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Background 

Defining Food Insecurity 

 Food security is an assessment of an individual’s or household’s access to food (Kresge 

and Eastman 2010).  The USDA defines household food security as “access by all members at all 

times to enough food for an active, healthy life” (USDA 2009).  The term “food desert” has 

recently been developed to describe geographic areas where residents suffer from food 

insecurity.  Residents are often forced to leave a food desert in search of healthy foods.  

However, some residents cannot afford transportation out of the food desert.  Some residents 

may turn to convenience stores, where healthy foods are either unavailable or overpriced.  

Residents may also choose to eat at fast food restaurants.  Food deserts often overlap areas of 

low income and high rates of diet related diseases, like obesity, diabetes and heart disease 

(USDA 2009).  The goal of my research is to identify food insecure areas of Whatcom County, 

WA.  I will focus my research on a specific demographic group, Latina women of migrant farm 

working families.   

 Food insecurity is a reality for many individuals in Whatcom County.  According to a 2007 

survey, up to 15% of Whatcom County adults did not feel that they had enough to eat in the last 

12 months (WADOH 2008).   



 Food insecurity affects an even greater proportion of migrant farmworkers.  It is ironic that 

these workers allow U.S. residents access to affordable produce, but the workers suffer from 

food insecurity, poor diets, and poor health (Slesinger 1992).  A 2007 food security assessment 

of farmworkers in Fresno County, California revealed that nearly half (45%) were food insecure 

(Wirth, Strochlic et al. 2007).  In a study of migrant and seasonal farmworker households, 82% 

reported experiencing some degree of food insecurity during the previous 12 months (Weigel, 

Armijos et al. 2007).  Food insecurity can have a myriad of effects of the overall health of a 

farmworker.  Findings from the California Agricultural Worker Health Survey (Villarejo, 

Lighthall et al. 2000) indicate that 81% of male and 76% of female agricultural workers are 

overweight.  Farmworkers often exhibit high rates of diet-related disease, including high blood 

pressure, high serum cholesterol and iron deficiency (Kresge and Eastman 2010).   

 Presently, most research on farmworking communities has been done in California, where 

agriculture is an important part of the economy and migrant labor is abundant.  Although my 

research focuses on farmworkers in Western Washington, it can be assumed that they face 

similar barriers to good health.  Whatcom County is home to 1,483 farms, according to the 2007 

Census of Agriculture by the USDA.  Many of those farms employ migrant labor. 

 

Measuring Food Insecurity 

There are many causes of food insecurity.  The relative significance of different factors 

will vary based on the characteristics of the community being measured.  Factors which may be 

included in a general food access analysis include a consumer’s travel patterns, the location of 

stores in relation to the consumer, the consumer’s individual characteristics (e.g., income, car 

ownership, disability status), and neighborhood characteristics (e.g., the availability of public 



transportation, availability of sidewalks, crime patterns in the area) (USDA 2009).  Choosing 

which factors to measure in any food security analysis should reflect the reality of the 

demographic group being studied. 

Introduction  

 My analysis will focus on barriers which limit Latina women of migrant farmworker 

communities from obtaining healthy foods.  A study by Wirth, Strochlic et al. (2007) found that 

income, documentation status, and use of food stamps were all important indicators of food 

security for farm workers.  Other reasons for food insecurity of farm workers include residence 

in rural food deserts, lack of stability in income due to migratory status, inadequate housing and 

cooking facilities, lack of transportation to distant grocery stores, high rates of seasonal 

unemployment, lack of legal documentation status and low utilization of food assistance 

programs (Kresge and Eastman 2010). Additional factors may include language barriers, fear of 

Immigration and Customs Enforcement (ICE) raids and Border Patrol presence.  My research 

will investigate one of these factors.  The principle focus of my research is on the barrier of 

travel costs, measured in driving time and walking distance.   

I am collaborating with Community to Community Development (C2C), a local non-

profit organization in Bellingham.  C2C is devoted to social, economic and environmental justice 

within local communities.  They have developed a program called Cocinas Sanas (Healthy 

Kitchens), which works to “promote good nutrition through healthy eating habits among Latino 

farm worker families and throughout the Latino community” (Community to Community 

Development 2011).  My project aims to assess food access levels of the women and families 

who are represented in this program.   

 



Objectives 

I will develop a series of maps to illustrate points of food access, as well as the barriers 

that Latinas may face in obtaining healthy foods.  Two types of maps will be created.  The first 

map will be used as an outreach tool.  The specific audience of this map is the women in the 

Cocinas Sanas program.  This map will highlight locations where healthy foods can be 

purchased.  I plan to incorporate Spanish titles and labels to improve accessibility of the map.  

