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SUMMARY

This dissertation is an invesagion of the relationship betweenetail logistics (e
fulfillment) and aviationand of airports t a flaihring responses tefelfillment. By its
nature, planning requires a thorough understanditigeddrces ortransportation and land
use that canftect areas of planning interedglectronic retail (eetail) is one suctirend
whose rapid growth influencesrport activity, demand for industrial real estate, workforce
needs, and surface transportation infrastructlte. et ai | 0 sltersgregonvdt h
attractiveness for logistics development, the strategies needed to promote the industry, and
the data and models required to prepare for its transportation, land use, and workforce
needsThi s st udy 6 provde guielance itowaniared aitpgidnners on the

relevant effects on-tilfillment as well as appropriate planning responses.

The dissertation includes a thrpart analysis. A location model measures
differences between the sales channels in the regional and airport traits assotited wi
logistics activity. A survey of retail shippers is intended to examine associations detected
in the logistics model and measuheir relative strength bgocumenting differences in
operations and regional needs between DCs and FCs. Interviews wittickogi
professionals supplement the shipper survey. Analysis 3 examines the extent to which
airport staffs are planning for chaggin cargo patterns associated witHudillment
through planning document reviews and interviews with staff at seven aispoved by

Amazon Prime Air.

Dissertationresults indicate that-retailers choose FC location as a function of

customer proximity, airport access, integrator hub proximity, and a variatygainal

XV



factorswith weaker effectsE-retail activity will contnue to generate disproportionate air
cargo activity while concentrating logistics facilities in the same regisrarge customer
bases, integrator air hubs, and international gateway airports. These patterns will impact
infrastructure and land needs,daplanners should incorporate these trends into their
forecasts and strategies. Airport planners are increasingly awarer @& te ecardoo s

generation potential, and they are gathering madé@ad hocmannerto understand .it

The dissertatiortoncludeswith a discusson of implicationsof the researclor
airport and transportation planners, econorda&velopment plannersand land use
planners Logistics activity related to-eetail is expected to grow in coming decades
concentrating particularly arourdgistics hubs and population centers in the Northeast,

Ohio River Valley, and major metropolitan areas.
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CHAPTER 1. INTRODUCTION

1.1 Problem Statement

Electronic retail (eetail) isarguablythe mosttonsequentidiorce reshaping retail
logistics E-retailis rapidly approaching 10% &f.S.retailmarket shareup from less than
3% a decade ag@).S. Census Bureau 201@&ndthe growth trend resembles the early
stages of an exponential cuyvereshadowng very high futuree-retail market share
(Figurel). E-retail market share for sonpeoduct types, such as b music, and videos
has already surpassed 508hdthe eretail sales channel is approaching parity in other
product typedike consumer electronics and sporting go¢@srry and Stevens 2017)
Moreover, as new cohorts of msumerghat grew upwith the internet represent a larger
part of the total consumer base, their comfort with computers and smart phaurdser
multiplying e-retaild s ma r k Eretail bals eeacleed sufficient size impact macro
economic indicata, for example depressing inflation rates by providing consuwidrs
greaterpr i ce Vvisibility among competitors and
(Torry and Stevens 201 7E-retail will be a growing forcan the consumeeconomy for
the foreseeable future, so scholars of cities and urban policymakers should understand how

it affectstransportationthe built environmentand regional economies
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Figure 1. E-retail growth (annual sales,USA).
Source:U.S. Census Bureau (2016)

E-retail fundamentally reconfiguresetail logistics networksto meet different
requirements from B&M retail logistcs Today 6 s -reaersi distnguish e
themselves by building fulfillment netwaskhat permi rapid delivery of small orders
while maintaining lowtransportation and inventocpsts B&M distribution networks need
to providelarge quantities od predictable set of goodsftred store locationwith at least
sever al d aB&d detailers mubt transporeitems to a store that is conveniently
located for potential customers, and they must maintain-atore inventory large enough
to supply uncertain demanBy contraste-retail usually requires that smahipmentde
made to locationshaat are not known in advance (j.eustomer homes or businesses)
short notice andvith low customer tolerance for error. This radically different set of
requirements necessitataslogistics network with a different form from B&M retail

distribution néworks Distribution centers (DCs) refer tearehousesghat hold inventory



and ship products to B&M retail stores, while fulfillment centers (FCs) refer to facilities
that hold inventory and process orders received throughritaiésales channeA single
retailer may have many DCs or FCs depending on its size, geographic scope, and logistics

strategy.

Airports and eretailers influence each other even though the patterndyayagnics
of their relationships have barely been explored. As evidence af rblationship,
Amazor® Amer i c a 6 getailled regently tommissioned several cargo airlines to
operate a fleet ovide-body cargo aircraft among its sortati@entersandFCs even as
integratorsand USPScontinue to transport Amazon deliveriesby air and ground
(Amazon.com 2014)A report by the Airport Cooperative Research Program (ACRP)
identifies e.commerce (which includes busingssconsumer getail) as one of the four
main drivers of air freight growth, along witbuch notable trends aobalization, lean
inventory strategies, and economic grolkaynard et al. 2015)Firms always prefer
cheger surface transportati@verair transport, whiclseresto overcome constraints that
would otherwise preclude eime delivery such as late order receipt, stockouts, or errors
E-r e t angdndyand unpredictalbty producemore occasions wheair transportis
necessary to maintain delivery schedulEgetailers canoften financially justify air
transporfor unexpected mediunto longdistancedeliveriesof moderately valuable goods

within a compressedelivery timeline.

E-retailb s g r noarket hage erails shifts in thereight system, which will be
reflected through a redistribution of logistics activity among regions and dramatic cargo
growth at some airpori®laynard et al. 2015)Vhile it has been remarehatintegrator

air huls tend to attrackogistics activity including efulfillment (Kasarda and Lindsay

3



2011; Antipova and Ozdenerol 201Bhas been less clear the extent to which this network
benefit also applies to other mgpolitan areasvith high consumer accessibility either
through transportation networks or proximigsr et ai | 0 s ingpeasteatan freiglt | t o
demand andhangethe geography of logisticactivity makes e-retail importantfor urban

and regional plaming.

E-fulfillmentd s g wid kikelyh affect planning practice around transportation,
land useandeconomic developmenReconfigurationof logistics networksan change
freight origins and destinationg;p frequency, and demand for air cargo, witfeets on
the use of transportation infrastructustulfillment influencedand use to the extent that
the factorsaffectinglocation choice for logistics facilities diffamong the sales channels
Employment, demand for industrial land, truck genenatamd air cargo activity all derive
in part from the locations of logistics facilitie&irport regions have attracted attention in
the planning literature due tbeir ability to stimulate regional development and the high
monetary stakes involved in mal decisionsaboutairport investment. Airporés f ut ur e
cargo activity depends in part on their place in fulfilment networks, so airport planners
should explore 4ulfillment trendswhen forecasting cargactivity andevaluating capital
projects Yet, planning research hasrdlyexaminedhe relationship betweeairpors and
effulfillment,oref ul f i | | ment 6s repercussions on mor e

and processes.

1.2 Research Questions

This dissertatiorasks low efulfillment is related to aport activity and airpor

region development. Answerintje researclyuestiors will reveal geographipatterns



associated with-&lfillment, factors influencing FC location choice, differences compared
with B&M retail logistics, and a state of practit@ airport planning for @etail. Three

research questionwhich are discussed in sequengeide the investigation

Q1: What airport and air cargo carrigaits are associated witfulfilment?

The first research questioiQ:) asks whether airport oairportregion traits
correlate with dulfillment activity, and whether the pattern is replicatedB&M logistics
activity. Answering this question will help plannaecognizewhether airport regions
experience disproportionatefdfillment activity, and factorsto identify airports and

regions that are likely to acquiref@fillment activity.

Q2: Whatdynamics might explain differences iRC and DQocation?

The secondesearch questiof@).) askshow e-retailerschoose among regions for
FC locationas a function of their operational needscility location deries from
facilitiesd6 needs from their r egiamdthosee. g. ,
facilitiesd rol e 1 Whereas @ arimhbrily searghs ®ortspatid net w
correlations, @ explores theoperationally derivedauses of those correlations from e

retailersd perspective.

Qs: How are airporplannerspreparing for eetail cargo?

The thirdresearchquestion (@) examineshow staff atairportsnear FCs or large
consumer marketperceiveef ul f i I | ment 6s effects on their
preparing for eetail air cargo The answer musalso categorize approaches and data

sources for cargo planning in a macro context -oétail growth. The third question

5



assumes airport toldaineatearstaté of practice preund airpod
planning for efulfilment. Answering Q reveas opportunities forincorporating e-
fulfillment trendsinto airport planning, includingoal definition, forecastingtakéiolder

involvement,alternatives evaluation, and land development

1.3 Study Objectives

The dissertatiod s p u rtgpimpsoeetransportation andrban planningesearch
andpracticeby incorporating knowledge from disciplines that affect regional developmen
and freight generation Ther ef or e, objcteesrelatests theriritesattions n 0 s
between dulfillment and areas of interest tgublic-sector planners.The following

subsections discuss the four primary objectives.

Objective 1)Investigateefu |l f i | | ment 6s rel ationship with

infrastructure and geography.

Researchrs have long treatedogistics as a suitable industry fairportcentric
developmenfAntipova and Ozdenerol 2013; Kasarda and Lindsay 20dleGand Guller
2003; Schaafsma, Amkreutz, and Giuller 2008; Cox 20ADport-centric development
models have rarely been tested empiricalhdresearchersave nobbservecd-fulfillment
activty patterns to assess t hflfillmeotdAntipeva and r ans f
Ozdenerol 2013; Menon 2013; Verboon and Braun 201 dissertation provides the
first known largescaleanalysis ofFC locationin relationto airport accessibilityand
regional trais. The results revealivergences between the retail sales chameglsrding

the factors affecting logistics facility locatiorThe results willhelp plannergecognize



regions that are attractive forf@fillment activity, with effects on cargo generation,

demand for industrial lanégind workforce needs

Objective 2) Explore patterns in e-ffulfilment transportation affecting location

choice.

E-fulfillment networks aredesignedto serve fast, small, unpredictable, and
fragmented shipments, which meansthege¢ ai | er s6 transportation
of traditional B&M retailersResearchers have studiedulfillment strategiegGolicic et
al. 2002; Ghezzi, Mangiaracina, and Perego 2012; Cachon and Terwieschaf@09)
location choice ofyeneralpurposewarehousg (Sivitanidou 1996Woudsma et al. 2008;
Jakubicek and Woudsma 2011; Cidell 2010; Bowen 2008; Allen, Browne, and Cherrett
2012) The literature hasiot included comprehensive examation of transportation
differences associated with the twajor retailsales channels invaay thatgeographically
addresses their freight generation potenfidle differences betweesfulfilment and
B&M retail logistics explain spatial patterns and predict trends as the industry matures.
Thereforethe dissertation seeks identify and weift theregional and airpoffectors that

influence FC and DC operatioaad location

Objective 3) Documenta state of practice in airport planning for e-fulfillment

Airport leadersmake capital investment decisions according to a n deenansl 6
forecastsand project evaluationsOptimizing investment requires airpoglannersto
accurately understand the factors generat.
There are currently no scholarly articles addressing airporiniplgrpractice for e-
fulfillment. Without a state of practice, airport planners encounter difficulty benchmarking

v



their planning effortgor e-fulfillment with leaders in the fieldA dissertatiorobjective is
to recordthe state of practice and encourage conversation at airpbget er et ai | 6 s

impactsand planning responses

Objective 4) Create a dataset of logistics facilities for studying €ulfillment.

Lack of data has remainedgreat obstacle to planneusderstandinglevelopment
and transportation patterns deriving framiulfilment. National freight and economic
datasets do not distinguish reteelated logistics from other types of logistics, much less
FCs and DCs from general warehousihmpdequatedata has forestalled analysis esf
ful fill ment 0s edionahdevelppment pattetiiotims digserthtiom, private
datasets are analyzed and expanded to identifyriFBie contiguous United Stateshich
are shipmentorigins and sites of warehouse employmenAssembling this dataset

facilitates futurestudies

1.4 Expected Contribution to Planning Theory and Practice

This dissertationenriches planning practice infour professionalspecialties:
transportatiorplanning airport planning, land ugglanning and economic development
planning Strictly speakingairparts arewithin the professional domain of transportation
planners. Nonetheless, airport plannimas specific knowledge requirements related to
aircraft operationsinstitutions,and fundingthat make it a very distinct specialization
within the transport#on field. The following four subsections explaihe dissertatiod s

contribution to these specialties.



1.4.1 TransportationPlanning

Freight planners uskistorical data to forecasireight demandOnly a few very

advanced freight demand modeisorporatdogistics decision making and sales channels

into forecastge.g.,supply chain mode)seé-f ul f i | | ment 0 s  uexistiegr r epr e

daasetgreventdravel demand forecastiom beingsensitiveto eretail trends DCs and
FCsanchor truck movementsrfthe lifetime of a facility, whichgivesthe facilities a long
term role in truck movement. FCsexhibit location patterndifferentfrom those of DCs
then the differenceeflect inthe movement patterns of trucks servitg facilities.This
study icentifies regional factorguiding FC location so that freight planners can recognize
where eretailis likely to changdreight patternsit will help transportation planners predict

origins, destinations, and routesvehiclestransporting eetail goods

1.4.2 Airport Planning

This dissertation links-getail air cargowith airport andregional trais to help
airport planners forecast air cargod prioritize projects E-retail reconfigures air cargo
demand in ways that cannot be foreseen from trend extteyold/hile the dissertation
makes contributions to four planning specialties, its largest contribution is to the field of
airport planningAirport plannersdhave heretoforéacked peer benchmarks to guide their
analysisand preparation fae-fulfillment. Specifically, the dissertation provides guidance
to airport planners focusing dime first three stages of the rational planning model. Related
to step 1 (define the objective)dte scr i bes ai r por fetaibinflaehce s 6
on airport carg@ctivity and the extent to which shipper data corrobadiate perception.

Regarding step 2 (identification of alternatives), approaahegxplainedor airport staff



to gather datan e-retail air cargo and to pair that data with suitable forecastietpods
For step 3 (evaluation of alternatives), airport sta@bnsideation of e-retail in plan
evaluation is characterized Finally, extensive guidances provided for regional
development impacts around airport$e result is a state of practiemd analysis of

shipper preference with whicirport planners cabenchmark and guide their work.

1.4.3 Land UsePlanning

Land use planners avoabnflicts among useand provie serviceinfrastructure
for adequate developable lakdilfilling this mission requirg land use planners to estimate
future demand fotogistics land anddentify suitable locations within the regioB:retall
alters the demand for logistics larddly changing retail IEsgi stic
retail 6s gthecamdunht ordadti@nrofgamd that retailers seek fwarehouses
Some regions may lose demand for industrial land comparegreiiousforecasts, while
other regions or parts of regions may become more attractive. Past land use models require
recalibrationto updatdand use plasand zoning mapsthe dissertation directly studies
patternf retailwarehouséocation and the factors that may motivate location chdice
study resultscan help land use planners identify their redg®mattractiveness to-e
fulfillment adivity and estimate regiai land useneeds Land use planners working on

comprehensive plans or zoning ordinances can inform their work withrésdes

1.4.4 Economic Developme/®anning

Many economiaevelopment plannergyhtly view airports as majdorcesdriving
regional economicevelopmentaview thatairportcentric development modedsich as
the Aerotropolishave promotedNonetheless, past airparéntric development modes do
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not explicitly considere-fulfillment in determining applicability, cédrating predictions,
or tailoring recommendationsWithout observingpatterns ofe-fulfilment activity and
understanding the operational factors that influelecation choics, it is difficult for
economicdevelopment plannets adapt airportentric cevelopment models to this fast
growing activity. The dissertationresults will help economicdevelopment planners
evaluater e gi ons 6 sedlfilmerdt basad toryegidna trais that facilitate e

fulfillment.
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CHAPTER 2. LITERATURE REVIEW

2.1 Introduction

The literature review is organizetmhto two broad sections. The first section
examines regional development theory and observatisunimaries major theories of
regional development that explain firm location and regional concentrations of logistics
activity. It also explains patterns in national warehouse activity, which serves as a baseline
for examining retail logistics locations. The second section examines the relationship
between airports andfalfillment, in terms ofboththe direct relationship andehndirect
relationshipmediatedby air carries, as depicted through four interactiomsiong retail
shippers, carriers, and airporits Figure 2. The first dynamic relates tothe forces
motivating the growth and configuration efulfillment. Thesecond dynamipertains to
thefactors influencingdC and FQocaion, especially relating tthe influence of airports
and air carrier network3.he third dynamiénvolvesa i r carri er so sel ecti
which makes up part d¢fe indirect relationship from airports to shippers via carrigrs.
fourth dynamic relates téhe ways in which airport planners consider cargo or seek to

attract shippers.
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Public Sector Private Sector

Airport Shippers
Logistics in Airport | | aistics of E-Retail and
Riannine B&M Sales Channels

Airport Effects on Air Determinants of Logistics

Cargo Carriers Facility Location

Air Cargo Carriers

Figure 2. Dynamics in the relationship between ulf illment and airports.

2.2 Regional Development Theory

Patterns of growth and development are core interests of urban and regional
planners. The logistics industry affects these core interests as manifested in employment,
transportation and land us®egional development theory is the study of patterns,
disparities, and causes gpatialdevelopmentThe theoryhas evolved in wavedrawing
on economic theoriessome of which are inherentgpatialand some of which were
adapted to answepatial questions. Theombination oftheories with their own sets of
assumptionproducesa rich literature thah aggregatelescribeglifferent aspects dfrm

location.

Each word in the phrase fAregional devel
is defined variedly as hierarchy of citiegChristaller 1933; Losch 19548 fdspati al |
i nter depende n(Dawkink 2003par a geagraghe tarea circumscribed by
administrative or ecological boundarigglost boundaries following from the different

definitions do not overlapA logical definition for the purposes of the dissertatan
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airportcentric developmenis a hierarchy of cities served by a common airponis T
definition conforms with the two conditions set by Hoover and Giarrgl&@1) which

require that regions wh a spatially interdependent labor market be (a) functionally
integrated such that their labor, capital, and commodity flows have more characteristics
commonwithin the region than without, and (b) that the region be oriented towards a
single, dominahnode. Tle definition delimits the regionspatiallyby commute distance

and mimics consumer marketaread (Dawkins 2003) Development refers to
reconfiguration of econormoi structures through innovation that introduces new
socioculturabnd economiparadigns (Friedmann 1967)Regionaldevelopment therefore

refers to a hierarchy of cities around an airport that have adopted the most recent trends

andeconomidorms, in this case related tefalfillment.

In this section major componentsof regional development theory affecting
logistics arecompiled Themost pertinent theories to the dissertation topic are highlighted,
includingNeoclassical Economic Theoaynd associated theori€sport Base Theorgnd
the New Econmic Geography. Manyheoriesare complementary, addressing similar
concepts in different forms. Theye nottompeting theories in the sense that only one can
be correct while others are wrong. Instead, they describe economic development within a

certain gt of assumptions that ameore or lessisefuldepending on theircumstances.

NeoclassicalEconomic Theoryaddresseshe ways in whichmarket signals of
supply and demandkad rational economic actors to maximize utility. Neoclassical
Theorieswereadaped to addresspatial disparities=ach region possesses a set of factor
endowments that make mostsuitable for selecteconomic activitiesAs a function of

those factor endowments, regions perform some functions more efficiently than other
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regions, ledingthem to spontaneously specialize while trading to olat#iarproducts or
services(Ohlin 1967; Heckscher 1919)ecclassical models predict both a convergence
in the price of factors of production amo

industries that use their most plentiful factors of production.

Centr al Pl ace Theory des mmspadeasa functiani es 6
of Iindustriesd mar ket ar e asconductibusihegioscht he | &
1954) The size of urban areas derives fromrativemagnitude of transportation costs
and economies of scale. Firmaster around a market when transportation dostsarket
and scale economies are high, and firms disperse when transportaticdio costketand
scale economies are lo@entral places emerge where market areastdtiple industries
overlap. These céral places are hierarchically organized based on their spatial extent

(Losch 1954; Christaller 1933; Dawkins 2003)

LocationTheoryexpanded onearlye o c | a s s i relative néglect af space s 0
while incorporating questions of market area from Central Place T(awykins 2003)
Location theorits sought to explain firm location as a function of the relative transportation
costs of raw materials and final products. Firms seek to minimize transportation costs by
locating at an optimal poiletweerraw materials or consumer mark@téeber, Friedrich,
and others 1929Firmslocate near raw materials when the cost to transport raw materials
is high due taheir weight or bulkiness, and firedocate near markets whéransport of

finished producis more costly thatransport ofraw materiag (Alonso 1975)

Agglomerdion economies are efficiencies that accrue to fifrosn proximity to

other firms. In addition to a desire to be near marldgsdribed irCentral Place Theory)
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and a need for proximity to suppliers or custometss¢ribed inLocation Theory),
Agglomeraion economies induce firms of the same or different industodéscate near

each other.Agglomeration economies include localization economies, which are
efficiencies generated among firms of the same industry, and urbanization economies,
which are effieencies generated among firms of different indus{ittesover 1937; Perloff

et al. 1960; Doring and Schnellenbach 200®g)gether they can be calladgglomeration
economiesoe Xt er nal scale economi es. agblomerat®rt r i es 0
economies varies as a function of their innovation, aed telationships with labor and
suppliers.Three main forces geneeahgglomeratioreconomies: knowledgspillovers

labor market pooling, and input sharifgrown and Rigby 2009; Marshall 1890; Freeman
1979; Puga 2010Knowledge spillovers occur when firnggin knowledgdrom firms
located near them that incesss their competitivene¢Boring and Schnellenbach 2006)
Labor market pooling helps firms find skilledbvkersthrough large labor pools serving a
regionally concentrated industryinally, input sharing occurs as firms in the same region
develop an ecosystem of suppliers from which new entrants in the same region can
purchase supplietnput sharing decreas transportation costs from the supplier to the firm
(Brown and Rigby 2009}J-or logistics firms, relevant agglonation economies can reduce

cost and improve service by sharing markets for labor, transportation, and warehousing
(van den Heuvel et al. 2012; Cruijssen, Dullaert, and Joro 20X@®re also exist
agglomeration diseconomies like congestion dmgh land prices bid up by mark
competition (Tabuchi 1998; Perloff et al. 1960yWhen external economies outweigh
external diseconomies, firms and workers in agglomerations of ecoactiity become

more competitive, productive, and efficient than those outsigglomeration economies
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enhance |l ogistics firmsodo o(pPaterssdniarw Naveérsteaf f i c |
2012; Sheffi 2010, 2013)f agglomeration economies outweigh diseconomies, firms tend
to cluster geographically. Logistics clusters magreasd i r ms 6 ¢ o nfRiver,i t 1 ven
Sheffi, and Welsch 2014 plthough their effects appear to degrade quickly over space

(Hylton and Ross 2018)

Export Base Theorg x pl ai ns regionso growth as a f
for capital. Bassectors are those whose products or services thaeoaxported, whereas
nonbaswe sectorsprimarily serve theinternal regional market.Regions develop by
exporting products and services from thiefise sectorgéNorth 1955) because »@orts
allow a region to accumulate capital for internal developridatth 1955; Perloff et al.

1960)

Cumulative Causation Theory explains why regions retain and grow the industries
that are already specialtieSumulative Causation Theory predictsttif@e regions that
originate economic activity retain and grow that activity, outstripping-Eteing regions.
The firstmover regiongyain advantages related to external economies that make their
factor inputs more productivendcanoutweigh lessdexl oped regi onso | owe
for attracting new firms and growing existing firidyrdal 1957) Productive regions tend

to retain and increase theinaohtagg[Kaldor 1970).

New Economic Geography recalihmarkbfkeoc!| as
mediated supply and demaifBujita and Krugman 2003)The theory i i n orata[sp
external scale economies and increasing returns into traditional models of interregional

t r a(@amiins 2003) New Economic Geography explains the emergendéedofstrial
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clusters fAiidue to a combinat i oDawkn$ 20@3e nt r i f

Specifically, high economie® scalepromote firm clusteringwhile hightransportation

costs dispersirms to locations neanarkets. Simultaneously, New Economic Geography
incorporates a sort of cumulative causation to explain why industry agglomegions

and retain their leading positioAs small industry agglomeratie attract new firms, they
cement their position as a center of that industry in the country. Agglomeration economies
make it advantageous for firms to continue conducting business in the (Egjta and
Krugman 2003) Even if the attribute that originally caused the industry to begin in that
location disappears, the region will continue to be a center for that industry because of the

agglomeration @nomies and labor markets that have developed @magman 1991)

2.3 Geography of Logistics Activity

American warehousing has etentralized and suburbanizedover time
Traditionally, logistics activiy concentrated in urban coress regiors grewin population
and spatial extent logistics activity suburbanized fastdran developmentas a whole
(Dablanc and Ross 2012y most large U.S. metropolitan areas, the logistidsstry has
suburbanizeceven while leaving theregional core logistics markéttact and growing
(Cidell 2010) Logistics suburbanization has also been observed in France, the United
Kingdom, and JapafDablanc and Rakotonarivo 2010; Sakai, Kawamura, and Hyodo

2015; Allen, Browne, and Cherrett 2012)

Logistics consolidation has occurred in tandem with suburbanizdtierin part to
firm-level inventoryconsolidationLogistics consolidation refers to the process by which

warehouses serving multiplerhs cluster in spacéow fuel prices have allowed firms to
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combine inventory into fewer and larger facilitiegnd still maintain moderate
transportation costdMcKinnon 2009) which hasproduced industryide consolidation
(Dablanc and Ross 2012; Savy 2Q@¢gions differ in how the trends of suburlzaation
and consolidation manifedtor example, Los Angeles exhibmuch greater sprawl than
Seattlefor reasons thamay relate to local transportatioland use patterns, or growth
management policigPablanc, Ogilvie, and Goodchild 2014)pcally, the twin trends of
suburbanization ancbnsoidationhave contributed to the growth gieripheral cities where
logistics is one of the major economic activities an undiversified economic base

(Dablanc 2014)

Many reasons have been suggesteddgistics suburbanizatioAs facility size
has increased, logistics companies have sought cheaper land and larger, newer facilities on
the periphery(McKinnon 2009) Competitive pressures of a commodifieshl estate
market have pushed developers to build large and specialized distribution complexes often
on peripheriegHesse 2004 Airport and highway access have also driven facility location
towards the peripheriewhereairportsaretypically locatel and peripheralhighways are
less congestedhan in urban core¢Bowen 2008) Some central cities have zoning

regulations or tax rates that discourage logigiablanc and Ross 2012)

Suburbanization and decentralization are trends that operate regidktatlye
national level, there has been a shiftagvirom coastal gateways towards inland ports,
which may be less congested or expengBidell 2010) As containerization progressively
replaced breakbulk shipments, it realized productivity gains that made theti@insdrgo

at seaports less costly and defagne Contairerization allowed items to be offloaded
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from ships and transferred directly to inland warehouses, bypassing oldeal coast

warehousegRodrigue and Notteboom 2009)

2.4 e-Fulfillment Networks

Sales channels refer to the meéysvhich customers buy gosdrom retailers.
Traditionally, purchasing retail goods required the buyer to travel to a sébeetitems
exchange moneytake possessn of the itemsand transport them to their home or
businessThe traditional methodis referred to as h e fatdmib ¢ k(B&MQ sales
channel because purchaseccur in physical storesElectronic retail (eetail) is a
competing saleschanrtbhtsp ar at es pur chase frtottnhebgy@eods 6 p
E-retail allows customers to select itetopurchasata distance through an internet portal

and to take physical possesslater, most ofterwith laterhome delivery.

