
Relocalize Our Food
Supporting food sovereignty in areas 

of high urban water stress

“The professor exemplifies and surpasses all criteria for excellence 
in architecture education... Her leadership is truly remarkable as it 
effectively bridges the realms of classroom, studio, and community work 
while adhering to the highest standards of professional practice.”
Garden Executive Director and County Sustainability Manager
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 Pima County Regional Flood Control (hydrological modeling)
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Academic Partners
 Arizona State University (geo-spatial analyses) 
 University of Arizona faculty and B.Arch students
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 GLHN Architects and Engineers
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Community Food Bank of Southern Arizona

 Las Artes Art and Education Program 
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 Mission Garden (Pima County)
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LOS NOPALES
Los Nopales is a community garden addressing social 
equity, flooding, food production + distribution issues 
through the cultivation of local desert crops, and by 
providing a space for community + agricultural 
education in Barrio Nopal.
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LAS ARTES

Las Artes Youth Art Program looks to address food 
injustice in South Tucson by providing an outlet for 
its students and the greater community through a 
teaching kitchen and demonstration garden. 
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MISSION GARDEN
Mission Garden envisions historical educational   
opportunities to locals and visitors by expanding its 
services through spaces designed for food vendors, 
demonstration gardens and water remediation        
towards Anza Trail and Santa Cruz River.
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MERCHANTS GARDEN
Merchants Garden is a passion project to address the 
disparity in fresh food access across their locale while 
promoting food sovereignty, food transparency, and 
education about their unique method of urban food 
production, aquaponics.

Project Typologies

A CB D
River 

Adjacent
Urban 
Alley
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Garden

Indoor 
Agriculture



Project:  Mission Garden
Typology:  River Adjacent
Landowner:  Pima CountyA Project:  Las Artes School

Typology:  Urban Alley
Landowner:  Pima CountyB

Project:  Los Nopales
Typology:  Community Garden
Landowner:  Pima CountyC Project:  Merchant’s Garden

Typology:  Indoor Agriculture
Landowner:  City of TucsonD



group 1 has access to more vacant land (115.8 square feet per capita)
compared to block group 2 (4.3 square feet per capita); block group 2
has access to more water resources given that it is located in close
proximity to the reclaimed water pipeline network whereas block group
1 is not. In both block groups, the overall food production can only

partially meet the vegetable needs of the local residents. Fig. 7(a) shows
an insufficient water case where water availability limits the food
production: on average 88% of the vacant land in the block group is left
unused whereas rainwater is maximally used with water being con-
tinuously drawn from the rainwater tank. Fig. 7(b) shows an

Fig. 3. Monthly rainfall distribution in the study area (North American monsoon season runs on average from mid-July to mid-October).

Fig. 4. Urban food production by scenario.
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Fig. 5. Urban food production using reclaimed water.
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NNeeww  RReesseeaarrcchh  FFiinnddss  RRaaiinnwwaatteerr  HHaarrvveessttiinngg  CCoouulldd  bbee  
SSoolluuttiioonn  ttoo  TTuuccssoonn  FFoooodd  ddeesseerrttss

(18)
Similar to many spatial optimization models (Tong & Murray,

2012), the MUFP involves locational decisions and spatial relationships.
First, the critical decision variables, and , are concerned with
the spatial distribution of food items to be produced. Also, whether and
how alternative water resources can be used for food production at a
site requires a proximity assessment of the relevant infrastructures,
such as rooftops and reclaimed water pipelines (also see Fig. 1). Fur-
thermore, the community collaboration specification in the model in-
volves an evaluation of the spatial relationships among different
neighborhoods. For example, in Scenario B the food production/sharing
collaboration is mathematically formulated through an introduction of
the nearby neighborhoods and a specification of the food production/
distribution among them.

