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understanding of spatial hierarchies and nodal ectivity by determining which specific
variables most influence and shape the geograplstiibdition of air freight by
metropolitan area using stepwise regression arsalysi

The empirical results suggested a regression nufdéle independent variables
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CHAPTER |

INTRODUCTION

Much of the previous literature on air transpodathas paid more attention to
passenger issues than air freight matters, pagitalse air freight has been measured as
an output of air passenger service. On the otlmmdhair freight is playing an
economically significant role in the allocation wstture of many different firms and
businesses, which have found that the higher lang tosts of air service can be balanced
by lower charges for inventory, warehousing, andkpging. Moreover, because of its
speed and the resulting savings, air freight serlaees grown to be a crucial asset to many
manufacturers, retailers, and buyers. Nowadayscaxgo is essential in worldwide
commerce, which is confirmed by the fact that ab®df6 of U.S. sales overseas are
shipped by air (Leinbach, 2004; Moline, 2004; MwplDalenberg, & Daley, 1989;
Rodrigue, 2006; Yamaguchi, 2008).

Since the Second World War, the amount of carguwiliged by air transport has
increased significantly, and thus air cargo hasotveca crucial mode of international
transport for a growing variety of commodities. tlBeen 1980 and 2004, domestic air
cargo had the most rapid growth rates amongst atla® of transport in terms of ton-
miles (Figure 1). Domestic demand for air cargovise in the U.S. grew the most

rapidly, largely reflecting the growth in all-cargarriers. Also, the expansion in air



cargo volume is partly related to structural change the U.S. economy and the
increased emphasis of just-in-time production m#shand speed of delivery (Bell &
Feitelson, 1991). Furthermore, the growth of argo is associated with the flow of
courier business and the rise of integrators likeEx and the United Parcel Service
(UPS), which provide door-to-door and time-spediféeliveries (Leinbach, 2004). By
2020, U.S. freight shipments are projected to aseeto nearly 26 billion tons of cargo,
valued at nearly $30 trillion, and air freight ispected to carry 15% of the total value of

shipments. More specifically, Leinbach (2004) ediahat
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Figure 1. Growth in U.S. Domestic Freight Ton-MilgsMode: 1980-2004

Source: U.S. Department of Transportation, Reseamdhnnovative Technology
Administration, & Bureau of Transportation Statisti2006



Domestic freight volumes are expected to grow byranthan 65%,

increasing from 13.5 billion tons in 1998 to 22.#idn tons in 2020.

Domestic air cargo tonnage is projected to neaipjet over this period,

although its share of total tonnage is expecteénmain small (p. 35-36).
Therefore, air freight plays a significant rolesimaping the local and regional economies,
and that role will become more significant overdim

Today’s modern airplanes can carry thousands ohg®wf freight anywhere on
the globe in twenty-four hours. The commoditieattbomprise the bulk of air freight
shipments include high-value and time-sensitiveprsi@nts, such as electronic goods,
telecommunications equipment, medical and pharm@aadu products, luxury
commodities, and photographic equipment (Helms,9198o0ganis, 1991; Rodrigue,
2006). The diverse product range means air calays [@ significant role in meeting a
variety of shippers’ daily needs. Additionally, K#2004) argues that “an efficient,
reliable and economical air cargo industry helpsréate jobs, raise income levels, attract
foreign investment, promote higher standards ohdgjyand in general, act as an engine
for economic development” (p. 5). For example,imyrthe period between 1977 and
1990, Memphis (FedEx), Cincinnati (DHL), and Loulkev (UPS) had employment
growth rates of 53%, 64%, and 40%, respectivelgd@fRubin, & Strong, 1997) in part
due to their competitive advantage as major frelgiiis. In another example, the new
mid-Atlantic FedEx hub in the North Carolina Piedrholriad area which began
operation late 2009 is projected to generate nezd®|P00 new jobs and stimulate $9
billion in economic growth during the first sixtegears of operation (Lawlor, 2003).