The second type of map will be used as a visual during C2C presentations.  The audience of this 

map will include a wide range of people, including other social justice groups, potential 

stakeholders and government agencies.  This map features the analysis portion of this project.  If 

geographic disparities in food access are apparent across Whatcom County, this map will 

highlight those disparities. 

 

Methods 

Study Area 

 The study area is the non-federal land in Whatcom County, Washington.  This excludes 

the large portions of federal forest and park lands which dominate the eastern half of the county.  

I did not analyze Point Roberts, due to its agricultural insignificance.   

 



 

 

Data 

 I am using two general types of data for this project.  The first category of data is base 

layers.  Base layers include all underlying geographic features which are relevant to the study 

area and the analysis.  These layers generally make up the background of a map.  My base layers 

include an outline of Whatcom County, lakes, Washington and British Columbia coastlines, 

roads, cities, Indian reservations, Whatcom Transit Authority (WTA) bus lines, and federal 

lands.  

I collected all of these files from the WWU Spatial Analysis Lab.  Many of the Whatcom 

County layers are available free of charge from the Whatcom County Planning department.  The 

roads layer was part of a national road dataset provided by ESRI.   

 The second type of data is analysis-based rather than cartographic.  I had to seek out 

these layers because they are specific to the topic of food access.  These layers include grocery 

stores, convenience stores, restaurants, farm sale locations, stores that accept EBT (electronic 



benefit transfer) payment, food banks, hot meal distribution sites (i.e. soup kitchens), schools, 

and school districts. 

 The layers of grocery stores, convenience stores, restaurants and farms were acquired 

from the Washington State University (WSU) Whatcom County extension.  Their GIS analyst, 

Dan Coyne, collected the data on restaurants, convenience stores and grocery stores from the 

LexisNexis Academic 2007database, available online.  Dan used Whatcom County phonebooks 

to update the list to 2009.  The farm data includes farms, u-picks, produce stands, and farmers’ 

market locations.  Mr. Coyne collected most of this data from the Sustainable Connections 

database.  Sustainable Connections is an organization in Bellingham that encourages residents to 

“buy local” by providing a list of locations in Bellingham where locally produced food may be 

purchased.  Mr. Coyne also obtained locations from the Bellingham Herald, Washington 

Raspberry Commission, Washington State Blueberry Commission, WSU Farm Finder, 

PickYourOwn.org, and Google Maps.   

Data on EBT-accepting stores, food banks and hot meal distribution sites were provided 

by the Opportunity Council of Whatcom, Island and Skagit counties.  I received this data in 

Excel spreadsheets with corresponding addresses.  I used the geocode toolbar to assign 

coordinates to the address data.   

 To create a cohesive database of food locations, I combined the layers of convenience 

stores, grocery stores and EBT accepting locations into a single feature class and deleted any 

duplicates.  With the generous help of C2C staff and volunteers, additional information on each 

site was collected.  The following attribute information was added for each location:  

• availability of atleast 5 types of fresh fruits and 5 types of fresh vegetables 

• availability of some fruits or vegetables, but not meeting the above criteria 



• availability of organic produce 

• availability of local produce (produced in Whatcom County) 

• availability of both "warm" and "cool" colored produce 

This criteria was devised by C2C staff and myself.  We based the criteria on 

recommendations from the USDA for a healthy and balanced diet (USDA 2011). 

In the process of calling and visiting all the stores on the list, the location and existence of 

every store was verified, updating the list to May 2011.  Finally, I "snapped" this data to the 

streets layer, in order for it to be integrated with raster data (see Methods).     

Data on schools and school districts is sourced from the Washington State Office for the 

Superintendent of Public Instruction (OSPI).  For each school and school district, the following 

attributes are included, as percents of the total student population: Hispanic students, transitional 

bilingual students, and students eligible for free or reduced meals.  I converted this excel table 

into two geodatabase tables, one for schools and one for school districts.  Then I joined these 

tables with shapefiles of schools and school districts, provided by the Whatcom County Planning 

department.   

I converted all data to the coordinate system Universal Transverse Mercator Zone 10 

North, North American Datum 1927.  All files have been imported into a file geodatabase for use 

in maps and analysis.  All data used for the analysis has been clipped to the study area, unless 

otherwise noted.   

Analysis  

To analyze food access levels across Whatcom County, I used several tools from the 

Spatial Analyst extension in ArcGIS 10.  I used the tools available in the Distance toolbox to 

create three cost analysis models.  Each model analyzes a different mode of transportation: 



walking, driving and bussing.  The outputs of all the models are rasters.  The cell values of each 

raster are representative of the model's goal, described in more detail below.   