4. Study area and data collection

Our empirical study was conducted in the City of Tucson, Arizona
(see Fig. 2). The region has been a historic passageway and home to a
rich overlay of settlement patterns for over 4000 years. In 2000,

archaeologists discovered layers of irrigation trenches in the region,
distinguishing the area of the U.S. Southwest as the longest con-
tinuously farmed landscape in North America (Mabry, Carpenter, &
Sanchez, 2008). However, agricultural production in the region has
become a challenge due to the persistent drought. In traditional urban
agriculture installations, the potable/drinking water system is the
source of irrigation. In water stressed cities, like Tucson, this potable
water infrastructure faces a gap between available water and water
demand. The Arizona Department of Water Resources (ADWR) projects
that in 25 years Arizona will need to come up with an additional 900 k
acre feet of water to meet the demand from its growing population
(Arizona Department of Water Resources, 2014). To address this gap,
alternative water supplies (e.g. RWH and reclaimed water) provide ir-
rigation water without taxing the already stressed potable/drinking
water system. Thus, supporting urban agriculture through RWH and/or
reclaimed water is a sustainable model for food production through
locally renewable water supplies which do not add additional burden to
the water stressed urban environment.

The region also faces economic changes, with its metropolitan area
ranked sixth poorest in the U.S. (City of Tucson, 2012). Food insecurity
is one of the pressing issues in the region (Bao & Tong, 2017).

Fig. 2. The study area.
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Tucson imports 
89% of its water 
supply from an 
over-subscribed 
Colorado River.
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“Growing up in the Tucson community with a 
background in agriculture, this studio was a 
turning point in my education to steer me into 
focusing on how architecture can bridge the 
gap between urbanization and food systems, 
especially in my city.”
5th year B.Arch student

Project:  Mission Garden
Typology:  River Adjacent
Landowner:  Pima CountyA Historical 
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Walking from trail to Mission Garden
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provide spaces to engage with 
the community to allow for 
more interaction between the 
students and the people of 
South Tucson 

Site Context 
(1 mi radius)

Natural 
Cultivation

Project Objectives

“This studio was the most influential and impactful during 
my time in architecture school”
5th year B.Arch student
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Landowner:  Pima CountyB Food 
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design goals

middle school, the site, and san xavier del bac mission

design two architectural typologies to accomodate 
private to public events

implementation of gardening plots varying in size and 
elevation based on desired quantities of produce + crop 
water intake 

rain water harvesting strategies through angled roof 

retention areas

sound mitigation through protective barriers + 
vegetation 

7

rain water harvesting strategies through angled roof 

sound mitigation through protective barriers + 

7
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“We were asked to imagine solutions for addressing 
food insecurity, food deserts, and agriculture literacy 
in the Tucson community and implement our ideas 
in a cohesive architectural project that addressed our 
specific community partner.”
5th year B.Arch student

Project ObjectivesProject:  Los Nopales 
Typology:  Community Garden 
Landowner:  Pima CountyC Hands-on 

Education
Rainwater 
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Walkable 
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Gardening 
Plots
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Mitigation
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future food network
locavore

re-imagining South Tucson as a 
thriving local food hub with Las Artes 

Program being the gateway to the 
city’s food system 

Future Food Network

“The research-design conducted by the professor and students possessed a tangible and practical application in addressing the 
pressing challenges faced by local government entities and organizations tasked with navigating the multifaceted and compounding 
threats of poverty, food scarcity, and climate change in Tucson. Furthermore, the insights garnered from this research are highly 
transferable and applicable to other urban environments situated within arid landscapes.”
Garden Executive Director and County Sustainability Manager
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demographics

no. of community responses
10 responses for survey/ 3 
responses for mood board

age
30-40s

race
white

ethnicity
white

gender
male

employment
unemployed/ seeking for 
employment

thoughts on community reached
We didn’t get to survey many 
students, because they don’t 
frequent the library. However, 
we did get to talk to a number 
of individuals of the homeless 
population during our time at the 
library, and they all had a diverse 
background and understanding of 
agriculture. We typically spent a 
few minutes per person to describe 
why we were out there and what 
we look to get out of this survey.

Sam-Lena Public Library
wednesday, october 27 from 1-4:30 pm
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one of the members of the community

TO BE 
CONTINUED...