The sals channel has im| i cat i ons f logisticstnatwork Meet ai | er
separation of purchase and transflows thee-retail supply chain t@mit several steps
from the brickandmortar supply chainFigure 3). Stores are no longer necesséoy e-
retail. Instead, retailers rely more heavily warehouses called fulfilment centers (FC) to
deliver directly to customers. FCs are normally locatednioimize costs, maximize
market access, and meet delivaighedulesE-retailers tradeoff transportdon costs,
which are lower in a dispersed network, and inventory costs, which are lower in a

centralized network.

20



Conventional Brick-and-Mortar Supply and Distribution Network

Raw Manufac- National Regional Stores Customers
Materials  [-»f turing — DC —» DC >

E-Retail Supply and Fulfillment Network

Carrier networks, including

Raw Manufac- FC ' Cross- 1 i Customers
- . 1 o 2 o
Materials |yl turing N |, Dock : sortation centers s
: (optional) !
1

Figure 3. Logistics networksfor B&M retail (top) and eretail (bottom).
Source: Derived fromHesse(2002)

E-retail alterscore distribution assumptions and relationsiislicic et al. 2002)
Multiple researchers have suggestbdt FCs cluster moretightly aroundairports than
DCs E-retail encourages inventory poolif@achon & Terwiesch, 2009vhich modifies
optimal inventory location and consolidatioRCs tend to become larger and fewer
compared with DCs as inventory consolidgtdsingiaracina et al. 2015; Sui and Rejeski
2002) Since transportation costs and spezsirainthe amount of inventory consolidation
thatis feasble, air delivery may be needéal serve distant customgidangiaracina et al.
2015; Romm 2002FCsmaylocate closer to airportean DG sincee-retailers frequently
enploy integrators, whose networkenter on several hub regiofi&asarda and Lindsay
2011) Moreover, eretail generates moreovernight deliveries than B&M retall
(Mangiaracina eal. 2015) E-retail will likely increase the distance and frequency of

deliveries, and expand truck and air cargo ugbigsse 2002)

Product characteristics also affabie configuration ofe-fulfillment networls.
Highervalue commodities can support greater inwgen consolidation because higher

sales pricemitigatestransportation cost€On the other hand, lowalue products like

21



groceries are only feasible inretail if transportatiorand inventory costsemain low
(Agatz, Fleischmann, and Van Nunen 2008)e easiest products to sell througretail

are nonrtangible products such as books and DMBstemMindali and Weltevreden
2013) andthe range of products that can be effectisgid through eetail is expandhg

to tangible, personal items like clothes, shoes, jewelry, and €arnsumer electronics,
shoes, and apparel make up over half-cétail sales excluding travel, entertainment, and
financial productgIATA 2017). Non-standardandperishable products such as groceries

have very low eetail markeshare

The delineationin logistics networksbetween B&M retail and -eetail is fluid.
Omnichannel logistics is common, even among retailers that generate most sales through
stores B&M retailers whocommence e-retail operations must decide whether to fulfill
orders from a new saif dedicated FCs, from existing DCs, or from sto(Agatz,
Fleischmann, and Van Nunen 200§ hi pper sé networks dovet a
logistics service mviders. For instancegetailers may also outsoureearehousing or
distribution to a company thatrovides logistics services toultiple companies, called a
third-party logistics provider (3PL(Rabinovich, Knemeyer, and Mayer 2007; Makukha
and Gray 2004)The majoradvantages of a 3PL are flexibility, expertiaadeconomies
of scale(Gong and Kan 2013; Hesse 2002pncretely3PLscan permit the consolidation
of inventoryfrom multiple firms in a single warehouse or of shipments in a single vehicle
or within a single carrier contract. Shipp:e
carriersd6 own transportation networ ks, i n
Carries operate not only vehicles but also warehouses for-g#rantinventory storage and

sortation center® facilitate transfers and routiiowen 2012; Barnhart and Shen 2004)
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Thus, changes in shipper strategies and logistics networks ripple through downstream
providers.The overlap of networks serving shippers and logistics service providers in

geographic space results imegionallycombined logistics ecosystem.

Consumersave different levels of influence on the forms-é@iillment networks
because their buying patterns diffErequent online shoppehgave an outsized role in the
formation of efulfilment networkscompared with the population at larda the early
days of eretail, online shoppers were highly differentiated from -nahne shoppers
including by age (younger than namline shoppers), gender (predominantly male),
income (higheiincome) and personality (low risk aversion and high conveniseeking
behavior) (Donthu and Garcia 1999; Brashear et al. 2009hile there are still many
distinctions between onlinehgppers and neaonline shoppessthere las been a
heterogeization of buyersase et ai | 6s mar ket share has gr ow
with divergenttraits have entered the markétgudo-Peregrina, Hernandezarcia, and
Acquila-Natale 2016)There is no longer a meaningful distinction by gemiléne pool of
online shoppers, and distinctions bgame and age have shru(@rashear et al. 2009;
Agudo-Peregrina, Herndndezarcia, and AcquikiNatale 2016) There are simply many
more customers with different characteristicsha market than there were in the past.
Nonethelessthe average online shopper is younger and of higher income than the
population as a whole, while also exhibiting lower risk aversion and greater convenience

seeking behaviafSmith 2015)

E-fulfilment networks areassumingnew configurations that theory hamsot
incorporatedA ma z o n, A mgesteietailerpovidesseveral examplésym aerial

drones to dedicated delivery trucks, lockers éosstomers collectingpurchases, and
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grocery deliveryt Manj oo 2016; Gillon 2016; .Gnex@zon Fr
its most original decisions has beerctmtract with threeiacarriers to operate over two
dozen dedicated aircrafibor domestic air cargdo rebalance inventories among its FCs

(Greene and Gates 2015; Jamerson 2016)

2.5 Determinants of FC Location

Each retailer builds st logisticsnetwork based on its needs and stratéfiien
retailers are aggregatedoy sales channgltrends emerge about the ways in which
transportation infrastructure, networks, aedional trais influencewarehousdocation
choice. Several approaches have been used to identify factors that help determine
warehouse locationOne approach uses firfavel interviews and case studies to describe
the strategies that drive warehouse location and transportation mode (Bwicand
Rejeski 2002; Ghezzi, Mangiaracina, and Perego 2012; Lasserre R@@4¢pnd approach
is optimization, which provides detailedcommendationor facility location based on
inputsabout the firm(e.g.,transmrtation cost, product characteristics, and customer and
supplier locationys Optimizationcanguide decision making about the formedfilfillment
networks(Fan et al. 2015; Liu 2014Yhe thirdapproachwhich most directly relates to
this dissertation, iebservatiorand descriptiof warehouséocations The third approach
may involve statistics to correlate location with regional traits or surveys to assess manager

preferences. The remainder of this section destiitgethird approach

Airport accesss positively associated with multiple types of logistics activity
(Antipova and Ozdenerol 2013; Appold 2013; Jakubicek and Woudsma 2011; Karsner

1997; Verboon and Braun 2010; Woudsma et al. 2008; Deloitte and Metro Atlanta
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Chamber 2017)Higher warehouse rents near airpostsest tomany logis i ¢s f i r ms.
preference for neaairport locationgSivitanidou 1996)Warehousg tends to follow air
activity to a new airport when one is bifltarsner 1997)The logistics firms mostrongly
attracted to airports require fasansportation(Brueckner 2003)Airports affect other
industries as w&lmaking many types of firms more producti{feullerton, Licerio, and

Wangmo 2010and raisingegional employmen(iCidell 2015; Yan and Yuan 2011)

Airports change the geography of logistics development among regions as well as
within them.The presence of commerciat@ortsstimulatesa r egi onds | ogi st |
more thardo newroads(Cidell and Adams 2001; Cidell 201®irports attractincreasing
numbers ofogistics firms to the region as their connectivity incregsgpold 2013)and
costs associated with air movemet#cline (e.g., congestion regulations) Additional
airport factors that may afféaegional logistics activity includeairspace congestion,
airport spending, runway length, operational restrictions, and cargo hub(§aiiet al.

2013;Nunn 2005)

Many other regional factors influencgarehouselocation. Highways attract
warehousesy providing connectivitfWoudsma et al. 2008; Cidell 2010; Sivitanidou
1996; Deloitte and Metro Attaa Chamber 2017)while roadway congestion deters
warehousefWarffemius 2007a)Railroads have a smaller effect on logistics location than
either airports or highwayslthoughrailroad access and intermodal facilitegtract DCs
(Jakibicek and Woudsma 2011; Bowen 2008gapors attract warehouses as well
(Jakubicek and Woudsma)21; Bowen 2008; Sivitanidou 1996; Deloitte and Metro

Atlanta Chamber 2017)Warehousemanagers have reported a preference to locate
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facilities near transitn orderto provide bluecollar workers inexpensive commute options

(Jakubicek and Woudsma 2011)

Economic variables affectingarehouséocation relate directly to the use of factors
of production or marketbased transaction$hese includehe availability ofblue-collar
labor,(Jakubicek and Woudsma 2011; Sivitanidou 19@®@ykforce training Deloitte and
Metro Atlanta Chamber 2017ow land costslow tax rates(Jakubicek and Woudsma
2011) access to nearlgonsumergJakubicek and Woudsma 201andthe absence of
operational restrictionflakubicek and Woudsma 201Businesdriendly environments
also encourage warehousi(igeloitte and Metro Atlanta Chamber 201&pglomeration
economies promote regional warehousingnd prompt managersf warehouses in
agglomerationso mai nt ain their faciliti @®vaflemiisocat i o

2007h)

Site-specific variablesnfluence warehouse location chaideegional facilities
normallyrequirelarge floor areagSivitanidou 1996)anddistributors prefer sites wittew
buildings (Sivitanidou 1996)and undeveloped adjacent land for future expansion
(Jakubicek and Woudsma 201Many characteristics abseftom old warehouseare
useful formodernwarehouse operationgcluding high ceilings for stacking, mezzanines
for small items or auxiliary seices (e.g., packing), ample truck and trailer parking, and
pavedgroundfor vehiclestaging(Jakubicek and Woudsma 2011; Sivitanidou 19%8ple
1 below summarizestransportation, economic, and s#pecific factors that affect

warehousdocation
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Table 1. Factors affectingwarehouselocation.

Factor Positive Effect ~ Author(s)
TRANSPORTATION VARIABLES

Congestion Less congestion Warffemius(2007b)

Airport Proximity Shorter distance Alkaabi, Debbage, and Tqu

(2013) Bowen(2008) Jakubicek
and Woudsm#2011) and

Sivitanidou(1996)
Airport Access Better access Woudsma et al2008)
Highway Access Better access Woudsma et al2008)
Highway Miles More miles Cidell (2010) Sivitanidou(1996)
Rail Access Better access Bowen(2008)
Rail Intermodal Facilities Better access Jakubicek and Waisma(2011)
Seaport Proximity Shorter distance Jakubicek and Woudsn{a011)
Seaport Access Better access Bowen(2008) Sivitanidou
(1996)
Public Transit Better availability Jakubicek and Woudsn{a011)
ECONOMIC VARIABLES
Economies of Agglomeration More economies Warffemius(2007b)
of agglomeration
Local BlueCollar Labor Pool More workers Jakubicek and Woudsn{a011),
Sivitanidou(1996)
Land Costs / Tax Rates Lower costs Jakubicek and Woudsn{a011)
Access to Customers Lower distance tc Jakubicek and Woudsnfa011)
customers
Regulations / Operations Fewer regulations Jakubicek and Woudsn(a011)
Restrictions / restrictions

SITE-SPECIFIC VARIABLES

Buildings Matching Statef-the-Art  Better needs Jakubicek and Woudsn(a011)
Operational Needs (e.g., size, heig alignment Sivitanidou(1996)
trailer parking, truck staging area)

Building footprint Large footprints  Sivitanidou(1996)
needed for
regional facilities
Building Age Newer building  Sivitanidou(1996)
Land Available for Expansion More land Jakubicek and Woudsn(a011)
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There has been littlguantitative work addressing how air cargo connectivity
affectswarehousdocation Results of qualitative studies have shotat regions with
betterconnected airports attract sonaegorie®f logistics activity For example, Kasarda
and Lindsay2011)say thamany FCs and DCs around Louis, KY (SDF) located there
primarily to access the air hub of UPS, the second largest intedratating neaithe
integrator airhub allowsmanagergo acceptorders forovernight delivey later in the
afternoonandto extend thé a c i WworkingydaysThere have also been attempts to relate
air cargo connectivity to regional economic groW@reen 2007)However, the ways in
which air carrier networks shape B@GdDC location has not beemsubject of nuanced
studyTo t he aut h onoétediedistimgush effécts ®f,air carrier networks on
warehouse locatioby sale channelThe evidence for airpost 6 i n brlwarehouses

location is robust, even as air carrier effects remain exploratory.

Airport and air carrier effects on local logistics industries exhibit bidirectional
causationLogistics firms locate in part based on@nnectivity atthe nearby airport, and
airlines respond to changes in demandrimdifying their flight offerings Bidirectional
causationcomplicates many analyses of the relationship between air networks and
logistics. Bidirectionalcausationhas been addssed in studies gbassenger travel
(Allroggen and Malina 2010; Green 200rwin and Kasarda 1991; Ivy, Fik, and Malecki
1995; Knippenberger 2010; Levi 2015; Neal 2012; Nunn 2005; Tittle, McCarthy, and Xiao

2013)and aircargo(Chang and Chang 2009; Yan and Yuan 2011)
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2.6 Airport Effects on Air Cargo Carrier Networks

Airports influence warehouse location balinectly as a function of airpottraits
andindirectly via air carrier networks. From a shipper perspective, an airport is primarily
important for the access it providesdaw cargo networksSeveral types odir carriers
transport cargoPassenger airlinesansportcargo in the bellyhokslof ther aircraft and
dedicated cargo airlinew cargo aircraft operato(s.g., Cargolux and Panalpinanvey
large long-distance cargo loadsboard freightersE-retailers interact most with third
type of carrier, called integratofBensinger and Stevens 201H#jtegrabrs operate air and
ground networks that can provide ddordoor delivery National postal services also
transport a considerable amount ekéail shipments aboard their owni¢ks and aboard
other carrierso6é aircraft t hrough -repitesst al
worl dwi de transport goods by the post al

(van Mook 2018)

The factors that make an airport likely to develop high cargo connectivity or
becomea hub matter for regions because of their effect on regional ecemamd the
logistics industryFactors include airpottaits that policymakers can influenaatrinsic
regional trais, and the national contexoncerning airportraits, low ser costs (e.g.,
landing fees, warehouse rates), highility quality, and high service quality encourage
new cargo routegOhashi et al. 2005)Faster cargo connections appear even more
influential thancosts,meaning that aeronautical fee increases itharove service and
shorten connectindelaysmay be justifieOhashi et al. 2005irports with fast customs
clearance also tend to attraictternatonal origin / destination air cargdqGardiner,

Humphreys, and Ison 2005ince nexiday air cargo deliverfrequently necessitatéste-
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night connections, airport curfews are amtmgmost dissuasive regulatiotssconnecting
cargo growth Other operational restrictions also discourage air caf@erdiner,
Humphreys, and Ison 2005; Lin et al. 200Bunway and taxiway congestiompedes
improvements ircargo connectivitfGardiner, Humphreys, and Ison 200&hile ample
space for parking, aircraft movements, and terminals encaiEggo connectivity
(Menon 2013) Finally, harshweatherdegrade operational relialty, especially snow
storms, thunderstorms, and fof§yirlines preferto transship cargat airports withmore

temperataveather conditionfHuston and Butler 1991)

Intrinsic regional and nationdtaits canpre-dispose an airport timtensifyingair
cargo connectivityLarge regional manufacturing contextions and inexpensive factors
of production (e.g., labor and land), lower airspace congestion, and high ground
connectivity all promote air cargo connectiityee and Yang 2003; Gardiner, Humphreys,
and Ison 2005; Yeo, Wang, and Chou 20A3)ong nationatraits, high national stability
(Lin et al. 2005)and centralityto freight flows (Gardiner, Humphreys, and Ison 2005;
Menon 2013; Yeo, Wang, and Chou 20i8pmote air cargo connectivityfable 2

summarizegactorsinfluencingair cargo connectivity.
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Table 2. Effects on air connectivity.

Scale Variable with Effect on Air Direction Author(s)
Cargo Connectivity and of Effect
Hubbing
Airport Longer transit / transshipmer - Ohashi et al(2005)
time
Airport Short customs clearance time + Gardiner, Humphreys, and
Ison (2005)
Airport Higher cost of using airport - Ohashi et al(2005)
Airport Airport congestion (airside) - Gadiner et al(2005)
Airport Operational regulations - Gardiner et al(2005) Lin et
al. (2005)
Airport Good airport infrastructure  + Menon(2013) Yeo, Wang,
and Choy2013)
Airport Bad weather - Huston and Butle¢1991)
Region Larger population + Huston and Butle(1991)
Region Regional manu#cturing + Lee and Yang2003)
Region Regional corporate functions + Lee and Yand@2003)
Region Airspace congestion - Gardiner et al(2005)
Region Landside connectivity + Gardiner et al(2005)
Region Lower labor costs + Gardiner et al(2005)
Region High labor availability + Gardiner et al(2005)
Region Low land cost + Yeo et al(2013)
National Central geographic location + Gardiner et al(2005)
Menon(2013) Yeo et al.
(2013)
National National stability + Lin et al.(2005)
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2.7 Logistics in Airport Planning

The airport planning process involves the projection of cargo aiseépger needs,
and the selection of infrastructure, programs, and policies to meetAlmpart planning
has been studied from several perspectifeseries of government and research reports
provide O0conceptual g (Maytharch et eal. 201b; Saitiz rapdo r t [
Golaszewski 2007; Federal Aviation Administration 201Gjher literature examines
limitations of the rational planning model in guiding major airpovestment decisions
(Goetz and Szyliowicz 1997; Burghouwt 2018)o known studies havexaminede-

ful fill mentafertplamrmiogt usi on i n

2.7.1 E-Fulfillment in Airport Planning

The airport pl anning process seeks to
future airport development that will cesffectively satisfy aviation demand, while
cosi dering potenti al e nvi r on nffeedetal Aviatiann d S O
Administration 205). FAA planning guidancéerives from theational planning model,
composed otonstituting goals, evaluat alternatives, selectg a course of actigrand
executonThe airport master pl-anediumuandiongiaege t he
develgment goals, and establishes funding mechanisms and a schedule for implementing
the goalgFederal Aviation Administration 2012 helps the airport meet demand in ways
that are environmentally, socially, and economically benefi¢idderal Aviation
Administration 2015, 2)The masterplan itself is not subject to FAA approval, but the
FAA approves forecasts and the airport layout plan (ALP), based on which the FAA

determines airporéeeligibility for federal fundgFederal Aviation Administration 2012)
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Weaknesses have been revealediipoa planningbecause othe inability to
consistentlyand correctly apply the rational planning modelue to extreme economic,
political, and social complexities involved farge infrastructure project&or example,
planning and constructionf Denver International Airport (DENgncountered many
problems plaguing megapests such as cost overruns, delays, and overly optimistic
forecasts(Goetz and Szyliowicz 1997)Goetz and Szyliowic{1997) believe that the
rational planning model is fundamentally flawked megaprojects The rational planning
model considersfew scenariosgvaluates few alternatesses resources inefficiently,
resists intesstakeholder collaboration, and generates conflicts among stakeholders
(Wijnen, Walker, and Kwakkel 2008)To improve the rational planning model
stakeholders, particularly airlines, must be heavily invoimgalanning because they select
the air routes and hubs that in large part determineraigetivity. Responsibility for
airport planning should roughly correspond with the regions affected by the airport, which
is not normally a single municipality brathera group of municipalities in a metro region.
Moreover,Goetz and 3yliowicz (1997) recommend adopting flexible frameworks that
emphasize hedging and corrigibilitidedging controls for risks through backups and
redundancy, while corrigility is the ability to learn and adagtirport staffshoulddevelop
an organizational culture thatonstantly monita the conditions related tprevious
decisionsand they should change or adapt those decisions if négdetz and Szyliowicz

1997)

Kwakkel, Walker, and Marcha2008) proposea planningapproachcalled

Adaptive Policymaking (APM)that deemphasizes forecasétievitable inaccuracies

Once airport leadership selects policy goal, vulnerabilititctogoal 6 s aa@abki ev e me
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identified, immediate action® mitigate riskare designated, and metriésr continuous

risk evaluatiorare ®lected These metricseveal whethethe original analysis is still valid
or if adaptationis necessaryAs metricsshowconditions changg, the policies can either
be adapted with defensive actions orexaminedin their entirety APM assumes that
conditions will change angrotectspolicy goalsby controlling risks and constantly

examiningunderlyingconditions(Kwakkel, Walker, and Marchau 2008)

The arport planningliterature haslargely omitted eretail considerationgn the
planning procesdNonethelessselectairport planningesearchers and professionals have
recognizece-retail as one of the major forces shapingargo(Kauffman n.d.; King 2016;
Maynard et al. 2015Airport-centric development models are tmenponenof theairport
planning literature that has addressetulfliment most extensivelyGAirport-centric
developmeriis the generic name for normative pagsals such as th&erotropolisor the
Airport City that provide guidance tairport managersand local governments for the
disposition of land around airports to maximize developraadtcargo generatiofhese
models prescribe a spatial form for regionavelopment around an airport and provide
recommendations, often not empirically tested, for developing land in concert with the
airport. If the master planning process concentrates on the airport property, then airport
centric models focus on ancillaoy+ and neadairport activity. Theyusually recommend

locating functions that generate passenger or cargo demeanithe airport.

Severalcategoriesof models ofairportcentric development exist, each with
slightly different focusThe Global TransParkses the airport as argeographic node in
production networks wherebgomponents arrive by aiare assembledon site, and

transported by ais finished product® consumer marke{&asarda 1998; Sit 2004j is
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disconnectd from the region and serves global demanfke Airport City addresses
airportadjacent landor business functions such as hotels, offices, and conferences centers
that generate high rents farell-connectedairports (Guller and Giiller 2003; Pogias

2009) The Airport Corridorderives fromtraffic flows between the airport and regional
hubs that make the land adjacent to the transportati@structuregpropitious for activity
requiring access to both the airport and regional li8bkaafsma, Amkreutz, and Guller
2008) Finally, the Aerotropolis is one of the most amorphous models since it encespass
all regional activity whose location or activity is influenced by the airgbis. anentire

region that has reached an undefined critical mass of dependence on the airport for global
connections generating economic strer(gthsarda and Lindsay 2010he Aerotropolis
therefore presents itself as encompassing other apottic models in its geographic

scope ad functions.

Airport-centric development models have establishednsensuaround several
points.First, activities that interact most closely with airpati®uldbe most accessible to
airports. Access normally entailplacing support activities sucts dotels, rental cars,
conference centers, and freight intermodal centers near the airport, or at least easily
connected to the airport by uncongested highways or frequent train seancéions that
depend on the airport less directipcluding offices warehousesmanufacturers, and
residences are located slightly farther awldys hierarchy is normally assumed even when
not explicitly statedA second point of consensus is best expressed by Kasarda and Lindsay
(2011) who explain that each erab6s ubythan f or
e r adammant transportation mode, ahataviationcurrentlydominate. A third point of

consensus surrounds avandfreighovemiedacteifyMostoft s o n
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the work focuses on passengelated activity, which is not sulipmg considering that the
clear majorityof t he wor |l ddés commerci al aircraft i
Nonetheless, most of the airpagntric development models can accommodate freight

activity, andseveral models focumn freight and logistis. Most modelsomit e-retail.

