigation under two different
climate change scenarios were assessed
based on research by Moss et al. (2010):
1.	RCP 8.5: Representative Concentration Pathway 8.5 scenario assumes
the radiative forcing level reaches 8.5
W/m2 characterized by increasing
greenhouse gas emissions over time.
2.	RCP 4.5: Representative Concentration Pathway 4.5 scenario is a
stabilization scenario, which means
the radiative forcing level stabilizes
at 4.5 W/m2 before 2100 by employment of a range of technologies and
strategies for reducing greenhouse
gas emissions.

Water assumptions
▷ Use of reclaimed water for agriculture
is governed by the State of Arizona,
which follows EPA guidelines, for more
information see Appendix C. Arizona
Agriculture Using Recycled Water. For
the purpose of this analysis, it was assumed there were no restrictions on the
use of reclaimed water for agricultural
irrigation of food crops.

Las Milpitas Autocase Project
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Summary of Results
It is expected that, over the 40-year study
period, the farm will cost around $6.4m. If a
reclaimed water strategy is used, however, this
reduces to $5.9m. In terms of social impact,
the farm generates around $7.1m in benefits.
Again, under a reclaimed water scenario, this
improves to around $7.2m. Environmentally,
the community garden generates just under
$0.2m in benefits, while under a reclaimed water scenario, this improves to just over $0.2m.
Overall, the project generates a positive triple
bottom line net present value3 of $0.9m under a
100% potable water scenario and $1.5m under
a reclaimed/rainwater harvesting scenario.

Table 4. Summary of Autocase Results
100% Potable
Water
Financial NPV

82% Potable, 18%
Harvested

82% Reclaimed, 18%
Harvested

-$6,369,000

-$6,281,000

-$5,911,000

$7,067,000

$7,091,000

$7,199,000

Environmental NPV

$188,000

$218,000

$221,000

Triple Bottom Line NPV

$886,000

$1,028,000

$1,509,000

Social NPV

3 Net Present Value (NPV) is defined as “the value of all
future cash flows (positive and negative) over the entire
life of an investment discounted to the present. NPV
analysis is a form of intrinsic valuation and is used extensively across finance and accounting for determining the
value of a business, investment security, capital project,
new venture, cost reduction program, and anything that
involves cash flow” (“Net Present Value,” 2020).
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Detailed Results
In Table 5 below, the results of the TBL-CBA
under each of the three water scenarios (100%
potable; 82% potable & 18% rainwater; and
82% reclaimed & 18% rainwater) and two
greenhouse gas concentration pathways (RCP
4.5 & RCP 8.5) are assessed.
Despite the fairly large financial cost of the
farm (around -$6m lifetime value), the social
and environmental benefits generate a positive
overall triple bottom line net present value.
The social value is driving most of this (with
over $7m in benefits), while the lifetime environmental impacts of the farm are smaller –
though not insignificant – at around $200,000.
Noticeable financial implications include the
upfront capital costs (-$1.9m), as well as the
ongoing operational costs (-$4.9m). Since the
farm uses water, there are also negative impacts related to that. Under Scenario 1 (100%
potable water), this financial cost amounts to
-$490,000, however if 18% of water demand is
met through on-site rainwater harvesting this
lowers to -$400,000, and this value is further
improved to just -$35,000 if we assume that
the reclaimed water is used instead of potable water. The largest financial benefit to the
farm is the avoided lease cost (present value of
$830,000) that they would otherwise have had
to pay.
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The relative scale of the social impacts from
this study align well with the overall goals of
the farm. Community cohesion and education
generate the largest values at $2.67m & $0.91m,
respectively – reflecting the large social and educational role the farm plays in the community.
The benefits from food are also significant: the
present value of food revenues to commercial
farmers amounts to $0.87m, while the impact
from having access to a healthier diet and
reducing food desertification is $0.85m. Other
significant social impacts include the uplift on
nearby local property values ($0.71m), and the
health benefits from gardening as a form of
exercise ($0.57m).

were to be included, too, this would increase
the value shown.
Lastly, the largest environmental value is
generated from CO2 sequestration by vegetation ($190,000). Pollination ($34,000) and air
pollution removed by vegetation ($25,000) are
the next largest. The environmental impact
of electricity use is small, and helps that the
small aquaponics system energy demand is met
through on-site solar. Lastly, the environmental
impact from the CO2 and air pollutants embodied in the energy used to treat and deliver
water is also small, with reclaimed water having
a slightly improved outcome.

Regarding the social impacts, it is important to
note that the social value of water is negative
for the two scenarios that use potable water,
whereas it reduces to $0 for the reclaimed scenario (reflecting the neutrality that reclaimed
water has on overall supply). Lastly, it is also
worth pointing out that the urban heat island
impact is relatively small in comparison to
other social impacts at around $62,000. Furthermore, when modeling under RCP 4.5, the
benefit is still fairly similar at around $52,000.
This relatively small impact is due to the limited amount of vegetation causing shading, as
well as the fact that Autocase models impacts
to heat stress mortality, rather than also the
impacts to morbidity. There are very small
marginal impacts to heat related mortality
with temperature changes across the two RCP
scenarios, thereby explaining the small gap
between the two results. If reduced morbidity
Las Milpitas Autocase Project

Table 5. Triple Bottom Line Cost Benefit Analysis Results: Lifetime Value ($, 2019)
Impact Type

100% Potable
Water

Impact Type

Financial

Capital Expenditure

-$1,910,000

Financial

Opex

-$4,871,000

Financial

Electricity

-$41,000

Financial

Water

-$493,000

Financial

Event Revenue

$17,000

Financial

Rent (Gardeners Pay Farm)

$97,000

Financial

Avoided Lease Cost

$832,000

Avoided Food Purchase

$53,000

Social

Food Revenue

$868,000

Social

Rent (Paid by Gardeners)

-$97,000

Social

Property Value

$714,000

Social

Urban Heat Island (RCP 8.5)

$62,000

Social

Water Scarcity Value

-$113,000

Social

Recreation

$240,000

Social

Food Desert & Healthier Diet

$848,000

Social

82% Potable, 18%
Harvested

-$405,000

82% Reclaimed, 18%
Harvested

RCP 4.5

-$35,000

$52,000
-$108,000

$0

Social

Health from Exercise

$573,000

Social

Community Cohesion

$2,670,000

Social

Forest Bathing

$323,000

Social

Education

$909,000

Social

Social Value of Food Miles

$36,000

Pollination

$34,000

Environmental

GHG from Energy Use

-$9,000

Environmental

Air pollution from Energy Use

-$3,000

Environmental

GHG from Water Use

-$17,000

-$14,000

-$12,000

Environmental

Air Pollution from Water Use

-$11,000

-$9,000

-$8,000

Environmental

GHG Avoided by Vegetation

$189,000

Environmental

Air Pollution from Vegetation

$25,000

Environmental

GHG from Food Miles

$1,000
-$6,369,000

-$6,281,000

-$5,911,000

-$6,369,000

Environmental

Environmental

Air Pollution from Food Miles
Financial NPV
Social NPV
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$4,000
$7,067,000

$7,091,000

$7,199,000

$7,057,000

Environmental NPV

$188,000

$218,000

$221,000

$188,000

Triple Bottom Line NPV

$886,000

$1,028,000

$1,509,000

$876,000
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Detailed Methodologies
Financial: Capital Expenditure
The upfront cost of creating the urban garden
was provided by Las Milpitas Farm and was
inflated to 2019 figures. Construction cost of
the farm over various phases over several years
amounted to around -$1.9m and includes
sources of cost such as harvest stations, fencing, greenhouses, irrigation, water harvesting
infrastructure, fruit rees, and other site specific
investments.

Financial: Operations & Maintenace
O&M costs represent the ongoing yearly costs
to keep the farm running, which include things
like staff wages, insurance, maintenance of irrigation facilities, and waste services. The farm
also relies on volunteer time, which if were not
donated they would have to pay for; as a result this avoided labor cost is also included as
a benefit in this figure. The yearly O&M costs
amount to around -$229,000/yr, which when
discounted over the 40-yr project life result in a
present value of -$4.9m.

Financial: Electricity Usage
The farm uses electricity as part of its day-today functioning. It uses 9,692 kWh/yr, which
is $0.16/kWh and inflated using grid-specific
forecasts from the U.S. Energy Information
Page | 52

Administration (EIA) to account for changing
electricity prices brought about by fluctuations
in macroeconomic trends, technology, and oil
prices over the project life. The financial cost of
electricity amounts to a present value of around
-$41,000.

Financial: Water Usage
Being an urban garden, water is essential. Using
values from the farm, water demand is expected to be 2,729 ccf per year.
As already noted, this report assesses three
water use scenarios:
1.	 100% potable
a.	 Under this scenario, using 2,729 ccf/yr
of potable water at a cost of $4.83/ccf,
results in a present value of -$0.49m

uses reclaimed water for the remaining amount (2,244 ccf/yr), this results
in a much improved present value of
-$0.07m.
The costs of water across the three scenarios are
taken from location-specific estimates provided
by Pima County, given historical expenditures.
These price estimates are escalated over time
using water price growth rates from the American WaterWorks Association. It is expected that
on average, real water prices grow annually by
2.5%.

Financial: Event Revenue
The farm can be used as an event space
throughout the year. There are around 24
events held per year at a cost of $30 per event.
Over the life of the project, this results in a
modest benefit of around $17,000.

2.	 82% potable & 18% rainwater harvesting
a.	 Assuming 18% of water demand can
be met by rainwater harvesting, using
2,244 ccf/yr at $4.83/ccf results in a
present value of -$0.41m
3.	 82% reclaimed water & 18% rainwater
harvesting
a.	 Reclaimed water is significantly cheaper
than potable water at $0.67/ccf. If the
farm meets 18% of its water demand
through rainwater harvesting and

Financial: Rental Revenue
The urban garden houses both commercial gardeners, as well as community gardeners. Seven
commercial gardeners lease their plots at $50/
month - a revenue of around $4,200/yr, resulting in almost $100,000 over the project’s life.

Las Milpitas Autocase Project

Financial: Avoided Lease Cost
The Regional Flood Control District is allowing
the farm to use the land at no cost, thus resulting in an avoided lease cost of around $36,000/
yr. This saving amounts to a benefit of $0.83m
over the study period.

Social: Rent (Paid by Gardeners)
As outlined in a previous section, seven commercial gardeners pay $50/month to lease their
land, which is a transfer of $97,000 from them
to the farm (present value).
Social: Property Value

Social: Avoided Food Purchase
By community members being able to grow
their own food, they are offsetting a cost they
would have otherwise incurred. We assume
that around 5% of the total farm’s output is
produced by the community gardeners (the
remaining 95% is grown by commercial gardeners). This is assumed based on the square
footage of farming space occupied by commercial farmers as compared to community gardeners. Using the produce quantities provided
by the farm, and a typical retail price for the
goods, this amounts to around $2,300/yr – a
present value of $53,000. The value of crop per
year is given in Table 6.

Social: Food Revenue
As mentioned above, commercial gardeners
produce around 95% of the overall farm output,
which they can sell at various markets. Using
the same assumptions on goods and their market price, this amounts to roughly $38,000/yr –
resulting in a present value of $870,000.
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High quality landscape design will improve the
aesthetic quality of the surrounding area, creating a more desirable neighborhood. The literature tells us that it is highly likely that property
values – not only directly adjacent to the green
infrastructure – but beyond, will increase as a
result.
Autocase uses a US EPA meta analysis of 35
hedonic property valuation studies on the
benefits of green open space and low impact
development (Mazzotta, Besedin, & Speers,
2014). The property value benefit is estimated

as the percent change in a home’s value for an
observed percent change in the amount of open
green space, while factoring in other influencing characteristics, such as existing house prices
(at the zip code-level for USA), existing green
space within 500m, the distance of the property
from the site, and whether there are recreational facilities, among others.
Using an assumption of around 5 acres of
improved land, and roughly 230 nearby houses being affected, we estimate a yearly benefit
of $141,000 – resulting in a present value of
around $700,000. This benefit accounts for the
existing green space in the nearby area which
is approximated at 20 acres. The benefits are
calculated in terms of an “annual rental equivalence” i.e. the yearly increase in rent that could
be gained if this property were to be rented out
since the price of a home can be thought of, or
represented as the sum of the discounted future
annual rental-equivalent values of living in that
home.

