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ABSTRACT 

 This project addresses problems that are present in the dominant food system including 

energy consumption, pollution, and food access.  There is a need for local and organic food 

options and hands-on experience with the local food system at the University of New Mexico’s 

main campus.  These needs can be met by implementing a sustainable and organic farm on 

campus.  The goal of this project was to provide farm designers with accurate data and 

information about the proposed campus farm site.   A thorough assessment of the proposed 

farm site was conducted by collecting imagery, elevation, soil, and market data.  Existing data 

sets, data collected using an unmanned aerial system, and in situ data were used.  These data 

were created a series of maps and a geodatabase of spatial data that can be utilized by 

designers to create informed and appropriate farm designs.  These data can also be utilized to 

demonstrate the feasibility and market potential for a campus farm.  Building a campus farm 

will improve access to local organic food and increase opportunities for hands-on education and 

experience with the local food system for members of the campus community.   
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INTRODUCTION 

The dominant food system of the United States has created a number of environmental 

and human problems.  Among these are greenhouse gas emission pollution (Weber & Mathews 

2008), chemical pollution from nitrogen runoff (Cavigelli 2005) and pesticides (Hendryx, 

Fedorko, & Halverson 2010), and unequal access to food (Baker, Barnidge, & Kelly 2006). One 

solution to this problem is creating a local food system within the urban setting.  Economic 

concerns and food security have contributed to a growing movement to produce food in cities 

(Lovell 2010).  Producing organic food for local systems cuts transportation and production 

energy consumption, eliminates fertilizer and pesticide use, and provides healthy foods for 

urban communities.  Sustainable food initiatives are expanding rapidly in higher education in 

North America (Barlett 2011), and there is an opportunity to implement sustainable and local 

food systems on college campuses throughout the country.  These initiatives should address 

both increased access to local and organic food, as well as involving students in their local food 

systems.  Lovell (2010) suggests that, “the challenge, and opportunity is to design urban 

agriculture spaces to be multifunctional, matching the specific needs and preferences of local 

residents, while also protecting the environment”.  We can begin to address the needs of 

campus communities by implementing campus farms that provide both local organic food and 

learning opportunities for students, faculty, staff, and other members of the university 

community.   

Barlett suggests four components for effective campus sustainable food projects (2011). 

1. Dining service innovations in procurement, menus, and kitchen operations 

2. Academic and co-curricular programs, including courses, concentrations, and 

internships 

3. Direct-marketing opportunities, including farmers markets and community supported 

agriculture (CSAs) 

4. Hands-on experiences in community gardens and campus farms 

The University of New Mexico (UNM) in Albuquerque, New Mexico faces an opportunity 

to implement these components on an on-campus flagship farm.  The university currently has 

twenty on-campus dining options (The University of New Mexico n.d.).  These twenty eateries 

provide limited options of local and organic food.  The Sustainability Studies Program at UNM 

has proposed a campus farm to facilitate student interaction with local food systems, and 

provide local and organic food for use on the university campus and beyond.  A two acre plot 

on the university’s north campus has been identified as the future location for an organic 

flagship farm. The goal of this project is to provide data collected through spatial analysis, 

remote sensing techniques, and in situ observations to individuals who will be creating designs 

for the farm, as well as demonstrate the feasibility of a farm to decision makers.  This data will 
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be analyzed and stored in using a geographic information system (GIS).  GIS functions help in 

managing spatial data and visualizing results (Kalogirou 2001). 

Remote sensing and GIS techniques have been utilized for many urban agriculture and 

urban farm applications.  These include land suitability studies (Kalogiro 2002, Lovell 2010, and 

Bojórquez-Tapia, Diaz-Mondragón, & Ezcurra 2001), modeling for sustainable farm 

management practices (Rao, Waits, & Neilsen 2000), environmental decision support systems 

(Matthies, Giuppon, & Ostendorf 2007), modeling interrill erosion (Cerdan, Bissonnais, 

Couturier, &Saby 2002), and green infrastructure assessments (Wickham, Riitters, Wade, &Vogt 

2010).  These studies have provided a basis for understanding how remote sensing and GIS are 

currently being utilized to accommodate green infrastructure in the urban environment.  

Rao, Waits, and Neilson (2000) state that to “fully unleash the power of the GIS 

integrated modeling system, it should come out of the realm of research and development labs 

and become available to the farming community in a ‘lab to land’ transformation”.  On a small 

scale this project provides a unique opportunity to implement a lab to land transformation by 

placing GIS information directly into the hands of those designing and creating a campus farm.  