Major airports around the world have created real estate divisions to administer
leases and manage commercial property on the airport and near thg(ldeiparta 2008)
These real estate divisiomsr e i n ef fect part of Acompl e
serving both aeronautical needs and commercial develce nKasarda 2006)Having
begun to pursue AirpbCity-style development in the 1980s, Amsterdainport Schiphol
is one of the oldest examples of this development m{f#lelestone 2009)Schiphol
Groupos real estate di vision h a scentdcv e n S [
development to airports thousands of miles from its home airport since Schipholh@soup
been contracted féhe management other airportgFreestone and Baker 201The case
of Schiphol Group is also instructive because it manages commercial and industrial sites
both on airport property andear the airport, effectively competing with other real estate

developergMorrison 2009)

Airport-centric developmennodels may conflict withecommendation® align
airport master plamng with regional land use policies in a way that avoids
incompatibilities between airporactivities and surrounding functionsTo avoid
incompaibilities, regional land use plashouldnotconcentrag peopleor activities around
airportsin wayst h at coul d i nt er f-aureopevaiiohshoobstiiot ai r p

eventual expansiofdanic 2016)
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2.8 Research Gaps

In summary, dulfillment is rarely addressed in thiggraturedistinctly from B&M

retail logistics However, egional determinants of facility locatiandairport influence

on air connectivityare well defind. Associations between air connectivity and logistics
aremoderately well definedE-fulfillment is documergd from a strategic perspectjmit

no known studies havebservedFC locatiors over a large set of companies and
geographiesWith the exception of thbook by Kasarda and Lindsa2011) no known
studies have associatétC locationswith air cargo connectivityFinally, the airport
planning literature is devoid of studies documenting the state of or possibility for

incorporatingconsiderations related #oretail activity into airport planningTable3).
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Table 3. Reseach gaps

Regional Determinants ofWarehouseLocation Airport Association | Airport
Influence on Air | between Air | Planning
Connectivity Connectivity | Process
and
Logistics
Activity
Optimization Strategic Empirical
Not Specific | Beamon 1998; | Woudsma et | Alkaabi, Debbage, Gardiner, Appold 2013 | Maynard et al.
to Sales Erera 2000; al. 2008 and Touq 2013; Humphreys, and | numerous for | 2015; Spitz and
Channel Jauhar and Pant Antipova and Ison 2005; Huston regional Golaszewski
2016; Lewis, Ozdenerol 2013; and Butler 1991; | economics 2007;
Erera, and Appold 2013; Lee and Yang Burghouwt
White 2006; Bowen 2008; Cidell | 2003; Menon 2013; Federal
Stadtler 2015 2010; Cidell and 2013; Ohashi et Aviation
Adams 2001; al. 2005; Yeo, Administration
Jakubicek and Wang, and Chou 2015a; Goetz
Woudsna 2011; 2013 and Szyliowicz
Karsner 1997; 1997; Nixon
Sivitanidou 1996; 2014
Verboon and Braun
2010; Dablanc and
Ross 2012
E-retall Fan et al. 2015; | Sui and NO NATIONAL No change Kasarda and | NO
Liu 2014 Rejeski 2002;| OR EMPIRICAL Lindsay 2011 | PREVIOUS
Ghezzi, STUDIES (case study); | ANALYSIS

Mangiaracina,
and Pereg
2012;
Lasserre 2004

NO
NATIONAL
STUDIES
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2.8.1 No Previous Distinction betweemFulfilment and B&M Retail inWarehouse

Location

Past studies have not tilguished differencebetween DC8and FC$ location
choice.For example, Sivitanido(1996) Cidell (2010) Bowen(2008) and Dablanc and
Ross (2012) and Hylton (2014) each address aspects whrehouselocation at the
metropolitan or megaregion scalde vast majority of the literature ofretail distrikution
is from the perspective of a single fi{flgatz, Fleischmann, and Van Nunen 2008; Golicic
et al. 2002; Marri, Irani, and Gunasekaran 2006; Matthews, Hendrickson, and Soh 2001;
Ricker and Kalakota 1999Researchersf transport gography or urban planning tend to
focus on other topics such as the effect aketail on roads(RotenmiMindali and
Weltevreden 2013Past studies providealuable insights owarehousealecentralization,
firm-specificwarehousdocation, eretail effects on roads, and the relationship between
transportation infrasucture andgeneralwarehousig. However,they do not identify
differences in location choice between FCs and DCs in a generalizable wdgsigirate

the factors driving FC location choice

2.8.2 Extent of Association between Air Connectivity and Logistitisiyc

There has been extensive work addrestiegelationship betweehe passenger
air network and regional economic actii§reen 2007; Irwin and Kasarda 1991; Ivy, Fik,
and Malecki 1995; Neal 2012; Yan and Yuan 20Hbwever, the interaction between air
cargo connectivity and economic developmetbeen explored to a lesser extébteen
(2007)found that cargo connectivity does not spur economic growth, while Chang and

Chang (2009) uncovereda reciprocal relationship between air cargo connectivity and
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economic growthTherefore, thereemainsmuch to explore in the connection between air

cargo connectivity ancegionaleconomic activig, particularly logistics activity

2.8.3 State of Airprt Planning fore-Fulfillment

Normative airpodcentric development models such as the Aerotropolis have
furnished broad recommendations for regional leaders and airport planners to realize
regiorsologistics potentialNormative development models assuragy optimistic growth
rates, whichhave notmaterializedoutside of severasignificant hubs (Maynard et al.

2015) Furthermoret her e has been no work to the auth
to which airportsare planning implicitly or explicitly foe-fulfillment. Therefore airport
planners currently have no readily available means to benchmark their cargo planning for

e-fulfillment with peers
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CHAPTER 3. CONCEPTUAL MODEL

3.1 Introduction

The conceptual modespecifies the entities and relationships that are most

important to answering the research questi®he primaryrelationships of the conceptual

modeare depicted ifrigure4 below. Theymake upthe sidesof the triangleformed by

airports, etail shippers, and air carrieEsach side involves laiteral interactionss well as

indirect connectionsia the third vertexMacrascale social, economic, and governmental

conditionsinfluenceactionsof shippers, carriers, and airport$e followingparagraphs

summarize theep r i mar y act or srégardingticei reseawhquastens, andg

relationships among them.

/_
Local and Regional Private Sector
Public Sector

Shippers
* Facility types and

o locations
Alr[]m.'t . * Product characteristics
* Planning and forecasting « Customer and supplier
+ Infrastructure and 1 .

. ocations

investment

* Tr rtati d.
*+ Real estate development ransportation neecs
+ Firm strategy

Air Cargo Carriers

* Air network

« Links with ground
network

* Prices
* Service characteristics

Society, Economy, and
Government

Economy

« Econommic growth rates
* Competition

* Monetary costs

Society

* Customer locations

* Expectations for customer service and
experience

State and National Government
* Business laws and regulations

« Infrastructure construction

* Government funding

* Taxes

« Industrial policies

\

Figure 4. Conceptual framework.

Note: Primary actors highlighted.
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3.2 Primary Actors in the Conceptual Model

Shippers are the first vertex of the conceptual mddehis context shippers are
retailer® | ogi sti cs b rparty bdisics managerdshadunction of sales d
channel andogistics strategy, etailers locatewarehousg to meet customedelivery
requirementsnd maximize profits. Retailers use forecasts and models to weigtotfade
between inventory pooling and transportation costdogistics network construction
(SimchiLevi, Kaminski,and SimchiLevi 2000) Warehousespatially anchor the origin
of outbound tripsgurablyshaping thgeography of transportati@emandRetailess form
their own networks as a function of retailer needs, customer expecttsurrounding
delivery speed regional traits, agglomeration economies, and other factdneser

individual decisions in aggregate geneliatiustrywide trends.

Carriers refer to the firms that physically transport goddstailers select
transportation modesnd carrierdased on thir inventory locationgustomer expectations
for delivery speedand customer willingness to pay for delivery speed and reliability. Air
carriers respond tetailerdemandvith changes to their netwarkhe formofa r car ri er ¢
transportation netwoskdepends on the size ofdemand origin and destination locations,
airport infrastructure, airport costs, and mascale factors like weather trends, fuel costs,
national and regional labor cos#s)d regulationsThe conceptual model concentrates on

air carrers even though all carriers experience similar dynamics.

Ai rportsod dervesfgom tha aggreganotfy ai r c aksander s o6 r
shipper demandAirport staff seels to predict and accommodate carrier demand. Airport

staff can respond quicklio operationathangesbutrequiremonths or years tbuild new
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infrastructure. Airporplannes forecast passenger and freight demand on a-dedtde
time horizonin orderto prepareecessarynfrastructure whichmeans that they mustst
understandghipper and carrier trend&irport staffis not passive regarding demaidhey

may seek to attract air carriers through incentives, policies, or infrastructure.

Airport staff also interact with local and regional governmentsdwoid land use
conflicts to plan surface transportation infrastructure to the airpod in some casés
promote airporrelated development. Local and state transportation plaalser$orecast
surfacefreight activity to evaluate surface transportatiprojects Simultaneady, the
existing transportation infrastructureods

from past plannersé work) shape carrierséo

3.3 Macro-Scale Conditions

Airports, carriers, andghippersall make investment and operational decisions
within a macrescale context of social, economic, and legal conditions over which they
have littledirectinfluence.Macro conditiondelongto three categories, whigtartially
mirror the v e1990)natienatevelfdiankfoodr modell e categories are

economic, social, and government conditions.

The economyo6s si zidlyencevaemdnd for retaibgoadis agdao wt h
carga Economic conditions include the employment rate and income levels (affecting
prosperity and purchasing power), economic growth rates (affecting expected investment
returns), monetary costsnd market interest rates (affecting investment costs). The cost to
finance new investment through debt derives directly from mecomomic moatary
costs which constrain investment opportunitfes airports,carriers, and shippers
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Social conditions include demographics related to populateymisandlocations
that influence demand for e-fulfillment. Social conditions also includeustomer

expectationdor level of service.

Lastly, there are numerous constraints from state and national governments. Some
government constraints set hard boundaries for business activity (e.g., regulation), whereas
others influence rather than dictate (e.g., $aend spending. State and national
government constraints are distinct from actions by the local and regional public sector

since the |l atter operate within.the state

3.4 Planning Implications

E-retail entails chargs in customer expectationshipper locations, andarrier
networks Reconfigured logistics networks produce new patternsof demand for
warehousesRRegions that had formerly been attracfiweretail logisticanay become less
so, and vicerersa.The entirerefail logisticssector maygrow or shrinkas a portion of the
overalleconomy.Changes in warehouse demaitectlogistics employmeidt sale and
location,which isof interest to eonomicdevelopment plannerand demand for industrial

land,which mattergo land use planners

The second effect of the reconfiguratiorretail logisticsis onfreight movement
As eretail changedreight origins and destinationgt will impel carries to update their
networks Carrierscan typicallyrespond quickly to chayes in demand by reshuffling their
timetablesCar ri er 6 s r e c @lanhingdecauae transportagoh plaarmets are
concerned withairports and surface transportation infrastructure. As carriers reconfigure
theirnetworks, airport activitghangsas a functionof h e a placeidhogen@ta/orks
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and other regional trait®emand for trucking activity changes in similar walygure5

overlays planning impacts on the conceptual model.

Local and Regional

Public Sector

Airports
Growth and investment at some
airports
Reaction in multiple
departments, including
planning, marketing, and
operations

Transportation
Demand for roads around FCs,
customer bases, near customers

Need for new forecasting
models that account for trends

Shift in sales channel
.

Private Sector

Society, Economy, and
Government

Shipper Economy

Change in local employment
Re-optimization of sales Change in demand for industrial
channels land on local markets

Growth in regions advantageous

to e-retail logistics (e.g., near

customers, airports, business

friendly)

Carrier
Respond to demand by
reorganizing network and
reallocating assets,
Change fleet, technology,
employment

Figure 5. Planning implications.

Note: Items inred refer to planning impacts

The followingparagraphs summarizechetypal planning responstse-retail for

freight planners, airport planners, econoaéwelopment plannerand land use planners.

The modelsare conceptual and account fitre primary methodsemployed byeach

specialty They are intended to revdaédely impacts on planning methods.

Transportation planning begirwith sociodemographic and economic forecasts.
Past yearso

economic sectors are gathered. These sociodemographic and economic forecasts feed into

d a taa poputation, wealthj amd theesize amdilachtion of

land use models, whichltimately describe trip production and attractidkrand uses

combine withforecastedpopulaton and economic activity as inpuisr freight demand
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models.The most commomodel types a fourstep model that generates trips according

to outputs fromland use mods| links trip origins and destinations through a gravity model,
assignsa freight maleto each trip and therselectsan optimal route for thdtip. Finally,

the modelserves tcevaluate current transportation netwsiradequacy to accommodate
forecasted demand and ,datmstelsfeeding in the federsld 1 mp
transpotation funding process through a metropolitan transportation improvement

program (TIP) and a statewide transportation improvement program (STIP).

Changing tuck movementpatterns may affect several of the early steps in the
transportation planningrocess For instance, if¢ ul f i | | ment 6s | ocati o
from other logistics activity, then the land use model should be sensitive to this dgange.
fulfilmentd s g r o wlsolaffeanmqgde split in freight demand modedsd itmight
match trip origns and destinatiordifferently than other logistics activity, both of which
would require recalibration of the transportation moEgjure6 shows the freight demand

model and appropriate adaptatiaasaccounfor e-fulfillment.
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Sociodemographic and Freight Demand Model

Economic Forecasts Four-step model

* Trip generations
» Trip distribution
* Mode choice

* Route assignment

Inputs: Past years’ data and expert
opinions

Output: Future population, income, e-
retail market share

Land Use Model

Inputs: Sociodemographic and
economic forecasts, friction of distance
(Lowry Model)

Outputs: Locations of truck-generating
businesses

Adaptation: Interregional
characteristics affecting regional
suitability for e-retail logistics.

Planning Outputs

Long-range freight plan
Transportation improvement program
(TIP)

Statewide transportation improvement
program (STIP)

Figure 6. Implications for freight planning .

Land use modeiearly steps resemble the freight planning mot@leérefore, the
adaptations related teretail market share in the land use model are idergieai though
the plaming outputs arelistinct Land use plannershould compare present demand for
industrial land withscenarios forecastingfulfilment growth. It may be necessary to

update the local comprehensive plan and recommend immediate or future updates to zoned
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land. Figure 7 di spl ays adaptation to | and wuse pl

fulfillment.

Sociodemographic and Planning Outputs
Economic Forecasts

Assess future needs against current

Inputs: Past years’ data and expert land disposition.
opinions a. Comparison of industrial needs

Output: Future population, income, e- with availability
retail market share . Update comprehensive plan.
Update zoning regulations.

Land Use Model

Inputs: Sociodemographic and
economic forecasts, friction of distance
(Lowry Model)

Outputs: Likely needs and locations for
different types of land uses
Adaptation: Interregional
characteristics affecting regional
suitability for e-retail logistics.

Figure 7. Land use model

Airport planninglikewise beginswith sociodemographic and economic forecasts
Airport-level cargo activity forecasts followhese forecasts produestimates of origin
destination cargo demardonnecting carg often forecast separately because it depends
on carrier network decisionResearchers such 8sh(2017)e st i ma t euitability por t s
forapassengerhub,amd si mi | ar process can be foll owe
suitability. Forecasted connecting cargo is summéd origin-destination forecastés a

function of these forecasts, themainderof the airport planing process occurs according
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to the rational planning model: propose, evaluate, and select alternatives based on their

ability to economically accommodate air cargo demand.

E-fulfillmentd growth primarily affects the earliestagesof the airport planing
processAirports inregionsthat are especially suitable fofdfillment may see growth in
originating cargodemand.The same is true for destination cargemandnear large
consumer market€onnecting traffiqwhich neither enters nor leaves thie system at
that particular airportlepends most ahe growth of eretail cargo nationwide since cargo
networks are likely teemain fixed Airport plannersshouldpay attention tahefirst two
stepsof the airport planning modéb account foe-fulfillment. Figure8 depicts changes

to the airport planning model due taetail.
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Sociodemographic and
Economic Forecasts

Inputs: Past years’ data and expert
opinions

Output: Future population, income, e-
retail market share

Scenarios: E-retail logistics suitability
(outbound), customer base and
purchasing power (inbound)

Connecting Demand

Scenarios: Suitability of hubs (different
scenarios for logistics models)

Inputs: Quantitative models estimating
likelihood of hubbing / dehubbing;
qualitative industry knowledge and
interviews

Forecasting
Origin/Destination Cargo

Methods not usually suitable: trend-
based extrapolation,

Origin/destination traffic estimates
* Econometric models
» Shift share

Forecasting Connecting
Traffic

* Multiple scenarios for growth and
decline

Total Total
Cargo

Forecasts

Propose alternatives

. Assess alternatives
Multiple

dediim different scenarios.

Select alternative

Cargo Forecasts

* Check airport financials for different courses of action and

* Emphasis on adaptation policymaking.
* Selection of criteria to detect deviation from plan and correcting

courses of action.

Figure 8. Implications for airport planning .

Economicdevelopment planneface a differentaskfrom transportation anchd

use plannersdepicted as #ow chart inFigure 9. For economiaevelopment planners

there are twamajor questions First, wh a t

Seconddoes the regian s
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The answer to #h secondjuestionderivesfrom the relative scale and distribution tfe
benefitsof e-fulfilment, such as jobs and tax revenues, asaosts suchtruck-related
nuisances and infrasicture investmenBased on theregianl  p o p @dswer tiban 6 s
guestions, economidevelopment plannergromote, demote, or channelfudfillment
activity with a set of land use policiesducational programs, transportation investments,

and businss associations.

Regional Suitability for E-Retail Logistics

Is logistics compatible with region’s vision and quality of life?

Policies to channel: Policies to promote: Cost-benefit analysis to
Business as usual assess whether region can be made
Business sufficiently attractive at reasonable cost to
development: attract some of logistics industry.
Pursuit of alternate Business development: Pursuit of alternate
industries industries

Is logistics compatible with region’s vision and quality of life?

Policies to channel: Restrictive land Policies to promote: Sufficient industrial
policies, unfavorable tax policies land, complementary educational
Business development: Engagement programs, favorable tax policies
with alternative industries more in Business development: Engagement with
line with business needs industry to better understand and provide
for needs

Figure 9. Implications for economic developmenplanning.
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CHAPTER 4. METHODOLOGY

4.1 Introduction

Thedi ssertationds anal ysi sectiorssascsbowrdinct ed
Figure10 and described subsequentnalysis 1 i L o c at i 0 assoMatshigortd
air cargo, andegional trais with e-fulfillment activity via spatial analysis and linear
regressionAnalysis 2 {iShipper Surved) probes the relationships among rekagjistics,
airports, and air carriersfmo s hi p p er s 4t tepiecausg explanations for the
| ocation model 6s associations by gathering
directly from retail shippersdnalysis 3 Ai r p o r tB el cahnmma) estaplishgs@
state of practice in airpodtaffs @erceptions of and preparations foregail through
document reviewsind staff interviews.The relationships described in Analyses 1 and 2

influence the airport planning categories analyinefinalysis 3.

PRE-ANALYSIS

Literature Review
« Identification of gaps

Conceptual Model
* Identification of key

ANALYSIS POST-ANALYSIS

Analysis 1: Location Model Integrated Analysis

* Description of e-retail hubs regions * Relationship with conceptual framework

« dirport / air carrier characteristics * Responses to research questions
correlated with regional e-retail activity. * Future research

Analysis 2: Shipper Survey Conclusions

variables and relationships 200 - . o . .
* Mechanisms influencing retail logistics + Policy recommendations

facility location. + Ilustrative e-retail regions

Analysis 3: Airport Planning

Benchmarking

« State of practice for airport planming for
e-fulfillment.

Figure 10. Research methodology
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4.2 Analysis 11 Location Model

The location model measures hoggional trais associated with logistiasiffer
between the sales channels described in research question 1).(Qhe alternate
hypothesigH1) proposes that-&ilfillment activity is more closelyssociated with gmort
proximity and high air connectivitthanis B&M retail logistcsFCs 6 gr eat er r el
air transport compared with DCs should reflect in greatestering around airports
controlling for other factors. The first research question and associated hypotheses are

listed below.

Q1 What airport and air cargo carrigaits are associated with FCs, and are these

different from DCs?

Ho: Airports with greater air cargo connectivity are associated with grektéraccess

compared wittDC access

Hi.1: Airports with greaer air cargo connectivity are associated with greB@raccess

compared wittDC access

The location modél stepsaredescribed in thedllowing subsections.

4.2.1 Select Airports and Airport Regions

The datasetodés unit of anal gtdedssnoderate t he a
commercialcargo activityare included Thefinal dataset includes the 127 airports in the
contiguous United &tes eachof which haveover 3 million pounds annual transported

freightweight according to the-I00 databas@BTS 2015)
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4.2.2 Select Retailers

One of the greatest challengesanalyzing efulfillment activity has been the lack
of flow or establishment data forfalfillment. The dissertatiowontributesan original
database of D@nd FC locations fanajorretailers in both sales channélgrivate dataset
called ReferenceUSA serves as the primary source of facility locafR@isrenceUSA
claims data on 45 million U.S. businesq&eferenceUSA 2016pwhich it verifies
annually (ReferenceUSA 2016a)Vhile assembling the dataset, it was noted that some
facilities designated as warehouse serve other functeoms$ that some knownretall
warehousesare omitted from the dataset. Therefore, eafatility identified by
ReferenceUSAIs verified with aerial imagery to confirm characteristics typical of
warehousese(g., large, standalone buildindarge truck and tra@r parking lots and
multiple truck bays on one or more sides of the buildiragsillustrated inFigure 11.
Googl e Ma p disusesitd cordimnthe retailer served by the warehouSaps in
Ref er enc e lWaAupgemahtad veithocal business news sites (e.gtlanta
Business Chronic)eindustry publicationsd.g.,Site Selection MagazineGoogle Maps,

andcorporate website®.g., CVSSuppliers.com)
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* Standalone building

* Large parking with trucks or
trailers

* Many truck bays, often on

multiple sides of the

building

Figure 11. Typical characteristics of modern DCs
Source: Modified from aerial imagery from Google Maps (retrieved August 2016)

All retailers fom theTop 500(2016) databasevith over 80% of sales volume
attributable to a single sales channel are includedesampleof retailers An initial set
of wareltouses for each retailer is identified from ReferenceUB/rehouseserving
retailers generating over 80% of their sales from B&M retail are designated as DCs, and
warehousing serving retailers generating over 80% of their sales frmtaile are
designatd as FCslt is possible to attributevarehousesit the facility levelfor several
retailers Online searchefor facility functionare conducted for eachtailer, in some cases
resulting in a list with facilityevel attribution of function For instanceall Amazon,
Walmart, and Target facilitieare checked against the facility database compiled by
MWPVL Supply Chain Consultant8IWPVL 2017) Logistics facilities that do not hold

inventory, such as sortation centengexcluded.

Thefinal databasef warehouss represent31 B&M retailers, of which the largest

by facility area are Wal mart, Targes, Lowe
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operate 25DCstotaling nearly 19 million square meters. The sample r@pmesent29
e-retailers, of which the largebly facility areaare Amazon, Walmart eCommerce, and
Target. These 29 ketailers operate 188Csrepresenting almost 12 million sqeaneters

of capacity.

4.2.3 Gather Data

The remaining data for the regression model are assembled from national

government and private datasets identifiediable4.

4.2.4 Calculate Variables

Variablesare selected based on factattsat influence DC and FC locatioas
identified in the literature review/ariables are described Trable4, andseveral variables
whosecalculation descriptiomequires additional spa@e detailecafterwards(i.e., FC

access, DC acss, and catchment population)
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Table 4. Variables in the location model.

Topic Variable Description Data Source
o~ Ol Q0 Calculated
0o —
QNI o
whereareais the facility floor arean
FC access square meterslistis the Euclidean
distance in kilometers to the airport
centroid, and is a given fulfillment
center from the whole sétAdditional
Dependent details providen pageb9.
variables o G oo Calculated
0o —
QNI o
wherearealis the facility floor area in
DC access square meterglistis the Euclidean
distance in kilometers to the airport
centroid, and is a given distribution
center from the whole sét Additional
details providen pageb9.
Binary variable designatingtegrator | Bowen(2012)
Integrator air | air huts (AFW BDL CAE CVG DFW
hub EWR GSO IND MEM MIA OAK ONT
PHL RFD SDF).
Domestic Number of dom_estic destinations serv Calculated from
passenger by passenger aircraft at_IeasF once pe| T-100(BTS 2015)
destinati day on average (excluding aircraft
estinations
under 100 seats).
Air Domestic Number of domestic destinations sery Calculated from
connectivity | freighter by freighters at least once per day on| T-100(BTS 2015)
destinations | average.
International | Number of internationadestinations Calculated from
passenger served at least once per day on averg T-100(BTS 2015)
destinations | from a given airport bwide-body
(wide-body) passenger aircraft.
International Number of international destinations | Calculated from
freighter served at least once per week on T-100(BTS 2015)
destinati average from a given airport by cargo
estinations frei .
reighter aircraft.
Airport Binary variable that is 1 if airport has | Boeing(2017)
. Curfew :
operations curfew, 0 otherwise.
Highway _ Square root of cmerline_: k_m of Calculated from
access & nghyvay Iqterstate Highways within 25 km of | Bureau of '
connectivity density airport. Transportation
Statistic§(2015)
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Table 4 (continued).

Topic Variable Description Data Source
Travel time index scaled for the Texas A&M
Regional percentage of th25-km radius airport | Transportation
congestion region within each of the 470 statisticg Institute(2015)
areas for which the index is provided.
o YOI Calc_ulayed from
60 YO —— . Navigation Data
L QQlo Center(2015)
I whereTEUi s t he port o
Seaport ?0?@?6326(1 volume,distis the Euclidean distance |
access rattic Index | ilometers from the port to the airport
(CTI) . . :
centroid, and if a given seaport from
the whole seK of river and seaports
reported by the U.S. Army Corps of
Engineers
Square root focenterline km of class 1| Calculated from
. : : railroads within 25 km of airport. Bureau of
Rail access | Rail density .
Transportation
Statisticg(2015)
Population accessible by overnight | American
Catchment ground, based on mean overnight Community
population delivery radius for UPS and FedEx (3{ Survey, U.S.
Customer (regional) _km rad_ius). Addional details provided| Census Bureau
proximity _ in sectlon.4.2._4.z _
Distance to Distance in kilometers to contiguous | Calculated from
population U.S. (CONUS) population center. ACS 20112015,
center U.S. Census
(national) Bureau
Bottom quintile household annual ACS 20112015,
Costs Labor costs | income approximating lowskill labor U.S. Census
costs. Bureau
Business State business 13 ordinal stateatings Thumbtack(2015)

environment

friendliness
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4.2.4.1 FC Access and DC Access

Gravity models avoid albr-nothing attribution inherent in radismsed measures
Insteadgachwarehouseénfluenceseach airp r aciess cor e accor ding t o ¢
depends on the inverse distatetween themSeveral poweraretested for the inverse
distance (e.g., square root, squared, andtrasformed)When gravity degradevery
quickly, scoresare distorted sutthatotherwise insignificant airports with one facility very
near the airport receive amrealisticallyhigh score. Gravity model formulations using the
square root of distancedot exaggerate the importance of facilities very near the airport,

sothemodel formulatiorusing the square root of distarisselected.

Both sales channels havesiagle retailer thatontrolsan outsizegortion of the
market. Amazon has nearly five times the revesfues nearesé-retailcompetitor(\WWahba
2015) and it operatesmany more FCs Due to its sizeAmazon may follow a different
logistics paradigmhian its smaller competitorSimilarly, Walmartconstitutesl5% of the
total domestic revenue of the largest 100 American retailers (inclueiegpiters) and
Wal mar t 0 srevenoeme mughlycfour times its nearest 4goocery competitor
(National Retail Federation 2016) Wa |l mar t 0 germis it @ Ipwsudogstcs
strategies that are not representative of B&M retailoverall Therefore,FC accesss
calculated oncwith the entire samplef FCs anda second timexcluding Amazon FCs
Similarly, DC accesss also calculatedvith the entire sampl®Cs, and a second time
excluding Walmart DCdf thelocation modedoresultsdiffer whenthe dominant firmswre
excluded it signifies a different pattern in facility location between the dominant retailer

and the rest of the industry
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4.2.4.2 Catchmenpopulation

The catchment areancludesthe population accessible via overnigitound
transport E-retailers prefer grounttanspord s | ower transgpefts thoi gahierr co
Overnight ground transpordistanceis calculated by averaging thevernight ground
delivery radius of UPS and FedEx. ZIP codes for a randomly selectetes#rp airports
out of the 127 airports are input into the wedsed tools faFedEX and UPS%. The distance
from the ZIP code to the edge of the delivery area is measurdtieidour cardinal
directions (North, East, South, We#&y each airport The® distancesre averaged to
produce a single radius that approximates overnight ground delregaround the
countryby integratorsThe average overnight delivery radius is 399 km, with a standard
deviation of 120 kmThis distancas overlaid with thepopulation around each airport to
produce estimates of the number of people accessible by overnight granspubrfrom

that region.

4.2.5 Conduct Regressions

The location model uses an OLS linear regression to examine how airport
connectivity, airport operans, andegionaltras cor r el at e aosastoRCsan ai r
and DG. Four model variantarerun. Model 1Ahas DC access as the dependent variable,
while Model 1Bhas DC access (excluding Walmart DCs) as the dependent vavialliel.
2A treats FC ecess as the dependent variable, wiitelel 2Btreats FC access (excluding

Amazon FCs) as the dependent variable.