Each model follows a similar data flow.  First, a cost raster is created from vector road 

data.  The raster contains two types of cells: cells that align with a road segment which are 

assigned a value based on selected road attributes, and cells which do not fall on roads (NoData 

cells).  Next, the raster is either reclassified or calculated to alter the road cell values to 

appropriate cell cost values.  Then the adjusted cost raster and food source data is run through the 

cost distance tool.  This produces a raster with cell values representative of accumulated travel 

costs to the nearest food source.  Finally, this output is run through the Euclidean allocation tool 

to populate NoData cells between roads with the value of the nearest populated cell.  

 The first model, Walk model, analyzed pedestrian access to the nearest food source.  The 

cell values of the output raster are equal to the accumulated distance to the nearest store.  This 

model assumes that a pedestrian will only travel on roads with a speed limit of 35 miles per hour 

(mph) or less.  I used speed limit as an indicator of road walkability because sidewalk data was 

not available. 



 

Figure 1. Walk Model.  This model uses street and store input layers to output walking distance 

rasters.   

  

The second model, Drive model, analyzes driving time to the nearest food source.  In this 

model, I used the SQL query "Power("%OutputRaster%",-1)*0.03728" to convert mph to 

minutes per meter.  Note that I used distance (meters) in the Walk model and time (minutes) in 

this model.  A pedestrian will generally travel at a constant speed, which varies by individual.  

Therefore, distance is a more appropriate measure than time.  However, a driver will move at 

different speeds due to the speed limit of the road on which they are traveling.  Therefore, 

distance is not an appropriate measure because a store that is further away in distance but is 



located on a road with a higher speed limit may be more accessible than a store that is closer in 

distance, but takes longer to travel on due to slower speed limits.   

 

  

Figure 2.  Drive Model.  This model uses street and store input layers to output drive time 

rasters.  The drive time output contains values representing the driving time to the nearest store 

based on the speed limit of roads. 

 

The final model, Walk and Bus model, analyzes walking distance to stores and/or bus 

stops.  This model is similar to the Walk model, but replaces store inputs for bus stop inputs.  

Then it combines an output distance-to-store raster from the Walk model with a newly created 

distance-to-bus-stop raster.  These rasters are combined using the Raster Calculator.  This model 

also assumes that a pedestrian will only travel on roads with a speed limit less than or equal to 35 

miles per hour.  



 

Figure 3.  Walk and Bus Model.  This model uses street, bus stop and a walking distance raster 

output from the Walk model as inputs to create an output distance raster based on distance to the 

nearest store and/or bus stop.   

 

The outputs of these models were used to create a series of thematic maps.  The output 

rasters were symbolized by walking distance or drive time to the nearest store and/or bus stop.  

Those networks were combined with various indicators of socio-economic status such as stores 

accepting EBT payment, free and reduced lunch programs and 2000 U.S. Census data.   

The analyses conducted were also used in the general outreach map.  This map combines 

the results of the Walk and Bus model with locations of schools, stores, farm sale locations and 

EBT-locations.  

 



 

Results 

Food insecurity is widespread in Whatcom County.  Areas between cities are especially 

vulnerable.  The following maps depict the results of the Walk model and Walk and Bus model.   

 

Figure 4. Walking distance to a store selling an abundance of fresh produce. 



 

Figure 5.  Walking distance to a bus stop or store selling an abundance of fresh produce.   

 

The following map shows the results of the Walk and Bus model overlaid by farm sale 

locations.  These point data are a general representation of where agricultural areas are located.  

Many rural areas in Whatcom County are not within walking distance of a store selling abundant 

fresh produce.  Areas between Ferndale, Lynden, Everson and Bellingham appear to be heavily 

populated by a sample of farm sites.  Many of the sites are located along roads with a high speed 

limit, further reducing walkability.   



 

Figure 6. Farm sale locations in comparison to walking distance to a bus stop or store selling an 

abundance of fresh produce.  

 

This map shows drive times to the nearest store selling an abundance of fresh produce.    

The road network was produced using the Drive model.  Accessibility is greatly improved by 

driving.  However, there are still areas where drive times are in the double digits. 



 

Figure 7. Drive times to the nearest store selling an abundance of fresh produce.   

 

To display the results of the three models, I created an interactive website.  Users can 

switch between demographic data and compare them to the results of the Walk model and the 

Walk and Bus model.  The goal of the website is for users to recognize connections between 

demographics and food access.  Some demographic groups may be more vulnerable to food 

insecurity.  The website will be archived at 

<http://deptweb.wwu.edu/huxley/huxweb/gis/EGEO452/11_projects/Vanderlugt_EGEO452/web

/index.html>. 

  

 

 



Conclusion 

“Food access” is an abstract term.  Some people may be able to walk a half mile to the 

store, others cannot.  Access by car or bus is dependent on an individual’s financial means.  A 

common theme in food access is that it varies by individual, household and neighborhood.  

