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A team of researchers and GIS analysts at 
Michigan State University (MSU) is devising 
new methods to identify food deserts and vi-
sualize the “nutritional terrain” of American 
cities at precise spatial resolutions.
 A food desert is defined as an urban area 
with little or no access to nutritious foods. 
Residents living in food deserts are more 
likely to be overweight and have other diet-
related health problems such as diabetes or 
hypertension. Unfortunately, these areas are 
both detrimental to public health and becom-
ing more common in urban food landscapes 
that are increasingly dominated by fast food 
outlets and less well served by supermarkets 
and grocery stores. 
 As part of the nationwide Let’s Move 
campaign, America’s First Lady, Michelle 
Obama, has initiated a movement to eradicate 
America’s food deserts in the next seven years. 
While it is clear that food deserts are an impor-
tant public health problem, it is less clear how 
to best identify them. Before food deserts can 
be eradicated, they must be located. Conse-
quently, there is an emerging need to identify 
nutritionally at-risk zones and visualize nutri-
tional inequalities within cities. 
 Although many previous investigations of 
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urban food environments have employed GIS, 
few studies have taken advantage of the more 
advanced capabilities of the ArcGIS suite. 
The MSU research team saw an opportunity 
to combine the abilities of intensive field data 
collection and the ArcGIS Network Analyst 

and ArcGIS Spatial Analyst extensions to ac-
complish two goals. The first is to quantify 
realistic intraurban measures of nutritional ac-
cessibility. The second is to visualize complex 
fresh produce accessibility patterns to reveal 
nutritional inequalities within urban areas. The 
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results of this analysis can enable public health 
officials and legislators to better understand 
how the interactions of the built environment 
and retail food landscapes can threaten the 
collective nutrition of urban neighborhoods. 
 Using commercial data purchased from 
Esri and supplemented with Internet search-
es, phone book listings, and on-the-ground 
searches of local streets, researchers visited 
every local retailer that sold fresh produce 
in the Lansing, Michigan, metropolitan 
area. These sites ranged from supermarkets 
that carried over 200 unique produce items 
to convenience stores or even liquor stores 
that offered only one or two produce items. 
The team visited each location and sampled 
its entire produce inventory. The result was 
a produce geodatabase that stored the loca-
tions and produce inventories for each of the 
94 produce retailers surveyed. 
 Due to the diversity of retailers’ invento-
ries and the nature of the built environment, 
every produce item has its own accessibility 
signature. Prevalent produce items offered at 
many locations, such as bananas, serve more 
geographic zones than more obscure items 
offered at fewer locations, such as kiwis. The 
team used Network Analyst to model both pe-
destrian and automobile accessibility to each 
of the 447 individual produce items. The ser-
vice area function within Network Analyst en-
abled the team to determine locations within 
a 10-minute journey for both pedestrians and 
automobiles to every produce item available 
anywhere in Lansing.
 Individuals with access to automobiles 
have greater retail mobility than those who 
are limited to other modes of transport, es-
pecially walking. The team measured travel 
costs for both drivers and pedestrians in 
terms of estimated travel time, as opposed to 
Euclidean or Manhattan-block (i.e., rectilin-
ear distance) distances. 
 Walking times were formulated by simply 
dividing the length of the optimal network 
route (in miles) by an average walking speed 
(three miles per hour). The drive cost assumed 
that automobile velocity on the road network 
was at or slightly below speed limits and as-
signed each road link in the study area an im-
pedance value based on the functional class of 
the road (road data from Michigan Center for 
Geographic Information).
 The researchers then calculated automobile 
accessibility signatures outward from retail lo-

cations. Service areas extend from a central 
point, which in this case is a retailer carrying 
a specific produce item with a specified radius 
(10 minutes). Portions of the service area are 
served and have access to the retail location, 
while areas that fall outside the area are not 
served and do not have access. By overlaying 
all 447 individual item accessibility layers, the 
team could produce a cumulative estimate of 
the number of unique produce items available 
within a 10-minute journey (either walking or 
driving) from any point within the study area. 
 The results reveal two kinds of nutritional 
access inequalities: general spatial inequali-
ties and mobility-based inequalities. This 
analysis revealed stark spatial inequalities in 
produce accessibility across the metropoli-
tan area. Some areas have abundant access to 
fresh produce, while other areas have little or 
no access. Results also reveal that these in-
equalities are amplified for consumers with-
out access to automobiles. Most locations in 
the metropolitan area are within a 10-minute 
drive to scores of individual fresh produce 
items. However, most locations in Lansing 
have no produce items within a 10-minute 
walk. In general, pedestrian produce access 
appears patchy on the map. In Lansing’s most 
densely populated areas, most people have 
inadequate nutritional access. Consequently, 
food deserts disproportionately affect indi-
viduals without automobiles. 
 As interest in food environments continues 
to increase, the role of GIS and nutritional ter-
rain mapping should also increase. The results 
from this project demonstrate that GIS can 
help public health officials visualize the nutri-
tional terrain and understand the complex in-
teractions between the built environment and 
access to nutritious foods. Furthermore, the 
results indicate that while some parts of a city 
may enjoy ready access to hundreds of nutri-
tious items, other parts of that city may have 
no access it all. Because the nutritional terrain 
varies considerably within an urban area, the 
problem must be addressed at appropriate geo-
graphic scales. 
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