1 http://www.fedex.com/grd/maps/ShowMapEntry.do
2 https://www.ups.cov/maps?loc=en_US
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The model s weredaetenmankd itérativelylse first model formulations
included all independent variablesidependentariablesthat aded little explanatory
power orinterfere with statistical assumptiomgere eliminated Several types of airport
variableswere evaluated T h e oméstic passenger destinations v a wasaxellided
because bellyhold cargo transports relativellelittomestic eetail cargo.Several of the
otherair connectivity variableserecorrelated withntegrator air hulbocations. Therefore,
integrator air hub and international passenger destinatiandebody) wereretainedThe

variables included in eachodel variant are specified Tableb.
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Table 5. Location model specifications

. DC (No FC (no Comments
Category Variable DC Walmart) FC Amazon)
Model name | na 1A 1B 2A 2B
All DCs X
DCs excluding X
Dependent Walmart
variables All FCs X
FCs excluding
Amazon
Integrator air hub X X X X
. Omitted because
Domestic passenge carries relativel
destinations . : y
little e-fulfillment
Omitted because
Domestic freighter moderately
destinations correlated with
Air hub
connectivity | International
passenger X x| x X
destinations
(wide-body)
International Orrrggg?ali;cause
freighter y
destinati correlated with
estinations hub
Airport Omitted becase
port Curfew present at few
operations airports
Highway density X X X X
Highway Omitted because
access and | Regional highly correlated
connectivity congestion with highway
density
Rail access | Rail density X X X X
Seaport Containerized
accepss traffic index X X X X
(CTI)
Catchment X X X X
Customer population
proximity Distance 'to X X X X
population center
Business State business X X X X

environment

friendliness

Costs

Labor costs
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Several transformations to the modetexecuted to meet regressissamptions.

Each is described below.

Natural log transformation of most independent variables: Many of the
dependent variables are positively skewed, which results in-&near relationship with
the dependent variable. The residuals of models wvithodfied dependent variablewe
examined to identify variables deviating from a linear relationshMpen adeviationis
found, the natural log of the variabtgtaken.d.000Dbis substituted for zerm natural log

calculations

Box-Cox transform of the dependent variable: The BoxCox calculation
examines the relationships among the variables and recommends a power trimmgfam
dependent variable ta mpr ov e resi dudtel Bo¥Cox ntransfora Isi t y
implemented becauseh e | o ¢ a tunnodiiedmetatibeshigs siolathe assumption
of normally distributed errors. The Bd&Xox calculationrecommend that the dependent
variable be transformed by the power-0f788 forModel 1A and-1.192 forModel 1B
The power transformations recommended bydbe-Box calculatiorare-1.556 forModel
2A and -0.990 for Model 2B Negative transformsnvert high and low values in the
dependent variabdewhich means thahodelc o e f f i c i e reversdulFosinstgntes ar e
a negative relationship in Models 1A abB signifiesthat the variable is associated with
an increasein DC access, while a positive relationship denotes an association with a

decreasen DC access.

Remove outlying variables:One or several airports appear as outliersdnpipts

and variablespecific plots The outliersarenormallyairportsthat hosintegrator air hug
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and are near the center of exceptionally large logistics cluStaeseairportsareremoved
from the dataset foModel 1A (HartsfieldJackson Atlanta International AirpdrtATL,
Ontario International Airport ONT, and John Glenn Columbus International Airgort
CMH), while ro airportsareremoved foModel 1B Model 2Adid not require any outliers
to be removed, whileModel 2B saw the removal of two outliers (Ontario Intational
Airport i ONT, and Salt Lake City International AirpartSLC). Removing the outlying
airports ofteneliminated the statistical significanad airportrelated variables, which

reveat an overdependence earlymodel results on oudrs

4.2.6 Assess Hyotheses

The research questions are assessed according to the direction and significance of
vari abl esd C 0 eair fcanmectieity &irpart operatiors Ang catchment
population If they are statistically significantwith coefficients in the hypbesized

direction, then the null hypothesssrejected.

4.3 Analysis 27 Shipper Survey

The shipper surveis intended to examinassociations detected in the logistics
model and measure their relative strength by documenting differences in opesation
regionalneeds between FCs and DCs. It tests multiple airporteagidnal trais thatmay
influencewarehouses oper ati ons. Anal y g)icaresfoids withe s ear

threealternatenypotheses, as reported below.
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Q2 What dynamics might explaindifferences ine-fulfilment and B&M retail logistics

locations?

Ho: FC and DC managers assign identical importance to multiple regional, airpq

system, and ground transportation traits.

H2..: FC managers rate airports and airpicits as more imgrtant than DC managers

H2.2: FCsuse air cargo for outbound transportation more frequently ti@s D

H23 FCs use integratorand USPSfor outbound transportation more frequen

networks than DCs.

4.3.1 Shipper Survey

The survey frame iall warehousesvhose addressemrecollected for the location
model. The surveys were mailed with paedand addressed return envelopes to the facility
manager 0s attention dur i nigconddcted irstwomoneds: o f
an initial mailing and a remindeA reminderis identicalto the initial mailingexcept for
slight differercesin thecover letter The remindeis mailed to norrespondents one month

after the initial mailing.

A pilot survey was conducted withrandomly selecteti0% of the sampleA $2
bill was enclosed in the pilot reminder to increase response rate. Nonetheless, the incentive
did notfunction, and several respondents returned the incentive without completing the

survey Thereforethe incentive wasdiscontinued.
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The survey, which is ailable infAppendix A.  Shipper Survey asks facility
managers tadentify regional factors that are important to facility operations, the air
systemdés role in their operations, and th
cariers. The survey has four sections. The first ensures that the facility is engaged in retail
and gauges the percentage of shipments serving each sales chharsdcond section
asks the respondent to rate the importanaegbnal trais to their opetions. The third
sectioninquires about outbound shipping modes and catrri€he final section elicits

contact information and additional comments.

Responses are analyzed using parametric anga@metric statistics to compare
central tendency among smondents from each sales channel. Statistical tests reveal
whether the responsdgfer enoughbetween sales channétsconclude that the underlying
populations are differentUnlike parametric testssoonpar ametri ¢ tests #f
assumptions abouhe shape or form of the probability distribution from which the data

wer e dHoskimn.d.)

Parametric tests require the data to meet four conditions. The first is independence
of samples, which requires that the units being evaluated not be paired withiota way
that would cause their results to theoretically correlate. The survey data meet this
assumption since units are unpaired. The second assumption is that the distribution of
means be normally distributed. Parametric tests of means are very fobuson
normality, much more so than for regressimsed statistic@Norman 2010) The survey
data respect the assumption of normaditfficiently to permit parametric tests of means.
The third requirement for using parametric tests is that data involve interval numbers.

Likert scales such as those used in this suypvegluce ordinal data as individual responses.
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However, parametric metheaf central tendency can still be used with Likert data in some

cases because the tests are robust tenoomality. Moreover, previous studies have
demonstrated robustness to rmrmality sinceian or di nal di stributic
kind of nonlinear el ati on between the n@NorimahR201l@nd t he
The fourth assumptiors ihomoscedasticity, meaning equal variance.Brogvn-Forsythe

Test assesses the datarf homoscedasticity instead of t
because Browafrorsythe judges the median, which is most appropriate for data that are
technically ordinal(Schlotzhauer 2007)Moreover, the Browatorsythe Test better

addresses nenormally distributed datéStatistica 2017)Eleven of the 23 questions have

unequal variance according to the Breforsyhe Test (esults shown inTable 6).

Therefore, the assumption of homoscedasticity is met in roughly half of the cases.
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Table 6. Results ofBrown-Forsythe Test

Question Statistic  Sig.
Q3 119.05 0.00
Q¥ 21.40 0.00
Q5a 7.12 0.02
Q5b 0.03 0.87
Q5c 0.03 0.87
Q5d 0.35 0.57
Q5¢ 12.69 0.00
Q5f 5.52 0.04
Q5¢g 2.05 0.17
Q5h 0.00 1.00
Qb5i 0.55 0.47
Q5j 0.67 0.43
Q5k* 3.22 0.09
Q7d 14.36 0.00
Q7b 2.03 0.18
Q7¢ 15.71 0.00
Q8e 2462 0.00
Q8b na na
Q8c 0.14 0.72
Q8d 153 0.23
Q9a 1.45 0.25
Q9b na na
Q9c¢ 31.60 0.00
Q9d 1.28 0.28
Q10 na na
Q11 1.64 0.24
Q12 5.40 0.03

Yp<0.012p <0.05, *p < 0.10
na: not available
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Even though the much of the data meets the assumspiifgparametric tests, non
parametric tests are also run to confiesultsand control for deviations from parametric
assumptions. Noparametric tests have fewer assumptions about uhéerlying
distribution of the data than parametric tests becauyeetgnate distribution parameters
directly from the data. Neparametric tests necessarily produce more conservative results
than parametric testéSullivan n.d.) Two nonparametric tests are used. The Mann
Whitney U Test assesses whether two samples are from the same population based on their
distributions. The Mann Whitney U Test can handle-normally distributed data and
small sample sizgSullivan n.d.; Kvam, Vidakovic, and Kim 2007he second test is the

Median Test, which is appropriate when neither equal variance nor normality are present.

Table7 summarizes the assumptions requirednfmnparametric tests. Both nen
parametric tests require that observations be independent, which the survey data meet. The
Mann Whitney U Testequires ordinal data, which is also ested. The independent
variable that groups the data (i.e., sales channel) is dichotomous, as required/fmrihe
Whitney U TestBoth tests assess whether the distributions are the Haimey are to be
construed as assessmentsaitraltendencythen the data in both samples have the same
shape. The shapes cannot be reliably compared because of the small sample size and the
small number of categories, which make the data bounds very ndiestvesultsshould

be construectonservatively.
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Table 7. Assumptions of norrparametric tests

Assumption Applicable Tests Assessment

Independence of Mann Whitney U Test Met

observations Median Tes{Taylor 2016)

Ordinal data Mann Whitney U Test Met

One dichotomous Mann Whitney U Test Met

independent variable

Same shape of Mann Whitney U Test Cannot be reliably determined
distribution Median Test becausesample size too small

and too few categories

4.3.2 Logistics Interviews

Interviewswith logistics experts supplemethie shipper surveywhile surveys are
adept atdentifyingtrends and theprevalence among different types of respondents, they
are less capde of probing emerging issues and documenting nuahnterviews
compensate for the ntenviewsayssesipand thesurveyesanple n s e r
beyond the relatively few retailers that responded to the suRgyinstance, @mnomic
development lannersmay interact with manyetailers and be familiar with the trends

motivating a large seif retailers

Interviews were conductedwith 11 professionals who work infalfillment or
collaborate with eetailers Interviewees represent-retailers, cago consultants,
integrators, airlines, and chambers of commerce. Interviemeresecruited through cold
calls and through personal, research, and business netWwheksiterviewsare analyzed
using a theorpased codebooklable 8 describes the interviewees accordingthicee

categorie®f affiliation.
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Table 8. Interview list.

Position Mode
RETAIL

Retail logistics manager Phone interview
Former logistics site selection consultant In-person interview
Chamber of commerce employéagistics  In-person interview

Chamber of commerce employéegistics Phone interview

Manager in statéevel logistics center Phone interview
CARRIERS

Integrator managemetdvel employee In-person interview

Air cargo comsultant Phone interview

Air cargo consultant Written correspondence
Passenger airline cargo manager In-person interview
Z(S);?Cei;tigrr]esident of regional air car Phone interview

REAL ESTATE
Industrial real estate researcher Phone interview

4.4 Analysis 3 Airport Planning Benchmarking

Analysis 3 examines the extent to which airtaff and leadershiplanning for
changes imir cargo demandssociated witle-fulfillment. Compared with Analyses 1 and
2thatassume t he s hi ppdysis dasloptp the argostatiotsi vpee,r sApneac t |
The research question {askshow airports with @etail cargo activity perceive and plan
for the cargo typeNo alternate hypotheses are provided because the question is

exploratory.
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Qs How are airport [anners preparing for-eetail cargo?

Ho: Airport planners are not planning foifefillment.

The third research questismdecomposed into stduestionsletteredé@dthrough

G 6Each subguestion corresponds with a theme pursued in the analysis.

44.1

Qza( &eul f i | I me n ts efulfilindntuperceivexl @9 an influence on air

cargo demand?

Qa( 6 f or e cAretheitectlni@al forecasting steps likely to account for air

cargo activityor patterns related ®fulfillment?

Qx(6freight ¢ olmme mRossgréight:community involvement

implicitly or explicitly involve eretailers?

Qad( 6i nvest ment Do thepthngmalykeiinvastments drpolicies to

respond to getail air cargmmeed®

Qs( 61 and de vDoésaipongamingconsider onor off-airport land

development related ®fulfillment?

Selection of Airports fobocumenReviews

The airports for revievare selected with a threstage process that progressively

narrowed the initial set of 127 airports down to 48didate airports, and 10 airports for

documentreviews, as depicted iRigure 12. The airports selected for document review

have traits that makeretail likely to be prominent enough to warrant planning attention
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Step Conditions
Number of airports

All Airports Airports with more than 3 million
127 airports pounds annually emplaned cargo

Candidate Airports Regional e-retail activity

1.
49 airports 2. Cargo enplanement

3. Integrator hub

4. Known e-retail strategy
Document Review 5. Importance in e-fulfillment
10 airports networks

6. Master plan availability
Plan or study timeliness
8. Diverse set of airports

ha

Figure 12. Documentreview selection process

Candidate airportBr documentevieware selected based on four critedigfined
belowthatraise the likelihood of the airport experiencing sufficiengétil cargo activity
to justify planning attentionAirports are retained for further consideration when they meet
two or more of the first three criteriihe fourth criterion can qualify an airport for further

consideration independentby the first three

1. Regional e-fulfillme nt activity: Airport regions with mores-fulfillment activity
identified in the location model are likely to generatetail air cargo shipments.
The 30 airport regions with the greatestulfillment activity (as defined by

summed facility area within®bkm) are retained.

2. Cargo enplanement:Airports with substantiatargoactivity are likely to plan for
cargo. Airport cargo enplanement is measured by weight, and the 30 airports with

the greatest enplanement in 2015 are retained.

3. Integrator air hub s: All airports that host a hub for UPS, FedEx, or DHL are

retained as candidates.
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4.

Known e-fulfillment strategy: Any airports not otherwise included in the dataset
that have been previously identified @s&rsuinga strategy to attrae-fulfillment
are included.The only airport added due to this criterion is Piedmont Triad

International Airport (GSO).

The resulting 25 candidate airpodee evaluatedwith four additional criteria to

determine which would be useful for thdecumentreview. A full table evaluatinghe

candidate airports available inAppendixB. Selection of Airports forDocument

Review

5.

Importance in e-fulfilment networks: Airports that are especially important in
e-fulfillment networks are reviewed For instance, Amam recently selected
Cincinnati/Northern Kentucky International Airport (CVG) as the site of its-long
term air cargo hub. Similarly, John F. Kennedy International Airport (JFK) is a
large international gateway that accommodates mantgrnational e-retail

shipments.

Master plan or cargo study availability: Only some airportsnakemaster plans
or cargo studies availabte the public Airports for which a master plan or cargo

study could not be obtainederemoved from consideration

Plan or study timeliness: E-fulfillment has become a force in airport planning in
the past decade or less. Therefore, only ptammspletedafter 2008areretained,

and airports with the most recgalinsareprioritized
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8.

Diverse set of airports: The airports fodocumentevieware selected to produce
a diverse setf airportsby geographic region, hub status, international gateway

status, cargo activity, passenger activity, and ownership.

The airportdesignated imMable9 areselected fodocumenteview. Each airport

is hereaftendentified by its threeletter International Air Transport Association (IATA)

code.
Table 9. Airports selected fordocumentreview.

IATA code | Name City and state
ATL Hartsfield Jackson Atlanta Inteational Airport Atlanta, GA
CAE Columbia Metropolitan Airport Columbia, SC
CLT Charlotte Douglas International Airport Charlotte, NC
CVG Cincinnati/Northern Kentucky International Airport Cincinnati, OH
DFW Dallas/Fort Worth International Airport Dallas, TX
GSO Piedmont Triad International Airport Greensboro, NC
JFK John F. Kennedy International Airport New York NY
LCK Rickenbacker International Airport Columbus, OH
MSP MinneapolisSt. Paul International Airport Minneapolis, MN
PHX Phoenix Sky Hdror International Airport Phoenix, AZ

Figure 13 revealsthatthe airportsfor documentreview skew towards the eastern

half of the countrylike efulfillment generally It was attempted to add airportsthe

wedern U.S However, many candidate airports (e@ntario International AirpofrONT,

SeattleTacoma International Airpor SEA, Oakland International Airpoit OAK, Los

Angeles International AirportLAX) do not haveecent plans or studies available
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Figure 13. Airports for documentreview.

4.4.2 Selection of Airports for Interviews

Airports hostingAmazon Prime Air flightsreselected for interviews becausey
experience visible air cargo activitglated to eetail. At otherairpors, eretail cargois
ofteninvisible because it is categorized as mail or consolidated by freight forweBthefs
at arports hosting Amazon Prime Air were contacted for intervi&tatf at ®venairports
located in different parts of the counparticipated in interviews. In addition, two airport

consultants focusing or@mmerce articipatedvia phone or email.

4.4.3 Analytical Categories

The first step in analyzing the airport plans and interviewing airport officials is to

select thematic categes that correspond withe five previously identified research sub
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guestions (@ - Qz¢). The thematic categories aedulfillment influence, forecasting,
freight community involvement, investments and policies, and land development. Each

thematic categy is detailed below.

4.4.3.1 E-fulfillment influence (Qq

The first subsection assesses whether the astadfiperceives-fulfilment as an
influence onairport cargo activity or airpotbusiness development. The topic does not
imply that e-fulfillment shoul be a business development goihe documentreviews
gaugee-fulfillmentd s per cei ved influence by searchin
fulfillment or an implicit allusion toe-fulfillment. An allusion might referencéorces

shaping air cargmearly fulfillment centers, or integratars

4.4.3.2 Forecasting (&)

The forecasting subsection examines the forecasting appragphoaches are
sensitive to cargo dynamiosfulfilment dynamics.and / orpassenger dynamicScarce
data on eetail air cargo makeis improbable that any airport quantitatively forecasts e
retail air cargo. Therefore, the forecasting methods are primarily analyzadisjotability
to e-fulfillment, as summarized imable 10. Forecasting air ¢go is extremely difficult,
and there are many reasons why an airport might select a given approach. The goal is not

to criticize or correct, but rather to describe a state of practice.
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Table 10. Forecasting approaches’ potential sasitivity to e-fulfillment .

Possible to Consider E-
fulfillment ?

No

Classof Approach Category of Approach

Neither passenger nor carg

Cargo forecastsat performed_{Orecasts

Passenger forecasts only No

Qualitative Judgment forecasts Yes

Time-series trend analysis  No

Quantitative Regression analysis Yes
Market share analysis Yes

Mixed chn_arlos based on airlir Yes
activity

Note: Categories adapted from Maynard et al(2015) Scenario approach derived
from CVG 2035Master Plan (Kenton County Airport Board 2013).

4.4.3.3 Freight community involvement @)

The freight community involvement subsectiasm a review of the freight
stakeholder inviwementin the planning proces&deally, eretailersare consulted Other
freight community members that carovide information abowg-fulfillment include third
party logistics companies (3PLs), air carriers, integrators, labor unions, developers, real
estate brokers, economigevelopment plannersfreight planners,and chambers of

commerce. Theocumenteviews note freight community involvementplanning

4.4.3.4 Investments and policies £

The fourth subsection on investments and polieieduates thanalysisincluded
of the plan of future infrastructure nee®socess rathar han out come 1 s t he
focus The subsection does not examine the specific projects that are recommended because

e-retail shipmentstermix with general cargo.
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4.4.3.5 Land derelopment (Qe)

The fifth subsection on land developments a review of
recommendations faccommodaing e-fulfilment on or near airpofproperty. Airport
centric development models (e.gAerotropolis Airport City) emphasize a close
connecton between osirport activity and nearby land developmeAirport staff may
seek to promotecargegenerating activitiesaround the airport opromote regional

developmentnore generally
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CHAPTER 5. LOCATION MODEL

5.1 Introduction

This chapteris an examination olocaion choice forwarehouse®f leading e
retailers and B&M retailerd he chaptercontainsfour sections. The firgection(fiSpatial
Analysig) is a descriptiorthe locations of thevarehouse# the United States and their
associationwith airports. Thesecondection(fiCorrelations) displayscorrelationamong
alt he wvariabl es usi ng P e ahe shondnséctionitarationel at i o
Modelso) includes an explanation cégressiomesults and he last sectiomConclusions)

draws lessons

5.2 Spatial Analysis

The spatial analysis confirmm that airport regions host disproportionate e
fulfillment activity. DCs concentrateastof a line connecting Minneapolis, MN to San
Antonio, TX, with smaller clusteren theWest Coastindin the Mountain stags. Many
DCs are outside of airport regigrendWalmartdemonstratean especially pronounced
pattern of siting DCs outside major metropolitan areaspossibly because of its

disproportionately ruratustomer basdzigurel5showsDCs 6 and FCs 6 | ocat.

The Northeast Corridor between Washington DC and New York €ihtains
many DCs and FC®specially along the95 corridor and in the Lehigh Valley. Many of
the facilities cluster outside of major metropolitan regidsmme reailers that use the
regi on 0 s andsagponsostotte sinventory irthese lower-cost, less congested
hinterlands(Morris 2017a; C. Lewis 2016}our regions with significant retail logistics
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activity including the Northeast Corridor (upper right) are displaye&igure 14 for

illustrative purposes
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Figure 14. Details of metro areas

Note: Northeast Corridor, Dallas - Fort Worth, Southern California, and Midwest
(clockwise starting upper right).

DallasFt. Worth, TX is in the lower righdf Figure14. FCs and DCs clustéightly
around Fort Worth Alliancéirport (AFW), whichhostsa FedEx air hulfBowen 2012)
Dallas/Ft. Worth International Airport (DFVMvhich hosts a UPS hulnd suburbs south
of the city of DallasMoving clockwise Southern California has long been a major center
of imports and distributignandthe Inland Empire is a major retail logistics hubntario

International Airpor{ONT) alschostsa UPS air hulfBowen 2012) The Midwest contains
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severalretail logisticsclusters focused around the greater Chicago regiodianapolis,

IN; Louisville, KY; Cincinnati, OH; and Columbus, Olfinally, the Northeast exhibits

clusters of FCs and DCs in Maryland, New Jgrsand eastern Pennsylvania, which are
accessible t o cust omer bases and transpo

metropolitan areas.

Compared with DCs, very few FCs are in small cities or rural af€sscongregate
more tightly around fewer airportsan DCs. 52% of FC floor area is within 25 km of the
airports, compared with 32% of DC floor aread he averageFFC has greater accessibility
to the air cargo network than the average Di@tionwide, domestically orienteCs
moderately cluster withirust a few airport regions, especially in the Midw@&stxas and
Southern CaliforniaThe patterns remaieven whemAmazon, the largesteetailer and a
strategic outlieris excluded. The five airpbregiors with the greatest FC accesslaibt
integrate air huls (Indianapolis, INi IND; Fort Worth, TXi AFW; northern Kentucky
CVG; Louisville, KY i SDF, andDallas, TX- DFW in decreasing order)he increase in
FC access over DC accasgyreatest for tree sameegions, which signalthattheyare

well positioned to capture morefelfillment activity as the sales channel graws
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Figure 15. Airport regions, FCs,and DCs.

5.3 Correlations

A Pearson correlation coefficieistcalculatedor eachpair of variableslescribed
in Chapte 4 (fiMethodology). A coefficient of zero indicates that there is no correlation,
a coefficient of 1 indicates perféctpositive correlation, and a coefficient -df indicates
perfecty negative correlationThe four dependent variables (i.e., DC accBs3,access
excluding Walmart, FC access, and FC access excluding Amazon) are highly
intercorrelated, wih coefficients of 0.82 or above, which quantifies the fact that the
dynamics that motivate FC and DC locationsfeequentlyshared Additionally, FC ad
DC accessighly correlate with catchment population aidtance to population center
(which estimate regional and national population access respektivetyong the

transportation variable$;C and DC access most highly correlatéh highway density
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(coefficients of 0.34 and above) amdegrator air hub (coefficients 0f0.21 andoelow).
Tablelldisplays the Pearson correlation coefficianitall variablepairs. Cells are shaded
to facilitate interpretatiorDark green dnotesastrondy positive correlationanddark red

denotes a stromgnegative correlation.
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Table 11. Pearson correlationcoefficients among variables in location model

DC access

DC access (no
Walmart)
FC access

FC access (no
Amazon)
Integrator air hub

LN(International
passenger
destinations)

LN(Highway
density)

LN(Containerized
traffic index)

Railroad density

LN(Catchment
population)

Distance to
population
center

LN(Labor costs)

Business
environment

DC DC FC FC Integr  LN(Inter-  LN(High- LN(Cont Rail-
access access access access ator national way ainerized road
(no (no hub passenger density) traffic density
Wal- Ama- destinat index)
mart) zon) ions)
-0.21 0.11 -0.34 -0.03  -0.38
-0.24 0.06 -0.38 -0.16  -0.38
-0.26 0.01 -0.39 -0.05 -0.39
-0.26 0.02 -0.34 -0.03  -0.37
-0.24 -0.26 0.06 0.13 0.14 0.07
0.11 0.06 0.01 0.02 0.06 0.21 0.36 0.02
-0.34 -0.38 -0.39 -0.34 0.13 0.21 0.24 0.37
-0.03 -0.16 -0.05 -0.03 0.14 0.36 0.24 -0.07
-0.38 -0.38 -0.39 -0.37 0.07 0.02 0.37 -0.07
068 050 067 0.67 -0.04 0.26 -0.13 0.47 -0.32
-0.21 -0.28 -0.23 -0.10 0.09 0.18 0.37 0.12 0.08
0.03 020 -0.03 -0.13 -0.14 -0.12 -0.18 -0.36 0.06

LN(Catch Distance LN(Labor Business
ment to costs) environ
popuk popuk ment
ation) ation
center
0.68 -0.21 0.03
0.50 -0.28 0.20
0.67 -0.23 -0.03
0.67 -0.10 -0.13
-0.04 0.09 -0.14
0.08 0.26 0.18 -0.12
0.36 -0.13 0.37 -0.18
0.29 0.47 0.12 -0.36
0.26 -0.32 0.08 0.06
-0.36 0.30 -0.20
-0.36 -0.04 -0.36
0.30 -0.04 -0.31

-0.20 -0.36

-0.31

Note: Dark green indicatesa strong positive correlation, and dark red indicaes a strong negative correlation.
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5.4 Location Models

The location modelpredict FC and DC access as a function of regional and airport
traits. The models and variables employed armitkxl in Chapter 4. An ordinary least
square (OLS) linear regressioms used. Regression assumptions need to be strictly
respected for model results to be vaidcordingly several transformatioreseapplied to
the dependent variablese(, power transform based on B&@ox calculation) and most of
the independent variadd (i.e., natural log). The transformationscomplicate data
interpretationNotably, the BoxCox transform of the dependent variable inverts high and
low values, thereby reversing the direction of the relationshipgssist in interpretation,
the resultdable contaisa col umn (AAssociation withéo)

the relationship betwedheindependent variabé&indthe unmodifieddependentariable.