Table 6. Crop Value per Year
Crop Type

Value of crop ($/yr)

Organic Vegetables

$24,000

Fruit Trees

$830

Future Fruit Trees

$12,600

Mesquite pods

$1,800

Nopales

$110

Tunas

$120

Eggs

$1,200
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Social: Urban Heat Island
Adding vegetation reduces ambient temperatures as it affects the albedo of the surface area,
effectively cooling the ambient surroundings
near green space. This ambient decrease in
temperature is responsible for providing respite from extreme summer temperatures. This
translates into a social benefit – especially in a
hot environment in terms of reduced heat stress
and stroke induced mortality. Two future climate scenarios were assessed for this project to
account for changing climatic conditions over
the project period. Autocase uses location-specific temperature data from the North American regional data from the Canadian Center
for Climate Modelling and Analysis’s CanESM2
data set that is location-specific to 50 km grids.
1.	 RCP 8.54
a.	 A 2 degree celsius site-wide temperature
reduction yields in a present value of
around $60,000.
2.	 RCP 4.55
a.	 A 2 degree celsius site-wide temperature
reduction yields in a present value of
around $50,000.
Representative Concentration Pathway 8.5 scenario
assumes the radiative forcing level reaches 8.5 W/m2
characterized by increasing greenhouse gas emissions
over time.
5
Representative Concentration Pathway 4.5 scenario is a
stabilization scenario, which means the radiative forcing
level stabilizes at 4.5 W/m2 before 2100 by employment
of a range of technologies and strategies for reducing
greenhouse gas emissions.
4
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Social: Water Scarcity Value
Water has an inherent ‘social’ value outside of
its financial value – essentially it is valuable to
have water in the ground, especially in water-scarce regions. Therefore, water harvesting
as shown in one of the farm designs generates
some social value in terms of reduced water extracted from the water table or body of
water. Autocase uses the research conducted by
the United States Geographical Survey Water
Survey (2010) to allocate groundwater - surface
water proportions to get a location-specific social value of water estimate. The social value of
water in Pima County is estimated at $470/AF.
1.	 100% potable
a.	 Under this scenario, using 2,729 ccf/
yr of potable water results in a present
value of -$113,000
2.	 82% potable & 18% rainwater harvesting
a.	 Under this scenario, using 2,244 ccf/
yr of potable water results in a present
value of -$108,000
3.	 82% reclaimed water & 18% rainwater
harvesting
a.	 Given that reclaimed water has already
had its primary use, and the farm is
thus not adding to demand, the social
value of water in this scenario is $0.

Social: Recreation
The farm provides a space to enjoy oneself,
have recreational amenities, and also link to a
nearby hiking loop/trail. Although the protection of public space and the provision of recreational amenities are typically not priced, they
nevertheless have significant value to society,
and economists have developed sophisticated
analytical techniques to derive monetary values
for these types of goods. Using a methodology
developed by the US Army Corps of Engineers
and combined with an activity specific direct
‘use’ value model developed by The Trust for
Public Land’s Center for City Park Excellence,
based on willingness-to-pay values for specific recreational opportunities, the recreational
benefit of the site is monetized.
Assuming roughly 15 recreational visitors per
day come to use the play area, benches, trails,
flower garden, community garden, events etc.
this yields a present value of around $240,000.
The full list of amenities enjoyed by visitors and
analysed by Autocase to generate benefits are
found in Table 7.

Social: Food Desert & Healthier Diet
Having access to healthier food options –
where before they were limited – reduces risk
of numerous health impacts that can be valued
including the risk of cardio-vascular diseases,
cancer, and all-cause mortality. We assume that
Las Milpitas Autocase Project

Table 7. Autocase Amenities Analyzed
Recreation Amenities List
Birdwatching / Nature
Community Gardening

the farm provides fruit & vegetable consumption equal to 8 lbs/per person/yr for around
120 adults. This estimate is derived from
approximating the division of total produce
produced on the farm across the community
gardening member families. According to Aune
et al. (2017), the relative risk reduction or the
reduction in diet-related risk of severe disease
and mortality (attributable to the consumption
of 100gm of additional fruit and vegetables per
day) is estimated at around 8%, which yields
a value of $35,000/yr. This generates a present
value benefit of $850,000.

Social: Health from Exercise
Gardening is a physical activity. The economic
benefits of improved health from engaging in
regular physical activity can be valued as prevented – or avoided – reduction in productivity
that results from that activity. Lost economic
output from people being out of work – or not
engaged while at work – represents the social
cost in this model.
In order to determine this value, we need to
estimate 1) the amount of time adults spend at
Las Milpitas Autocase Project

Festivals or Performance
Flower Gardens
Picnic / Bench-Sitting
Playground
Walking Trails
Other General Recreation

the park exercising, and 2) the cost per minute
– in terms of lost productivity – of not exercising. By multiplying the two, we find the avoided
cost due to engaging in physical activity. We
use farm recorded volunteer hours (3,021), as
well as the hours spent by community gardeners (1,560 hours). To estimate the avoided
cost of a minute’s activity, we use a study that
showed the lost productivity (absenteeism, i.e.
being away from work, and presenteeism, i.e.
not being able to work well even when you are
present at work) in percentage terms of inactivity. Multiplying these productivity losses by
the GDP per capita, we can establish the annual per person cost of lost productivity from
inactivity. Given that the CDC states there are
150 minutes a week of exercise needed in a
year to avoid lost productivity, we work out the
per-minute avoided cost of activity by dividing
the cost of lost productivity by 7,800 (150 minutes x 52 weeks).

Multiplying the per-minute avoided cost of
activity by the estimated number of minutes
exercising in the park gives us an estimate of
the avoided productivity losses due to inactivity
that can be attributed to the farm. This results
in a present value of around $570,000.

Social: Community Cohesion
The farm acts as a place for people to gather,
meet, and have fun, as well as volunteer, which
provides a public value. We use the value of a
volunteer hour to measure the value of community cohesion. Assuming the 60 community
gardeners spend around 1/week (3,120 hours/
yr), plus the 3,021 recorded volunteer hours
results in over 6,000 volunteer hours. Using a
standard value of a volunteer’s time (roughly
$25/yr, derived from the valuation assessed by
the Trust for Public Land, adjusted for variation
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in location by using average earnings ratio as a
benefit transfer mechanism), this yields a yearly
benefit of around $140,000 – resulting in a
present value of $2.67m.

Social: Forest Bathing
Research supports the idea that merely having
access to greenery (not necessarily having to
exercise in it) reduces stress and the risk of cardiovascular disease, which can be valued using
the value of a statistical life of $9.27 million in
2019 dollars. Gascon, et al. (2015) examines the
relationship by conducting a meta-analysis of
multiple studies available on the topic and finds
that there is an expected decrease in CVD due
to installation of urban vegetation. We assume
that roughly 180 people in the vicinity are close
enough to have access/views of the redeveloped
greener space, which is estimated to reduce
cardiovascular disease by 0.7% – resulting in a
present value of $320,000.

Social: Education
Improving eco-literacy and the general public’s awareness of related topics is valuable and
is part of a suite of tools that can be used to
change behavior. The farm provides learning
opportunities and supports education, training,
and eco-literacy for both adults and children.
We value this through the equivalent cost of
classroom education for K-12, and tertiary
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education (for adult training). We use recorded
information for the number of education hours
as provided by the farm (1,848 K-12, and 890
hours of formal or hands-on adult training/
instruction) and multiply it by the value of education ($9/hr for K-12, and $25/hr for higher
education - assuming a cost of university education of $11,000 with on average 12 hours per
week spent in the classroom). This results in
roughly $39,000/yr – or around $900,000 over
the project life.

Social: Food Miles
Growing food closer to the end consumption
point reduces trucking miles. This can be valued by reduced value of trucker time, wear and
tear on roads, traffic congestion, risk of accidents, reduced noise pollution and reduced carbon and air contaminants. For instance, reducing the number of trucks on the road changes
the speed of those roads (due to changes in
congestion) allowing people to save or spend
more time. Although the time saved and spent
for any individual driver will be small due to a
reduction in trucking miles, it has the potential to impact many drivers, leading to a rather
substantial amount of total time saved or spent.
To calculate the marginal cost of congestion
(or value of time) due to a change in trucking
miles, the Federal Highway Administration’s
Cost Allocation Study of Congestion Relief was
used, assuming 80% urban and 20% rural truck
miles.

There is also value generated in terms of the
reduced noise pollution. Noise pollution of
roadways can be considered as unwanted
sounds and vibrations. Noise directly impacts
the health of people as it increases cardiovascular disease risk, decreases cognitive ability,
increases sleep disturbance, increases prevalence of Tinnitus, and increases annoyance
levels. Using a study from the European Union
(EU) that documents the value per kilometer
travelled segmented by type of vehicle, time
of day, and whether the project is in an urban,
suburban or rural area. This study is based on
a report from the World Health Organization
(WHO) which documents the health impacts
of noise, and a dose-response study which evaluates the impacts of varying levels of noise on
various diseases. Combining these two studies,
the value of noise per mile is estimated based
on the reduction in morbidity using the Quality-Adjusted Life Years (QALY) methodology.
This value per mile is then multiplied by the
total miles saved or spent to obtain the total
social value due to a change in noise pollution.
The distance of reduced food miles is calculated
using the distance between the farm and the
potential closest sources of fruit and vegetable
produce. We assume that food would have been
produced in Mexico and Fresno, CA. In total,
roughly 850 miles of trucking is reduced, which
results in a present value benefit of $36,000.
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Environmental: Pollination
The farm acts as a positive influence on pollination. The value of pollination is derived from
FEMA guidance geared specifically towards
the inclusion of environmental benefits within cost benefit analysis conducted for newly
constructed green open space and riparian land
use. These values are generated in terms of the
ecosystem services provided by green space
such as aesthetic value, air quality, biological
control, climate regulation, pollination, recreation etc. FEMA values the benefits of pollination at roughly $290/acre, and with around 5
acres, this yields a present value of $34,000.
Las Milpitas Autocase Project

Environmental: Greenhouse Gas from Energy Use
The farm uses roughly 9,700 kWh of electricity
per year – a small amount of which (518/kWh)
is offset by solar PV production on-site. Electricity generation requires the use of fossil fuels,
which releases carbon dioxide. This greenhouse
gas has an impact on climate change, the cost
of which can be valued using various sources.
Using a social cost of CO2e of $55.6/ metric
tonne, the impact of electricity use on site has a
present value of -$9,000.

Air Pollution from Energy Use
As with GHGs, electricity generation also emits
various criteria air contaminants (air pollutants) - each of which have impacts on human
health and to society. We use local state specific
emission factors to estimate the quantity of
volatile organic compounds (VOCs), particulate matter (PM2.5), sulphur dioxide (SO2),
and mono-nitrogen dioxides (NOX). Using the
following values for each tonne of pollutant
(VOC: $2,345; PM2.5: $217,029; SO2: $42,920;
NOX: $12,866), the present value of air pollution results in a dis-benefit of -$3,000.
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Environmental: GHG from Water Use
Pumping and treating water requires energy –
and with energy consumption comes emissions
(as discussed above). We use local water emission intensities provided by Pima County for
water delivery6, as well as the estimated energy
to treat it to the relevant treatment level to
estimate the tons of CO2e emitted as a result of
on-site water use.
1.	 100% potable
a.	 2,729 ccf of potable water yields a present value of -$17,000
2.	 82% potable, 18% harvested
a.	 2,244 ccf of potable water yields a present value of -$14,000
3.	 82% reclaimed, 18% harvested
a.	 Using 2,244 ccf of reclaimed water
yields a present value of -$12,000

6 This included pumping water from Lake Mead or Powel
to Tucson but does not cover the energy use for wheeling
water from Avra Valley – the storage facility west and
downhill from Tucson – to customers in the metro area.
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Environmental: Air Pollution from Water Use
The same methodology applies for air pollution
where we estimated the amount of various air
pollutants emitted through embodied energy
in water use and multiplied that to the environmental values seen in a previous section above.
1.	 100% potable
a.	 2,729 ccf of potable water yields a present value of -$11,000
2.	 82% potable, 18% harvested
a.	 2,244 ccf of potable water yields a present value of -$9,000
3.	 82% reclaimed, 18% harvested
a.	 Using 2,244 ccf of reclaimed water
yields a present value of -$8,000

Environmental: GHG Avoided by Vegetation
Newly planted trees, shrubs, grasses, and plants
can sequester carbon from the atmosphere,
reducing the impacts of climate change. Additionally, growing trees, shrubs, grasses, and
plants can act as carbon ‘sinks’, absorbing carbon dioxide from the air and incorporating it
into their stems or trunks, branches, and roots,
as well as into the soil. Along the life cycle
of green open space, plant life often requires
maintenance which emits carbon into the

atmosphere (“lawn mower effect”) yet carbon
sequestration ability more than offsets maintenance emissions. Avoided CO2 emissions
(which are a greenhouse gas (GHG)), as well as
increased CO2 sequestration, are therefore, the
benefits of investing in GI/LID development.
We estimate the amount of CO2e removed
due to the vegetation and apply the social
cost of carbon, which yields a present value of
$190,000.