Because air transportation is the main focus df ltagy-distance shipping in the United



States, developing a better understanding of heowcargo can drive and shape local
employment patterns is critical.

According to Moline (2004), nowadays, several firnae increasingly
concentrating on transportation and distributioprapches in order to more efficiently
utilize resources and lower storage costs. Casbifa have played a significant role in
elevating logistics — this includes inventory, wsaoasing, material-handling and
packaging, and supply chain-related activities -aadtal sector of the economy. In
2001, about $1 trillion was spent on logistics bysUfirms, where 34% of this was
coupled with inventory shipping expenses. The ophiiction to ‘just-in-time’
manufacturing has resulted in goods arriving “iegse quantities at the time they are
needed rather than being stored in a warehouselir{®]®004, p. 7). Therefore, the cost
for shipping the inventory declines, efficiency reases, and client desires are met with
rapid speed. Al Chalabi and Kasarda (2004) hageeat that airports have progressively
become increasingly sophisticated hubs of operstilbat promote and stimulate logistics
and distribution activities that can shape the naban businesses clustered near the
airport. However, Hesse and Rodrigue (2004) haxguesl that economic and
transportation geographers need to pay more aitent logistics, transportation and
freight distribution. There is also a need to Hert articulate the fundamental role of
transportation infrastructure in attracting morevestment to a region and creating
regional identities.

The purpose of this dissertation is to determinackvispecific factors most

influence and shape the geographic distributioaiofreight by metropolitan area using



both the U.S. Bureau of Transportation Statist®8S) and Census data sets. Since air
freight has become one of the fastest growing seatothe U.S. economy in general and
the U.S. cargo industry in particular, the goatlo$ dissertation is to construct a better
understanding of the critical role that air freigiiays in the U.S. economy. Therefore,
this dissertation will examine the traffic shadoffeet, several socioeconomic variables
(e.g., population, education, income, etc.), ddfgrtypes of manufacturing activities
(e.g., high-tech, medical diagnostic, transporpgimg-freight, and pharmaceutical and
biotech), and various cultural products industf{eg., jewelry and cosmetic goods) that
have the greatest potential to shape air freigHuree in order to determine the
underlying causal dynamics that shape variaticthén'geography of air freight’ volume.
For the independent variables that measure sp@aéinomic job clusters, five economic
indicators will be used to assess the quality amantity of these clusters. Those five
indicators for the clusters include number of dsthlments, total employees,
employment market share (%), total wage ($), aneramye wage ($). Overall, this
dissertation will investigate if significant airefight volume by metropolitan area is
accompanied by employment growth in related jolstels ‘on the ground’.

Air cargo is rapidly increasing as U.S. businestage for the timely delivery of
high-value goods, which in turn creates greater ateinfor various air freight and
intermodal services. The work of this dissertati®rcrucial because in 2002, U.S. air
freight shipments were valued at over $770 billialmost double the $395 billion total
for 1993 (U.S. BTS, 2004). Between 1991 and 2@lfreight shipment grew by 38%

in terms of pounds (U.S. BTS, 2005a). U.S. BT0@Mlso argued that these growth



rates are expected to continue as U.S. interndtioade expands and the demand for
speedy and timely deliveries grows.

Overall, this dissertation will highlight the impgance of spatial organization, in
general, and the inter-metropolitan hierarchicadtey, in particular, in shaping the
geography of air freight markets. Moreover, thissdrtation will examine the
relationships between air transportation, regiospécialization, and agglomeration
economies. Therefore, the work of this dissenmatwill contribute to the current

literature on air transport geography and metro@oleconomies.