INTEGRATED ACTIVITIES TO DO IN MISSION GARDEN

NEW ACTIVITIES ORIGINAL ACTIVITIES

Community Engagement

“Some of our most impactful experiences in the design process were sitting down with community members outside the 
local library and hearing their stories, listening to how they envisioned the greater neighborhood, and brainstorming with 
them about how we could bridge the gap between food and the community in an urban area.”
5th year B.Arch student



Q6 Rank these places from high to low (the highest is 
where you are most likely to get your produce)

5756 ARC410F_2021F_ASSIGNMENT 6_LIZAMA_R_SU_B

Copy of Community Engagement Flyer 

DEAR VISITOR,
As Architecture students of the University of Arizona, we are doing 
a project that’s based here in Mission Garden and we would love 
to get your feedback that could potentially be beneficial here. If 

you have the time today or any other day, please fill out our survey 
by scanning this QR code with your mobile device. It should only 

take a few minutes of your time. Thank you so much and we really 
appreciate it!

Sincerely,
Rico + Bo (UA Class of 2022)

APPENDIX | community engagement + responses

TO BE 
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INTEGRATED ACTIVITIES TO DO IN MISSION GARDEN

NEW ACTIVITIES ORIGINAL ACTIVITIES
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Optimize urban food production to address food deserts in regions with
restricted water access
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Keywords:
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A B S T R A C T

Adequate access to healthy, affordable food remains a great challenge in many urban areas. Among a range of
interventions, urban agriculture has been identified as an important strategy to help address urban healthy food
access. While urban food production is growing in popularity, the use of potable water in traditional urban
agricultural installations will exacerbate gaps in water demand and availability in water-stressed cities. This
paper examines the sustainable capability of urban agriculture through an integration of alternative water re-
sources, urban vacant land and local nutritional needs. A spatial optimization model is developed to best allocate
limited resources for maximal food production to address urban food deserts. The new model is applied to test
the capability of relocalized food production in Tucson, Arizona, a semi-arid region with the longest con-
tinuously farmed landscape in North America. Results highlight that urban areas with restricted water access can
substantially enhance their local food production capacity in an ecologically responsible manner.

1. Introduction

Adequate access to healthy food remains a great challenge for those
of lower socioeconomic status. The concept of “food desert” was in-
troduced to identify disadvantaged neighborhoods where access to
healthy, affordable foods (especially fruits and vegetables) is limited or
non-existent. In the United States, lack of healthy food access has been
correlated with diet related diseases, such as heart disease, obesity and
high blood pressure (Cummins & Macintyre, 2006; Wing et al., 2016;
Suarez et al., 2015). The food desert concept has also been widely used
in the U.S. to inform government agencies and public health profes-
sionals in their efforts to improve health outcomes in low-income
neighborhoods.

To address food deserts and alleviate the healthy food access issue,
efforts have focused on introducing healthy food retailers such as su-
permarkets or large grocery stores. However, studies indicated that
such an intervention may not necessarily work. For example, food de-
sert residents in Philadelphia (Cummins, Flint, & Matthews, 2014), New
York (Elbel et al., 2015), and Pittsburgh (Dubowitz et al., 2015) re-
ported no dietary change after new supermarkets were introduced.
Based on an analysis of 1914 supermarkets opened from 2004 to 2015,

Allcott et al. (2017) showed that supermarket entry had no or little
effect on the healthy eating of food desert residents. All these findings
suggest that healthy food access in food deserts goes beyond the
availability of healthy food retailers; other barriers including poverty,
education and nutritional knowledge may play an important role
(Allcott et al., 2017; Wolfson, Ramsing, Richardson, & Palmer, 2019).

Among many alternative interventions for improving healthy food
access in food deserts, urban agriculture has recently received an in-
creasing amount of attention. Benefits of urban agriculture have been
broadly reported, ranging from healthy food access, aesthetics, com-
munity building to physical and mental health (Brown & Jameton,
2000; Hynes & Howe, 2004). For example, community gardeners are
found to be less food insecure and tend to consume more fruits and
vegetables (Alaimo, Packnett, Miles, & Kruger, 2008; Carney et al.,
2012; Litt et al., 2011; Barnidge et al., 2013). This is particularly true
for food desert residents (Corrigan, 2011). Studies also showed that
food sharing/donation, which is often practiced in urban agriculture,
increases healthy food access at the community or a larger scale
(Armstrong, 2000; Corrigan, 2011; Wakefield, Yeudall, Taron,
Reynolds, & Skinner, 2007; Burdine & Taylor, 2018).