5.4.1 DC Location Moded

The DC modelsredict DC accessas a function of regional argirpott traits.
Walmartis an outliemamong retailers, siwvo models are ruwith differentversionsof DC
accessModel 1Aincludesa DC access variable calculated from the entire DC sample, and
Model 1Bincludesa DC access variable calculatiedm thesampleexcludingWalmart.

The results from the two models are explained below, and the numeric results are reported

in Tablel2.

Models 1A and 1B have high explanatory powdgscribingnearly 90% of the
variation in the data according the reported ®. The resultdargely align with

expectations, although some regional traits are not statistically significant, possibly due to

86

t



small sample size. Seven of the nine variables are statistically significant in one or both

models.

Integrabr air huls are associated witgreaternonWalmart DC accessibility
(Model 1B and haveno perceptible effean Model 1A The relationshigetween DC
access and integrator air hubs Model 1B may derive from the overlap between
i ntegr at or graetwgprksoWamdrt agperades its own tru¢kgal-Mart Stoes,
Inc. 2017) but smaller retailersutsource ground transportation to integrators or 3PLs
Paststudiescorroboratespatial overlap betweantegrator air hub andgenerallogistics
activity (Cidell 2010) DC locaton may associate witimtegrator air hub because ato-

locatedsurface transportation

International passenger service is not expected to affect DC locations because so
little B&M cargo originating at DCss transported aboard passenger airchgnethéess,
Models 1Aand 1B reveal anegativeassociation betweethe number of international
destinations served bwide-body passengeraircraft and DC access A plausible
explanation is that a third variable, such as land or labor costs, relates. tRdguhs with
little or no international passenger service typichllyelower population density, lower
land prices, and potentially lower congestion, all of which are favorably associated with

retail logistics.

Trucks transport most retail goods for at keasportion of their movemenand
long-distance trucks typically travel on Interstate Highwayast research kashown
highway access to strongly influenearehouséocation(Sivitanidou 1996; Cidell 2010;

Jakubicek and Woudsma 201There isa statistically insignificant relationship beden
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highway density and DC accesBhe formulation of these models differs enough
geographic extenfrom past studigs f o r mtolatenhuiate thes relationship between
highway density and DC access. DC acgess c a | surpadssed the doundariestiod

airport regionsince it derives from a gravity moddéir el at es to t he airpo
the entire sample of DCs, while highway density only accounts for roads withim 25 k

the airport. By contrast, other parts of the surface transportaiorork do associate with

DC accessSeaport access is associated vidi@ activity, which aligns with pastub

national studies(Awasthi, Chauhan, and Goyal 2011; Notteboom and Rodrigue .2004)
Likewise, rail density is associated with greater DC access, which has been hypothesized

ard sometimes confirmeidell 2010)

DCs 6 p rtocxstomes, tboth at the regional and national levels, is by far the
most important factor affecting DC accebrving a larger populatiom the catchment
area B99km radius) is strongly and positively associated with DC accessgb@sally
need to bein a region that allows for inexpensive and fast replenishment of store
inventories, which prompts them to locatgthin a few hundred milesof customer
grouping. The same effect extends to natictealel population distributions as measured
by the variable called o6distance to popul a
centeriscalculated n E S R 0 as belng io Miaspuri, and regions located claser
this pointtend to also experience greater DC acc@$ge attraction ofthe national
popul ation center also aligns with the | o

Missouri and Ohio River Valley&idell 2010).

NeitherModel 1A nor Model 1Bdisplayan association between blaellar labor

costandDCaccesher e is no association dREwipg t e DC
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from a region with below average labor costs to a region with above averagedsks
can increase a DCO0Os | abor <costs (BixCostsoughl vy

2010)

Past research has suggested that DCs seek regions with low operating costs and
minimal regulation(Jakubicek and Woudsma 201Thereforethe models includa state
level measure of the business environment. Both madeéal business environmetot
be highly significant, but not in the hypothesized direction. In fact, airports in less business
friendly states experience greale€ access on average than airports in more business
friendly states. There arplausible explanations for the negative relationshiarge
populationspresent in some states with low business friendlimeag outweigh the
importance of theegulatory envionment. Additionally, state policy may less influential

than localpolicy.

Table 12 presents the detailed results Model 1A predicting DC access of the
entire sample anélodel 1B predicting DC access of the sample excludWglmart.
Because of the power transform to the dependent variables, the direction of the
relationships detected is reversé&tereforethe direction of theinmodifiedrelationship

is indicated in the column titled AAssoci a
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Table 12. Results of DC locationM odels1A and 1B.

Model 1A: Transformed DC access (all DCs)

Model 1B: Transformed DC access (hDCs except

Walmart)
Coef. Beta Std. Sig.  Association Coef. Beta Std. Sig.  Associatbn
Error with DC Error with DC
Access Access
(Intercept) 0.01 na 3.3E03 0.00y na 2.7E03 na 8.0804 0.00y na
Integrator air hub (binary) -1.4E04 -0.05 9.5E05 0.15 Notdetected -4.6E-05 -0.09 2.2E05 0.04A Positive
LN(Destinations served by 1.1E-05 0.08 4.9506 0.03A Negative 22E06 0.09 1.2E06 0.06* Negative
non-stop wide-body
passenger aircaft)
LN(Highway density -1.6E05 -0.02 3.4E05 0.63 Notdetected -4.2E06 -0.03 8.1E06 0.61 Not detected
LN(Containerized traffic -1.0E04 -0.10 4.6E-05 0.03A Positive -20E-05 -0.11 1.1E05 0.07* Positive
index)
Rail density -29E07 -0.04 25E07 0.24 Notdetected -1.5E07 -0.13 5.8E-08 0.01y Positive
LN(Catchment population) -6.5E04 -0.57 4.9E05 0.00y Positive -1.1E04 -0.59 1.2E05 0.00y Positive
Distance to populatbn center | 7.4E-07 0.53 6.7E08 0.00y Negative 7.8E08 0.33 1.6E08 0.00y Negative
LN(Labor cost) 1.2E04 0.01 3.2E04 0.71 Notdetected -2.3E05 -0.01 7.8505 0.77 Not detected
Business environment 1.7E-05 0.08 8.1E-06 0.04A Negative 57606 0.15 1.9E06 0.00y Negative

R2for Model 1A: 0.893, n=124; Rfor Model 1B: 0.893, n = 127

i

p < AP< 0008, *p< 0.D
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Figure 16. OLS assumptions for Model 1A.
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Models 1A and 1B closely conform with the OLS regression assumptions of
homoscedasticity, normally distributed residuals, statistical independence of errors, and
linearity of relationship, particularly after the transformations applied tdehendent and
independent variableginearityist est ed by examining a scatt
residuals against the dependent variables. Residuals are approximately normally
distributed with minor leftward skew as evidenced in the histogramsafuas and @

plots.Figure 16 andFigure17 display plots supporting normality and homoscedasticity.

5.4.2 FC Location Moded

The FC models measure the association of airport and regional traits with FC
accssFC access i s approximated via a gravity
t he airport an dFCeaeceshthast@oivariants] oaeocof whiahrinelades all
FCs in the sample and the second of which excludes Amazon FCs. Amaizoand level
of development make it an outlier iffdfillment. A Box-Cox transform is applied thé
FC access dependent variables, and most of the dependent variables have natural log
transformationsappliedto decrease leftward skewhe following paragnahs describe

modelresults, which are reported in detailliable13.

The models have high explanatory power, witfs Rvell over 0.80Regions with
integratorair hubs are more central in FC networks than other airport regwinsh
suggests that-retailers may seek warehouses centrahtegrator air or ground networks
to serve as FCsThe shipper survey and logistician interviemeasureFC use of
integrator air or ground networks, and thereforé e s e npotentad irflkescé on

location choice
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Wide-body passenger aircraft have large bellyhold cargpacity E-retailers
shipping from regions with many international air connections might access lower
transportationprices or faster shipment times. However, the n®del not find a
statistically significant relationship between FC access and the number of international
destinations accessible nstop aboarevide-bodypassenger aircraff he model may have
insufficient statistical powdtype Il error) or the relationkip may noexist.It is plausible
thatwide-bodypassenger aircraft do transport internationadtail shipments, buECs do
not cluster around international gateways and instead ship goods to gateways by air or

ground modes

Other flight variablesare also testedand omitted from the reported results for
reasons of insignificance and correlation with the included air network varidlties.
number of international destinations reachable-stop by freightersvas tested and
omitted (p-value of 0.442 inModel 2A and 0.137 inModel 2B when substituted for
international destinations served hyide-body passenger aircraft)The number of
domestic destinations served rstiop by freightersvas also tested and omittgatvalue
of 0.843 inModel 2A and 0.400 irModel 2B. Finally, the last air network variable that
was tested and omitted iket number of domestic destinations served-stop by
passenger aircraft excluding regional aircraft without cargo capacigl@e of 0.565 in
Model 2A and 0.969 irModel 2B). Integrator air hub appear tonfluence FC location

much more heavily thaotherparts of theair network.

There is moderate association between FC access and the ground transportation
network, with increased highway density and access to seaportmtessadth FC access

in Model 2B but not inModel 2A. Neither model exhibits a relationship with railroad
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density. Even though some past studies have identified an association between logistics
activity and rail acces¢Cidell 2010) it is not expected to transfer to FCs because
intermodalrail transports few consumer productexpediteghipmentsSeaport accesss
significant and positive assodmt with FC access iModel 2Bis somewhat surprising
considering thaseaports nearly exclusively serve inbound shipments, wieetnless
conceptual significancen location choicethan factors related to outbound shipments

(Phillips 2017)

The most infuential variables on FC access are associated agitkss tdarge
customer bases, both regionally through t he
through the O6distance to popul ation center
describegshe number of people that can be reached by overnight gtcamsport Being
nearthe nationalpopulation center may be especially important for smaditailers with
one or two FCs to serve customers nationwidee standardized coefficiehtor @edi st an
t o popul aitNModeh2B@EE€ actessrexxluding Amazon) is higher thakliodel
2A (FC access including Amazon) because Amazéuifillment networkis tuned for
regional distributionThe high cost of air transportation encouragestailers tolocate

FCs where as many customesgassible can be reached by surface modes

While not statistically significant in Model 2A, labor costs arestatistically
significant in Model 2B High regional labor costs depresa i r p BG dcce$sAs
expectedbusiness environment is significanéyd positivelyassociated with greater FC

access ilModel 2B
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Table13 displaysresults forModels 2A and2B. A coefficient below zero reveals
a positive relationship between the independenalbe and FC access, while a coefficient
above zero reveals a negative relationship
wi t h DC Modese2d and®@B respect the assumptions of linear regression.
Residuals are approximately normally distried.Figure 18 and Figure 19 contain plots
supporting linear regression assumptions, including a normally distributed histogram of
residuals, eg plots that are nearly linear, and scatter plots of predivalues versus

residuals without clear trends.
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Table 13. Results of FC location Models2A and 2B.

Model 2A: Transformed FC access (all FCs)

Model 2B: Transformed FC access (all FCs except

Amazon)
Coef. Beta Std. Sig.  Association Coef. Beta Std. Sig.  Association
Error with FC Error with FC
Access Access
(Intercept) 4.3E04 na 15604 0.01y na -8.0E04 na 0.01 0.93 na
Integrator air hub (binary) -1.1E05 -0.10 4.3606 0.01ly Positive -6.6E-04 -0.10 2.7E-04 0.01A Positive
LN(Destinations served by non| -1.4E07 -0.03 2.2E07 0.52 Notdetected -9.4E06 -0.03 1.4E05 0.49 Not detected
stopwide-bodypassenger
aircraft)
LN(Highway density) -25E06 -0.07 15E06 0.10 Positive -1.8504 -0.09 9.5E-05 0.06* Positive
LN(Containerized traffic -3.3606 -0.08 21E06 0.12 Positive -2.7E04 -0.12 1.3E04 0.04A Positive
index)
Rail density -1.108 -0.04 1.1E08 0.33 Notdetected -1.1E07 -0.01 6.9507 0.87 Not detected
LN(Catchment population) -24E05 -0.54 2.3E06 0.00y Positive -1.3503 -0.51 1.4E-04 0.00y Positive
Distance to population center | 2.7E-08 0.50 3.1E09 0.00y Negative 1.7E-06 0.56 1.9E07 0.00y Negative
LN(Labor cost) 3.0E06 0.01 15E05 0.84 Notdetected 2.8E-03 0.14 9.1E04 0.00y  Negative
Business environmat -2.2E07 -0.03 3.7E07 0.56 Notdetected -3.2E-05 -0.06 2.3E-05 0.00y Positive

R2for Model 2A: 0.851, n=127

i

p < Ap< 0008, *p< 0.D
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5.5 Conclusions from the Location Models

Themodelscapturevariaion in DC and FC access very weds evidenced by R
exceeding).80. Moreover, the relationships that the models unicggrerally conform
with theoretical expectationdlost divergencefrom theoretical expectationglate to a
failure to confirm rather thannaactive contradiction, which may be attributable to
insufficient statistical powerThe models reveal the relatiships that are the most
conceptually important and statistically impacti&l small minority of relationships run
counter to theory28% in Models 1A and 1Band0% in Models 2A and 2B Table14
shows the variables conforming ttvitheory in each model set, afi@ble 15 details

theoretical expectatiorend result$or each variable in each model.

Table 14. Comparison of model results to theoretical predictions

Confirm Fail to Confirm Contradict
Theoretical Theoretical Theoretical
Expectations Expectations Expectations
Models of DC access 8 5 5
Models of FC access 13 5 0
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Table 15. Summary of location model results.

Category Variable DC - 1A 1B FC - 2A 2B
Expected Expected
direction direction
Integrator air hub none none + + F F
Air connectivity
International passenger destinatiowide-body) none - - + none none
Highway access Highway density - none none + none 4+
Rail access Rail density + none + none none none
Seaport access Containerized traffic index + + + + + 4+
Distance to population cent@rational) + + + + 4+ 4+
Customer proximity
Catchmenpopulation(regional) + + + + 4 4
Business environment  State business friendliness none - - + none +
Costs Labor costs - none none - none -

Note: Green: conform with theory; yellow: neither conform with nor against theory, red: against theory.
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Resultsindicatea qualitative difference between integrator air hubsathdrnon
hub airports withhigh air cargo connectivityOther airporttraits add little explanatory
power toeither location modelAir connectivity independent of hubasno association at
all or even a negative association. Curfansalso insignificant in early model iterations
and are omitted from the final model. The role of freighters and bellyhold capaciy in e
fulfillment shipments merits further examination to understand the extent to which FCs use
nortrintegrator air transport and the extent to which access to thesescaffeets facility
location. Warehousdocations for both sales channalee more associated witiround

access to customettsanwith airporttraits.
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CHAPTER 6. E-FULFILLMENT NETWORKS

6.1 Introduction

In this chaptera survey of @etail and B&M retail shippers is edto estimate
differentregional trais 6 r el at i v eDC iandpCoopetratonsd ngerviews with
logistics expertsupplemensurveyresults Thesurveys and interviewlsegin to trace the
factors linked to operations atapisticsnetwork design thanake a givemegional trait
importantsince theyseek differences among the sales chanAelditionally, thereexists
variation within sales channeatsrresponding witlother retailer characteristics, like retalil
sector and product types, number andtioceof stores, size of customer base, and facilities

that are physical remnants of phmjisticsstrategies.

Retail warehousessatisfy a very complicated set of tasks supporting physical
distribution They receive goods, hold inventory, and processoaurtt) orders, all within
ret ai | legrstesbudgetss@arkers inFCs and DCs disassemiidoundpallets and
transfer items to inventory. Whestock keeping units (SKUsgrerequested by stores or
customersp pi cker sé physi c aonbolidaté tbecnatiaacewthdrecthei t e ms
entire ordelis packaged antbadedonto the right truck for deliveryrhe most automated
facilities have electronic systems to pick and consolidate products. Shipments for stores
are normally at the palld¢vel, andshipmentsfor online customers are composedaof

small number of SK&l

Despite these broad similaritiedffer the e

in significantways. DCs dispatch large shipments to stoféey havea relatively small
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number of cstomers(dozens or hundreds of stoyemaking it possibleto generate
truckload shipments. DCs may also have more tma€d to prepare orders because stores
maintaincushioninventory. Additionally,it is easierto predict demandt the store level

than atthe customer level

The eretail sales channel has none of these aids. FCs process relatively small
shipmentsdestined forexponentiallymore locationsOrdersareas small as one item or
consist of many SKUs from multiple categoriBach order must n@theless be separately
consolidated, packaged, labeled, and loaded. The great number of customers impedes the
construction of truckload shipments all ending near each other, which could increase the
number of outbound truck movements. The lack eftoreinventory also removes the
cushion between customers and FCs, so orders must be processed and shipments made

particularly quickly.

Thusfar,thedi sserdmdliynids has presented ship
terms, devoid of specific spatial or sa@gic considerations. This simplistic presentation is
not entirely accurate becausgional trais influences hi p p er s 0Thesg@egionalt i on s
traits include cost factors, location, accessibility to transportation infrastructure,
regulations, proximityfo customers and suppliers, and many othEns. importance that
shippersassign to eactrait differs as a function of their operational needs. Shippers make
tradeoffs amongregional trais on the land market since parcels rarely if ever exist with
all the idealraits. Regional tra occur above the parcel level, and therefore are essentially
immune to shipper influence, so ittigically n o t possible to dupgrac
lacking in one or moreegional trais. Instead shippers must find th&andtraits that they

seek in fixed configurations on land markets and weigh diffdéreatc tredative value in
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selecting a site. These tradf#s amongegional trais produce different location patterns
for facility types that share operational chagsistics FCs and DCs have different mission

parameters, so thdiikely seek differentegional trais to support their missions.

This chapterontainssix sections in addition to tHatroduction.The Respondents
section compar es tn$ sizeraads rptalnsdctons twghothe letirat 1 o
samping frame Statistical toolsare described and justified ihe Statistical Approach
section. The Results Summary section synopsizes the results for each question. The
Detailed Responses sectimtludes ahoroughaccountof theresult® r el at i ons hi g
theory Interview results are documented e tLogisticians Interviews sectioRinally,

the Conclusions sectiaa comprised o1 synthesis of the survey and interviews

6.2 Respondents

The respondents re@ent a variety ofectors, locationsand firms ofboth sales
channels. No more than one facil#grving mostetailes respondedThe exceptions are a
general merchandise retailer for which four DCs and two FCs responded, and a building
materials retailewith two DC respondentfetail sectorselate to theypes of products
that the retailesells whose value andhysical characteristics determine viable shipping
modes.Eleven of the 22 respondent facilities represent the general merchandise sector
(NAI CS 452), which involves selling a-1arge
boxd retail ers @uweahu a kapon Statisties r2@17ahreeofacidties
process clothing and clothing accessories (NAICS 448), two facilities represent sporting

goods (NAICS 451), one facility processes furnitanel home furnishings (NAICS 442),
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one is categorized as a nonstdashior] retailer (NAICS 454), and three facilities support

retail sales of building materials (NAICS 444).

Respondents from the two sales channels are largely analogous in product types
DCs skew towards general merchandise more heavily than FCs (57% of DCs vs. 38% FCs).
Twenty-one percent of DCs process building materials (NAICS 444), while 14% process
sporting goods, hobby items, musical instruments, and books (NAICS 451). A higher
proportion of FCs than DCs handle clothing (NAICS 338, 38% vs. 7%). The remaining
FCs are split among furniture and home furnishings (NAICS 442), andtoonretailers
(NAICS 454).Figure 20 displaysthe number of @spondents that represent each retail
sector. Notably absent from the sample is Amazon, which accounts for 63% of the FCs in

the sample.
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B&M Retail

NAICS 454: Nonstore Retailers

NAICS 452: General merchandise

NAICS 451: Sporting goods, hobby, musical
instrument, and book stores

NAICS 448: Clothing and clothing
accessories
NAICS 444: Building material and garden
equipment and supplies dealers

NAICS 442: Furniture and Home
Furnishings Stores
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Figure 20. Survey respondents byretail sector.

The survey respondents ageographicallydistributedsimilarly to the sampling

frame Most FCsare inregions where FCs in the sanmglframecluster, like metropolitan

Cincinnati, OH; Louisville, KY; Indianapolis, IN; and Dalk&s$. Worth, TX. Respondent

DCs mimic theDC samping frame atternof dispersion and rural and smatbwn

concentration. Respondent DCs tend to be farther from major aniégirports than

respondent FCs.

Twenty-two facilities representing 14 retailers responded to the survey. 5.3% of

FCs responded, and 6.0% of DCspasded, for an overall response rate of 5.8%, which

i s roughly anal ogous

t

0]

previous

studi

in Arizona and northern Mexicelicited a response rate below 3%nterVISTAS

es o

Consulting Group 2014Response rates have been higher in other countries, near 20% in

the NetherlandéWVarffemius 2007aand 16% in Canaddakubicek and Woudsma 2011)
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I n general, Americano bssnwneysesrne (DEmiptomrsieo |
2003) andAmeri can busi nes s e s $often falt belewthoseefEprapean e r a't
businesses by around héffarzing1997) The ret ail sectord6s comp
may dissuade facility managers from sharing information for fear of inadvertently
revealing business secretsresearcherkowledgeable of the field descrétte largese-
retailer as having a dweol | c al [perspnalu 0 mer
communication] Secondly, several survey recipients referred to company policies
prohibiting their response. Eliciting n®rresponses from businesses often requires
strategies such as phone follayw thatare not possible in this survey due to lack of

facilitiesd6 phone n(@ents2008) and email addr es

6.3 Results Summary

Responses are summarizbdlow. Part Aoutlinest he faci l i tiesd p
operations, including the gportion of shipments related teretail andgeographicegions
for which the facility is responsible. Part B explains thgional trais that mattefor
facilitiesb6b operations. Finally, Part C as
with regonal trais 6 i mp dhrettheea ess. identify several statistically significant
differences between DCs and FCs, which are summarikalle 16 displays test

coefficients and statistical significant levels.
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Q3) Facilities pe-identified as FCs process mosthlyetail shipments, and those pl

identified as DCs process mostly B&M shipments.

Q4) FCs are less likely to hawsgeographic focus than DCs.

Q5a) DC manages value low labor costsorethan FCmanages.

Q5e) FC manaers value proximity to airports with cargo servioeore than DC
manages. Beyond labor cost@roximity to airports and proximity to highways
none of the regionaraits register statisticallysignificantdifferences among salg¢

channels

Q5f) DC manages value highway proximity more than FC managers.

Q7a) FC manages value the presence of multiple air cargo carriers at a nearby &

morethan DCmanages.

Q7c)FCmanages v al ue pr oxi mi ty morethaa DCmamadger

Q8a) FCsempoy air as an outbound shipment mode much more frequently than

Q8b) DCsemploytruckload (TL) transportation more often than FCs.

Q9b and Q9c)FCsemployintegrators (Q9b) and the U.S. Postal Service (Q9c) 1

frequently than DCs.

Q12) FCs employ & as a transportation mode for naddy deliveries more frequent

than DCs.
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Table 16. Statistical results

. Independent
Question Topic ANOVA ManS \_:_\gh;:ney Samples
Median T-Test

Q3 E-retail sales volume 0.00 0.00 0.00

Q4 Geographic focus 0.00 0.00 na

Q5a Your region: Low labor costs 0.03" 0.058* 0.06*

Q5b Your region: Low land costs 0.89 0.94 0.25

Q5c Your region: Low business taxes 0.86 0.59 1.00

Q5d Your region: Businesfriendly regulation 0.56 0.59 0.65

056 Your region: Proximity to airport with 0.00 0.0% 0.02
cargo service

Q5f Ypur region: Proximity to Interstate 0.02 0.08* 0.16
Highway

Q59 Your region: Low roadway congestion 0.25 0.26 0.16

Q5h Your region: Proximity to seaport with 1.00 0.86 0.66
cargo service

Q5i Your region: Ability to use freight rail 0.50 0.59 0.62

Q5j Your region: Proximity to suppliers 041 0.50 0.66

Q5k Your region: Proximity to customers 0.12 0.15 na

Q7a Air s_,ystem: Presenqe of many air cargo 0.00 0.00 0.0%
carriers at nearby airport

Q7b Air system: 24hour airport operations 0.14 0.27 0.36

Q7c Air system: Proximity to air hub for 0.00 0.00 017
express parcel carriers

Q8a Outbound shipment modes: Air 0.00 0.00 0.00

08b (Olgtb_lc))ul_n%shlpment modes: Truckload 0.00 0.04 na
Outbound shipment modes: Less than

Q8c truckload (6LTLO) 0.72 0.74 1.00

Q8d Outbound shipment modes: Rail 0.35 0.59 0.62
Outbound shipment carriers: Trucks

Q9 owned, leased, or operated by this facili 0.28 0.35 1.00
Outbound shipment carriers: Express A A

Qob parcel carriers 0.01 0.02 na

Q9c Outbound shipment carriers: U.S. 0.00 0.00 0.00
Postal Service

Q9d Outbounq ;hlpmen_t carriers: Other third 0.95 0.32 na
party logistics providers

Q10 Next-day deliveries 0.87 0.74 0.49

Q11 Next-day delivery schedule 0.21 0.14 0.10

Q12 Next-day delivery modes 0.03 0.03* 0.32

Yp <0.01, < 0.05, *p < 0.10; na: not available
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6.4 Detailed Responses

In Part A respondent&lentify their sales channel, operation types, and geographic
armas of responsibility. The answers provid

missions

6.4.1 Part A: Facility Operations

6.4.1.1 Q1) Retail logistics: Is your facility involved in retail logistics, regardless of

sales channel?

One survey was returned fromaeility that is not involved in retail logistic# is
not counted as a response to any of the future questions,jtnayunted in calculating the

response rate.

6.4.1.2 Q2) Functions: Which of the following functions are applicable to your facility?

Facilites 6 f unct i o rrigure2lr @nly thieeoFEs perfomm any functions
supporting B&M retail A subsequerninterview with onesuchFC manager revealed B&M
retail shipments to be small in scale and seasonaloBlyast, around half of DCs process
a small amount of shipments for online customers. Most FCs also pretad geturns,

as do two DCs.
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E-retail returns

E-retail fulfillment

FUNCTION

Brick-and-mortar distribution
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COUNT

Figure 21. Facility functions.

Number of respondents (n): FCs = 8; DCs = 14

6.4.1.3 Q3) Eretal sales volume: Approximately what percentage of your outbound

shipment volume is associated witietail sales?