The collaboration of geography department labs and campus farm initiatives creates a true ‘lab 

to land’ nexus that can be reproduced at other campuses across the nation.   
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METHODS 

An environmental decision support system (EDSS) often consists of various coupled 

environmental models, databases and assessment tools, which are integrated under a graphical 

user interface (GUI), often realized by using spatial data management functionalities provided 

by GIS (Matthies et al. 2007). Elevation and soil data have been gathered and analyzed at the 

GEM lab (GIScience for Environmental Management) on the UNM campus. The spatial data 

were analyzed and visualized using the 10.1 version of the Environmental Systems Research 

Institute’s (ESRI) mapping software package including ArcMap and ArcCatalog.  A geodatabase 

was utilized to store multiple types of data for analysis and display.  Final maps and a final 

geodatabase were provided to designers online through the Sustainability Studies webpage 

along with the call for design for UNM’s flagship farm.   

 An unmanned aerial system (UAS) was utilized to collect various data for UNM’s north 

campus farm plot.  Remotely sensed data collected from this system provided elevation data 

that was used to create a digital elevation model (DEM).  The Dem was used to create water 

catchment, aspect, and contour maps of the site.  In situ observations provided critical 

information about soil composition.  Census tract statistics provided critical information about 

customer demographics.   All of these components have come together within a GIS to create 

the deliverables of this project. 

 Remotely sensed data can be collected in a variety of ways.  Satellite and aerial 

platforms are traditional methods for gathering remotely sensed information.  Satellite 

information cannot provide data with an appropriate spatial scale to analyze the small two acre 

plot proposed for this project, and aerial platforms are cost prohibitive.  An affordable small 

scale sensing system is an alternative remote sensing platform that can be utilized to provide an 

appropriate scale of data for this project.  The use of drones or unmanned aerial vehicles 

(UAVs) in the civilian sector is growing in popularity in the United States.  In 2012 President 

Obama ordered the Federal Aviation Administration (FAA) to expedite the process of 

integrating unmanned aerial vehicles into civilian airspace (Grossman 2013). Strict regulations 

limit the use of free flying platforms, and there are a number of public concerns about making 

drones available in the civilian sector.  In September of 2013, the Government Accountability 

Office (GAO) issued a report on drones that expressed serious concerns about, among other 

things, their unreliable performance, their lack of sense-and-avoid technology, and their poor 

electronic security (Grossman 2013).    

To address these concerns and ensure current laws are adhered to, this project utilized 

a tethered helium balloon and camera system to gather remotely sensed data over the campus 

farm site.  These systems are a low cost, easy to use, and safe method for collecting aerial 

images (Public Lab n.d.).  A tethered balloon system was available for use for this project 
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through the GEM lab, and GEM lab students agreed to collaborate in the collection and 

processing of data for this project.  True color imagery was collected from the balloon system 

and was compiled using Agisoft PhotoScan software.  A digital elevation model (DEM) was 

created from this imagery using ESRI mapping software, and tools within ESRI’s ArcMap 

program will be used analyze the DEM to create elevation contours, water catchment basins, 

and slope aspect data.   

Soil information is also an integral piece of planning a sustainable farm.   Kalogirou 

discusses the problem of scale in available soil maps.  Many maps are produced with coarse soil 

sampling and soil classification of large areas using satellite images (Kalogirou 2001).  In situ 

observations will also be conducted for an in depth analysis of the soil within the study area.  

Soil texture was evaluated by collecting soil samples and conducting a simple jar test to stratify 

clay, sand, and organic components of the soil.  A hand held global positioning system (GPS) 

was used to tie the spatial location of sample sites into a GIS.  A map showing the locations of 

sampling sites was created. 

 An obvious benefit of urban agriculture is the production of food in close proximity to 

customers (Lovell 2010).  The UNM campus provides a large potential customer base for the 

farm, but surrounding communities can also benefit from proximity to the farm outputs and 

educational opportunities.  A spatial analysis using census data was conducted to identify 

customers within multiple-distance radii form the campus farm.  The market model maps 

created from this analysis can be utilized to demonstrate the potential market of a campus 

farm at UNM.   
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RESULTS 

 This project has produced a variety of data which have been used to create a series of 

maps and tables describing the topographic features, soil characteristics, and market potential 

of the farm site.   These maps and data can be used by to locate the most suitable locations for 

infrastructure, crops, native species, and other farm features as recommended by designers. 