Environmental: Air Pollution from Vegetation
It is well known that vegetation removes air
pollutants through a process known as dry
deposition. In the analysis we quantify the
uptake of various air pollutants: nitrogen oxides
(NOx), sulphur dioxide (SO2), and particulate
matter of less than two micrometers (PM2.5).
We then multiply these quantities by their associated environmental value (this social value
accounts for the avoided damages to human
health, property and ecosystem from the reduction in pollutants that contribute to a better
ambient air quality), which yields a present
value of $25,000.

Environmental: GHG from Food Miles
Trucks are a major source of greenhouse gases,
which have the potential to warm the planet to
unstable levels. Assuming that the food produced on-site would be offsetting food travelLas Milpitas Autocase Project

ing from roughly 850 miles away, this reduces
GHG emissions. This allows for reduced negative impacts to the ecosystem such as warming
the planet to unstable levels. Reduced emission
levels are calculated using the EPA eGrid, and
then monetised using social values for each
pollutant from sources such as Interagency
Working Group on the Social Cost of Carbon
which is valued at $55 per tonne of emissions
and results in a present value of around $1,000.

Environmental: Air Pollution from Food Miles
As with the above value, we estimate the avoided quantities of air pollutants due to producing food closer to its end consumption point,
thereby reducing the trucking miles needed
to deliver fruits and vegetables to residents
near the farm. This allows for reduced negative
impacts to the ecosystem such as acid rain.
Reduced emission levels are calculated using
the EPA’s eGrid and National Emission Inventory database, and then monetised using social
values for each pollutant from sources such
as EASIUR, EPA, and the US Department of
Transportation. The value of reduced trucking
is around $4,000 over the life of the project.

projects. First, this was a first time effort by
the project team and the Autocase developers
to undertake an economic analysis of a food
production site, future efforts with access
to additional research and data, might yield
different results. Second, the project team was
challenged to quantify social and community
cohesion outputs associated with Las Milpitas.
While intentionally designed and identified
as as an important product of the farm, staff
do not yet have a instrument to measure this
benefit at Las Milpitas. Third, it is worth noting
that Las Milpitas represents a particular model
of an urban, community garden which includes
high inputs from the host institution (CFB),
which contributed to the higher start up costs/
staff wages described in the detailed results. According to Las Milpitas staff, there are “tiers” of
how a community garden can be implemented,
and there is no one-size-fits all approach. Any
community food project needs to be developed
closely with the community involved to determine needs and ensure longevity.

Project Limitations
There are several limitations to this project
which should be considered when generalizing and applying the results to other sites or
Las Milpitas Autocase Project
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14
Conclusions and Recommendations

Public investments in community cohesion, development and education are important investments in the long-term health and resilience
of our communities. According to the national
Office of Disease Prevention and Health Promotion (ODPHP) and World Health Organization (WHO), food access is key determinant
of health. Not only does healthy and adequate
access to food impact our health, but so do our
built-environments, strong social ties, and education access. Community gardens have shown
to offer multiple benefits in these areas and in
varying contexts, suggesting they are tools to
combat health inequity. Furthermore, and most
relevant for the purposes of this report, gardens
can be especially important for elevating neighborhood resilience in the face of climate change
and the social and economic challenges associated with it by bolstering community health. As
a region, we need stronger neighborhoods and
communities moving forward, which community garden projects can help build.
The results of the analysis of Las Milpitas Community Farm, demonstrate that even under
a warming climate and water scarcity, food
production can be localized in Pima County in
an environmentally responsible way. Additionally, this analysis demonstrates the added value
of a community-centric garden framework
to extend benefits beyond just the immediate
gardeners to include families, neighborhoods,
schools, and social networks.
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Based on the outcome of the Triple Bottom
Line Cost Benefit Analysis (TBL-CBA) of
Las Milpitas, which calculated and compared
benefits and costs for the program across a full
range of environmental, social, and economic
impacts, the Autocase results show that the
farm generates a positive triple bottom line net
present value of $0.9m under a 100% potable
water scenario and $1.5m under a reclaimed/
rainwater harvesting scenario over a 40-year
life span.
Based on these outcomes and in alignment with
the Sustainable Action Plan for Pima County
Operations, the project team offers the following recommendations for next steps to advance
work and support for expanding opportunities
for food production on County lands:
1.	 Undertake a GIS analysis of vacant County,
RFCD (and City of Tucson) parcels to identify a portfolio of candidate sites to expand
food production;
2.	 Assign a County staff to act as the Food
System Manager to lead the next step efforts
and to coordinate internal efforts and work,
and external collaborations;
3.	 Form a working group with the Community Food Bank and other key partners to
develop a roadmap and Management Plan
for expanding gardening and farming on
suitable County parcels through:

a.	 Establishing criteria (access to water, by
types; proximity to food deserts, etc.)
for “suitable” parcels for food production by typologies (e.g. table crops, orchards, grains, controlled environment
agriculture, etc.);
b.	 Piloting a series gardening and farming
projects using the Management Plan
and key performance indicators to evaluate and report on results;
4.	 Based on the results of the pilot projects,
iterate and refine the Food Production
Management Plan for County Lands and
expand the effort to create more economic
opportunities for would be food producers
and early career farmers;
5.	 Partner with other agencies and non-profits, along with higher education partners
such as Pima Community College and the
University of Arizona to create urban farming training programs and linked economic
development opportunities such as niche
agricultural production, commercial composting, artisanal food production; farmers
markets; wholesale and retail markets, and
commercial kitchens to support and expand
the regional food economy; and
6.	 Work with partner organizations to seek
grant funding from USDA and foundations
for food production efforts.
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While Pima County has a long history of supporting farming and ranching, the Las Milpitas
Autocase Project Team believes based on the
results of this analysis along with growing community support and interest in local food production, that the next chapter of this important
work should focus on engaging gardeners,
farmers, ranchers and artisanal food producers
in urban and suburban areas of the County.
Such efforts would strengthen community
resilience in the face of Covid and climate disruptions. Furthermore, Pima County with its
significant land assets could play a pivotal role
in helping to rebuild the local food economy.
Local First Arizona, reports that 73 cents of every dollar spent at independently owned local
businesses stays in the community (Nabhan,
2017). Expanding food production on appropriate County lands through environmentally
responsible, socially focused frameworks, could
generate numerous community health, wellness, environmental and economic benefits.
These efforts could also recover and highlight
cultural knowledge and local heritage practices.
As a region, we need stronger neighborhoods
and communities moving forward, which as
detailed in this report, community garden and
farm projects can help build.
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Appendices

Appendix A: Project Charter

Autocase Analysis of the Community Food Bank’s
Las Milpitas de Cottonwood Farm
2405 S Cottonwood Ln, Tucson, AZ 85713

Project Leads

LAS MILPITAS AUTOCASE
PROJECT
Project Charter and Workbook for Participants

Pima County Project Lead: Julie Robinson, PhD
Manager of Sustainability Programs
Pima County Office of Sustainability, Conservation and Cultural
Resources
julie.robinson@pima.gov
Direct Line: 520 724-9492
Tucson AZ
Community Food Bank, Las Milpitas Farm: Elena Ortiz
CFB Farm Community Engagement Coordinator
eortiz@communityfoodbank.org
Direct Line: 520-954-7554
Tucson AZ
Autocase:
Simon Fowell, Economist at Autocase
Phone: 1 800 440-1592 (Ext. 817)
Cell: +1 (510) 612-6969
simon.fowell@autocase.com
Office: San Francisco, CA

Sponsoring Department
AUGUST 22, 2019
PIMA COUNTY OFFICE OF SUSTAINABILITY, CONSERVATION AND CULTURAL RESOURCES
201 N Stone Ave 6th Floor, Tucson AZ 85701

Pima County Regional Flood Control
Evan Canfield, PhD, Civil Engineering Manager
+1 (520) 724-463
Evan.Canfield@pima.gov
Tucson AZ

Project Principals by Agency

Pima County: Evan Canfield, Steve Kaplan, Sandy Buldoc,
Marie Light, Ryan Stephenson
Autocase: Simon Fowell, Ginerva Perelli, Brian Young
Community Food Bank Las Milpitas Farm: Chris Lowen, Raye Winch
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Participants & Contact Information
Name

Organization

Email

Simon Fowell

Autocase

simon.fowell@autocase.com

Ginerva Perelli

Autocase

ginevra.perelli@autocase.com

Aalisha Lakdawala

Autocase

aalisha.lakdawala@autocase.com

Julie Robinson

PC OSC

Julie.robinson@pima.gov

Steve Kaplan

PC RFCD – Civil Engineering Assistant

Steven.Kaplan@pima.gov

Evan Canfield

PC RFCD – Senior Hydrologist

Evan.Canfield@pima.gov

Sandy Buldoc

PC RFCD

Sandy.Bolduc@pima.gov

Marie Light

PC PDEQ – Stormwater Quality Manager, Lead - GI Working group

Marie.Light@pima.gov

Ryan Stephenson

PC CDNC – GIS Analyst

Ryan.Stephenson@pima.gov

Angela Della Croce

PC OSC Coordinator

Angela.DellaCroce@pima.gov

Elena Ortiz

CFB Farm Community Engagement Coordinator (CFB point person)

eortiz@communityfoodbank.org

Chris Lowen

CFB Las Milpitas Farm Operations Coordinator

Clowen@communityfoodbank.org

Robert Ojeda

CFB Chief Program Officer (advisory role)

Rojeda@communityfoodbank.org

Sheila Foulke

CFB Senior Accountant

sfoulke@communityfoodbank.org

Raye Winch

CFB Water Harvesting Coordinator

rwinch@communityfoodbank.org

Joey Blankinship

jblankinship@email.arizona.edu

Sarah Brown

UA Asst. Prof. Dept. of Soil, Water, and Environmental Science (Soil C-sequestration
Project)
Southern Arizona Young Farmers and Ranchers Coalition

Emmanuel Morales

Active Community Member

azpermdesign@gmail.com

Justine Hernandez

PC SEED Library

Justine.Hernandez@pima.gov

Irene Ogata

Tucson Water Rep

Irene.Ogata@tucsonaz.gov

Courtney Crosson

UA Asst. Prof. CAPLA

ccrosson@email.arizona.edu

Jeremy Weiss

Climate and Geospatial Extension Scientist

jlweiss@email.arizona.edu
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sarahlouisebrown12@gmail.com

Page | 65

Participants & Contact Information
Ad Hoc Volunteer Advisors
Name

Organization

Email

Kathy Chavez

Water Policy Manager, Pima County

kathy.chavez@pima.gov

Michael A. Crimmins

Professor & Extension Specialist - Climate Science; Department of Soil, Water, &
Environmental Science; The University of Arizona
UA Associate Professor, Associate Extension Specialist, School of Natural Resources
and the Environment, Deputy Director for Science Translation & Outreach, Institute
of the Environment, University Director, Southwest Climate Adaptation Science
Center (SW CASC)
PC Native Plant Nursery

crimmins@email.arizona.edu

Gregg Garfin

Jessie Byrd

gmgarfin@email.arizona.edu

Jessie.Byrd@pima.gov

Project Charter
Description
Staff from the Community Food Bank (CFB), Pima County’s Office of Sustainability (OSC), Pima County Regional Flood Control District (RFCD) and
Autocase™ agree to assemble a team of experts to undertake a triple-bottom-line (TBL) cost-benefit analysis (CBA) of Las Milpitas Farm, located in
Tucson. The deadline for completion of the analysis is on/near the end of June 2019.
The analysis will integrate actual operational data and production values for Las Milpitas, along with localized information on native vegetation, property
values and NOAA climate projections, among other items to generate a Net Present Value (NPV) for the farm. Net Present Value is the difference between
the present value of cash inflows and the present value of cash outflows over a period of time.
The purpose of the analysis is derive a better understanding of the full range of social, environmental and economic costs and benefits associated with
operating a community-based urban farm on leased Pima County lands. Additionally, the working group wishes to gain insights on whether and how,
community farms might further support food justice and climate resilience in the Tucson Area.
This joint effort addresses a Food Systems target in the Sustainable Action Plan for Pima County Operations (FY 2018-2025) and supports the mission of
the Community Food Bank to partner with government agencies to revitalize neighborhoods and build a stronger food economy.
The results of the analysis and a report will be shared according to the details outlined in the attached Memorandum of Understanding.
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Objectives
1.	 Form a trans-disciplinary and cross-sectional work group of experts to undertake a TBL-CBA analysis of an existing food production site on Pima
County land.
2.	 Inform the TBL-CBA through the shared knowledge and contributions of member experts and collectively vet the assumptions that form the basis of
analysis.
3.	 Use the results of the Autocase analysis to inform future food systems work, e.g. the full range of costs, considerations, risks and benefits associated with
expanding food systems on appropriate Pima County properties under future climate scenarios.
4.	 Build relationships with stakeholders for future projects.
5.	 Showcase the triple-bottom-line benefits of the Las Milpitas Farm.