CHAPTER Il

REVIEW OF THE LITERATURE

The purpose of this dissertation literature reviswto examine the literary
contributions made by geographers, economists,ofimelr academics in the field of air
transport in general and air freight in particulafhe dissertation literature review is
organized in the following way. In section 1, atten will be drawn to the basic
research problem regarding the dissertation hygethe An efficient, reliable air cargo
industry can be a significant engine for econongeaflopment, but up to now researchers
have neglected the ‘geography of air freight’, &sdmpacts on regional economies and
few have contemplated the subject material with @@y depth. Section 2 discusses the
key forces driving the growth of international aargo services. Origin-destination air
freight flows have recently experienced a substhmticrease in cargo volume and are
expected to continue to grow in the near futuréffeBential air freight growth rates may
significantly restructure the U.S. metropolitan momy. Section 3 discusses how
freighter aircraft development has shaped freigbtements around the world and in the
United States. Section 4 addresses the key dysameicind the growth of the U.S. air
express market, especially FedEx and UPS. Thdsgrators are the world’s largest
freight transportation companies, providing fastl aeliable delivery to customers and
businesses around the world. Developing a bettdenstanding of the integrators’ role

in shaping air freight geography will help to explahe substantial growth of air



freight volume for some U.S. metropolitan marketSection 5 addresses the various
types of air cargo products since most air freighiblves high-value and time-sensitive
shipments. Section 6 focuses attention on regylatoncerns, including aircraft noise,
congestion, and security issues in order to see fegwlatory policy can influence the
flow of air freight shipments. Section 7 focuses sbme of the complex factors that
affect air freight market, as well as freighter-@isg airlines considerations when
selecting an airport. Due to the limited empirioadearch on air freight, section 7 also
addresses the influence of some potential sociagnmnfactors that shape the geography
of air passenger traffic. Understanding such factan help policy makers understand
the importance of preparing a sufficient airpoftastructure in order to boost air freight
markets and attract highly skilled firms and empley to the region. Section 8 briefly
discusses Kasarda’'s hypothetical concept of ‘agpotrs’. Understanding such notions
might help us better understand the influence gdoais in business location decisions
and in developing new urban forms. Finally, theegal research hypotheses will be
revisited and discussed in light of the perceivatk lof research reported to date in the

existing literature.

1- The ‘Geography of Air Freight’ and MetropolitafEconomies: The Missing Pieces?

The ‘geography of air freight’ is still a missingepe in current research studies in

air transportation. Therefore, it needs and desemore consideration and assessment

particularly as it shapes and influences regionahemies - this dissertation is a first step



in that direction. Murphy et al. (1989) statedttheost of the previous air transportation
research has paid more attention to air passemig@nsair freight issues, partly because
air freight has been considered as an afterthowaghir passenger services. On the other
hand, air freight plays an important role in deteing the competitive strategies of
several companies and businesses, which have tbahthe higher line haul costs of air
service can be compensated for by lower chargesdew inventory, warehousing, and
packaging. In addition, because of air transpapseed of shipment and the resulting
cost savings, air freight service has become isangly valuable to numerous
manufacturers, retailers, and consumers. Todagaago is crucial in international trade,
which is confirmed by the fact that about 30% ofiteth States sales abroad (by value)
are transported by air (Moline, 2004; Murphy et 4989). By 2020, U.S. freight
shipments are projected to increase to nearly B@rbitons of cargo, valued at nearly
$30 trillion, and air freight is expected to cart$% of the total value of shipments
(Leinbach, 2004). Consequently, air freight caayph significant role in shaping the
local and regional economy, and that role will bmeanore significant over time.

Even with the growing significance of air freightarpcularly regarding its
contribution to the local and national economy, tp now there has been no
comprehensive study of the ‘geography of air fréiglAccording to Hesse and Rodrigue
(2004), Rodrigue (2004), and Vowles (2006), thaisicant role of freight transportation
in the geography of production, consumption, arstrithution of urban areas has been
largely ignored. Specifically, these authors hakgued that economic and transportation

geographers need to pay more attention to and exjbeair concentration on logistics,



transportation, and freight distribution. Thereaiso a need to further articulate the
fundamental role of transportation infrastructuraitracting more investment to a region
and in creating various regional identities (Hegdeodrigue, 2004).