Statistically significant difference: The warehousere-identified as FCs proces
higher eretail shipment volumes than facilities pdentified asDCs, signifying that
facilitiesd sales channels were cor |

Independent Samples Median]

Figure22 reports the percentage of shipments that suppatiad by preassigned

facility type. Thestrong divergencb et ween DCs and FCs i
channelsarecorrectly preidentified. Over half of DCs report sonedulfillment activity

in their facility, normally accounting for betweefoland 2% of shipments. Fewer th

112

ndi

an

cat



half of facilities that process arg/fulfillment alsohandlee-retail returns This suggests

thatretailers may consolidate returns into specialized facilities or a smaller nunities of

FC mDC

7

6

5
|_
Z 4
2
O3
O

2

1

0

0% 1-24% 25-49% 51-74% 75-99% 100%
E-RETAIL VOLUME

Figure 22. E-retail sales volume

Number of respondents (n): FCs = 7; DCs = 14

6.4.1.4 Q4) Geographic focus: Does your facility serve stores or customers in a specific

part of the country?

Statistically significant difference: DCs are more likelyo have a geographareaof

responsibilitythan FCs[tess: ANOVA, Mann Whitney U]

Figure 23 reports the percentage of facilities by sales channel witefamed
geographicarea of responsibility All DCs except one have a geograplaca of
responsibilitycomprised of several states, while most FCs report no geographic focus. The

soleFC that reports a geograplaiea of responsibilitpelongs to a company with multiple
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FCs, which may allow it to assigmeaf responsibility to FCaia way that is impractical

for smaller eretailers.

FC mDC
14
12
12
10
Z 8 7
2 6
O
4
2
2 1
No Geographic FocusGeographic Focus

Figure 23. Geographic focus

Number of respondents (n): FCs = 8; DCs = 14

6.4.2 Part B: What Does Your Facility Need from a Region?

Part B asks respondents about tegional trais that may contribute to their
f a c i optionay succesT hesetraits mayreveal the regions thaire intrinsicallymost

attractive to retaivarehousesf either sales channel

6.4.2.1 O5) Your region: How important are the following stateemional trais for the

success of your operations?
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Statistically significant differences:

DCs attributeggreateimportance to low labor costs than FCs. geANOVA, Mann

Whitney U, Independent Samples Median]

FCs attributegreaterimportance to cargo airport proximitthan DCs. [test

ANOVA, Mann Whitney U, Independent Samples Median]

DCs attributegreaterimportance to Interstate Highway proximity than FCs. §te

ANOVA, Mann Whitney U]

Eachregional traitis discussed in decreasing order of importance tmBGa@rs.

Customer proximity (1t most important trait for FCs, 4" for DCs): FC
manages mostgreatly value customer proximity, whicis expectedgivener et ai | er s 0

increasingly pronounced need to deliver orders quickly.

Businessfriendly regulation (2" most important trait for FCs, 39 for DCs):
Differences in overall tax burden, labor laws, and building and permitting could affect

operationsd viability.

Cargo airport proximity (3 ™ most important trait for FCs, 11" for DCs): The
importance of poximity to an airport with air cargo servigertainsto manyF C siéed to
reacha dispersed customer base quickBargo airport proximity could be especially
important for small or emergingretailers becausthey have fewFCsandmaytherefore

require fast transortation to reach the farthest customers.
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Low business taxes # most important trait for FCs, 5" for DCs[tie]): E-r et ai | 6 s
fourth-highest ratedegional traitis low business taxes. Thigit mimics busines$riendly

regulation.

Low land costs (%' most important trait for FCs [tie], 5" for DCs [tie]): Taxes
and land costs both aéapenseo thelogisticsnetwork. Whilethe€ ul f i | | ment i nd
high averagedransportatiorcostsmight motivateFCs to minimize land costs, the rapidly

growing sals channel is prioritizing otheegional trais.

Highway proximity (5™ most important trait for FCs [tie], 15t for DCs): Nearly
all past studiesrowarehouse location have highlighted highway proximity as one of the
factors attracting warehouses. Highw@dys n e ar u b i warehdugsesviftn many i d e s

possible sites, allowing othezgional trais toassumea more decisive role.

Low labor costs (' most important trait for FCs, 2" for DCs): FC managers
rate low labor costs to be mildly important to theperations This moderateating of
importances despite the fact th&#C® wor k i s r o dtnitreenlsyi vreo rteh alne

work becausef smal shipmentsizes.

Road congestion (8 most important trait for FCs, 7" for DCs): Roadway

congestions the hird least importantegional traifor FC® o pe.r at i ons

Proximity to suppliers (9" most important trait for FCs, 8" for DCs): FC
managers rate sulpgr proximity as relatively unimportant totheir operations. The
assessment ¢ddw importancesupports lie notionthat eretailers select FC location based
more heavilyon customerelated factors and outbound transportation than supplier factors

and inbound transportation.
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Seaport proximity (10" most important trait for FCs, 10" for DCs): FC
managers ratseaport proximity as the second least important factor to their operations
Although many goods soldyle-retailers are imported, it is more important to be near the
customer because outbound transportation is more expensivenamsensitivethan
inbourd shipmentsWaterborne transportation rarely serves outbounetal shipments

unless overseas customers aiking to wait several weekbetween item purchase and

delivery.
Rail proximity (11" most important trait for FCs, 9" for DCs): FCs &6 | eas't
importantregional traitt s fr ei ght rail . Despite inter mo

segments, it is not a viable mode for most outbauretail shipments

DC and FCmanagersassessnostregional traisd0 i mp osimtladyn Airport
proximity isthe largest exceptio=C manages value airport access mugtorethan DC
manages. Only one DCmanagem ut o f 14 rates airport pr o
while three FGmanages out of seven do so, and two additional FCs rateGhgmortantd
Ten ou of 14 DCmanagesreport thatirport proximityis6 not i mpor t ant , 6 wh
FC managedoes. DOmanages also describe low labor costs as more important than FC
manages, which is counteintuitive because F@ o0 p e ararbutinelyrsore labor
intensive than DGQXBjorson 2013)A plausibleexplanation is that-retailersmay be more
interested inlong-term market share than shtetm profitability, rendering costs
subservient to servicelhe third statistically significant difference is in proximity to
Interstate Highways, whicBC managers report to be more important than FC managers

Most otheregional trais arerated similarly bynanageof both sales channelBigure24
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reports complete results, aRjure25dissects e spondent sdé r at i

importance.

mDC mFC

Proximity to customers B e
Business-friendly regulationi i e
Proximity to airport with cargo servicelililil m—
Low business taxesi .
Low land costs B

Proximity to Interstate Highway Sy s

Low labor costs B —

Low roadway congestioniiy
Proximity to suppliers By
Proximity to seaport with cargo servicellii

Ability to use freight rail EEmE

0 0.5 1 15 2 2.5
MEAN IMPORTANCE RATING

3

(0: NOT IMPORTANT - 3: VERY IMPORTANT)

Figure 24. Mean importance of regional traitsto FC and DC managers

Number of respondet s (n) : FCs
and 7 for others; DCs
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Figure 25. Importancerat i ngs of fAproxi mity o airpor

Number of respondents (n): FCs = 8; DCs = 14

6.4.2.2 Q6) Airports & ar carriers: Do your operations utilize an airport or air carrier

for outbound transportation either fully or partially? Please briefly specify which

one(s) and by how much.

This free response question asks respondents to identify airports or air crriers
importancetheir operations. FCs generally have closer relationghigs DCswith an
airport in their region anaiith one or more carriers, typicaligcludinganintegrator. Two
FC manages and ten DGnanages i ndi cate t hat faarolein r ansp

facility operations. 0

All FCs except onare inthe same metropolitan area asir@egrator air hupand
all arelocatedwithin at least a few dozen kilometers of a commemriglort. The manager
at aclothing and fashion F€everal dozen kiloetersfrom Louisville International Airport
(SDF, a UPS hubjescribes partnership wittuPSfor air-shipped package®loreover,

FCs do notollaborateexclusively with the hub airlinat the nearest commercial airport
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For instance, a general merchandi§&near Indianapolis, IN splits its air cargo between
the hub airlindFedEx)and the noshub airline(UPS).FedEx receives approximately two

thirds of the volumeandUPS receives the remainder.

The airportt h at mo st affects mayhnet bdtreecclodest t y 6 s
commerciahirport For instancethe manager of alRC locateda few kilometers from Fort
Worth Alliance Airport (AFW, a FedEx hub) reports that itinsteadthe UPS hub at
DallasFort Worth International Airport (DFW) over 30 km awthat is its most important
airport connectionMoreover, t is not mandatory for an FC to be near an air hub to
frequently use air serviceIhe manager of afC near Fort Lauderdaldollywood
International Airport (FLL) reports a relationship with Fed&sen though the airport does

not host a cargo hub.

Airports sometimes find unique entry points into B&tail logisticsnetworks.
For instancean appareDC in central California uses air shipment primarily to transport
goods to Hawaiiltems are transpded by truck 300 km to Los Angeles International
Airport (LAX), where they are loaded aboard aircraft for shipment to Hawaii. The DC
could conceivably transport goods through the commercial airport in its hometown, but it
has decided instead to use a &argirport with greater service offerindggot surprisingly,
the manager ahis DC rated airport proximity as unimporta@onverselysome DCs use
air for inboundrather tharfor outbound shipmentsuch as general merchandise DC in

Fort Worth, TXthatusesDFW airport 40 km away foat least somabound shipments.

In summary,the difference between the sales chanseigports the alternative

hypothesis of a new-fulfillment relationship with airpog, especiallyntegrator air hug
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E-retailers ofte establish FCaear acommerciakirport,usuallyin the same region as an
integratorair hub. The FC often contractwith the integrator and otheair carriersfor
outbound shipment€ontrarily, DC managers do not regularly use airports or air carriers

in their outbound operations.

6.4.2.3 Q7) Air system: Do the following matter to your business operations?

Statistically significant difference: FC manages attributegreaterimportance tahe
presence of many air cargo carriers and proximitariontegratorair hub than DC

manages. [tests: ANOVA, Mann Whitney U]

Ai rportsdé value to warehouse managers d
to the air system. Consequent i ailsdirnsysterai r por
attributes.This questio probesthe influence of traits of the air system oma& gi on 6 s
attractiveness teetail warehoused he threetraits are the presence of multiple air cargo
carriers, whichmay lower freight rates antlasten delivery24-hour airport operations,
which mayextend facility working hoursand the presence of artegrator air hupwhich
may delay nextday shipping cutoffsFigure 26 displayst he t hree attri but

importance ratingsvhich areexplainedn thefollowing paragraphs.
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DC mFC

Presence of many air cargo carriers@at
nearby airport

24-hour airport operations

Proximity to air hub for express parcel
carriers (e.g., FedEx / UPS / DHL)

CHARACTERISTIC

1 2
MEAN IMPORTANCE RATING
(0: NOT IMPORTANT - 3: VERY IMPORTANT)

Figure 26. Mean importance of ar systemattributes.

Number of respondents (n): FCs = 8; DCs = 12

The greatedtivergencen importance ratings between the sales channels concerns
integratorair hubs (esciptivelyc al | ed fAexpress parcel carrie
to anintegratorair hub matters more to F@anages than the other air systamaits, and
statistical tests differentiafe CarddD Cs 6 me & WAs visiblg inFigue?27, five out

of seven FGnanagesassesgitegratormsirh ub proxi mity to be eithe

or O6i mportantdé (x1). B ynaregets mateint@ggator air éiibg h t 0
proximity oO6not i Dpnoaredges assessidgntéyfatorairnhebs to beu r
6somewhat i mportant, 6 two previously indic

or outbound transportation to islai@sed store$:C maregels routinelyrate the level of
competition among carrieend 24hour airport operations as somewhat important, while

DC manages rate them as unimportant
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Figure 27. Mean importance of proximity to integrator air hub (fiexpress parcel
carrierso).

Number of respondents (n): FCs = 8; DCs 12

6.4.3 Part C: Outbound Transportation

Part C investigates outbound transportation mades carriersF Cs 6 an d
different missionsand valationsof regional traité i mp care texgeactedeteeflect in
their choiceof carriers and modeQuestions &nd 9 pertain to all outbound shipments

while questions 10 through J#rtain toe-retail shipmentsnade from FCs or DCs

6.4.3.1 Q8) Outbound shipment modes: Outbound shipments are those that move from

your facility to customers or stores. How often are thiewihg modes used for

all or a segment of outbound delivery routes?
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Statistically significant differences:

FCsemployair transportatiorfor outbound shipments more frequently than D

[tess: ANOVA, Mann Whitney U, Independent Samples Median]

DCsemploy truckload transportation for outbound shipments more frequently

FCs. [test: ANOVA, Mann Whitney U

Retail ersd choi ce isaffunctionafoapbotmat 80 n | mo:
delivery requirements, shipment size, and item value among othersfate two sales
channels encounter these factors in different configuratsansis unsurprising that survey
respondents report differences in outbound transportagiated tothe sales channsl
Figure28s ummar i zes the respondentsd usage of
employair transportatiorso much more frequently than DCs that all three statistical tests
detect the difference. F@anagerseporthiring air, truckload (TL) and less than trucktba
(LTL) shipments at similar rates, while redirely servesutbound shipmentsf either sales

channel
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DC mFC

AT ——

Truckload (L) |

L
a)
O
= Less than truckload (LTL)
Ralil |
0 1 2 3

MEAN USE RATING
(0: NOT AT ALL - 3: FREQUENTLY)

Figure 28. Frequency of use ofmodesfor outbound transportation.

Number of respondents (n)hers;PCss=s14 8 f or

DCs rely most heavily orruckload(TL) transportationwhich isfrequently used
by all 14 DCs. DCs also someti mes empl oy
truckload shipments compared with H&sly reflects larger shipment sizestproximity
to multiple stores, which allogsconsolidation of shipments intewer, larger vehicles than
is practical when shipments are small and destinations widely dispersed. The average DC
uses aitransportmuch less frequently than the average F@iffarence that is expected
because shipments to stores are rarely-sneensi t i ve enough to justi
cost. Rail plays a negligiblerolefCs 6 out bound transportation.

nineDCsout of 14 do not use rail at all.

Figure29 summarizesir transport usby sales channel. All FGsseair transport,
and several use it frequentlBy contrast, nearly all DCs never or only rarely use air

transport Nine out of 14 DCs do not user @éiansport for anyutbound shipmentsThe
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sole DC manager that repoétss 0 me tusingardransporreviously reported using air
Aprimarily for i nodlereisdoapparpnbpattern betwiegn fmeguency

of air shipment and proximity tiotegrator air hub.

FC =DC

10

8
|_
= 6
-
S 4

2

0

Notatall Rarely SometimesFrequently
FREQUENCY OF USE

Figure 29. Use of air asa modefor outbound transportation.

Number of respondents (n): FCs = 8; DCs = 14

6.4.3.2 Q9) Outbound shipment carriers: How often are the following carriers used for

outbound shipments?

Statistically significant differences:

FCs use integrators for outbound shipments more frequently than DCs.

ANOVA, Mann Whitney U]

FCs use the U.S. Postal Service for outbound shipments more frequently tha

[tess: ANOVA, Mann Whitney U, Inépendent Samples Median]
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Modes and carriers are distinbtany carriers may operate a given mode, and some
carriers operate several modes. Theory suggeststbtikeshipments will favor outbound
modes that specialize mapid, doorto-doordeliveryof small parcels, like integrators and
USPS. By contrast, DCs are expected to prefdrouse trucking and 3PLs. The survey
confirms theexpectationFCsfavor integrators and USPS, while DCs prefer to 8Bes

hire integrators, or operate their own trudkigure30reports carrier use by sales channel.

DC mFC

Trucks owned, leased, or operated by this
facility

Express parcel carriers (e.g., UPS, FedEx;
DHL) |

CARRIER

U.S. Postal ServiCe | ——

Other third-party logistics providers (e.gy
C.H. Robinson) A

0 1 2 3

MEAN USE RATING
(0: NOT AT ALL - 3: FREQUENTLY)

Figure 30. Frequency of use of carriers for otbound transportation.

Number of respondents (n): FCs = 7; DCs = 13

FCs ship goods primaky with integrators (i.e.fiexpress parcel carriéjsand
secondarily witHJSPS. All FCs report using integrators frequently, versus a third of DCs.
All FCs use USPS either frequently or sometimes, whereas few DCs use USPS at all. DCs

ship most frequentlwith 3PLs and secondarilwith integrators.
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6.4.3.3 Q10) Nextday deliveries: What percentage of yotretil shipments require

nextday delivery?

Managers ofetail warehouses that procesietail salesegardless of primary sales
channelre askedio estimag¢ nextday deliveres as a proportion of their shipmentext
day deliveries aramongthe most timesensitive delivery categories. Neday delivery
requires air transportwhen the destination igoo far fromthe warehousdor ground
transport Mostretal warehousegrocess a robust minority ofretail orders as nexday
shipmentsThe mean rating is nearly identical for DCs and FCs, with between 1% and 24%

of all orders made online requiring neddy delivery Figure 31).

DC 11

FC 1

0 1 2 3 4 5

Mean rating
(0: 0% - 5: 100%)

Figure 31. Mean portion of orders made online that require nextday delivery
according to primary facility type.

Number of respondents (n): FCs =7; DCs = 10

6.4.3.4 Q11) Nextday delivery schedule: By what time must youetil packagebe

transferred to the carri erfft d iameroi)ve

Note for Q11) Number of respondents (n): FCs =7; DCs =7
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One reasonthate-retailers may be attracted to sites neg&grator air hub is that
the proximity allows them textend their working day by delaying their drofh time to
carriers for nexday delivery. Shipping from hubs avoids the need to transport goods to
the hub earlier in the niglior mid-night connectiongKasarda and Lindsay 201FHCsd
disproportionate location near integratar laubs is expected teesult in later drojoff
times compared with DCsThe results suppothe hypothesithat FCs have later dregf
times than DCs, and that proximityit@egrator air hubmay explain part ahe difference.
The median FC dropff time is nearly three hours laté:15 PM than the median DC
drop-off time (4:30 PM) Thelatest FCdrop-off time is 11 PM (for an FCadjacent to
Cincinnati/Northern Kentucky International Airpirivhile the latest DC droepff time is
6 PM. The results araot definitivesince heresponse rate is especially lo@pening the

possibility of selection bias.

6.4.3.5 Q12) Nextday delivery modes: What percentage of raey deliveries are

transported by air?

Statistically significant difference: FCs use aitransportfor nextday deliveries mors¢

frequently than DCs. [testANOVA, Mann Whitney U]

FCsemploy air transponnore frequentlyfor nextday deliveries than DCs. The
median FC uses air transport for betweéfdnd 24% of outbound nexfay shipments.
All FCs useair for at least some outbound nebety shipments, and one FC even uses air
for between 7% and 99% of outbound nextay shipments. By contrast, several DCs do
not use air for any nexday shipments, while the one DC that is adjacent to an integrator

air hub ships between half and three quarters of its-daxtdeliveries by air. There is a
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statistically significant difference between @sd FC6 me an fA @agsiblency
explanatiorof the differenceelates to logistics network sizielany respondere-retailers
operate a small numbef FCs. Their scale and spatially concentrated inventory may
require air transport to compensate for operating only a few inventory locagns.
contrast, most respondent DCs are part of larger networks, wiaigtallowthe retailer to

assign online orders twarehousegsear the customer tainimize expensive air transport.

DC 0.7

FC 2.0

0 1 2 3 4 5

MEAN RATING
(0: 0% - 5: 100%)

Figure 32. Mean portion of next-day eretail deliveries moved by airaccording to
primary facility type .

Number of responcents (n): FCs = 8; DCs = 16

6.4.3.6 Q13) Product air deliveries: Excluding naldy deliveries, which of the

following products are generally delivered by air? (select all that apply)

It is useful to understanitie product typeshatare most frequently transped by
air to hypothesizenotivations for themode choiceThe survey asks if several types of
goods favor air transporThere isno apparent patterbetween product type and air
shipment Several facilities report that either highlue goods or internainal shipments

may move by ajrand sme also reporshippingi ot her 0 expedited
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Respondentdescribefiot her 0 prelating Wocaspecifia @istomer request for
expedited delivery rather than a product tyPelivery urgency motivates atransport

more than product type

FC =DC
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Figure 33. Products beyond nextday shipmentsgenerally requiring transport by
air.

Number of respondents (n): FCs = 8; DCs = 10

60t her 6 generally refers toveoyustomer r e

6.5 Interviews

The interviews are analyzeith three categories that align witie survey s
organization. The first is Logistics Strategy, which redaie systerdevel decisions

forming a fulfillment networl(e.g., assignment of ordeig FCs) The Logstics Strategy
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theme relates to Part A of the survey (Facility Operations). The second theme is Regional
Factors, which relates to Part B of the sur(feggional Traits)It describesegional trais

that FCs may seek incation choiceOutbound Transptation is the third theme (related

to survey Part C), and ihvestigatesreasons for which an-retailer might select one
outbound transportation mode over another. Subsequent subsections remidg

corresponding with each theme.

6.5.1 Logistics Strategy

Iner et aarlylstdgesmany eretailers adoptedstrategy ohational distribution
fromasingle FCAs eretailgrew, & f @ wmr n e r s @gained pronainereay gllowing
faster and cheaper delivery. Most recently, sofmetalers, notably Amazomave moved
towards regionalor even metropolitanfulfillment models. The regional approach
establishe$-Csto serve regions with major customer bastarting with those with the
greatest population and market area. The regional approach has alde seerlopment
of smallFCs in urban areas as staging points for products requiring extremely fast delivery
(Fung 2017)Eachstrategyprivileges differentregional traisin warehouséocation choice
As sales volume grows, it becomes economical to forward locate inventory in more

regions

Theindustry has shiftetbwardsregionale-fulfillment strategiesn partdue tothe
i ndu scompdgitibesnature, whichB pushed by Amazanis adoptingtighter delivery
schedulesMoreover, customers are increasingly treatingtail asinterchangeable with

other sales channels and retailers. As one interviewee said, mmer ce A s houl
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6ebbaist@al ly commerce now, 0 with customers

sales channel if it can provide the item more quickly.

Another part of the strategic move towardgjional efulfillment relates to the
industryos mat urWherya radailethakesahlyeassmall dctiomod its
total sales through-eetail, it is possible to ctocate efulfillment and B&M logistics
functions because-fulfilment volume is not so large as to be unwieldy within the B&M
distribution network Howewer, many retailers have found thatetail growth makes it
more practical to serve the sales channels from separate facilitigip-from-stored
maintainse-fulfillment within the existinglogistics network while shifting e-fulfillment
pick and pack furttons from DCs to stores, which are on average closer to customers.
Shipfrom-store can create problems rebalancingnventory and increaseemployeé@ s
workloads.Thereforemany firms have instead opted #third strategywhich separate
e-fulfillment from B&M distribution in its own network with separate facilities and

transportation.

Air transportatiorprimarily servesovernight deliveriesn centralizedfulfillment
networks( Amazonds Pri me Air mbanyrbtalerathatueetam b1 e ¢
transport for overnight shipmengse small eetailers withfewerthan fourFCs to serve
thenational marketRegionally orientedCsor shipfrom-store can often make overnight

deliveriesby ground

6.5.1.1 Product Types

Interviewees emphasize that eretailers \alue different regional trais for

warehouseas a function ofhe products served in those warehou&esnerally, companies
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with higher valueto-weight or timesensitiveproductsmorefrequentlyship by air(Vega

2008; Leinbach and Bowen 2004hd the prospect okeding aitransporinfluencegheir

location choice. For instance, one interviewegysa hat f#Atypically, the
shipping is it is truly something urgent,
rai | , Aootheritarviedvee highlight that some goods move by air for security

reasons because of its low theft and pilferage rates.

6.5.1.2 Geographic Focus

Two intervieweegefer tocyclical patterns in how heavily companies weigh the
opposing constraints afansportation costs (lower when inventds decentralized near
customers) and inventory costs (lower when inventory is centralized). Accordn@lys 6
geographic focus iextremelyvariable as a function @ghe configuration o&-fulfillment
netwoks. Generally, retailers arediscardingthe naional distribution paradigm and
embracingregional distribution. Amazans o f f e r iday glelivery has impebded
retailersto consider smaller geographic areas of responsibility for. BBategy and
geographic focus vary not just at the facility levelit also at the product lev&ome
products or brands at an FC might be distributed nationally, while others are distributed

regionally.

6.5.2 Regional Factors

Retail warehousdocation choiceinvolves tradeofs amongdesiredtraits. The
interviewsare analyzd to confirm, nuance, or expand the thelmagedtraits examined

through the shipper survellostregional trais areconfirmed, and a fewreadded.The
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following subsections describe regiotalits affecting warehoudecation choiceeported

in inteniews.

6.5.2.1 Risk of Natural Disaster

Risk of natural disasters is one of thaats reported in the interviews that the survey
did not include. Ar egi onds ri sk of natur al di saster ¢
roughly 15to 20yearsin the location ofwarelousesof all types.There have also been
several natural disastatst highlightedisksof natural disasteiis particular regionssuch

asHurricane Katrina in 2005

6.5.2.2 Proximity to Integrator Air Hubs

Large and smallntegrator air hubare a major attraor for logistics activity An
industrial real estate researcher specifie
the | ast few year s integratorair hub ataiespeaiallyanhiportang a | es
All integrator air hubs attract wareliges, not just the largest hub®n-hub cargo airports
also simulate industrial real estate markdeCsprimarily using ground modesay still
benefit from proximity to amntegrator air hutbecause ground shipments also have later
drop-off times for owernight deliveries Outbound transportation may also cost less
originatingfrom integratorair hubs than from otheegions An integrator representative
repors that theintegratorpartners with shippers (includingretailers) to design their
networks inways that reduce coste the shipper and the integrat@ost reduction
strategies include locating facilities near iategrator air huband maximizinguse of
ground moded nt egr at orsdé choice among air and gr

of delvery requirements. According to another air cargo expert, some shipments for which
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customers have purchased air delivery may still be transported by ground modes if truck
transportation stil/l all ows the 1 ntuekgrator
transportationdés clear advantage to integr

integrator air hub maximizes mode choices and routing options.

6.5.2.3 Proximity to Integrator Ground Hubs and Sortation Centers

E-retailers locaté-Cs inregions thapermit them tadeliverto the most customers
by ground.Centrality in integrator and USP®&etworks mattergreatly to eretailers.
Location near i ntegrator ground hubs al so
shipment time. Integrator and postaltation center are numerous anitlespreadMost
large cargo airports host nearby integrator ground hubs whether or not they also host

integrator air hubs.

6.5.2.4 Labor Costs

Labor costsaffectindustriallocation choicegenerally. One intervieweebserve
that Bborcost and availabilithavebeenamong thenost important influensn industrial
and FC location, second only to customer proximity. Anotheterviewee note that
warehousing has long been migrating away from the northern U.S. in search of lawer lab

costs Interviewees d not discuss labor costs in relation tfuéillment.