Research Questions
1.	 What site should serve as the base case for the Las Milpitas comparison? (Decision by group made to use Las Milpitas site preherb garden. Stephen Kaplan procured a 1998 aerial image that shows a little native vegetation.)
2.	 What combination of site design elements & users yield the highest net present value (NPV) for a food production site compared
to the base case?
a.	 Land type (soil type/s, compost, mulch)

WG1

WG1

b.	 Topography (altitude, relationship to land form patterns)

WG1

c.	 Geographic location (food desert, types of access motorized vs. bicycle, bus, etc.)

WG1

d.	 Farm design (permaculture/guild garden, tilled beds, box plots, other?)

WG1

e.	 Water types (Tucson Water -irrigation, active rainwater harvesting, passive rainwater harvesting, reclaimed water)

WG1

f.	 Crops (table crops – best suited for desert gardens per LM staff; fruit trees, native plants - legume trees, cactus pads, fruit,
buds, others?)
g.	 Users (types – personal gardener, market gardener, adult learner, child learner, others?)

WG2

Las Milpitas Autocase Project

WG2
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Research Questions
3.	 What is the TBL of fruit trees/orchard trees vs. seasonal vegetable/root crops?
a.	 Tree crops vs. seasonal vegetable crops

WG2

b.	 Native tree harvest yields vs. fruit tree harvest yields

WG2

4.	 What is the best value to use for soil carbon sequestration?

WG1

5.	 What are suitable values to include for evapotranspiration?

WG1

6.	 Does the NPV change positively or negatively under a Representative Concentration Pathway (RCP) 8.5 greenhouse gas concentration trajectory (temperature, rainfall, and possibly TBD other factors) over the next 100 years (demonstrate climate resilience
benefits)?
7.	 Under the RCP 8.5 GHG trajectory, which design elements (more of/less of) would improve NPV?

WG4

8.	 Can the NPV of a community farm be correlated with food justice benefits (to be defined by the group)? (Group agreed to push
discussion to WG2 to refine questions below)
a.	 How can we show the association between location of food system and alleviation of food desert/increase in food security/
accessibility?
b.	 Autocase says it’s tricky. May be able to produce a partial valuation. Need to dig deeper in the workgroup.

WG2

WG4

WG2

c.	 Change the term “food justice” to something else. Food access? Food security?
d.	 Should we bring equity into this?
e.	 Try to analyze how food system relates to broader issues: food justice, community health benefit, food access, etc.

Data Needs, Roles, & Responsibilities
The success of this project will be determined in part, by the sustained involvement of project principals from Pima County, Autocase and the
Community Food Bank. The principals will guide and participate in collecting data, participate in/lead meetings, and review Autocase results.
Additional project participants may opt to join some or all meetings and discussions to learn and to contribute to the co-production of the
project results.
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Data Collection Needs

Checklist

Autocase Input Template
Original Site Design of Las Milpitas
Updated Site Design of Las Milpitas
Tons (pounds) of cultivated produce provided by garden and what is the value of that produce ($/ton)? (List for various
produce)
Tons (pounds) of wild plant foods provided by the garden and what is the value of that food ($/ton)?
Cost per acre foot of potable water to irrigate? What is the source of potable water? (% ground vs % surface)
Proportion of the captured rainwater is not infiltrated and sent into the sewer system? (default = 0%)
Of the potable water used for irrigation, what percentage does the utility assume is going to be sent to them to be treated?
What is the property value in the base area?
What are the number of student visitor hours per year, per acre?
What are the number of gardener/farmer use hours per year, per acre?
How many minutes are spent exercising (garden/farm activity) in the park each visit?
What is the local availability of the opportunity? In other words, what is the availability of equal quality activities at other
sites in the area?
What is the expected carrying capacity [people? Or food?] of the facility?
How accessible is the facility and what are the quality of roads around and within the facility?
How are the environmental and aesthetic features of the facility?

Las Milpitas Autocase Project

Responsibility
WG1
WG1
WG2
WG2
WG2
WG1
WG1
WG1
WG2
WG2
WG2
WG2
WG2
WG2
WG2

Page | 69

Data Collection Needs
Checklist

Additional Inputs to Consider
Modeled Climate Projection Data for Pima County
Factors and calculations for plant-water demand
Measured values associated with food justice? Improved nutrition, reduction of diet-related disease? Social connections &
capacity? Improved quality of life? Reclaiming farm heritage? Environmental stewardship?
Value of soil C-sequestration?
Value of soil microbial health?
Value of Food and Green Waste Recycling?
Value of chickens for eggs?
Value of chickens for soil amendment?
Value of wild plant foods harvested?
What are the number of gardener/farmer use hours per year, per acre?
Value of food sold at the Santa Cruz River Farmer's Market (added value to the farmer, regional economy)
Costs of Operations

•
•
•
•
•
•
•
•
•
•
•
•
•
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Electricity
Renewables
Potable water
Reclaimed water
Harvested storm water
Seed stocks
Fruit trees
Farm equipment (describe)
Farm materials (describe)
Salaries staff
Land lease
Insurance
Education materials/activities

Responsibility
WG4
WG1
WG2
WG1
WG1
WG2
WG2
WG2
WG2
WG2
WG2
WG3
WG3
WG3
WG3
WG3
WG3
WG3
WG3
WG3
WG3
WG3
WG3
WG3
WG3
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Documenting Assumptions & Data Sources
The working group will discuss and document the data and assumptions used in the Autocase analysis. This documentation will provide a central
resource for communicating these assumptions to external audiences and for comparative research and future project development.

Deliverables
Autocase will produce a short report with data visualizations on the Las Milpitas Farm TBL-CBA analysis. The Office of Sustainability,
Conservation and Cultural Resources (OSC) will include the report in a package that includes a short overview of project, participants, results and
recommendations for future work. The work group will iteratively review and comment on the analysis and report to produce the final deliverable.

Post-project Communications
The working group will agree on a framework for communicating the results of the analysis and for sharing the report to external audiences.

Anticipated Schedule & Work Commitments
Date
May 28th
1-4pm

Meeting
Group Meeting 1: Kickoff
3 hours

•
•
•
•
•
•
•
•

Las Milpitas Autocase Project

Focus/Outcomes
Introductions/exercise (45 min)
Overview of SAPCO Food Systems Component (10 min)
Overview of Las Milpitas Farm (20 min)
Overview of Autocase (30 min)
Discussion: (60 min)
Review and refine as needed: Meeting Management, Project Charter, Research
Questions, Methods, Data, Definitions
Identify data collection needs and responsibilities, form Work Groups
Wrap up, next steps (10 min)

Participants
Pima County CFB
Autocase
UA partners
FS Stakeholders
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Anticipated Schedule & Work Commitments
Date
June

Meeting
Work Groups: Data discussion
2-3 hours each group

June

Work Groups: Data collection
6-10 hours

June

Group Meeting 2: Review &
Discuss Data
2 hours
Group Meeting 3: Review
results of first Autocase analysis
2 hours

June

Focus/Outcomes
• Work Groups review data and other input material, refine research questions as
needed, collect and organize data:
• WG1: Water/s, Soil types & Soil C-sequestration, Site Design, Evapotranspiration,
• WG2: Food Production/Harvesting/Social Benefits (including Food Justice, Public
Health)
• WG3: Costs of Operation
• WG4: Autocase data input/refinement, climate model integration
Per assignments identified in previous meeting, Work Group members collect and
organize data for Autocase

•
•

Participants
Pima County
CFB
Autocase
UA partners
FS Stakeholders

Pima County
CFB
UA partners
FS Stakeholders

Work Group Leads present information
Group reviews and discusses information

June

Work Groups: Refine and revise Refine and revise data inputs as needed, document assumptions
as needed
2 hours

June

Group Meeting 4: Review
Autocase Scenario 2 (if
required)
2 hours
Autocase

Group reviews results of second Autocase analysis, approves results or makes
adjustments to delivery of project

Autocase generates final report for Las Milpitas

Pima County
CFB
Autocase
UA partners
FS Stakeholders
Pima County
CFB
UA partners
FS Stakeholders
Pima County CFB
Autocase
UA partners
FS Stakeholders
Autocase

OSC
14 hours

Writes Executive Summary for Autocase Report

OSC

June
June
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Review and discuss results of the first Autocase Analysis, identify needed revisions,
Work Group assignments
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Anticipated Schedule & Work Commitments
Date
June

Meeting
Group Meeting 5: Review and
discuss final reports
1 hour

Focus/Outcomes
Review and comment on Executive Summary

July

OSC
14 hours
OSC
2 hours
Group Meeting 6: Next steps
1.5 hour

Integrate content revisions to report

Participants
Pima County CFB
Autocase
UA partners
FS Stakeholders
OSC

Delivery final report for circulation

OSC

Project close-out, next steps

Pima County CFB
Autocase
UA Partners
FS Stakeholders

July
July

Working Groups (as of June 4, 2019)
Julie Robinson
Evan Canfield
Sandy Bolduc (site design only)
Steve Kaplan
Marie Light

WG1: Water/s, Soil types & Soil C-sequestration, Evapotranspiration, Site Design
PC OSC Sus Manager
Julie.robinson@pima.gov
PC RFCD – Senior Hydrologist
Evan.Canfield@pima.gov
PC RFCD
Sandy.Bolduc@pima.gov
PC RFCD – Civil Engineering Assistant
Steven.Kaplan@pima.gov
PC PDEQ – Stormwater Quality Manager, Lead - GI Working group
Marie.Light@pima.gov

Chris Lowen

CFB Las Milpitas Farm Operations Coordinator

Clowen@communityfoodbank.org

Raye Winch

CFB Water Harvesting Coordinator

rwinch@communityfoodbank.org

Joey Blankinship

UA Asst. Prof. Dept. of Soil, Water, and Environmental Science (Soil
C-sequestration Project)

jblankinship@email.arizona.edu

Courtney Crosson

UA Asst. Prof. CAPLA

ccrosson@email.arizona.edu

Sarah Brown

Southern Arizona Young Farmers and Ranchers Coalition

sarahlouisebrown12@gmail.com
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Working Groups (as of June 4, 2019)

Julie Robinson
Elena Ortiz
Ryan Stephenson
Chris Lowen
Raye Winch

WG2: Food Production/Harvesting/Social Benefits (including Food Justice, Public Health)
PC OSC Sus Manager
Julie.robinson@pima.gov
CFB Farm Community Engagement Coordinator (CFB point person) eortiz@communityfoodbank.org
PC CDNC – GIS Analyst
Ryan.Stephenson@pima.gov
CFB Las Milpitas Farm Operations Coordinator
Clowen@communityfoodbank.org
CFB Water Harvesting Coordinator
rwinch@communityfoodbank.org

Chris Lowen

CFB Las Milpitas Farm Operations Coordinator

Clowen@communityfoodbank.org

Raye Winch

CFB Water Harvesting Coordinator

rwinch@communityfoodbank.org

Sarah Brown

Southern Arizona Young Farmers and Ranchers Coalition

sarahlouisebrown12@gmail.com

Emmanuel Morales

Active Community Member

azpermdesign@gmail.com

Justine Hernandez

PC SEED Library

Justine.Hernandez@pima.gov

Irene Ogata

Tucson Water Rep

Irene.Ogata@tucsonaz.gov

WG3: Costs of Operation
Julie Robinson
Elena Ortiz
Ryan Stephenson
Chris Lowen
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PC OSC Sus Manager
CFB Farm Community Engagement Coordinator (CFB point person)
PC CDNC – GIS Analyst
CFB Las Milpitas Farm Operations Coordinator

Julie.robinson@pima.gov
eortiz@communityfoodbank.org
Ryan.Stephenson@pima.gov
Clowen@communityfoodbank.org

Las Milpitas Autocase Project

Working Groups (as of June 4, 2019)

Simon Fowell
Aalisha Lakdawala
Ginevra Perelli
Julie Robinson
Steve Kaplan

WG2: Food Production/Harvesting/Social Benefits (including Food Justice, Public Health)
Autocase
simon.fowell@autocase.com
Autocase
aalisha.lakdawala@autocase.com
Autocase
ginevra.perelli@autocase.com
PC OSC Sus Manager
Julie.robinson@pima.gov
PC RFCD – Civil Engineering Assistant
Steven.Kaplan@pima.gov

