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ABSTRACT

Afooddesertisanareawithlimitedaccesstohealthyandaffordablefood.Thisstudyevaluates
variousalternativesofalast-milefreshfooddeliverysystemtoaddressissuesoflimitedaccessto
freshfoodsourcesforindividualslivinginso-calledfooddeserts.Sixdifferentcombinationsoffive
transportationmodes—truck,e-bike,shared-ride,pop-uptruck,andthird-partydeliverycar—and
a locker facility systemare evaluated todetermine the total delivery cost to serve a fooddesert
area.Thecharacteristicsofeachtransportationmodearepresented,andthetotalcostsofdelivery,
includingusercosts,arecomputedforacasestudyareainBaltimore.TheNetworkAnalystextension
inArcGIS10.6isusedtoestimatetraveltime,distance,andcosts.Theresultsshowthatdelivery
byathirdpartyisthemostcost-effective,followedbytrucksande-bikes.Theshared-vehicleand
pickupbusalternativesarethemostexpensive.Ontheotherhand,deliveriesmadebypop-uptrucks
havethelowestoperatingcost.
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INTRodUCTIoN

Afooddesertisaubiquitoustermamongprofessionalsinthetransportationandpublichealthsectors.
Thephrase‘Fooddesert’wasfirstusedinScotlandintheearly1990s(Walker,Keane,&Burke,
2010).Recently,issuesrelatedtofooddeserts,primarilyinner-cityareas,havebeenofconcernto
U.S.publicagenciesatvariouslevels.TheFoodandNutritionServices(FNS)oftheU.S.Department
ofAgriculture(USDA)definesafooddesertas“alow-incomecensustractwheremorethan20%of
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residentsearnincomeatorbelowthefederalpovertylevelsforfamilysize,oratorbelow80%ofthe
surroundingarea’smedianfamilyincomeandwhereatleast500personsor33%oftheirpopulationdo
nothaveasupermarketorlargegrocerystorewithinonemileoftheirresidenceinurbanareasor10
milesinruralareas”(“FoodAccessResearchAtlas,”2017).Inthisdefinition,twoessentialphrases
arethethresholdsthatclassifyareasas‘low-incomearea’and‘lowaccess.’Somevariations—e.g.,
thresholdvaluesandalternativephrasesforfooddeserts—basedontheFNS’definitionhavebeen
coinedbylocalgovernmentstoreflecttheirsocioeconomicconditions.Forexample,in2018,theCity
ofBaltimorechangedtheterm‘fooddesert’to‘HealthyFoodPriorityarea’(Misiaszek,Buzogany,
&Freishtat,2018).

Thefooddesertisidentifiedasoneoftheprimarycontributorstounhealthyeatingbypublic
healthresearchers(Bitler&Haider,2011)(Hilmers,Hilmers,&Dave,2012).Insomeareas,people
canaccessfastfoodwithinafewblocksbuthavenogrocerystoreswithinareasonabledistance,
say,aboutamile.Whilepublictransitordrivingareobvioustraveloptionstofreshfoodsources,the
reliabilityofandaccesstopublictransitandlowvehicleownershiphavebeenidentifiedasthemost
criticalbarriers.Walkingcanbeanotheralternative,butmanyelderlyordisabledpersonscannot
traveltogrocerystoresonfoot.Toaddresstheirlimitedmobilityissues,deliveringfreshfoodtotheir
doorstepwouldbeadesirablealternative.Therearenumberoffooddeliverysystemsavailableallover
theworldforrestaurants.Peoplecanordertheirfoodandgetitdelivered.However,forfreshfood,
thenumberofthedeliverysystemsissignificantlylessthanrestaurantdeliverysystems.Amazon
Freshisoneoftheoptionsonecansubscribetowithamonthlyoryearlypaymentthatdeliversin
someurbanareas.Amazondeliversfreshitemsthesamedayortothenextday.However,thisisnot
availableforallurbanareas.InstacartpartnerswithmanymajorgrocerystoressuchasGiantFood,
Wegmans,ShopriteandSafewayanditisalsogettingpopularforfooddelivery.

Withthatsaid,thisstudy,usingtheBaltimorefooddesertsasastudyarea,developedalast-
milefresh-fooddeliverysystemforindividualsinunderservedcommunitiesandcomparedoptions
toidentifythemostcost-effectivealternative.Thecombinationsofsixdeliverymodesandalocker
facilityoptionwereevaluated.Thecharacteristicsofeachmodeandtravelsystemwerepresented,
andthetotalcostofdeliverywascomputedmathematicallywiththecostequationsdevelopedinthe
previousresearch.Thestudyoptimizestheindividualmodesseparatelyandcomparestheresults.

BACKGRoUNd

Mostfooddesertstudieshavefocusedontheemergenceoffooddeserts,thelocationsoffreshfood
sources (e.g., largergrocery stores) individuals’ accessibility andmobility, relatedhealth issues,
andsocioeconomicattributesofthearearesidents(Beaulac,Kristjansson,&Cummins,2009;D.
A.Freedman&Bell,2009;Gordonetal.,2011;Moore,DiezRoux,Nettleton,&JacobsJr,2008).
Severalstudieshaveaddressedtheimpactofthedevelopmentandclosureoffoodstoresonfreshfood
access(Guy,Clarke,&Eyre,2004).Theavailabilityofgrocerystoreswithinareachabledistance
is also a significant concern. Indeed, smaller neighborhood supermarkets are becoming extinct
duetocompetitionfromsupermarketchains(Furey,Strugnell,&McIlveen,2001).Whilelocation
decisionsofgrocerystoresarebasedonaprofit-maximizingmarketprinciple,fromtheperspective
offreshfoodavailability,thelimitedaccesstofreshfoodsourcesisanexampleofmarketfailure
thatjustifiespublicsectorinvolvement,becauseunderservedindividualstendtobebeleagueredand
stuckinpoverty-proneinner-cityareas.Theopeningofonenewbigfoodchainontheoutskirtsof
innercitiesoffersconsumersqualityfoodandavarietyofoptions.Theseplacesalsohaveample
parking and longeroperatinghours.However, the expansionof the larger stores is gearedmore
towardpeoplewhohavetheirowntransportationmodes(Guyetal.,2004).Theselargersupermarkets
driveoutthesmallertraditionalneighborhoodstores,thusdeprivingpeoplewithoutanymeansof
transportationofaccesstofreshfood(Alwitt&Donley,1997;Guyetal.,2004).Onestudyshows
that low-income neighborhoods had 52% fewer supermarkets while high-income neighborhood
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