They can also be used to demonstrate the feasibility of a flagship farm at UNM. The following 

sections describe the results of the UAS imagery and elevation acquisition and analysis, soil 

sampling study, and market analysis. 

UAS ACQUISITION, ANALYSIS, AND MAPS 

 To collect imagery and elevation data for this project, a tethered helium balloon and 

camera rig UAV system was flown on November 1, 2014.  Weather conditions were an 

important factor in acquiring the best data, and on this date wind and illumination conditions 

were suitable for an acquisition. The balloon and tethering system were purchased from the 

Public Lab organization.  Using recommendations from the Public Lab website, the camera 

system was designed and built by GEM lab student, Su Zhang, and the camera was programmed 

by GEM lab student, Andrew Loerch.  Below is a list of attendees of the flight event: 

 Su Zhang, a PhD student of Civil Engineering and a master’s student in Geography and 

Andrew Loerch, a master’s student in Geography managed the balloon flight. 

 Tammira Taylor undergraduate in Geography and Environmental Studies and husband 

Todd Taylor, and Elisa Cedillos also an undergraduate in Geography and Environmental 

Studies assisted with the flight. 

 Bruce Milne, Ph.D. and director of the Sustainability Studies Program as well as Billy Le, 

an Architecture undergraduate student were also in attendance.   

Data collected during the flight was processed in the GEM lab using the Agisoft software 

program under the supervision of Andrew Loerch. A processing report created by Mr. Loerch is 

included as an appendix to this document. The report includes details of the flight, a map of 

camera locations where the images were captured, as well as information about the elevation 

model.  The resolution of the DEM created from the data is approximately 0.024 meters per 

pixel.   

The DEM model was used to analyze the elevation, aspect, and water catchment 

properties of the site using ESRI mapping software.  The same software was used to create 

maps and metadata documentation of spatial layers within a geodatabase.  The maps were 

available to designers participating in the flagship farm call for design and are included in this 

report (Figure 2, Figure 3, and Figure 4).    
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Figure 5.  Rocks and litter were 

removed from soil samples. 

Figure 6. Soil samples beginning to 

stratify.   

 

SOIL SAMPLING 

 Soil samples were collected at 7 locations throughout 

the farm site on April 23, 2015.  A Garmin eTrex 20 Worldwide 

Handheld GPS Navigator was used to collect the latitudinal 

and longitudinal coordinates of each site.   The sites were 

chosen at varied topographic features.  Instructions outlined 

in a document from Colorado State University’s Colorado 

Master Gardener Program were used to identify soil texture 

by using a simple jar test (CSU 2014).  Rocks and litter were 

removed from the samples (Figure 5).  Next, the water and non-

foaming dishwasher detergent were added to the samples.  The 

jars were shaken and allowed to settle until the sand, silt, and 

clay particles stratified into distinct layers (Figure 6).   

 Once the soil particles were 

settled, careful measurements of each 

layer were recorded, and percentages 

of sand, silt, and clay were calculated.  

A soil triangle was used to categorize 

the soil type of each site.  A table 

showing the GPS coordinates, site 

descriptions, percentages, and soil 

type of each sample is included in this 

report, as well as a map displaying site 

locations (Table 3 and Figure7). 

 

MARKET ANALYSIS 

 The market analysis employed buffer, density, and cluster analysis of census tract data 

to describe household and income properties of the census tracts near the farm site.  The 

dataset used for the analysis was downloaded from the University of New Mexico’s Resource 

Geographic Information System (RGIS) website.  Topologically Integrated Geographic Encoding 

and Referencing, or TIGER census tract data was used in the analysis.  The buffer analysis 

revealed the number of households and average median income of tracts encompassed by 1, 2, 

3, 4, and 5 mile radius buffers of the farm site (Table 4).   
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Next, the number of households per tract within a 5 mile radius were calculated and 

symbolized on a market density map (Figure 8).   A table containing information about the 

household density of the tracts is included in this report (Table 5).  Finally, a cluster analysis was 

conducted to map clusters of high and low income tracts within a 5 mile radius of the farm site.  

Clusters of high income tracts contain potential customers for the flagship farm, and clusters of 

low income tracts could benefit from connections to CSA member share programs available 

through CSA networks within the city.  A map of the cluster analysis is included in this report 

(Figure 9).   
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DISCUSSION 

 The goal of this project was to produce information that will lead to a well-designed 

sustainable campus farm.  The construction of a campus farm will begin to address problems in 

today’s dominant food system at a local scale.  The farm can provide the campus community 

with organic and local food as well as hands-on experience and educational opportunities 

within the local food system.  Sharing information about how this study has been conducted 

and implemented could lead to campus farm initiatives at other higher education institutions.   