However, the success of urban agriculture is not always guaranteed.

https://doi.org/10.1016/j.landurbplan.2020.103859
Received 16 August 2019; Received in revised form 23 April 2020; Accepted 25 May 2020
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A B S T R A C T

Adequate access to healthy, affordable food remains a great challenge in many urban areas. Among a range of
interventions, urban agriculture has been identified as an important strategy to help address urban healthy food
access. While urban food production is growing in popularity, the use of potable water in traditional urban
agricultural installations will exacerbate gaps in water demand and availability in water-stressed cities. This
paper examines the sustainable capability of urban agriculture through an integration of alternative water re-
sources, urban vacant land and local nutritional needs. A spatial optimization model is developed to best allocate
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1. Introduction

Adequate access to healthy food remains a great challenge for those
of lower socioeconomic status. The concept of “food desert” was in-
troduced to identify disadvantaged neighborhoods where access to
healthy, affordable foods (especially fruits and vegetables) is limited or
non-existent. In the United States, lack of healthy food access has been
correlated with diet related diseases, such as heart disease, obesity and
high blood pressure (Cummins & Macintyre, 2006; Wing et al., 2016;
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in the U.S. to inform government agencies and public health profes-
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neighborhoods.
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permarkets or large grocery stores. However, studies indicated that
such an intervention may not necessarily work. For example, food de-
sert residents in Philadelphia (Cummins, Flint, & Matthews, 2014), New
York (Elbel et al., 2015), and Pittsburgh (Dubowitz et al., 2015) re-
ported no dietary change after new supermarkets were introduced.
Based on an analysis of 1914 supermarkets opened from 2004 to 2015,

Allcott et al. (2017) showed that supermarket entry had no or little
effect on the healthy eating of food desert residents. All these findings
suggest that healthy food access in food deserts goes beyond the
availability of healthy food retailers; other barriers including poverty,
education and nutritional knowledge may play an important role
(Allcott et al., 2017; Wolfson, Ramsing, Richardson, & Palmer, 2019).

Among many alternative interventions for improving healthy food
access in food deserts, urban agriculture has recently received an in-
creasing amount of attention. Benefits of urban agriculture have been
broadly reported, ranging from healthy food access, aesthetics, com-
munity building to physical and mental health (Brown & Jameton,
2000; Hynes & Howe, 2004). For example, community gardeners are
found to be less food insecure and tend to consume more fruits and
vegetables (Alaimo, Packnett, Miles, & Kruger, 2008; Carney et al.,
2012; Litt et al., 2011; Barnidge et al., 2013). This is particularly true
for food desert residents (Corrigan, 2011). Studies also showed that
food sharing/donation, which is often practiced in urban agriculture,
increases healthy food access at the community or a larger scale
(Armstrong, 2000; Corrigan, 2011; Wakefield, Yeudall, Taron,
Reynolds, & Skinner, 2007; Burdine & Taylor, 2018).

However, the success of urban agriculture is not always guaranteed.

https://doi.org/10.1016/j.landurbplan.2020.103859
Received 16 August 2019; Received in revised form 23 April 2020; Accepted 25 May 2020

⁎ Corresponding author. Tel.: +480 965 7533; fax: +480 965 8313.
E-mail addresses: Daoqin.Tong@asu.edu (D. Tong), ccrosson@email.arizona.edu (C. Crosson), qzhong10@asu.edu (Q. Zhong),

zhangyn@email.arizona.edu (Y. Zhang).

“Through a genuinely innovative course structure, students and practitioners were able to collaborate, 
effectively bridging architecture and urban agriculture in real-world contexts to achieve better social 
and ecological outcomes... The infectious enthusiasm displayed by the students was remarkable, and 
the professor’s leadership..., adept at bridging the gap between academic learning and the practical 
requirements of project partners within the realm of desert food systems, was truly exceptional.”
Garden Executive Director and County Sustainability Manager