6.5.2.5 Land Costs

Intervieweeslo not discuss land costs in relation tfu#illment.
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6.5.2.6 Taxes

Warehousesrgvitate tolow-tax states and regionSales tax is chargeshiformly
iner et ai |l based on d$obal esstameclhar edadatit onhe

importanttharsales ax charged at the customersodé | oca

6.5.2.7 Skilled Workforce

Several interviewes cite workforce availability as dactor in FC location.An
indudrial real estate researcher cited labor as the second most important factor affecting
FC location only after customer proximitySimilarly, an economic developer cie
workforce as a concern of many logistics compar@cerns about labor availability
have been move pronounced in the regions where the logistics industry has Mased

intervieweeslo not address workforce skills.

6.5.2.8 Business Friendly Reqgulation

No interviewees reference businegsendly regulation explicitly. However,
several regionsantain active efforts led by economic developersotmmunicatéogistics
industryneeddo policymakers. These efforts imply a belief in the efficacy of proper laws

and investments tiacilitate logistics

6.5.2.9 Interstate Highway Proximity

Four of the intervieesemphasizehattrucks deliver most-eetail orderswhich
impliesthe need for higlguality roads As one intervieweeelates a warehousecan be

modernand advanced, but nif it doesnot connec
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6.5.2.10Airport Proximity

The intervieweesare divided on the importance of airport proximity to FC
operatios. Two interviewees emphasize that mesetail shipmentsare transported by
truck and that sites are therefore selected to maxign@mend population acces&pparent
correlation with airport location could come fraimrelatedactorscorrelated with airport
location such adabor market or customer centrali§everal other interviewedselieve
that proximity to airports castill affect FClocation choicéy providing dater cutoff time
for the minority of shipments that are overnight deliveries and lowering transportation

costs

6.5.2.11Rail Proximity

None of the intervieweesddressail proximity. Rail appears to be Ioypriority for

most eretail shipments.

6.5.2.12Seaport Proximity

Seaport proximity primarily matters for processing impo@isntainerization and
offshoring increased the number of warehouses megor import seaports Seaports

primarily attract warehouses processing impaather than customariented FCs.

6.5.2.13Proximity to Suppliers

None of the intervieweesddressupplier proximity.
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6.5.2.14Proximity to Customers

Customer proximity is the largest influence on FC location according to many
intervieweesCustomer expectations for rapid delivang making proximityo customes
even more influentiaAccording to some interviewees, customer proximity is so important
that it belongs in its own category, particularly for Jaste FCs.Customerproximity is
the primary factormotivating eretailers to pursue regional (rather rihaational) e
fulfillment. Companies first select a region for the FC based on proximity to the consumer
bases thahe eretailer wantgo serve, and only then evaluate sites within the region based
on labor access, building functionality, and accessh® liroader air and ground
transportation networksEvaluation of astomer proximity precedes and underpins

evaluation of otheregional trais.

6.5.3 Outbound Transportation

6.5.3.1 Modes

Trucks transport mostamnestic eretail shipments from FCs to customehs e
retdler representative interviewedepors 90% or greater of e-retail orders being
transportedy truck.Still, e-retailers transpod higher proportionf shipments by air than
equivalent B&M retailersThe same FC thatansport€90% of outbound -4ulfillm ent by

truck alsomoves 986 - 99% of outbounghipments foB&M retail by truck In this case,

eretail i ncreases the Dbyditeao teretims.@Gonversely, s hi

international eetail uses air transport extensively
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6.5.3.2 Carriers

Interviewees agree that both integrators &P Scurrently provide the majority
of transportation services for mostegailers, which aligns with survey results. These

carriers employ both air and ground modes.

Several interviewees discussed the role of passenggi r | i nesd bel |l yho
eretail shipments According to apassengerairline representativethe extensive
regulations on bellyhold cargo often spustomers shippingazardousyoodsto only
consider a cargo airlindnother interviewee believeékat passenger airlines may be able
to capturemany eretail shipments, both on lorgistance domestic and international
routes Passenger airlines ply mediurand longdistance routes more regularly and
sometimesvith fewer stopshan freighters. Airpogstcan managéfacilitation centergthat
could register as known shippepspcesiazardous goods, and transfer cargeetssenger

airlines thereby avoiding some of the most onerous regulations on passenger. airlines

6.6 Conclusions from the Shipper Surveysnd Logistician Interviews

The results supporhostalternative hypothesegirport proximity is much more
important toFCsthan to DCs, and proximity tmtegratorair hubs is especially valuable.
Airport access isnot-eet ai | er s 6 regomaltrait,ibo it ¢sstitl elatively
important Predictably, downstreamlogistics factors (i.e., those related to customer
location and delivery)nfluence FC locationless than upstream factar$-Cs use air
transport much more frequently than DCs, and H&sragularlyemployintegrators and
USPS Nearlyall FC respondents ane the samenetropolitanregion as amntegratorair

hub, and theyenjoylater drop-off times for nextday shipmentthan DCs
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DCsaremore concerned than FCs with cost factors, wérddbor or land, and with
access to trucks using Interstate Highways. #&ansport barely registers in DC
distribution Airport proximity is the least importarggional traif and aitransports rarely
used for outbound deliveri¢s storesinsteadB&M distribution networkgely on TL and

LTL shipment, generally to a regionatligfinedset of stores.

The interviews with logistics professionals confamd nuance mosurveyresults
For examplelocationchoice c cur s wi t hi n a raldgdios strategp.f a f
Those strategies are changing in ways toh
responsibility and decentralizing inventory to achieve faster deliv@oynpetition with

Amazonis making customer proximity ever more importéortsmall e-retailers

There are several limitations toetBurvey. Although the response rate of 5.8% is
roughly aligned with similar surveys,is low in absolutéerms which hinders statistical
testsd ability to detect di fiTyepeenkckes ebe o w
negat i douwtesshwidespread, preventing redifferencesrom being recognized.

The low response rate also raises the specter of selectio fasost notable example

of selection bias is Amazon, which kes up two thids of thesampling framéut did not
provide anysurveyresponses. The omission of Amazon tilts &ilfillment sample
towards smaller and newer firms compared with the B&M sample. This creates the
possibilitythat differences attributed to sales chamayinsteadoe due tanaturity, size,

and economies of scal@he risk of misattribution is mitigated by the alignment of
responses betweesmall eretailers and large B&M retailers with small e-retail

components.
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CHAPTER 7. AIRPORT PLANNING BEN CHMARKING

7.1 Introducti on

Airport planningobenchmarkindnas twosectiors. It begins with alocumenteview
of planning documents at ten airports whose sizetraitd suggest a moderatie-largee-
fulfillment presence. Thestocumenteviewsdisplaytrendsina i r p o r gerceptiors f f s 0
of e-fulfillment and planning responses. The second section consists of interviews with
officials at airports served by Amazon Prime Air, thdy entirely eretail air operation.
The interviewsevealhow airportswith visible eretail cargahink aboutits opportunities
and planning challenges. The reviews and case studies are synthesized into a state of

practice.

7.2 DocumentReview

Table 17 describes the ratings assignedaigportsacross five analyticadections
A rating of O6no, 6 o6épartiald or O6inconcl usi
plan. The planners may have correctly determined that he@dequate benefit frothe
inclusion ofe-fulfillment in the procesdased on their anais of local conditions and

airport priorities, which this dissertation seeks neither to replicate nor contradict
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Table 17. Rating descriptions.

Category No Partial Yes
E-fulfillment Cargo trends and Cargo trends and E-fulfillment or
influence influences not influences are addresse equivalent terra

addessed.

They do not specifically
relate toe-fulfillment.

explicitly mentioned
as a cargo trend or
influence.

Forecasting

Cargo not forecast or
forecast with approach
that does at account
for cargodynamics
(e.g., extrapolation
from passenger
forecasts).

Cargo forecast with
approach that considers
cargodynamics More
closely approximates-
fulfillment if integrators
are forecast separately
from general cargo.

E-fulfillment included
either as factor
affecting growth rates
or through qualitative
or quantitative
consideration.

Freight No freight community | Freight community E-fulfillment
community members involved. members involvedE- representatives
involvement fulfillment represents | consulted, or freight
small fraction of their | community consulted
interests. aboute-fulfillment.
Investments Does not use forecasty n/a Uses forecasts to
and policies to estimate cargo estimate cargo
infrastructure needs. infrastructure needs.
Land Does not address land| Addresses land needs f| Addresesland needs

development

needs for airport
related logistics on or
off airport property.
Does not seek to spur

logistics development.

airportrelated logistics
on or off airport
property E-fulfillment
not specified.

for airportrelated e
fulfillment on or off
airportproperty or
refers to another
document that does st

Not e:

6l nconcl

usi vebod

documentation alone.
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The results of the tedocumentreviewsare detailed in the following subsections
andare summarized ifiable18, Table19, andTable20. Several plans explicitly address
e-fulfillment as an influencendemand for air transport and many hi ghl i ght
needs, which implicitly acknowledgesfulfillment because oé-fulfilmentd seavyuse
of integratorsPlanners frequentlgmploy scenaridased forecastingpproaches. Freight
community involvemenis often used tged input from airport userdvioreover planners
at most airports involve cargo airlines in the planning process, whetrecly provides
feedback from shippers, potentialhcluding eretailers.Planners atlhairports forecast
caigo activityto gauge the adequacy of airport cargo infrastructure and plan improvements.
Planners at@proximately half of the airports include real estate development plans-for on

airport propertyorconsidet he ai rportdés i nfl uence on surr
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Table 18. Summary of documentreviews (part 1).

Airport code ATL CAE CLT CVG

City Atlanta, GA Columbia, SC Charlotte, SC Hebron, KY
Publication yar 2014 Approx. 2011 2016 2013
Cargo ramp area @n 150,272 90,196 60,428 181,590
Annual cargo tonnage 626,202 29,922 135,086 729,309
(2016)

Cargo hub / Passengg none / Delta Air Lines & | UPS /none none / American Airlines | DHL & Amazon Air /

hub

Southwest

none

E-fulfillment influence

No. Does not address
influences on cargo

Partial . Implicit through
focus on integrators

Yes E-commerce one of
four trends driving air
cargo

Partial. Implicit through
focus on integrators

Forecasting

No. Scenarios based on
growth rates from Boeing|
FAA, and historical trendsg

No. Growth rates badgeon
FAA Aerospace Forecast

Partial. Growth rates
from Boeing, which likely
include nationaé-
fulfillment trends

Partial. Scenarios that
account for DHL growth
and DHL withdrawal

Freight community
involvement

Inconclusive Freight
community involvement
in scoping sessions
included Delta, Southwes
ARC, and nearby cities

Inconclusive. Interviews
with the freight
community, but probably
not members representin
e-fulfillment

No. Freight community
members not consulted

Partial. Heavy
involvement of DHL via
interviews strategy
analysis. DHL, FedEXx,
and passenger airlines in
technical advisory
committee

Investments and
policies

Yes Analysis of future
space requirements and
current space

Yes Analysis of cargo
needs and space

No. Models details of
passengemovement and
needs, but not cargo

Yes Analysis of cargo
needs and space

Land development

Yes E-fulfillment
addressed in related
Aerotropolis Atlanta
Blueprint

Partial. Real estate
development on airport
owned property for
logistics

Yes Detailal real etate
plan including e
fulfillment in Airport
Commercial Developmen|
Strategy

Partial. Acknowledges
OKI Freight Plan's
recommendation of "Air
Cargo Park" at CVG.
Addresses potential en
airport land uses
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Table 19. Summary of document reviews (part 2).

Airport code DFW GSO JFK LCK

City DallasFt Worth, TX Greensboro, NC New York NY Columbus, OH
Publication yar 2009 2010 2012 2017
Cargo ramp area @n 225,232 68,623 211,443 91,677
Annual cargo tonnag 670,029 68,991 1,286484 91,682

(2016)

Cargo hub /
Passenger hub

UPS & Ameriflight /
American Airlines

FedEx / none

Atlas Air, Kalitta Air, Polar
Air Cargo / American
Airlines, Delta Airlines &
JetBlue Airways

AirNet Express

E-fulfillment
influence

Partial . Implicit
through surronding
logistics development

Yes E-fulfillment
explicitly addressed as
trend

Yes E-fulfillment explicitly
addressed as trend

Yes E-fulfillment explicitly
addressed as trend

Forecasting

Partial. Scenarios
based on Airbus and
Boeing global
forecastd growth rates,
and integrator hub
choices

Inconclusive Origin of
FedEx growth rates
unclear

Partial. Scenarios
reconciled with both trend
and econometric forecasts

Yes Quantitatively
estimates-fulfillmentd s
potential freight contribution
by analyzing busirese$
activity

Freight community
involvement

Inconclusive
Unspecified freight
community members
helped craft planning
goals

Inconclusive No e
fulfillment
representatives, but
FedEx may have
conveyede-fulfillment
interests

Inconclusive, but likely.
Conducted interviews with
shippers, carriers, and
tenants

Partial. Interviews with
ifreight stal
cargo owner s

Investments and
policies

Yes Compares
integrator space needs
with forecasts, and
proposes alternatives

Yes Seeks to preserve
land forcargo growth

Yes Proactive policies to
strengthen air cargo
institution in Port Authority,
ease truck access, attract
newairport users

Yes Final recommendations
in process

Land development

Partial. Land use plan
includes industrial land

Yes Seeks to se airport
to attract logistics ane
fulfillment

Partial. Very extensive
planning for offairport
cargo village, which likely
implies e-fulfillment

Yes Land development
extensively addressed
through Rickenbacker
Global Logistics Park
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Table 20. Summary of documentreviews (part 3).

Airport code MSP PHX
City MinneapolisSt. Paul, MN Phoenix, AZ
Publication yar 2010 2014
Cargo ramp area @n 130,808 122,229
Annual cargo tonnage 199,340 283,465

(2016)

Cargo hub / Passenger hu

none / Delta Air Lines &
Sun Country Airlines

Ameriflight / American
Airlines & Southwest
Airlines

E-fulfillment influence

No. E-fulfillment and
freight mostly omitted

Yes E-fulfillment explicitly
addressed as trend

Forecasting

No. Does not consider
freight trends. Bases cargg
forecasts on passenger
volume

Yes Qualitatively accounts
for e-fulfillment through
interviews with growth
estimates from freight
community

Freight community
involvement

Inconclusive, but unlikely.
Did not include freight
represerdtives

Yes Includese-fulfillment
and freight community
representatives

Investments and policies

No. Does not consider
freight infrastructure

Yes Analysis of cargo
needs and space

Land development

No.

No.
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7.2.1 HartsfieldJackson Atlanta International Adort (ATL)

HartsfieldJackson Atlanta International Airport (ATL) is primarily known for its
passenger traffic der Himehdbahd secondrgfbcusacityAi r L
by Southwest Airlines. Although it hosts flights from several cargo aglinas moderate
integrator activity, and has considerable bellyhold capacity, its cargo ranking is much lower
than its passenger ranking. ATL processes only aS%muchcargo weightasMemphis
Il nternati onal Ai rport ( MEM) rt (Aitpdrte Coangilu nt r y 6

International North America 2015)

The airport has five parallel runways and three passenger terminals (North, South,
International)on either end o$even midfield concourses. Cargo facilities siteatedin
three nain areas. The North Cargo Facility serves UPS and FedEXx, and it is located on the
airportodos north side. Mi dfield next to th
international cargo terminal. Finally, the South Cargo Terminal is located diredthyafor
the southernmost runway (10/28), and it serves freighters from airlines such as Cathay
Pacific, China Airlines, and Korean AiFigure 34 depicts the runways, passenger

terminals, and cargo terminals.
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Figure 34. ATL airport map .
Source: ATL master plan, executive summary, p. 6

The airport and the airport region are well positioned for cargo growth. The airport

is adjacent to logisticslustersfound near the intersection of sevdraterstateHighways

on the south side of Atlanta. Recently #tumehas attracted severalretailers and many

warehouses. The concentration of logistics activitydrasvnthe attention of cities and

regional organizations, which are promoting airgmiénted economic development in

sever al i ndustries i ncl

websit€s hows aeri al i mages

udi

ng

t hat

|l ogi sti cs.

highlight

organizations including surrounding counties, rohars of commerce, economic

T

eact

development organizations, and major local companies formed the Aerotropolis Atlanta

Alliance in 2014, whose blueprint for the regiaddressetand development leveragy

t he

3 www.360collegepark.com
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ai r por t(Aestropobsritiasta 2016)lmplementation partially rests with


http://www.360collegepark.com/

the Aerotropolis Atlanta Community Improvement District (CID), which includes portions

of land adjaent to and west of the airpg@erotropolis Atlanta Community Improvement

District 2017) The region has also attracted dev
Logistics Center as just one example that explicitly seeks to benefit from the highway and

airport connection§~orest Park Development Partners 2017)

ATL is operating under a master plan published in March 2015, which updates the
previous plan from 1999. Tharport had experienced numerous changes since the 1999
plan, including the enhanced security procedures that followed the Septefilb¢atks,
the acquisition of one of its largest airlines (AirTran) by Southwest Airlines, and a move
by Delta Air Lines away from the smallest regional jets (ATL master plan, Executive
Summary, p. 2). The planmasfive steps including inventory, aviation activity forecast,

facility requirements, alternatives development, and developmemtipdan

ATL master plan: CityofAt | ant a. 2 0Jackson Atlahta mtersationad | d

Airport Master Plan Executive Summary.

7.2.1.1 E-fulfillment Influence

The master plan does not explicitly or implicitly addregslfillment. The master
plan does not have cargpecific goals (ATL mastgrlan, 52), and it does not explicitly
address influences on cargo behavior. The closest that the plan comes to implicitly
addressing-fulfillment is in acknowledging practices such as{ustime manufacturing

that encouragthe use ofir transport
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7.2.1.2 Forecasting

Forecasting does not considefuffillment even though the plan uses a scenario
approach thais adaptableo e-fulfillment. Domestic and international cargotivity are
projeced based omrmacroscaleforecasts by Boeing, Airbus, atide FAA. Theplanners
combine institutional forecasts with an understanding of economic conditions to select
growth rates for domestic and international cargo for each scenario (ATL master-plan, 3
48). The planersattribute identical growth rates to dedicatezighter cargo and integrator
cargo, while linkng bellyhold cargo activitywith separatdorecasts of passenger aircraft
movements. I ntegrator so petatamrstrdde (ATh f air
master plan, %0). The fact that integrator anetighter cargo rates are identical signifies
thate-fulfillment is not explicitly considered in growth rates because domeatifiliment

leans heavily towards integrators and mail.

7.2.1.3 Freight Community Involvement

Stakeholder involvement does not appeaririolude the eetail shippers or
integrators, even though freight representatives from airlines or regional organizations
could haveconveyeder et ai | er s6 i nterests. I ndustry r
and Southwest Airlines informed the planafters also consulted withe areaMPO, the
Atlanta Regional Commission (ARGY¥hosefreightstaffalso could have conveyéeight

needs tairportplanners (Atlanta master planb).
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7.2.1.4 Investments and Policies

Planners compare cargo demarfdrecass with capacity to assessh e ai r por t
infrastructureneeds.They transform cargo activity intafrastructurerequirementsising
conversation ratesThey alsoidentify differences betweemequirements and existing

infrastructure. Landside cargo roadwaysas considered.

7.2.1.5 Land Development

The plan does not addreg8-airportland developmentNonetheless, the related
Atlanta Aerotropolis Blueprint envisigrairportcentric development with large logistics
clusters thatould include ecommerce, as picture Figure35 below (Atlanta Regional

Commission and Aerotropolis Atlanta Allianc@1sb).
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Figure 35. Atlanta aerotropolis development framework

Source: Atlanta Regional Commission and Aerotropolis Atlanta Alliancg2016)

7.2.1.6 Conclusion

The ATL master plan focuses on its largestwtgtisegment, which is passengers.

E-fulfillment is being linked with the airport through initiatives like the Atlanta

Aerotropolis Alliance thasupplementhe airport planning process.

7.2.2 Columbia Metropolitan Airport (CAE)

The Columbia Metropolitan Airpor

( CAE) i s t"busiestpassemdger y 6 s

airport with approximately half a million annlyaemplaned passengers, and it is th& 56

busiest cargo airport with half a billion pounds of landed weight in PBdéeral Aviation

Administration 2016)It hostsa UPS hulihat opened i1994and iscapable of handling
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42,000 packages per hour (CAE master plarl@)0 According to FlightAwaré CAE
hostsFedEx flights to Memphis, TN (MEM) and Indianapolis, IN (IND), as well as UPS
flights to Dallas, TX (DFW) and Oakland, C®AK) among othersAs of plan completion
(estimated 2011), common freight destinations indudkhiladelphia, PA (PHL);
Louisville, KY (SDF); Flint, MI (FNT); Memphis, TN (MEM); Myrtle Beach, SC (MYR);

Savannah, GA (SAV), and Wilmington, OH (ILN) (CAE measplan).

The airport has two intersecting runways, with passenger and general aviation
facilities on its north side. Cargo terminals are divided between the UPS terminal on its
eastern side andtarminalfor FedEx and other airlings the northwes{certer right and
upper left ofFigure 36 respectively). The UPS terminal spans Edmund Highway, with

airside activities located on its western side and landside activities on its eastern side.

4 https://flightaware.com/
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Figure 36. CAE airport map .

Source: CAE master plan, 13.

Columbia, SC is the capital of South Carolina, and home of Fort Jackson and the
University of South Carolina. The regibousesapproximately 800 thousand peofllesS.
Census Bureau 2017&o pul ati on grew 6% between 2010
71% largest metropolitan region by economic sizéth annual economic activity of $38

billion (Bureau of Economic Analysis 2016)

The Richland Lexington Airport District (RLAD) manages the airport. The original
master plan dates from 2003, but the version being analyasdompleted in or shortly
after 2011. The Columba Met ropol i tan Airport Master P
master planod) states that I t s -tggmm actioasrtoy f o c U

improve air transport access, passenger terminal efficiency and security, air safety, and to
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maximize@ vel opment and economic I mpact to gene

master plan, -1).

CAE master plan: RichlandL e x i ngt on Airport Distric

Metropolitan Airport Master Plan Updat

7.2.2.1 E-fulfillment Influence

The plannerslemonstrate etsciousnessf e-fulfillment in the region and its effect
on air cargo. For instancheyci t e Amazonds FC in nearby Ca
indicating that theyimplicitly recognize the linkbetween eetail andair cargo by
discussing theAmazonFC in  t he s ame par a @Richlgndliexiagion UP S0 s

Airport District 2010)(CAE master plan, 1Q0).

7.2.2.2 Forecasting

Plannes account for theargo generatiofactorscitedin FAA Advisory Circular
(AC) 150/50766 (titled Airport Master Plan¥ (RichlandLexington Airport District
2010)(CAE master plan,-3). Theyalso recognize the challenges of lelegnm forecasting,
since unforeseeable events can afRiehlandLexington Airport District 2010 CAE
master plan, 2). Plannerscreate a composite passenger forecast based on market share

analysis, regression between population and operations, and trend etitr/apola

CAE accommodates substantial cargo actjwitith an average of 20 aircraft daily

(7,452 per year)Plannere x ami ne t he major carriersdo fli

Shttps://www.faa.gov/documentLibrary/media/Advisory_CircularsB8F0-6B-Change2-
Consolidated.pdf
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plan, 332), and FAAidentified trends (CAE master plan,33). Cargo is forecabased

on FAA growth rates (CAE master plan33) provided bythe FAA Aerospace Forecasts
20092025° The FAA Aerospace Forecasts accountdgnamics affecting aviatiolike

fuel prices, economic growth, security regulations, and structural changdgingppe

FAAGs nationwide forecasts | onorethdlegdopot oduc e
account for local conditions. Moreover, even recent versions of the FAA Aerospace

Forecasts do not explicitheferencechangesn cargo generation caused &fulfillment.

7.2.2.3 Freight Community Involvement

Planners do not appear to haeasultede-fulfillment freight community members,
althoughthis assessmemtinnot be conclusivelsiccepted based ahe master plarf-or
example plannerdnterviewed unidentified stakeholders to gather data (CAE master plan,

2-1) and presertidevelopment options to stakeholders (CAE master ptdf)1

7.2.2.4 Investments and Policies

Planners compare existing infrastructure to forecastl needs and propose
correspondingairside infrastucture. For example, hie aircraft serving Columbia that
requires the longest runway length is a specific variant of the3@67 which require
longer runways fothan current available fully loaded takeoff (CAE master plan9h
The CAE master plan recmme n d28399foat extension to the end of Runway 11 in
order to achieve an wultimate | ength of 11,

(CAE master plan, 80). Most 767s serving CAE carry cargo rather than passengers,

5 https://www.faa.gov/data_research/aviatberospace_forecasts/268@5/media/2009 Forecast Doc.pdf
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signifying that the ruway extension supports cargo. The CAE master plan also compares
the area of theargo apron with forecasd cargo aircraft operation® assess adequacy

(CAE master plan,82).

7.2.2.5 Land Development

The CAE master plan extensively addredbesievelopment pential d airport
ownedland, including for logistics. The airpadistrict owns multiple properties adjacent
to the main body of the airport (CAE master plai33), some of which it is preserving for
aeronautical uses or buffers, and some of which ialnaady sold for aviaticrelated uses.
There is also a largglot directly adjacent to the cargo terminal and taxiways that it is

preserving for aviatiomelated industrial uses (CAE master plai21§ (Figure37).
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Figure 37. Land reserved for airport-related industrial usesat CAE.
Source: Diagram created by author with aerial imagery from Google Maps

The CAE master plan includes a chapter
Concpt ual Real Estate Devel opment P-bveddo), i n
land that should be considered forreorv i at i on d@AEenhsteppiaeld-1).0 (

The land is analyzed based on aeronautical restrictions, access, area, and topography
(aeronautical restrictions are depicted-igure38). Land is deemed to have commercial
viability, industrial viability, or no development potentasd a function of market needs,

and aeronauticaland environmentalrestrictions(CAE master planl10-5). The airport
commission has already developed some of the land beyond the northwest cargo terminal
into the Columbia Metropolitan Airport Industrial Park, with some parcels serving as

warehousing and distributioAnother large langbarcelsouthwest of runway 11/29 (near
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Emmanuel Church Road and Platt Springs Highway) is designated for commercial uses

because of its proximity to residences.
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Figure 38. CAE airport -owned land categorized by aenoautical restrictions.
Source: CAE master plan

7.2.2.6 Conclusion

Plannersonsidethedevelopmenpotentialof airportowned properties near cargo
terminals, including for logistics. Several sections require additiorfarmation to

understand iplanners acamt for efulfillment.
7.2.3 Charlotte Douglas International Airport (CLT)

Charlotte Douglas International Airport (CLT) is the ninth busiest passenger airport
in the country with 45 million passengers in 2015, and it is tAé@®&iest cargo airport,
with 135thousand metric tons of carg@Airports Council International North America
2015) CLT processes 3% as much cargo weagMemphis International Airport (MEM).