Hesse (2002) also argued that distribution netwddggstics, and transportation
systems greatly influence economic structural ckammd can also shape the physical
and social environment related to these changes.th® other hand, he also suggested
that it is difficult to evaluate the net-effecttodnsport-generating and substituting forces
because of the lack of accurate data and suffidasé studies. Hesse also stated that
there is a real need to clearly understand the ablegistics and freight transport, and
thus “future research should be directed towarasvdwrious implications of logistics
technologies, organization and infrastructure émms of supply and demand, customer
behavior, environmental outcome, spatial dynamigs)esse, 2002, p. 236). Hesse
(2002) also found some evidence that e-commertikely to support the longstanding
trends of transport growth, and he concluded thatenemphasis should be placed on
widely examining e-commerce with regard to the whdistribution system and to its
application in firms and households.

Additionally, the concept of just-in-time produatiand delivery has increased
the importance of air shipping for some businesges;unfortunately, very few studies
have investigated its implications for transportwoek management and how it may
change the existing geographical behavior of ecan@utivity. According to Janelle
and Beuthe (1997), transportation is the leastarebed segment amongst all the various

factors that have promoted a shift in worldwideresraic activity. Moreover, the authors

10



also state that a need exists for better researdhansport geography; “for example,
information on commodity flows must be tied to dpeccities and urban regions (in
addition to national levels of aggregation) anchlailable in time-series form to capture
the processes and patterns of linkage between lafceroduction and consumption”
(Janelle & Beuthe, 1997, p. 206).

A fuller understanding of the complex relationshgrsd spatial outcomes that
exist regarding freight movements is a crucial congnt towards a better understanding
of how more reliable, efficient deliveries in highskilled sophisticated urban regions
shape metropolitan economies. Woudsma (2001) inggested that there is a demand
for more research that explores and understandsshbsgtantial economic changes affect
the movement of urban freight. According to Woudsf2001), some of the factors that
explain the lack of research on urban freight mosetninclude: a tendency to focus
attention on understanding automobile movemenésctimplexity of freight movements,
and the lack of reliable data. Woudsma (2001) atated that there is not a
comprehensive understanding of freight movemerntisdosurban areas.

Despite this, several transport geographers haamniered air passenger flows and
how they have shaped regional economies (Alkaddf42Alkaabi & Debbage, 2007;
Brueckner, 2003; Debbage, 1999; Debbage & Delk,12@oetz, 1992; Ivy, Fik, &
Malecki, 1995). Most of these studies have foumat hew forms of production and
distribution networks connected to the ‘knowledgeonomy have the potential to
substantially reshape the spatial distribution ioftrnsport systems in general and the

geography of air passenger demand in particuldro#t the international and national

11



scale. Despite these findings, little research basn conducted by these authors
regarding air freight.

The end result is that the ‘geography of air fin€igs still relatively under-
researched even though it is a topic worthy of aseri consideration and further
investigation. What is needed is a synthesis ef geography of air freight’ in order to
provide a more comprehensive understanding of hetoader socio-economic context
influences the ‘geography of air freight’ by metolipan area. Consequently, the
conceptual focal point of this dissertation is t@mine the spatial distribution of air
freight shipments by metropolitan area and deteemaithich socio-economic factors have
the greatest potential to influence and shape #ogmphic distribution of air freight

volume in U.S. metropolitan markets ‘on the ground’

2. Key Forces for Air Cargo Expansion

Although the ‘geography of air freight’ has beerdenresearched, it is important
to remind the reader that this industry has expedd remarkable growth rates in recent
years both nationally and internationally; therefathis section of the literature review
will discuss those factors that have most contatuio the rapid expansion of the air
cargo industry.