Evan Canfield

PC RFCD – Senior Hydrologist

Evan.Canfield@pima.gov

Angela Della Croce

PC OSC Coordinator

Angela.DellaCroce@pima.gov

Courtney Crosson

UA Asst. Prof. CAPLA

ccrosson@email.arizona.edu

Irene Ogata

Tucson Water Rep

Irene.Ogata@tucsonaz.gov

Jeremy Weiss

UA Climatologist

jlweiss@email.arizona.edu

Michael Crimmins

UA Climatologist

crimmins@email.arizona.edu

Kathy Chavez

Water Policy Manager, Pima County

Kathy.chavez@pima.gov
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Agencies and Acronyms
CFB: Community Food Bank of Southern Arizona has the Mission to “Change
lives in the communities we serve by feeding the hungry today, and building a
healthy, hunger-free tomorrow.”
Las Milpitas de Cottonwood: Run by the Community Food Bank of Southern
Arizona, Las Milpitas de Cottonwood is a six-acre community farm, located
on the banks of the Santa Cruz River, that provides materials and support
for local residents to grow food for themselves, making healthy, local food
more accessible to low-income families. The farm offers family garden plots,
gardening supplies, and educational workshops at no cost.
The farm is a unique community-building space where neighbors can gather,
connect, learn, and share. The farm is also an educational site devoted to
training and building leaders in desert food cultivation through workshops,
work days, and partnerships with local schools.
At Las Milpitas, the aim is to bring residents from all areas of Tucson together
to build community and create strong leaders who can create and advocate for a
resilient, sustainable local food system.
Native Plant Nursery: The Native Plant Nursery is located at the Pima County
Natural Resources, Parks and Recreation main facility. All of the plants grown
by the Native Plant Nursery end up in public spaces. At present, there are over
20,000 plants being grown for a variety of public projects, representing over 200
different species. In addition, the Native Plant Nursery maintains a native seed
library of 130 species. The water source for the Native Plant Nursery is a highnitrogen groundwater source which is not suitable for potable purposes, but
excellent for plant propagation. The Native Plant Nursery does not sell plants to
the public, however tours and volunteer opportunities are available.
NRPR: Pima County’s Natural Resources Parks and Recreation Department.
“From caring for stately saguaros in Tucson Mountain Park to overseeing
after-school recreation programs, we add a vital dimension to the lives of our
residents and visitors.” The Native Plant Nursery is a unit within NRPR.
OSC: Pima County’s Office of Sustainability, Conservation and Cultural
Resources. OSC administers and reports on the Sustainable Action Plan for
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County Operations (SAPCO). “The Office of Sustainability and Conservation
works to promote a sustainable and livable community and the conservation of
Pima County’s natural and cultural resources through the implementation of
Board adopted policies that promote the environmental, social, and economic
well-being of our region.”
RFCD or the “District”: Pima County’s Regional Flood Control District ”strives
to use forward-looking floodplain management practices to minimize flood
and erosion damages for all county residents, property and infrastructure.
Regionally, the District is involved in a variety of flood monitoring, flood
control and natural resource management activities. We also perform floodplain
management activities within unincorporated portions of Pima County.” Las
Milpitas is situated on a RFCD-owned parcel, adjacent to Paseo de las Iglesias
Park.
RWRD: Pima County’s Regional Wastewater Reclamation Department
“protects the public health, safety, and the environment by providing quality
service, environmental stewardship, and renewable resources. We design,
manage and maintain 3,500 miles of the sanitary sewer (conveyance) system
and two metropolitan and six sub-regional water reclamation facilities.”
“We are doing our part to protect the environment by recycling our most
precious resource, water. Pima County uses its highly treated recycled, or
reclaimed water, in a myriad of ways including irrigation of County parks, golf
courses and ball fields.”
“Utilizing reclaimed water for irrigation is a highly sustainable activity that
saves groundwater and Colorado River water for drinking. Reclaimed water is
also used to sustain and improve aquatic and wildlife habitats, for dust control
and for long-term storage in our underground aquifers. Experts from around
the world visit Pima County to study the regional reclaimed water system,
which demonstrates effective water recycling techniques in the desert.”
SAPCO: The acronym for Pima County’s Sustainable Action Plan for County
Operations (FY 2018-2025). This Board-adopted plan directs staff to implement
a series of actions to align County operations with the Paris Agreement by 2025.
Food Systems is one component of the plan (pp. 28-29) which describes and
authorizes staff to work advancing food systems initiatives that relate or link to
County lands and facilities.
Las Milpitas Autocase Project

SEED Library: Pima County’s Seed Library is a collection of open-pollinated
and heirloom seeds that you can borrow to plant and grow at home. By saving
seeds as a community, we help create local seed stocks that are better acclimated
to our unique desert climate and which support an abundant and genetically
diverse landscape. We support gardeners from beginner to expert, and help you
learn how to grow, harvest, and save seeds.
TCB: Tucson Clean and Beautiful, “is a non-profit environmental advocacy and
action organization founded in 1985 to preserve and improve our environment,
conserve natural resources, and enhance quality of life in the City of Tucson and
eastern Pima County. These goals are achieved through educational and handson programs emphasizing personal action in recycling and waste reduction,
land stewardship, urban forestry and beautification. Originally established to
keep our community litter-free, TCB has grown to coordinate programs and
projects with a diversity of partners including government agencies, community
groups, businesses, and the support of thousands of volunteers.” TCB manages
the Trees for Tucson program.
Tucson Water: “is piloting a new program that offers a more affordable
water rate to community gardens to support local, community agriculture.
Community gardens are defined in the City of Tucson Unified Development
Code (Article 11.3.2.B) exiting on Tucson Water’s website as “An area of land
operated not-for-profit to grow and harvest food crops primarily for the use of
its members who typically cultivate individual garden plots.”

Las Milpitas Autocase Project
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Key Terms
Autocase: “Is a software tool that provides cost-effective, sustainable, and
resilient stormwater management, watershed/sewershed, and land planning
solutions for your project or client by incorporating social, environmental, and
financial value into the design and stakeholder outreach process.”
Climate Adaptation: Is a response to global warming (also known as
“climate change” or “anthropogenic climate change”), that seeks to reduce
the vulnerability of social and biological systems to relatively sudden change
and thus offset the effects of global warming. Even if emissions are stabilized
relatively soon, global warming and its effects should last many years, and
adaptation would be necessary to the resulting changes in climate.
Climate Mitigation: Climate Change Mitigation refers to efforts to reduce
or prevent emission of greenhouse gases. Mitigation can mean using new
technologies and renewable energies, making older equipment more energy
efficient, or changing management practices or consumer behavior.
Climate Resilience: “Climate resilience is the ability to anticipate, prepare for,
and respond to hazardous events, trends, or disturbances related to climate.
Improving climate resilience involves assessing how climate change will create
new, or alter current, climate-related risks, and taking steps to better cope with
these risks.”
Food Desert: “The USDA defines food deserts as parts of the country vapid
of fresh fruit, vegetables, and other healthful whole foods, usually found in
impoverished areas. This is largely due to a lack of grocery stores, farmers’
markets, and healthy food providers.”
Food Justice: “Food justice has emerged as a way of applying food security
and anti-hunger movements to policy. ‘Theoretically, the food justice frame
opens up linkages to a wider range of conceptual frameworks drawn from
the literature on democracy, citizenship, social movements, and social and
environmental justice.’ Food justice emerged as a way of applying food security
and anti-hunger movements to policy by drawing from established social and
environmental theoretical frameworks. The food justice movement is related to
food sovereignty in that it critiques “structural barriers communities of color
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face to accessing local and organic foods” (Alkon et al., 2011) that are largely
due to institutional racism and the effect it has on economic equality.”
Food System: “Includes all processes and infrastructure involved in feeding
a population: growing, harvesting, processing, packaging, transporting,
marketing, consumption, and disposal of food and food-related items. It also
includes the inputs needed and outputs generated at each of these steps. A food
system operates within and is influenced by social, political, economic and
environmental contexts. It also requires human resources that provide labor,
research and education. Food systems are either conventional or alternative
according to their model of food lifespan from origin to plate.”
National Climate Assessment (NCA4): The Global Change Research Act of
1990, mandates that the U.S. Global Change Research Program (USGCRP)
deliver a report to Congress and the President no less than every four years
that: “1) integrates, evaluates, and interprets the findings of the Program…; 2)
analyzes the effects of global change on the natural environment, agriculture,
energy production and use, land and water resources, transportation, human
health and welfare, human social systems, and biological diversity; and 3)
analyzes current trends in global change, both human-induced and natural, and
projects major trends for the subsequent 25 to 100 years.”
National Climate Assessment (Southwest Chapter): “Responding to public
demand for more localized information—and because impacts and adaptation
tend to be realized at a more local level—NCA4 provides greater detail in the
regional chapters compared to the national topic chapters. The regional chapters
assess current and future risks posed by climate change to each of NCA4’s 10
regions) and what can be done to minimize risk. Challenges, opportunities, and
success stories for managing risk are illustrated through case studies.”
Net Present Value (NPV): “Is the difference between the present value of cash
inflows and the present value of cash outflows over a period of time. NPV is
used in capital budgeting and investment planning to analyze the profitability
of a projected investment or project. Autocase analyses generate the NPV of
The TBL-CBA business case conducted in Autocase - a cloud-based software
tool. This tool provides insights into the net present value (NPV) of costs
and benefits of infrastructure projects, as well as the broader societal and
environmental impacts over a 50-year time horizon using a 3% discount rate to
convert all future cash flows into a present value.
Las Milpitas Autocase Project

Rainwater Harvesting (Active): “Active water harvesting, in contrast, uses
rain barrels, cisterns, and other types of containers to store rainwater for later
distribution.”
Rainwater Harvesting (Passive): “Very simply, passive water harvesting works
by shaping the earth to slow the velocity of runoff, infiltrate it into the soil, and
direct it to where it can be beneficially used by vegetation”
Representative Concentration Pathway (RCP): NCA4 authors have
grounded their assessment in an analysis of the widely used scenarios termed
“Representative Concentration Pathways,” or RCPs, that form the foundation
for the majority of recent coordinated global climate model experiments. (RCPs
are also discussed in this report’s Front Matter.)
RCP2.6, RCP4.5, and RCP6.0 represent intermediate scenarios from the
literature, resulting in primary energy use of 750 to 900 EJ (exajoules) in 2100
or about double recent levels; RCP8.5 is a much more energy-intensive scenario.
Comparing outcomes under RCP8.5 with those of RCP4.5 (and RCP2.6 in some
cases) not only captures a range of uncertainties and plausible futures but also
provides information about the potential benefits of mitigation. Comparing
outcomes under the two pathways shows the degree to which significant
emissions mitigation at the global scale can avoid some impacts and inform
adaptation choices to the risks that are present even at the low-end scenario. The
scenario range allows for an assessment of impacts at a variety of temperature
thresholds.
RCP 8.5: “Is a greenhouse gas concentration (not emissions) trajectory
adopted by the IPCC for its fifth Assessment Report (AR5) in 2014. Four
pathways have been selected for climate modeling and research, which
describe different climate futures, all of which are considered possible
depending on how much greenhouse gases are emitted in the years to
come. The four RCPs, namely RCP2.6, RCP4.5, RCP6, and RCP8.5, are
labelled after a possible range of radiative forcing values in the year 2100
(2.6, 4.5, 6.0, and 8.5 W/m2, respectively). It is broadly accepted that the
current global trajectory is the high concentration scenario, RCP 8.5.”

to adapt to climate change in the Desert Southwest. Furthermore, by storing C
in soil rather than emitting it into the atmosphere as potent greenhouse gases
such as carbon dioxide (CO2), increasing soil C also helps mitigate regional
and global climate change. In Pima County, the need to quantify and increase
soil C is not hypothetical. Pima County has signed onto the Paris Agreement
run by the United Nations Framework Convention on Climate Change with
the overarching goal of mitigating greenhouse gas emissions. Pima County
operations currently emit roughly 108,000 tons of CO2 per year into the
atmosphere, but the goal of the County’s Sustainable Action Plan is to emit
30% less by 2025, roughly 76,000 tons per year. Without significant upgrades to
infrastructure in Pima County, achieving this goal partly depends on increasing
soil C storage.” (Blankenship, 2019)
Triple-Bottom-Line (TBL) Cost-Benefit Analysis (CBL): “An evidenced-based
economic method that combines cost benefit analysis (CBA) and life cycle cost
analysis (LCCA) across the triple bottom line (TBL) to weigh costs and benefits
to project stakeholders. The TBL-CBA process quantifies total net present value,
return on investment, and project payback. TBL-CBA uses location-specific
data to give asset owners and design professionals the flexibility and capability
to provide a rigorous analysis of investment alternatives through all stages of
planning and design.”
“Because it calculates both financial results and monetary values for social and
environmental design impacts (valuing what have traditionally been considered
intangible benefits such as reduced air pollution or enhanced property values),
it provides a common basis for evaluating the entire impact of a project across
all three bottom lines (social, environmental or ecological, and financial).”