The airporist he second | ar gest hu bsinceits 2@8%Teergerc a n
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with US Airways. Cargo carriesich adJPS, FedEx, and Amerifliglgachoperate flights

to severaldestinations. Additionally, Air Transport International (ATI), which serves
AmazonPrimeAir, has begun operating flights between CLT and Cindir{@d/G), while

Prime Air carrier Atlas Air also operate routes with Lehigh Valley International Airport

(ABE) and Ontario International Airport (ONTCL TO6s air cargo tonnageée
declined by 32%andrecovered in the most recent yeangwing 15% between 2015 and

2016 (Airports Council International North America 2015)Dedicated freightersarry

mostcargo, with only 40% of cargmovingin bellyhold (CLT master plan, p-27).

The CharlotteConcord, NCSC CombinedStatistical Area(CSA) has two and a
half million residentswhich isroughly 1% of the national populati¢d.S. Census Bureau
2015) Theregionis also home t&152 billionin GRP (Bureau of Economic Analysis
2016) In 2015, the Charot t e r egi onds fastest growing i
business services, trade, education, and healthcare, while transportation Eugged.
Charl otte regi on 0 dn261§ placiagiyamong tieeviop d5% e@frU.S4 %

regions by yeapveryear economic growth rat@ureau of Economic Analysis 2016)

CLT airport has three parallel nortlouth runways, and one angledway (05/23).
It has a single midield passenger terminal with five concourses, most of which are
dedicated to American Airlines and partners. Cargo terminals are located on the south side
of the airport, directly opposite runway 05/23 of the passeegmirals, as well as on the
western side of runway 18L/36R. Separedegoterminals serve UPS, FedEx, American

Airlines, and most other carriers. The airport also includes a unique facility: a Norfolk

" Verified by checking flight records from CLT on FlightAwaltps://flightaware.com
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Southern rail intermodal yard on airport property leswrunways 18C/36C and 18R/36L

(Norfolk Southern 2017)

Figure 39. CLT airfield map .

Source: CLT master plan, p. 32.
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CLT ai MasmrRladg $)pdate: Airport Capacity Enhancement Piaas
released in 2016 (hereafter called @& T master plad). The CLT master plan was
undertaken t o r estepdgpasiengerogrowttn as areAmerigam Aitliiees
hub, which has continued unabated since the merger. The last update was conducted in
2010. This update aims to meet growth needs through 2033 with airside and landside
infrastructure. It was supplemented in 2017 tbg Airport Commercial Development
Strategy, which seeks to anchor growth in related industries around the @ulp@t

Development Sategists et al. 20177 his section analyzes both plans.

CLT masterplanrLandrum & Brown. 2016. ACharl ot
Airport. Master Plan Update: Phase 1.
Charlotte Douglas International Airport.

http://lwww.cltairport.com/News/Pages/DestinationCLTProjects.aspx

CLT commercial development strategy:MXD Development Strategists,
Jacobs, KimleysHor n, and Lyer | yottAQoruglasy. 2017.
Il nternational Airport: Airport Commerc
http://www.cltairport.com/AboutCLT/Documents/Economic
Development/CLT AirporCommerciaDevelopment Strategy FINAL March

27 2017.pdf.

7.2.3.1 E-fulfillment Influence

Plannersexplicitly recognizee-fulfilment as an influence on air cargo. The air
cargo forecassectionbegirs by listing the factors that influence air cargo, which include
e-retail / ecommerce, as well as truck substitution for air cargo,tréved of locaing
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manufactur ng f aci |l i ties near airports, and air
efficiency, range, and payload. Regardingpenmerceplannersstate that several types of

retail areraisingair cargo volumes, and that electronic repair (for exangplphores and
computers) is having an especially large effectesehtrends have primariipcreased

i ntegratorso vol expeadeddemand dor belyhold vapeaeity i(QLTY

master plan, p.-45).

7.2.3.2 Forecasting

The forecasting approach partially accounts é-retail cargo by employing
spatially aggregate growth rates that consedellfillment growth. Plannerslo notattune
growth ratego local factorsCargo activityis decomposed into three types for forecasting:
domestic freight, international freight and mai | . Domestic cargo
B 0 e i argdrgoactivity forecastdor North America, while international cargo growth
tracks Boei ngo air cirgoiadtivity fokerests(s icmc e mo st of
international cargo trade is with fua Americg. Mail is forecast to grow at the same rate
as domestic cargo (CLT master plan, g173. The approach of borrowing growth rates
from spatially aggregate forecasts only accounts for trendg-filiillment to the extent
thattheywereincludk i n Boeingds forecasts. Boeingos

not detail its methodology, but it does listemmerce as a fact@Boeing 2016)

The @argo volumes are converted to air carrier type and cargo hold type (i.e.,
bellyhold and dedicated freighter) by extending current splits among these carrier types.

Cargo forecast to béransportedby dedicated freighters is converteégto aircraft
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movemend assuming future composition of aircriéietsthat aresimilar to the present

(CLT master plan, p.-89). E-fulfilment couldthwart these assumptians

7.2.3.3 Freight Community Involvement

The CLT master plan does not document freight community involvemempldin
documend consulation with passenger airlines about passenger terminal alternatives and
repeated consultation with a Direction, Oversight, Review, and Agreement (DORA) work
group composed of the FAA, CLT airport, American Airlines, and consul{@hfs master

plan, p. 14).

7.2.3.4 Investments and Policies

Plannersnodel many aspects of airport activity to ensure that current and proposed
runways, taxiways, gates, and passenger areas are sufficient to accommodate thedforecast
aircraftmovementsand passeager activity. The recommeret terminal plan will require
the demolition of many existing cargo facilities (CLT master plan-23)8Plannersdo
not compare cargo needsth existing facilities or seek to adjust policies to accommodate

cargo.

7.2.3.5 Land Develoment

Land development recommendations are provided in the Airport Commercial
Development Strategy, that the City of Charlotte commissioned to encourage-private
sector development around the airp@WtXD Development Strategists et al. 2017)
Consultants performed a market analysis to identify compatiblesgsifining industries

that would provide noferonautical revenue to the airpddgistics is a majocomponent
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of suitable activity with fastt ur n
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Figure 40. CLT airport 6 sargdted industries by time distance

Source: MXD Development Strategist$2017)

Note: Low image quality in original.

The Airport Commercial Development Strategy proposes a fremind logistics

focused district south of the airport, near the predagtcargo terminals and the Norfolk

Southern intermodal terminal. The district is expected to accommodali@lment, as

shown inFigure4l. Actions to promote logistics development in the regimnspecified

including construction of a temperattzentrolled warehousgroadway enhancements,

truck fueling station, and incorporati of a foreign trad zone(MXD Development

Strategists et al. 2017)
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7.2.3.6 Conclusions

Plannersaddresse-fulfillment at the beginning of the plan as an influence on air

cargq andtheyaddress dulfillment in the followrup Airport Commercial Development

Pl an. I n between, the CLT master plands

7.2.4 Cincinnati/Northern Kentucky International Airport (CVG)

The Cincinnati/Northern Kentucky Internatial Airport (CVG) has experienced

enough unforeseeable changes in recent decades to confound any airport plan. On the
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Passengenctivity boomed in the 1990s as Delta Air Lines and Comair together built a
major hub, only to see the hub scaled back followmssenger shrinkages aftiee attacks

of September ™M and a prolonged Comair pildtstrike the same year. Comair cahse
operations in 2012, and Delta shrank the hub to a shadow of its former self (CVG master
plan, ES5). On the cargo side, DHiaintaneda hub in CVG, buéafter buyingAirborne
Express in 2003 it movetie hub toits proprietary airport in Wilmington, OH (ILN)I'he

DHL hub returedto CVG in 2009 with only international flights (CVG master plan, 3
61). In early 2017, Amazon announcedrd to build a Prime Air hub at CViRat will
ultimately employ 2,700 people antllize an estimated 40 aircrgftVetterich and Caproni
2017) In 2015, the airport moved 729iisand tons of cargo, which made it the ninth
busiest in the country and represented 11.5% growth over the previouGAyearts

Council International North America 2015)

CVG airport has three parallel norslouth runways, and one eagtst runway. The
passenger terminals are located midfield, and cargo ternairede the north, center, and
south sides of the airport. The largest terminal complex by far is the DHL facility located
in the airportads soutHger@d®t.e rOin ctohren eai r(p corwe
side is the DeltaAir Lines cargo terminal, andnother cargo terminal serving multiple
airlinesis just west of passenger terminal 1. Amazon has committed to building a very
large cargoterminal between the center and westernmost runways (runways 18C/36C and

18R/36L respectively|Wetterich and Caproni 2017)
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CINCINNATI/ NORTHERN KENTUCKY.
INTERNATIONAL AIRPORT

HEBRON, KENTUCKY

2035 Airport Master Plan

CINCINNATI/NORTHERN KENTUCKY
INTERNATIONAL AIRPORT

|SSUE RECORD

Figure 42. CVG airport map .
Source: CVG master plan, 711.

The region has enjoyed mostly uninterrupted population growth since at least the
1950s, and is home to over 2 million people in 2016&. Census Bureau 2017#$ GRP
in 2015 was $127 billion, which is nead% of GDP(Bureau of Economic Analysis 2016)

The region alstiostsoneof the largese-fulfilment clustersn the country.

The Cincinnati/Northern Kentucky International Airport 2035 Master Plan Update
(hereafter called thBCVG master pla®) was conducted in 2013, updating the 2007 plan.

In addition to conducting an inventory of facilities, forecasting aviation activity, and
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recommending capital projectglannersal so evaluate facilitiesbo

(CVG master plan, ES).

CVG master plan.Kent on County Airport Boar d. 2

Pl an. o

7.2.4.1 E-fulfillment Influence

The CVG master plan does not explicitly mente-fulfilment as an influence on
air cargo activity ltsf ocus on i nt egr atnayimdicitiynieceidess and s

fulfillment, particularly in later chapters such as forecasting.

7.2.4.2 Forecasting

Plannerscreate two scenarios: one for DHL growthdaanother for DHL
withdrawal . (The planning process precedes
forecasts revolve around DHL because the ai
volume at the time of planning (CVG master plar§13. The scearios were based on
interviews with DHL employees andn historical data. Although DHL $ub serves
international traffic, the forecasts?o cor

implicitly account for growth related ®fulfillment.

7.2.4.3 Freight Commuity Involvement

Planners consulted with a technical advisory committee that irechid# from
DHL, FedEx, and passenger airlines (CVG master pla).Dnterviews with DHL

management informed the forecasts by providing planners with information aHdut@s
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plausible growth scenarios and constraints to growth. Although the CVG master plan does
not specify the factors that DHL management referenced, rtteyhave included €

fulfillment since itis heavily concentrated in the region (CVG master plak), 3

7.2.4.4 Investments and Policies

Air cargo needs are compared with forecasted demand in a more abbreviated
manner than is typical for similar master plans. The CVG master plan references actions
by DHL to expand its cargo facilities, which suggestsEidk rather than the airport may
manage and plan itsargo terminals and aprons (CVG master pla7% Planners
summarizethe capabilities of cargo infrastructure without explicitly comparing with
forecasted demand. It ngtihat cargo space is available due®® Dt a A drawddwn n e s 0

of activity (CVG master plan,-60).

7.2.4.5 Land Development

While plannersrecommend osirport land uses (CVG master plan2p and
consider the airport's area of effect (CVG master pla®6)2and land's development
potential (CVG mastr plan, 297),theydefer questions afff-airportland development to
the OKI Freight Plan, whiclthey referenceseveral times. Published in 2011, the OKI
Freight Plarproposesa n air cargo park around CVG as
b us i KGKsRegional Council of Governments 201The XI Freight Plan does not

specifyimplementation stepsior precisely map or define the air cargo park.
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7.2.4.6 Conclusion

One of the CVG mast er spdpartnsitsrepedied o t er i

on integratorsd strat egoyr sadn ds on edeedesp.l yE n bnet doc
process provides an opportunity to | earn ct
plans.

7.2.5 Dallas/Fort Worth International Airport (DFW)

The Dallas/Fort Worth region in north Texas is the fourth largest U.S. sueta0
and contains the fourth busiest airport by passenger volume, the eponymously named
Dallas/Fort Worth International Airport (DFW). The regimakesup 3% of natioal GDP
(Bureau of Economic Analysis 2018hd 2% of populatiofu.S. Census Bureau 2015)
The region is expanding quickly, having grown its populabgri0% and its economic
activity by 29% between 2010 and 201Bureau of Economic Analysis 2016)his
combinedwi t h t he regionbés geographic centralit
retailers, both as a customer base and as a hub for national distribution. Companies such as
Amazon,Game$op, and Wayfair have establish&®€s and a number oé-fulfillment

startups also call the region hoif@arlisle 2017; Cho and Gales 2014)

DFW airport is unique in part for its enormous land area, which is the second largest
in the country, andor its seven runway@allas/Fort Worth International Airport 2017)
The airportdés cargo weight théll"bdsiestintheo us and
world (Airports Council InternationalNorth America 2015)The airport also hosts a UPS

hub. DFW i s at the center of one of the col
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DFW has five parallel runways and two angled runways. It hes gassenger
terminals and has cargo terminals on the northeast, southeast, and northwest sides of the
airporstt.erthP 8al I's on t9®406hRguedld) whilesRedEs | de (
houses its operationsthe t er mi naACd adrel telde 6lb®r t heast s
air cargo is located on the west side of the airport, between runways 18R/36L and 13R/31L.
Finally, bellyholdcargouses two terminals on the north side-@C) and on the south side
(6-AC). Both terminals are located midfield, which makes access to aircraft parked at the
midfield passenger terminals easier than a peripheral location that would require crossing

runways.
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Figure 43. DFW Airport cargo sites (actual andproposed preferred alternative)
Source: DFW master plan, 1\-82.

The Airport Development Plan Update (he
completed in 2009, updating the previous plan from 1997. It is one of theseaudister
plans among those usadthedocumenteviews, buisi ncl uded because of
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dense concentration offalfillment facilities. The DFW master plan has three phases
scoping and visioning, concept and integrated planning, and developing the passenger

terminal concept.

DFW masterplan:Dal | as/ Fort Worth I nternational
Devel opment Plan Update. 0

https://www.dfwairport.com/development/masterplan/index.php.

7.2.5.1 E-fulfillment Influence

Plannerslo notreferencee-fulfillment specifically. Still,theyacknowledge the link
between the airport and surrounding logistics actigéyng that "proximity to the Airport
drives growth and investment in warehousing, distribution, and logistics facilities"

(Dallas/Fort Worth International Airport 200@)FW master plan,-1).

7.2.5.2 Forecasting

Planners develoa base cargscenario and an alternate scenario. The base scenario
employs institutional forecasts, namely averaging the Airbus and Boeing forecasted global
cargo growth rates, which resultsan annualcargogrowth rate of 3.5%. The alternate
scenario assumeast growth by UPS while educated assumptions about growth rates
result in much higher (~18%) growth rates fioe firsttwo years and 3.5% growth rates
for the remaining years (DFW master plan;748). This forecasting approach does not
explicitly account forcargo growth related te-fulfilment, butit could easilyconsider

integrator reconfigurations in responseetfulfillment as part of the alternate scenario.
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7.2.5.3 Freight Community Involvement

Stakeholders were consulted to develop planning gthescostoutcome model
andterminalal t er nati ves. Some stakehol der groups
whereas others are not specified (DFW master plarg).lllAdditionally, unnamed
technical consultants proed i nf or mati on on A aides Isaggdoe , ter
handling systems, cargo, and support faciliti@FW master plan-4). UPS was likely a
stakeholder and as suotayhave provided feedback about changes in air cargo related to

e-fulfillment, even though the DFW master plan does not spdufyirlines consulted.

7.2.5.4 Investments and Policies

Planners applyconversion rates to forecast cargo activity and estimate
infrastructure needs, artdey compare forecasted nesdith currentcapacity Needs are
segmented by air carrier type (e.g., bellghalll cargo, and integrator) (DFW master plan,
IV-24). Forecastecheedsare compared witltapacityalong the same three categories,
using utilization rates to convert cargo volumes to warehouse and aircraft apron needs.
Plannerpropose expandg internatonal air cargo terminals with two new facilities on the

east side of the airfi elFidgure4laloep|l ed 0655 ACSO

7.2.5.5 Land Development

Plannersrefer questions of oeairport development to the 200Zommercial
Development Land Use Plan (DFW master pladl), which was updated in 2012
(Dallas/Fort Worth International Airport 2012The land use plapermits substantial

industrial developmenton airport property, particuly under runway approaches, as
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shown inFigure44. On-airport development is especially important at DFW because of its
very large sizeThe nearest AmazdrC (located aR700 Regent Blvd, Irving, TX 75063)

is in an industrial zonen airport propertyThe plan does not specifically encourage off

airport development.
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Figure 44. DFW commercial development land use plan 2012

Source: Dallas/Fort Worth International Airport (2012)

7.2.5.6 Conclusion

DFW Airport alreadyhostse-fulfillment and will remain an attractive location for
eretailers who

is implicit in the DFW master plaiih e

wi s h dawo hub. &or the neost pagfulfillmente s s

explicit

t

(0]
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publication before mst of the e-fulfilment expansion that has occurred over the past

several years had begun in earnest.

7.2.6 John F. Kennedy International Airport (JFK)

The New York metropolitan region i s Ame
largest regional economy, accoumgt for approximately 9% of U.SGDP (Bureau of
Economic Analysis 2016and 6% of the populatioU.S. Census Bureau 2017dhe
regi on 0 slloved iztea nfcehsor t hree maj or commerci al
F. Kennedy International Airport (JFK) is one the thresgorairports owned and operated

by the Port Authority of New York and New Jersey (PANYNJ).

JFK Airporthas mai ntained its traditional sta
air gateway, welcoming passenger and cargo airlines from around the world to create very
high international connectivity, with an especially strong present® European market.

JHK Airport is not dominated by any one cargo airline, but rather has attracted large cargo
volumes frommany U.S. and international airlines, using both bellyhold capacity and
dedicated freighters. Eightpur airlines from six continents serve the airp(fPort
Authority of New York & New Jersey 2017American Airlines carries the most cargo
weight followed by FedEx, Delta Air Lines, China Airlines, and Korean (Aiew York

City Economic Development Corporation and Port Authority of New York & New Jersey
2012) (JFK Air Cargo Study, p. 36). Nonetheless, cargo consolidation fuel price
volatility, security costs, and a shipper preference for cheaper ground transportation have
reducedcargo traffic at many airports, including JFK, which lost 20% of its cargo tonnage

between 2006 and 201Airports Council International North America 2015; New York
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City Economic Development Corporation and Port Authority of New York & New Jersey
2012) There are relatively few sites available near the airport for logistics activity because
ofther egi onds dense devel opment . M mdeesbbyer , f

the cityds requirement that t((NYCORTs20ll)se a Vv

Although JFKAIrport does not host antegrator air hupboth major air integrators
are present, and it has very large bellyhold and freighter capacity. The airport has two sets
of parallel runways and several separate passenger terminals. The very extegsive car
terminals are spread over four zones with nearly 28 million square feet of space for cargo,
as shown irrigure45 (JFK Air Cargo Studychapter 6, p. 2). Zone A primarily serves Port
Authority administration and Japan Airlinespne B serves domesti@rciers; zone C
serves DanzasB Emirates now known as DHL Global Forwardingnd zone D serves
FedEx and several other airlines. Many buildings were built for specific carriers who no
longer use them, and many require renovatachievemodern operating standards (JFK

Air Cargo Studychapter 6).
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- Cargo Facility

Figure 45. JFK Airport cargo zones.
Source: JFK Air Cargo Study, chapter 6, p. 3

The JFK Air Cargo Study was completed in 2012 as a joint effothe Pot
Authority of New York and New Jersey (PANYNJ) and the New York City Economic
Devel opment Corporation. Compared with ot h
Study exhibits a greater concern with mai
geneating economic opportunities for the neighborhood and city. The study examines the
air cargo mar ket and JFK Airportds place i
l evel s of cargo activity that haveifcbeen |
initiatives that the City and the Port Au

Executive Summary p. 2).
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JFK Air Cargo Study: New York City Economic Development Corporation, and
Port Authority of New York & Wedww Jer se
Technical Report. https://www.panynj.gov/airportsifie-masterplan

designcompetition.html.

7.2.6.1 E-fulfillment Influence

Planners addressfulfilmentdé s 1 nfl uence on air cargo a
York region.Plannerdreat ecommerce asone ofhe ten fcriti cal car
influence air cargo shipments and are present at JFK Airport (JFK Air Cargo Stapier

2, p. 3). Specifically, the JFK Air Cargo Study says

AE-Commerce.Many of the shipments generated by home shopping networks,
catalogue shopping, and most recenttgpenmerce, require specialized facilities

for efficient processing and expedited delivery. Accordingly, these shipments have
a greater tendency to move by air or expedited trucking. This has accelerated
demand for & cargo operations in general and integrator operations in particular.
Much of this fulfillment requirement is met by businesses concentrating operations

on or near airpor tceapterg, p.BK Air Cargo Stu

7.2.6.2 Forecasting

Planners create three airrga scenarios with low, moderate, and high annual
growth rates. The growth rates are based on previous analysis conducted by the PANYNJ
that examined timseries cargo data for sensitivity to factors such as competition from

other modes, changes in fuelstocompetition from other gateways, and the relative
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strength oweakness of demand for transportation to/from Europe and Asia (JFK Air Cargo

Study,chapter 6, p. 44)E-fulfillment is not explicitly considered in scenario creation

7.2.6.3 Freight Community Invivement

Plannerssurveyed and interviewefiteight generators, carriers, and handl@rs
Ai denti fy operating requirements, necessar
primary strengths of t hehager3, p.d)TheeéxtensideF K Ai r
freight community involvement includeshippers, carriers, and other tenants. There were
at least three types of airport user involvemEistarein-person interviewsrl he planners
made presentations to the cargo community and discussedrthaglprocesses and goals
with Acargo personnel from most of the Air|
regional freight forwarder s anchapter@ot2pb ms br
Secondare phone interview, which planne®nduced with 21 cargo station managers.
The interviews discuss the adequacy of the
access to the airport, airport operations, airport and regional policies, airport costs, regional
costs, ease of doing businesgpvernment considerations, economic development
considerations, and thétveo otaar PADNYNI airposts thaehbsa t i o n
freighters (EWR and SWF) (JFK Air Cargo Studhapter 3, p. 17)Finally, planners
conducted a s uwroyeycoammunh tAywillda aaety afrcggo. 0O
organizationsvereinvited to participate (JFK Air Cargo Studthapter 3, p. 2)The freight
community involvement may have includedetailersand / orcarriersable torepresene-
fulfillment trends andheedsFor instancecarriers may have beeble toconvey trends

related toe-fulfilmentander et ai | er s needs.
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7.2.6.4 Investments and Policies

Plannerscompare existing infrastructuoapacitywith infrastructure needs based
on forecasts (JFK Air Cargo Studshapter §. Plannersuse facility planning utilization
rates to convert cargo tonnage for different types of carriers to facility square footage needs
(JFK Air Cargo Studychapter 6, p. 48), anthey estimate warehoes office, aircraft
parking, trucking and other facilitiegequirementsas a function of forecasted cargo

volume (JFK Air Cargo Studyghapter 6).

Several other aspects setthe stapggwtf r om t ypi cal airport ma
institutional place within the managing organization reegimnuch more attention than is
typical for a cargo plan. The JFK Air Cargo Study recommends that the PANYNJ establish
cargo as a fAbusiness cent e achievether,ldevelop & e n u e
single cargo vision for the PANYNJ, and give caggmarketing budget (JFK Air Cargo

Study, Section A, p. 2 and p.12).

Detailed policy recommendations address a multitude of ways to streamline cargo,
related to the provision of physical infrastructure and services for cargo, tenant relations,
landsideaacess to cargo facilities, marketing, and-aifport services. These policy
recommendations do not menti@fulfillment by name, but they would doubtlessly
improve er et ai | er s o access b ec auslandsidelygreund addr e

transportation tofb-airport warehouses
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7.2.6.5 Land Development

Ensuring adequate land for airpoefated functions like logistics occupies a major
portion of the JFK Air Cargo Study because
Much offairport land is already delped. Nonetheless planners recommend
rationalizing the allocation of airport property to accommodate egegeratingunctions
(JFK Air Cargo Study, Executive Summary, p. 4; Section A, p. 1 and g:hg&y also
encourageff-airport concentrations of ngo-generating activitu nder t he br and
v i | | Rlagrersadsesshe market feasibilityf specific propertiesmearthe airportfor

cargegenerating activitfJFK Air Cargo Studychapter 8, p. 21).

7.2.6.6 Conclusion

The JFK Air Cargo Study is one of tfeav studies thareatse-fulfillment explicitly
as an influence on air travel and creates plans to encourage logistics at the airport. The JFK
Air Cargo Study also seeks to overcome ltbgasticsrelatedchallenges imposed by its

location within a highlybuilt up metropolitan area with constrained land supply.

7.2.7 Piedmont Triad International Airport (GSO)

The Piedmont Triad International Airport (GSiS)in the Triad region among the
cities of Greensboro, Winste®alem, and High Point, NC. The Greensbdfmston
SalemHigh Point Combined Statistical Area has 1.6 million resid@ntS. Census Bureau
2015) Ther e g i o n O strad&ticnally cemeyed otobacco, furniture, and textiles, and
in the wake of their decline the region has instead encouraged technology, education,

logistics, and healthca(€ity of Greensboro, n.d.)
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GSO airport i"Sbudest&.S .aigportrby cargdlanded Beight, and
it is the 97" busiest passenger airport, with 850 thousand emplaned passengers in 2016
(Federal Aviation Administration@®L6) The airport hosts a FedEx hub and many aviation
related activities, including the.8l headquarters and manufacturing center of the Honda
Aircraft CompanyHonda Aircraft Company 2017) he airport has two parallel runways,
one of which opened in 2010 for the FedEx hub. There is another shorter perpendicular
runway. There are two main cargo terminals, bothtezstan the north side of the airfield
(right of Figure46). One terminal is dedicated to FedEx, and the other serves the remaining
cargo carriers. There is a midfield passenger terminal, and several relatedrs per #he

airportés periphery, especially on the eas
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Figure 46. GSO airport layout.
Source: GSO master plan, 24.

The Airport Master Plan Update and Strategic L&ange Visioning Plan
(hereafter called thB8GSOmaster plad) waspublishedn September 2010. The last master
plan update was begun 1997 butwassuspended when FedEx selected the airport as its
Mid-Atlantic hub becausef the changesequired to accommodatedEx(GSO master
plan, 12). Major constuction projects have occurred since the plan was suspended,
including building passenger terminaxpansions F e ché&x facgities the Honda
Aircraft Companyb6s headquarters, and a

master plan, -B).

Airport-certric development concepts under th&erotropolis brand are
incorporated into the G3master plan in several ways. First, the plan built upon a 2008
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