Defining “healthy food” also presents a problem.  I choose to base the analysis on stores that 

offer at least five different types of fruits and five different types of vegetables.  I used this as a 

standard because it is easily defined and can be repeated in other experiments.  Although I 

collected data on EBT, organic, local and colorful foods, I did not include these in the analysis.  

Once we began collecting data on organic and local, we found it was hard to quantify them, just 

as it is near impossible to create a concrete definition of food access.   

Food access can start to be defined on a community-level basis by considering the unique 

set of socio-economic and geographic factors that influence the community.   The income range 

of the population and the cost of transportation to a store should be considered in future studies.  

The cost of food should also be acknowledged.  For example, some individuals may choose to 

drive to far-away stores with a relatively low food cost, rather than walk to a nearby store that 

offers food at a relatively higher cost.  Population density also plays a role in food access.  

Population density is an indicator of consumer demand for food.  Often there is just not enough 

demand in rural areas to support a full-service grocery store.   A survey of the population would 

be one way to pinpoint specific food security barriers.  For example, a survey would assist 

researchers in determining where residents shop, their modes of transportation and their socio-

economic status.  Background data at the neighborhood level is often incomplete or missing; a 

comprehensive survey would fill that gap. 



Although I did not test for significant correlations between socio-economic factors and 

food access, the maps allow viewers to draw their own conclusions about food access.  These 

conclusions may be based solely on the maps, but will likely include their personal experience of 

securing food for themselves and their families.  It is my goal that the quantitative data presented 

in the maps will be enhanced with quantitative data.  These types of data should be viewed as 

complementary.  Scientific conclusions are worthless if they are not grounded in real-life 

experience.  Conversely, a scientific background is the framework for examining and evaluating 

the claims and theories inspired by human experience.   

 The importance of qualitative experience at the individual level for guiding future 

research on food access should not be overlooked.  When I began researching food deserts, I 

found many maps that covered state or nation-wide datasets.  However, when I zoomed in to 

examine food access in my neighborhood, I found that entire counties were generalized as food 

deserts.  Although these maps are based on scientific analysis, they become useless to the 

individual.  Food desert analysis must be done on a smaller scale, to discern details within 

counties, cities and neighborhoods.  This is where qualitative data, like personal experience, can 

undermine over-generalized analysis.  

Although the model outputs in this analysis have some limitations; they can be used in 

unison with qualitative data to produce a comprehensive look at food access in Whatcom 

County.  My original goal for the outputs of the models was to quantify some measure of food 

access.  The outputs of the Walk model and the Walk and Bus model are walking distances.  By 

using walking distance as a measure of food access, I assumed that people are walking to get 

their groceries, which is not always the case.  Similarly, every individual has a different idea of 

the maximum distance they are willing to walk for groceries.  The Walk and Bus model could be 



further improved by considering the bus schedule, cost of bus fare, and distance to a grocery 

store once aboard the bus.   Essentially, access varies by individual.  I avoided forging my own 

definition of food access by presenting the direct results of the models in the maps, rather than 

delineating food deserts based on those results.  This approach allows the viewer to make their 

own conclusions about the geography of food access based on walking distances.   

 In the website, I did not compare the Drive model to any demographic data.  After 

considering the audience and purpose of these maps, I decided that drive time was not an 

adequate indicator of food access in Whatcom County.  There are many areas on the maps where 

drive times seem long.  This can be accounted for by population density and financial stability in 

those areas.  For example, the south-eastern quarter of the study area is only accessible by forest 

roads where very few people live year-round.  Another example is the Lake Whatcom area.  

Many people choose to live near the lake for the aesthetic value.  These areas are far from 

grocery stores, but most of the residents can afford to drive into town for groceries, so food 

access is not an issue for the neighborhood.   

 Overall, I found that food access is increasingly limited outside of city boundaries.  Much 

of the areas between cities, west of the Cascade foothills, are agricultural areas.  Migrant farm 

working communities tend to be located in these rural areas.  Although I did not collect point 

data on these communities, I assumed that migrant workers without cars live nearby their places 

of work.  Thus, migrant farm workers living in rural areas may face food insecurity due to their 

proximity to a store.   

The goal of food security research is to understand the reasons for food insecurity, and to 

ultimately improve access.  My research contributes to this goal by highlighting areas that may 

be food insecure and should be investigated further.  The maps produced in this research will 



help spread awareness of this issue.  The models I created for this analysis are beneficial at the 

neighborhood scale.  They can also be replicated and used with any road features.  The resulting 

rasters show food access based along the input line features, so food security can be monitored at 

the household level.  
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