Soil C-sequestration: “Because soil C plays essential roles in capturing
rainwater, improving soil fertility, and “gluing” together soil particles to resist
water and wind erosion, increasing soil C could be an effective way for humans
Las Milpitas Autocase Project
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Appendix B: Group Management Agreement
Las Milpitas Autocase Partnership Agreement for
Meetings & Co-Produced Work
Be here. Arrive promptly. Resist use of cell phones.
Think well of each other. We are all good people, doing our best work. We
recognize and value that we each enter this experience with the intention of
building a shared understanding and goal of moving forward.
Understand the difference between intent vs. impact.
Embrace diversity of experiences, perspectives and ideas. Each person is
coming to the conversation with different types of lived experience, training and
expertise.
No one knows everything, together we know a lot. Each person has something
to contribute, look for what we have to learn from each other.
Address the ideas, not the person. Personalize our statements. We use “I” in
dialogue and “we” when formally representing a group. We avoid using “you” in
confrontation or in hypotheticals. (We understand that ‘I think you are wrong’
is not an I-statement.)
Avoid Assumptions, Ask Questions. We may not all know what each other is
thinking or feeling, nor do we know the different experiences that many folks
bring into the room. Ask questions or ask someone to give a longer explanation
to make sure you understand their point or perspective.

React Minimally, Act Maximally. If something triggers an emotion, take a few
minutes to gather before responding.
Embrace the experimental nature of the project: We recognize this is pilot and
the process and outcomes may be imperfect but in its entirety, the project will
provide learning and inform future work. Flexibility will be required.
Acknowledge the co-production of knowledge in the process and product and
share credit.
Keep Confidentiality. What’s said here, stays here. Share ideas and concepts
only, do not attribute without permission. Do not share data without
permission.
Expect Unfinished Business. We recognize that we have one month (end of
June) to complete the analysis work. It will likely be impossible to address
everything we have to talk about but we will work to integrate knowledge within
the time-limiting scope of the project.
The Garden: The place we will store side ideas that emerge but may be off topic,
so that they can be assigned to a work group for further consideration or held
for future discussion by the entire group

Share the Space; Speak Up, Hold Back. Participants who like to talk should
“hold back” and create a space for those who are quiet. Quiet people should
“speak up” (even if they don’t feel they have perfect words) and contribute to
the group so that all may learn. All participants have an equal opportunity to
participate during workshop and small group sessions.
One person, one mic. We agree not to talk over another person.
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Decision Rules & Process Mechanics of Reaching
Closure
(Adapted from Community at Work)

1

1.	 Select a poll assessor at each meeting.
2.	 Anyone may call to close the discussion, someone seconds.
3.	 Clarify the proposal with questions and “friendly amendments” and write
the proposal on a flipchart or board.

Whole-hearted
endorsement

“I really like it”

2
Agreement with
minor point of
contention

3

4

Support with
reservations

Abstain

“Not perfect but
good enough”

“I can live with
it”

“This issue does
not affect me”

6

7

8

Don’t like but
will support

Serious
disagreement

Veto

“It’s not great,
but I don’t want
to hold up the
group”

“I am not
onboard with
this – don’t
count on me”

“I block this
proposal”

4.	 Method to assess readiness to move forward (yes – thumbs up, no – thumbs
down, side-to-side yes with reservations)
5.	 Decision-making through polling the group using “gradients of agreement”
to assess the level of support for the proposal.

s/he/they decides the
poll is good enough to
be our final decision

The group should
discuss further

←

←

←

6.	 Kaner’s Meta-Decision – Person in charge (and one member shares/alternate roles) decides whether:

The proposal will be
dropped or tabled

5
More
discussion
needed
“I don’t
understand
the issues well
enough

Rotation of roles: Note-taker (takes meeting notes to share with group, takes
notes on flip charts for group process); Timekeeper (tracks time to assist with
keeping meeting on schedule per the agenda); Sensor (tracks the “vibe” or
“energy” of the group, can recommend breaks); Poll Assessor (conducts and
tallies the decision polls for the group)

“This procedure allows groups to make simple decisions quickly and it also
supports them to take as much time as necessary when the stakes are high and
the impact is substantial. It provides groups’ participatory decision- making
whether or not their organization are hierarchically structured.”

Las Milpitas Autocase Project
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Estimating Reference (ETo)

Appendix C: Evapotranspiration Model

Assumptions:

Date: June 28, 2019
To: Julie Robinson, Angela De La Croce
From: Evan Canfield
Subject: Estimating Reference Evapotranspiration (ETo) and Crop Water
Demand

1.	 Solar Radiation will follow the observed solar radiation since it is based by
the geometric relationship of the earth to the sun.

Background:
AutoCASE will project Evapotranspiration (ET - plant water demand associated
with Evaporation and Transpiration) into the future. The basic understanding
of how crops use water is to estimate the specific plant’s water use relative to a
reference crop, usually short-clipped grass, called Reference Evapotranspiration
(ETo).

4.	 Projected mean monthly temperature will be available from AutoCASE

2.	 While cloud cover can affect the amount of Solar Radiation that will hit the
ground, it will be neglected.
3.	 Wind speed, and relative humidity projections will not be available.
Scope:
The scope of this evaluation will be to develop a relationship between ETo, Solar
Radiation and Temperature using the 1987 to present data from the Tucson
AZMET station at Campbell Avenue farm in Tucson.
Methods:
1. Collect ETo, Temperature and Solar Radiation. ETo reported from the
AZMET generally peaked in the summer with low in the winter reflecting
the effects of solar radiation and temperature, though there was a substantial variability.

The most common method to estimate ETo is to calculate it based on weather
measurement using the Penman-Montieth equation which recognizes
the importance of solar radiation (energy), and climatic factors, like wind
speed (and wind speed gradient), temperature and relative humidity. The
measurement technique was standardized by the American Society of Civil
Engineers (ASCE) in 2005.
Purpose:
The purpose of this memo is:
1.	 To propose a simplified method to estimate ETo for future climate projections.
2.	 To estimate current Plant Water Demand and compare it with the observed
water bills.
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Figure 1 Daily ETo at Campbell Ave Farm 1987 to 2018 plotted vs Day of the Year
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2. Consider Different Simple Regression Relationships. In order to develop
a predictive relationship, variables that would not be provided were not
considered. Since Solar Radiation is related to the solar input from the sun,
I assumed it to be possible to estimate based on the observed data. The
expectation for Temperature is that it would increase and could be derived
from the IGPCC projections. Therefore I tried two kinds of relationships to
estimate ET.
a.	 All Daily ET as f(Solar Radiation, Temperature): Using all the data (ie.
Multiple regression with observed daily ETo estimated as a function of
daily Solar Radiation and daily temperature), did not produce a strong
predictive relationship. This is likely because of the importance of other
variables that can play a significant role in ET, such as relative humidity
and wind.
b.	 Mean Daily ET as (Mean Daily Solar, Mean Daily Temperature): In order to minimize the importance of the variables that could not be predicted going forward, the mean daily values for each of these variables
was used to develop a predictive relationship using multiple regression
(provided in Appendix A).

Figure 2 Mean Daily ETo (1987 to 2018) vs Day of the Year
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Figure 3 Mean Daily Temperature (1987 to 2018) © vs Day of the Year

Figure 4 Mean Daily Solar Radiation (1987 to 2018) vs Day of the Year
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Regression Relationship
SUMMARY OUTPUT
Regression Statistics
Multiple R
R Square
Adjusted R Square
Standard Error
Observations

0.995978
0.991973
0.991928
0.198309
365

ANOVA
df
Regression
Residual
Total

Intercept
Solar Radiation
Temperature ©

Page | 84

SS
MS
F
Significance F
2 1759.201 879.6005 22366.64
0
362 14.23617 0.039326
364 1773.437

Standard
Coefficients Error
t Stat
P-value
-1.93768 0.036511 -53.0717 7.4E-173
0.056839 0.002337 24.31774 4.04E-78
0.304686 0.002969 102.6257 1.1E-269

Lower 95%
-2.00948
0.052242
0.298848

Upper 95% Lower 95.0% Upper 95.0%
-1.86588
-2.00948
-1.86588
0.061435
0.052242
0.061435
0.310525
0.298848
0.310525
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By employing the mean daily values (1987 to 2018) for each day of the year, it
is possible to generate a strong regression relationship relating temperature and
solar radiation to ETo.

Figure 5 Plot of Regression ETo (f T and Solar) vs ETo from Campbell Ave

While this relationship applies to daily data, and AutoCASE will use monthly
data, it could be applied by assuming the same Temperature or Solar Radiation
for each day of the month.
Estimating Actual Plant Water Demand (ET) at Las Milpitas
Assumptions:
1.	 Garden beds are used all year round
2.	 Actual ET can be estimated by ET = Kc * ETo
Where
ET actual evapotranspiration
Kc – crop coefficient

https://extension.arizona.edu/growing-tomatoes
https://www.communitygardensoftucson.org/planting-guide/

Scope:
The scope of this evaluation will be to develop a relationship between ETo, Solar
Radiation and Temperature using the 1987 to present data from the Tucson
AZMET station at Campbell Avenue farm in Tucson.
Las Milpitas Autocase Project
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Appendix D: Arizona Agriculture Using Recycled Water

Arizona Agriculture Using Recycled Water | wrrc.arizona.edu

6/18/20, 8:46 PM

Arizona Agriculture Using Recycled Water
Back to AWR Fall 2016 (/publications/arizona-water-resource/arizona-waterresource-fall-201
by Jean E. McLain, Associate Director, WRRC
Agricultural production is vital to Arizona, contributing over twelve billion
dollars to the State’s economy each year. It is also by far the largest waterconsuming sector, accounting for about 70 percent of water demand in Arizona.
With water shortages looming, water recycling could give some agricultural
operations a much-needed additional water supply.
While no federal regulations exist pertaining to recycled water use for
agricultural irrigation, there are recommendations set forth by the U.S.
government. Originally drafted in 198 the United States Environmental
Protection Agency (EPA) Guidelines for Water Reuse established minimum
standards and criteria recommended for the use of recycled water for
agricultural irrigation. The EPA guidelines, which were updated in 2004 and
again in 2012 to conform to advances in water treatment technologies, provide
states with criteria to establish their own regulations on the use of recycled
water.
Using the EPA guidelines as a model, the State of Arizona has established
regulations on the use of recycled water for agricultural irrigation. These
regulations are being revisited (s Guest View this issue), but the rules governing
agricultural irrigation are not likely to change substantially.
Arizona’s recycled water standards establish five classes of recycled water,
each requiring a specific minimum treatment in order to meet a limited set of
numeric water quality criteria (TABLE 1). Class A is the required minimum
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quality of recycled water for irrigation of food crops, including vegetables
that are eaten raw, while Class B suﬃces for surface irrigation an orchard or
vineyard. Forage, fiber, and seed crops require even less stringent (Class C)
water quality. Though Arizona’s agriculture industry is extremely diversified,
producing cotton, alfalfa, wheat, citrus, and fresh vegetables, all of which can be
legally irrigated with recycled wastewater, the majority of crops currently being
irrigated with recycled water non-edible crops such as alfalfa, feed corn, cotton,
and grasses.
Most agricultural use occurs near metropolitan areas, where high demand for
freshwater sources exists and where water does not have to be moved great
distances from wastewater treatment plants (WWTPs) to agricultural fields.
It is diﬃcult to gauge the full extent of recycled water use for agriculture in
Arizona, but a study by a University of Arizona graduate student, Jeremy
Cusimano, found that in 2012, permitted reuse amounted to 140,000 acrefeet (AF) in Central and Eastern portions of the state. In addition, the Gila
River Indian Community receives 40,000 AF in treated water from the cities
of Chandler and Gilbert. In the Yuma area an abundant and extremely lowcost supply of Colorado River water has precluded widespread use of recycled
municipal of industrial wastewater for agricultural irrigation.
In addition to permitted use, incidental reuse for agricultural irrigation
from rivers that contain treated eﬄuent is undoubtedly common, as treated
wastewater is often discharged from WWTPs into dry riverbeds. For example,
approximately 50 miles southwest of Phoenix, downstream irrigators in the Gila
Bend area use the treated wastewater that dominates the flow of the Gila River.
In many cases, the use of recycled water for agriculture is a money-saving
measure. While recycling water is energy-intensive, performing wastewater
recycling on site or close to a agricultural field reduces the energy needed to
move water longer distances or pump water from deep within an aquifer. On
the other hand, growers can face several challenges with recycled water use.
Often, recycled water is only readily available when irrigation demand for crops
is low, such as in the winter months. In summer, increased demand for water
to irrigate parks and other municipal green spaces decreases the availability of
recycled water for agricultural irrigation.
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Table 1. Arizona Recycled Water Standards. Source: Arizona Administrative Code, Title 18, Chapter 11, Article 3

Water Class

Water Quality Criteria

A+

•
•
•
•

24-hour average turdbidity ≤ 2NTU (measure of clarity);
No detectable fecal coliform bacteria in four of the last sevel daily water samples taken, and
The maximum concentration of fecal coliform bacteria in a single water sample < 23 per 100 mL;
Total nitrogel < 10 mg per L.