This project can also provide a foundation for future analysis of how campus farms fit 

into a larger green system.  Wickham, Wade, and Vogt looked at larger systems of green 

infrastructure in terms of hubs (areas of “natural” vegetation) and links (linear features that 

connect hubs (2010).   The campus farm will most certainly create a vegetation hub.  A future 

project could examine the role that campus farms play in strengthening green infrastructure 

networks.   

The ultimate goal of this project is to inspire a lab to land transformation by creating a 

sustainable flagship farm at the University of New Meixco.  If the information provided in this 

report is utilized to create a sustainable farm design, or if it is used to demonstrate the 

feasibility of a campus farm, the goal of this project will be achieved.  The flagship farm project 

has the potential to create a more sustainable campus community for generations to come.  
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TABLES 

Table 1. Project Timeline  

Activity Milestone  Completion Date 

Collect and Analyze Remotely 
Sensed Imagery 

Balloon Flight  November 2014- True Color 
Imagery Collected 
 

 Flight Imagery Compiled December 2014 

 DEM Created December 2014 

 Water Catchment Analysis April 2015 

 Sun Aspect Analysis April 2015 

 Contour Analysis April 2015 

In Situ Soil Analysis Soil Texture Sample Collection April 2015 

 Soil Analysis April 2015 

Market Analysis Collect Census and 
Demographic Data 

March 2015 

 Create Market Maps April 2015 

Deliverables Data Provided for Call for 
Design 

February 2015  

 Delivery of Final Maps and 
Database 

April 2014 
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Table 2. Project Budget 

 

Budget Justification:  
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Director:  Tammira Taylor is working toward a Bachelor’s of Science in Geography at the 

University of New Mexico and holds an Associate’s Degree from Central New Mexico 

Community College  in Geographic Information Technology.  She directed the project, managed 

student work, collected and analyzed data, and designed a final geodatabase as well as created 

final maps.   

Advisor:  Dr. Chris Lippitt is a faculty member of the department of Geography & Environmental 

Studies.  Dr. Lippitt advised the director and student collaborators on data collection and 

analysis. 

GEM lab Student Collaborators:  Assisted with tethered balloon data collection as well as data 

analysis.   

Geography Department Student Collaborator: Assisted with in situ soil data collection.   

 

Table 3. Table of Soil Attributes 

Site 
Number 

Location Latitude Longitude % Sand % Silt % Clay Soil Type 

1 Hilltop 35°05.672' 

 
106°37.367' 

 
96 2 2 Sand 

2 Slope 35°05.684' 

 
106°37.380' 

 
92 5 3 Sand 

3 Channel 35°05.688' 

 
106°37.370' 

 
89 7 4 Loamy 

Sand 

4 Small Rill 35°05.692' 

 
106°37.365' 

 
78 14 8 Sandy 

Loam 

5 Flat Area 35°05.699' 

 
106°37.364' 

 
88 10 2 Loamy 

Sand 

6 Vegetated 35°05.719' 

 
106°37.386' 

 
96 2 2 Sand 

7 Recently 
Plowed 

35°05.725' 

 
106°37.376' 

 
97 0 3 Sand 
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Table 4. Buffer analysis results for household and average median income.  

Buffer Distance Number of Tracts Households Average Median 
Income 

1 mile 4 1,908 $31,404 

2 mile 29 13,336 $31,928 

3 mile 86 36,630 $32,011 

4 mile 137 60,562 $31,679 

5 mile 192 89,636 $33,114 
 

Table 5.  Density of tracts within a 5 mile radius of the farm site.  

Households per Tract Category Number of Tracts Percentage of Tracts 
within Category 

58-258 Low 23 12% 

258-459 Medium Low 84 44% 

459-696 Medium 61 32% 

696-1045 Medium High 21 11% 

1045-1206 High 3 1% 
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Figure 2. Contour map of farm site.  Each line represents a 0.5 meter change in elevation. 



Tammira Taylor |19 
 

 

Figure 3. Aspect map of farm site.  Red colors represent north-facing slopes.  Blue colors represent south 

and west-facing slopes.  
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Figure 4. Water catchment map.  Discrete areas of color represent water catchments within the site. 
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Figure 7: Map of soil sampling locations. 
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Figure 8. Map of household density of tracts near farm site. 
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Figure 9. Income cluster map showing clusters of high income values and clusters of low income values  

for tracts within a 5 mile radius of the farm site.  