A

•
•
•

24-hour average tuerbidity ≤ NTU (measure of clarity);
No detectable fecal coliform bacteria in four of the last sevel daily water samples taken, and
The maximum concentration of fecal coliform bacteria in a single water sample < 23 per 100 mL;

B+

•
•
•

The concentration of fecal coliform bacteria in four of hte last seven daily water samples taken < 200 per 100mL
The maximum concentration of fecal coliform bacteria in a single water sample < 800 per 100 mL;
Total nitrogel < 10 mg per L.

B

•
•

The concentration of fecal coliform bacteria in four of hte last seven daily water samples taken < 200 per 100mL
The maximum concentration of fecal coliform bacteria in a single water sample < 800 per 100 mL;

C

•
•

The concentration of fecal coliform bacteria in four of hte last seven daily water samples taken < 1000 per 100mL
The maximum concentration of fecal coliform bacteria in a single water sample < 4000 per 100 mL;
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Growers also may be reluctant to increase dependence on recycled water due
to instability in long-term supply. In many cases, newly constructed WWTPs
provide growers with recycled water only temporarily until supplies are diverted
to other uses. For example, if urban development occurs near a WWTP,
recycled water can be transferred away from agricultural use to irrigate urban
landscapes.

Many of these studies, however, involved hydroponic systems and excessively
high concentrations of contaminants, while well-controlled field studies do not
show uptake for the most part. Clearly, this is an area requiring more attention.

Even when recycled water is readily available, growers may be reluctant to
utilize it for crop irrigation. One issue, perhaps the most diﬃcult to overcome,
is the negative public perception that may remain regarding the use to recycled
water for food crops. A 2008 survey of Arizona residents by Channah Rock, a
University of Arizona researcher, and colleagues at Northern Arizona University
found that while 58 percent of Arizona residents supported the use of recycled
water for irrigation of non-edible crops, far fewer, - 28 percent, - found this
policy acceptable for edible crops. Thus, it would be likely that growers with a
range of water supply options may choose not to irrigate with recycled water.
Another issue associated with recycled water use is salinity. Recycled water
typically contains a concentration of total dissolved solids that ranges from
800 to 1400 parts per millio (PPM), and can be higher in some cases. In
comparison, water delivered through Central Arizona Project canals in 2013
averaged about 600 PPM.
The high salt concentration of recycled water can be managed in agriculture
by periodically applying a suﬃcient amount of excess irrigation water to flush
salts below the root zone Put simply, a grower can maintain the root zone salt
balance by applying enough excess water to carry the same amount of salt out
of the soil as the water itself brings in. If recycle water is readily available in
adequate supplies, the cost savings of using recycled water instead of CAP or
groundwater may make applying excess irrigation water to leach salts wor the
additional cost. It is also important to note that many crops irrigated in Arizona
with recycled water have a fairly high tolerance to salinity; these include barley,
wheat, Sudan grasses, date palms, and cotton.
Finally, grower concerns may be related to the presence of contaminants of
emerging concern in recycled wastewater. Though wastewater technology has
made rapid advances in t production of a clean, safe water, very low (parts per
trillion) levels of contaminants, including pharmaceuticals and cleaning agents,
may remain. Some recent research has suggest that plants have the ability to
take up such contaminants and thus, bring them into the human food supply.
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Appendix E: Excerpt of the Sustainable Action Plan for County Operations “Food Systems”

Page | 90

Las Milpitas Autocase Project

References
Ackerman, K. (2012). The Potential for Urban Agriculture in New York City. Retrieved from http://urbandesignlab.columbia.edu/files/2015/04/4_urban_agriculture_
nyc.pdf
Ackerman, K., Conard, M., Culligan, P., Plunz, R., Sutto, M.-P., & Whittinghill, L. (2014). Sustainable food systems for future cities: The potential for urban
agriculture. The Economic and Social Review, 45(2), 189-206.
Advocacy. (2020). Retrieved from https://alliancetoendhunger.org/wp-content/uploads/2020/06/NAHO-statement-on-structural-racism-June-4-2020.pdf
Allen, P. (2010). Realizing justice in local food systems. Cambridge Journal of Regions, Economy and Society, 3(2), 295–308. Retrieved from https://doi.org/10.1093/
cjres/rsq015
Annual County Resident Population Estimates by Age, Sex, Race and Hispanic Origin. (2016). Retrieved from https://www.census.gov/newsroom/press-kits/2019/
detailed-estimates.html
Aptekar, S., & Myers, J. S. (2020). The tale of two community gardens: Green aesthetics versus food justice in the big apple. Agriculture and Human Values. Retrieved
from https://link.springer.com/article/10.1007/s10460-019-10011-w?shared-article-renderer
Bae, J., & Dall’erb, S. S. (2018). Crop production, export of virtual water and water-saving strategies in Arizona. Ecological Economics, 146, 148–156. doi:https://doi.
org/10.1016/j.ecolecon.2017.10.018
Beniston, J. W., Lal, R., & Mercer, K. L. (2014). Assessing and managing soil quality for urban agriculture in a degraded vacant lot soil. Land Degradation &
Development, 27(4), 996-1006. Retrieved from https://onlinelibrary.wiley.com/doi/10.1002/ldr.2342
Borelli, D. A. (2007-2008). Filling the void: Applying a place-based ethic to community gardens. Vermont Journal of Environmental Law, 9, 271-303. Retrieved from
http://vjel.vermontlaw.edu/files/2013/06/Filling-the-Void-Applying-a-Place-Based-Ethic-to-Community-Gardens.pdf
Bowers, J. E. (2007). Has climatic warming altered spring flowering date of Sonoran Desert shrubs? The Southwestern Naturalist, 52, 347-355. doi: https://doi.
org/10.1894/0038-4909(2007)52%5B347:HCWASF%5D2.0.CO;2
Brown, W. (2020). What’s it like to live in Tucson, AZ? Retrieved from https://realestate.usnews.com/places/arizona/tucson
Buckley, S., & Nabhan, G. (2016). Food chain restoration for pollinators: Regional habitat recovery strategies involving protected areas of the Southwest. Natural
Areas Journal, 36, 489-497.
Buechler, S., Tong, D., Erbe, A., Hein, C., Wang, X., Mendelson, J., & Marderness, E. (2017). Who practices urban agriculture? A socioeconomic analysis of Las
Milpitas de Cottonwood Community Farm in Tucson, Arizona. Retrieved from https://drive.google.com/file/d/19mHTYiQralr56OkLjLp_UktDr0_6dSco/view
Buechler, S., Tong, D., Erbe, A., & Marderness, E. (2016) Tucson’s Urban Agriculture Network: A Resource Guide for Gardeners Greening the Food Deserts of
Tucson, Arizona. In.
Las Milpitas Autocase Project

Page | 91

Burros, M. (2009, March 19, 2009). Obamas to Plant Vegetable Garden at White House. New York Times. Retrieved from https://www.citizenstrade.org/ctc/wpcontent/uploads/2011/05/20090319_obamastoplantvegetablegarden_nyt.pdf
Cadieux, K. V., & Slocum, R. (2015). What does it mean to do food justice? Journal of Political Ecology, 22, 26.
Carney, M. A., & Krause, K. C. (2019). State of the Tucson Food System 2018-19. Retrieved from Tucson: https://crfs.arizona.edu/sites/crfs.arizona.edu/files/CRFSTucsonFoodSystems2018-Digital.pdf
Community Food Bank of Southern Arizona. (2020). Retrieved from https://www.communityfoodbank.org/
Community Gardens of Tucson. (2020). Retrieved from https://www.communitygardensoftucson.org/
Communty Food Bank of Southern Arizona. (2020). Retrieved from https://www.communityfoodbank.org/
Could Arizona be unlivable by 2050? (2018). Retrieved from https://azbigmedia.com/business/environment/could-arizona-be-unlivable-by-2050/
Davis, T. (2018). Dire warnings for Arizona, the Southwest included in new federal climate report Tucson Star. Retrieved from https://tucson.com/news/local/direwarnings-for-arizona-the-southwest-included-in-new-federal-climate-report/article_300c6fe1-33f4-50ad-b290-0fa8fca402c9.html
Declet-Barreto, J., Brazel, A. J., Martin, C. A., Chow, W. T. L., & Harlan, S. L. (2013). Creating the park cool island in an inner-city neighborhood: Heat mitigation
strategy for Phoenix, AZ. Urban Ecosystems, 16, 617–635. doi:10.1007/s11252-012-0278-8
Diaz, J., Webb, S., Warner, L., & Monaghan, P. (2017). Impact indicators for community garden programs: Using delphi methods to inform program development
and evaluation. American Society for Horticultural Science, 27(6), 852-859. doi:https://doi.org/10.21273/HORTTECH03848-17
Douglass-Gallagher, E., & Stuart, D. (2019). Crop growers’ adaptive capacity to climate change: A situated study of agriculture in Arizona’s Verde Valley.
Environmental Management, 63, 94-109. doi:https://doi.org/10.1007/s00267-018-1114-6
Draper, C., & Freedman, D. (2010). Review and analysis of the benefits, purposes, and motivations associated with community gardening in the United States.
Journal of Community Practice, 18(4), 458-492. Retrieved from https://www.tandfonline.com/doi/pdf/10.1080/10705422.2010.519682
Edelman, M. (2013). Food sovereignty: Forgotten genealogies and future regulatory challenges. Paper presented at the Food Sovereignty: A Critical Dialogue, Yale
University.
Egerer, M. H., Philpott, S. M., Liere, H., Jha, S., Bichier, P., & Lin, B. B. (2018). People or place? Neighborhood opportunity influences community garden soil
properties and soil-based ecosystem services. International Journal of Biodiversity Science, Ecosystem Services & Management, 14(1), 32-44. Retrieved from
https://doi.org/10.1080/21513732.2017.1412355
Engemann, K., Pedersen, C. B., Arge, L., Tsirogiannis, C., Mortensen, P. B., & Svenning, J.C. (2019). Residential green space in childhood is associated with lower
risk of psychiatric disorders from adolescence into adulthood. Proceedings of the National Academies of Sciences of the United States, 116(11), 5188-5193.
Retrieved from https://www.pnas.org/content/116/11/5188
EPA. (2020). Overview of EPA’s Brownfields Program. Retrieved from https://www.epa.gov/brownfields/overview-epas-brownfields-program
Page | 92

Las Milpitas Autocase Project

FAO. (2003). Food security: Concepts and measurement. In Trade Reforms and Food Security: Conceptualizing the Linkages. Rome: Food and Agriculture
Organization of the United Nations.
Feeding America. (2018). Retrieved from https://www.feedingamerica.org/
Ferris, J., Norman, C., & Sempik, J. (2001). People, land and sustainability: Community gardens and the social dimension of sustainable development. Social Policy
& Administration, 35(5), 559-568. Retrieved from http://illinois-online.org/krassa/hdes598/Readings/People, land, and sustainability.pdf
Frumkin, H., N.Bratman, G., Breslow, S. J., Cochran, B., Jr, P. H. K., Lawler, J. J., . . . A.Wood, S. (2017). Nature contact and human health: A Research agenda.
Environmental Health Perspectives, 125(7), 075001-075018. Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5744722/
Garvin, E. C., Cannuscio, C. C., & Branas, C. C. (2013). Greening vacant lots to reduce violent crime:a randomised controlled trials. Injury Prevention, 3(19),
198–203. doi:10.1136/injuryprev-2012-040439
Gonzalez, P., Garfin, G. M., Breshears, D. D., Brooks, K. M., Brown, H. E., Elias, E. H., . . . Udall, B. H. (2018). Southwest. In D. R. Reidmiller, C. W. Avery, D. R.
Easterling, K. E. Kunkel, K. L. M. Lewis, T. K. Maycock, & B. C. Stewart (Eds.), Impacts, Risks, and Adaptation in the United States: Fourth National Climate
Assessment (Vol. II, pp. 1101–1184). Washington DC: U.S. Global Change Research Program.
Gottlieb, R., & Joshi, A. (2010). Defining food justice. In Food Justice (pp. 304): MIT Press.
Gustavsson, J., Cederberg, C., & Sonesson, U. (2011). Global food losses and food waste – Extent, causes and prevention. Retrieved from http://www.fao.org/3/ai2697e.pdf
Hamilton, M. M. (2014). Urban farming yields fresh foods, land reuse. National Geographic Magazine. Retrieved from https://www.nationalgeographic.com/
news/2014/5/140518-urban-farming-produce-chickens-community-agriculture-food/
Health Poverty Action Network. (2018). Retrieved from https://www.healthpovertyaction.org/news-events/key-facts-poverty-and-poor-health/
Heather, K. L. (2012). The environmental benefits of urban agriculture on unused, impermeable and semi-permeable spaces in major cities with a focus on
Philadelphia, PA. University of Pennsylvania, Retrieved from https://repository.upenn.edu/cgi/viewcontent.cgi?article=1044&context=mes_capstones (Master
of Environmental Studies Capstone Projects. 46)
Heim, S., Stang, J., & Ireland, M. (2009). A garden pilot project enhances fruit and vegetable consumption among children. J Am Diet Assoc, 109(7), 1220-1226.
doi:10.1016/j.jada.2009.04.009.
Hermann, J. R., Parker, S. P., Brown, B. J., Siewe, Y. J., Denney, B. A., & Walker, S. J. (2006). After-school gardening improves children’s reported vegetable intake and
physical activity. Journal of Nutrition Education and Behavior, 3. doi:https://doi.org/10.1016/j.jneb.2006.02.002
Herrman, M. M. (2015). The modern day “Victory Garden.” Procedia Engineering, 118, 647 – 653. Retrieved from https://reader.elsevier.com/reader/sd/pii/
S1877705815021530?token=888A448FE11A610F3A7939471D3330E1ECC00EF94905C9C3D0A5485C8C7CA04CE9B614F0AD918D00117C85ACFF8BE51C
Korchmaros, J. D., & Haverly, K. (2017). The Community and School Gardens Evaluation Findings Report. Retrieved from Tucson AZ: https://schoolgardens.arizona.
edu/sites/default/files/CSGP_Summary_8pg_FINAL_1.pdf
Las Milpitas Autocase Project

Page | 93

Kuo, F. E., & Sullivan, W. C. (2001). Environment and crime in the inner city: does vegetation reduce crime?. Environment and Behavior, 33(3), 343-367. doi:https://
doi.org/10.1177/0013916501333002
Litt, J. S., Soobader, M.-J., Turbin, M. S., Hale, J. W., Buchenau, M., & Marshall, J. A. (2011). The influence of social involvement, neighborhood aesthetics, and
community garden participation on fruit and vegetable consumption. American Journal of Public Health, 101(8), 1466-1473. doi:10.2105/AJPH.2010.300111
Loper, S., Shober, A. L., Wiese, C., Denny, G. C., Stanley, C. D., & Gilman, E. F. (2010). Organic soil amendment and tillage affect soil quality and plant performance
in simulated residential landscapes. Hort Science, 45(10), 1522-1528. doi:https://doi.org/10.21273/hortsci.45.10.1522
Lovell, S. T. (2010). Multifunctional urban agriculture for sustainable land use planning in the United States. Sustainability, 2, 2499-2522. doi:10.3390/su2082499
MacKenzie, A. (2016). Beyond Food: Community Gardens as Places of Connection and Empowerment. Retrieved from https://www.pps.org/article/beyond-foodcommunity-gardens-as-places-of-connection-and-empowerment
Magdoff, F., & Es, H. V. (2009). Building Soils for Better Crops: Sustainable Soil Management. Retrieved from https://www.sare.org/wp-content/uploads/BuildingSoils-For-Better-Crops.pdf?inlinedownload=1
Mathewson, T. G. (2020). How Poverty changes the brain. The Atlantic. Retrieved from https://getpocket.com/explore/item/how-poverty-changes-the-brain?utm_
source=pocket-newtab
McAleese, J. D., & Rankin, L. L. (2007). Garden-based nutrition education affects fruit and vegetable consumption in sixth-grade adolescents. J Am Diet Assoc,
104(4), 662-665. doi:10.1016/j.jada.2007.01.015
Moss, R. H., Edmonds, J. A., Hibbard, K. A., Manning, M. R., Rose, S. K., Vuuren, D. P. v., . . . Wilbanks, T. J. (2010). The next generation of scenarios for climate
change research and assessment. Nature. 463, 747–756. Retrieved from https://doi.org/10.1038/nature08823
Nabhan, G. (2013). Growing Food in a Hotter Drier Land: Lessons from Desert Farmers on Adapting to Climate Uncertainty. White River Junction: Chelsea Green
Publishing.
Nabhan, G. (2017). Food, community, justice. Slow Money, Winter 2016/17, 91-101. Retrieved from http://slowmoney.org/wp-content/uploads/2018/07/SMJ_
Winter1617_TOC.pdf
Nabhan, G. (2018a). Conservation you can taste. In Food from the Radical Center: Healing our Land and Communities (pp. 1-8). Washington D.C.: Island Press.
Nabhan, G. (2018b). Food from the Radical Center: Healing our Land and Communities. Washington D.C.: Island Press.
Nabhan, G., Grenade, R. d., Mabry, J., & Bechtol, V. (2014). Tucson an international culinary destination: Application for UNESCO designation as a City of
Gastronomy. Retrieved from Tucson AZ:
Nabhan, G. P., Buckley, S., & Dial, H. (2015). Pollinator Plants of the Desert Southwest: Native Milkweeds (Asclepias spp.). Retrieved from Tucson AZ: https://
garynabhan.com/fileman/dl/pdf/azpmctn16-Native_Milkweeds.pdf
National Population Totals and Components of Change 2010-2017. (2017). Retrieved from https://www.census.gov/data/tables/2017/demo/popest/nation-total.html
Page | 94

Las Milpitas Autocase Project

Net Present Value. (2020). Retrieved from https://corporatefinanceinstitute.com/resources/knowledge/valuation/net-present-value-npv/
Network, U. N. P. (2020). Retrieved from https://www.usanpn.org/usa-national-phenology-network
Noble, M. (2019). Some 60 million pounds of imported produce could get dumped at the U.S.-Mexico border every year. Here’s why—and who is rescuing it. The
Counter. Retrieved from https://thecounter.org/nogales-arizona-food-waste-dumping-america-mexico-border/
Ohmer, M. L., Meadowcroft, P., Freed, K., & Lewis, E. (2009). Community gardening and community development: Individual, social and community
benefits of a community conservation program. Journal of Community Practice, 17(4), 377-399 Retrieved from https://www.tandfonline.com/doi/
pdf/10.1080/10705420903299961?needAccess=true
Okvat, H. A., & Zautra, A. J. (2011). Community Gardening: A Parsimonious path to individual, community, and environmental resilience. American Journal of
Community Psychology, 47, 374–387. doi:10.1007/s10464-010-9404-z
Orozco-Quintero, A., & Davidson-Hunt, I. (2009). Community based enterprises and the commons: The case of San Juan Nuevo Parangaricutiro Mexico. The
Commons Journal. doi: http://doi.org/10.18352/ijc.138
Perramond, E. P. (2010). The rise, fall, and reconfiguration of the Mexican Ejido. Geographical Review, 98(3), 356-371. doi: https://doi.org/10.1111/j.1931-0846.2008.
tb00306.x
Philips, A. (2013). Designing Urban Agriculture: A Complete Guide to the Planning, Design, Construction, Maintenance, and Management of Edible Landscape: Wiley.
Pima County Community Health Needs Assessment. (2018). Retrieved from Tucson: https://static1.squarespace.com/static/5a21a88bcd39c3ec782756ed/t/5d0d2076e
19a0b00014486b4/1561141373832/CHNA+Book+2018+FINAL.PDF
Pima County, AZ. (2020). Retrieved from https://datausa.io/profile/geo/pima-county-az
Pitt, R., Lantrip, J., & Harrison, R. (1999). Infiltration through disturbed urban soils and compost-amended soil effects on runoff quality and quantity. Retrieved from
http://unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted and compost amended soil EPA report.pdf
Portillo, E. (2018). Neto’s Tucson: Las Milpitas farm gives community a way to share its common ground. Tucson Weekly. Retrieved from https://tucson.com/news/
local/netos-tucson-las-milpitas-farm-gives-community-a-way-to-share-its-common-ground/article_c0d436dc-cbc1-574b-8b70-f66b6d4f8495.html
Robinson-O’Brien, R., Story, M., & Heim, S. (2009). Impact of garden-based youth nutrition intervention programs: A review. J Am Diet Assoc, 109(2), 273-280.
doi:10.1016/j.jada.2008.10.051.
Ruiz, N., & Rodriguez, C. (2016). Barrio sustainability: Giving back to the ‘hood’ and to the earth. Edible Baja Arizona, November-December 2016, 10-12. Retrieved
from https://issuu.com/edibleba
Saldivar, L., & Krasny, M. E. (2004). Culturing community development, neighborhood open space, and civic agriculture: The case of Latino community gardens
in New York City. Agriculture and Human Values, 21, 399–412. Retrieved from https://www.researchgate.net/publication/226485926_Culturing_Community_
Development_Neighborhood_Open_Space_and_Civic_Agriculture_The_Case_of_Latino_Community_Gardens_in_New_York_City

Las Milpitas Autocase Project

Page | 95

Service, U. E. R. (2020). Food Access Research Atlas. Retrieved from https://www.ers.usda.gov/data-products/food-access-research-atlas/documentation/
Severson, K. (2016). Tucson becomes an unlikely food start. New York Times. Retrieved from https://www.nytimes.com/2016/08/24/dining/tucson-food-unesco.
html
Shashua-Bar, L., & Hoffman, M. E. (2000). Vegetation as a climatic component in the design of an urban street: An empirical model for predicting the cooling
effect of urban green areas with trees. Energy and Buildings 31(3), 221-235 Retrieved from https://www.coolrooftoolkit.org/wp-content/uploads/2012/04/L.Shashua%C2%81-Bar.pdf
Sherer, P. M. (2003). The Benefits of Parks: Why America Needs More City Parks and Open Space. Retrieved from San Franscisco CA: https://www.researchgate.net/
publication/237254032_The_Benefits_of_Parks_Why_America_Needs_More_City_Parks_and_Open_Space
Smith, C. (2014). Forest Bathing: Overwhelmed by stress? Discover how to relax and heal outside. Psychology Today. Retrieved from https://www.psychologytoday.
com/us/blog/shift/201409/forest-bathing
Sternberg, E. M. (2010). Healing Spaces: The Science of Place and Well-Being: Belnap Press.
Tong, D., Crosson, C., Zhong, Q., & Zhang, Y. (2020). Optimize urban food production to address food deserts in regions with
restricted water access. Landscape and Urban Planning, 202, 13. Retrieved from https://reader.elsevier.com/reader/sd/pii/
S0169204619311028?token=5CB91EEFEDE04ABFAD3BC8598F9D4EFC425ACB9B911216664132326CA77C0FFD0F1459606C7FA5A51234B21A7702639D
Udall, B., & Overpeck, J. (2017). The twenty-first century Colorado River hot drought and implications for the future. AGU Publications, 2404-2418. Retrieved from
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2016WR019638
Weber, C. L., & Matthews, H. S. (2008). Food-miles and the relative climate impacts of food choices in the United States. Environ. Sci. Technol., 42, 3508–3513.
Retrieved from https://pubs.acs.org/doi/pdf/10.1021/es702969f
Wikipedia. (2020). Landrace. Retrieved from https://en.wikipedia.org/wiki/Landrace
Wilson, P. N., & Thompson, G. D. Common property and uncertainty: Compensating coalitions by Mexico’s pastoral “Ejidatarios”. Economic Development and
Cultural Change, 41(2), 299-318. doi:https://doi.org/10.1086/452012
Yang, J.-L., & Zhang, G.-L. (2015). Formation, characteristics and eco-environmental implications of urban soils–A review. Soil Science and Plant Nutrition, 61, 3046. Retrieved from https://www.tandfonline.com/doi/pdf/10.1080/00380768.2015.1035622
Yeager, R., Riggs, D. W., DeJarnett, N., Tollerud, D. J., Wilson, J., Conklin, D. J., . . . Bhatnagar, A. (2018). Association between residential greenness and
cardiovascular disease risk. Journal of the American Heart Association, 7(24). doi:https://doi.org/10.1161/JAHA.118.009117
Zielinski, S. (2010). The Colorado River Runs Dry. Smithsonian Magazine. Retrieved from https://www.smithsonianmag.com/science-nature/the-colorado-riverruns-dry-61427169/

Page | 96

Las Milpitas Autocase Project

Board of Supervisors
Ramón Valadez, Chairman, District 2
Ally Miller, District 1
Sharon Bronson, District 3
Steve Christy, District 4
Betty Villegas, District 5
Pima County Administrator
Chuck Huckelberry