According to Johnson and Gaier (1998), internatiomia cargo traffic has
increased at an average yearly rate of 8.6% owelas$t ten years, whereas passenger

traffic has increased at a rate of 4.8% over thmeséime period. Despite the higher

12



freight growth rates, it is the geography of aisg@nger transportation that has received
more attention in the traditional academic literatu Additionally, Carron (1981),
Gardiner, Ison, and Humphreys (2005), and ZhangZéwachg (2002) have argued that air
cargo and air passengers have some significarftgrelt features in terms of scheduling
time and routing. For instance, nighttime is thezf@ct time for shipping cargo (with
departures after 9 P.M. and arrivals in the earymmg hours), while passengers prefer
traveling in the morning and early evening. Caadgp travels in one direction (from a
production point to a distribution node), whereasgengers tend to make round-trip
journeys to and from centers of business, factor@@sl tourist destinations (Carron,
1981; Gardiner et al., 2005; O’Kelly, 1998; ZhangZ&ang, 2002). O’Kelly (1998) in
addition argued that unlike air passengers, cagyoes in substantially different sizes,
shapes and weights, and there is a growing demanfidighter aircraft and all-cargo
airlines to handle the increased demand for higiedp just-in-time delivery. These
fundamentally different characteristics suggest #@ra understanding of air passenger
networks does not necessarily imply an understgnalimir cargo networks.

One of the main reasons for the rapid growth incango in recent years is the
unique competitive advantages that can be gaineghipyping by air rather than by
ground. According to Fam, Chin and Koh (1992), grewing demand for the air
transportation of both passengers and goods reftbet high value placed on reducing
travel times. Ohashi, Kim, Oum, and Yu (2005) a&rdbat the choice of air cargo
transshipment hub by freight forwarders is more@#d by time cost (e.g., loading and

unloading time at airports, customs clearance a&her@rocessing time, and waiting time
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for the next available flight) than the financialsts (e.g., landing fees and line-haul
price): “a 1-h reduction in total transport and gassing time for a particular origin—
destination air cargo traffic would be more effeetihan a $1000 reduction in airport
charges” (p. 149). Additionally, the air transpdidn of freight can also help to lower
inventories at branch warehouses; avoid the camditof extreme heat, humidity, and
vermin (often found in ocean-going vessels); ofielarger range of air freight routes
through both scheduled and non-scheduled air esyrrigminish the chances of damage
to commodities compared with other shipping methatsd reduce insurance costs
because of reduced theft and damage rates (Fam E33R2).

Bowen (2004) has summarized and listed severafdatygrs that have boosted air
freight volume in recent years. Bowen argues ttatrapid expansion rates of air freight
flows can be related to the rapid growth of glolcalmmerce, where extended e-
commerce has played a major role in this conté&kbreover, the increased production of
knowledge-intensive commodities with high valueateight ratios (e.g., semiconductors
and other electronic components) has contribute@rtoincrease in high-value, low
weight products. According to Bowen (2004), 20%wofldwide air freight tonnage was
electronics and computers in 2002. These typgwaducts can easily compensate for
the high shipping costs associated with air frelggtause of the high price to cost ratios
associated with such products. Bowen (2004) algoeal that the decline in air freight
prices has played a vital role in allowing for thl@pping of more low-value products.
According to Bowen (2004), air freight rates hawer@ased by more than 3% by year

partly due to the introduction of larger, long-rangnore fuel-efficient freighter aircraft
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(e.g., the Boeing 747-400F, and A380) and the asidibf more liberalized air freight
markets that offer more competitive environmentgarding pricing. Additionally, the
rise of integrators such as FedEx, UPS, TNT, and. ids played a major role in
boosting air cargo volume since they provide fesdtable shipping coupled with door-to-
door delivery service on the ground (Bowen, 2004).

According to Kasarda, Green, and Sullivan (200Qountries should view air
routes as highways in the sky” (p. 6). Accordiodiasarda et al. (2004), air cargo offers
certain companies the opportunity to enhance thgiply chain management strategies
while also reaching distant markets. Kasarda.€R8D4) also argues that businesses that
generate the most sizeable benefits from air cdrgguently decrease inventory
expenses, boost efficiency, enlarge their market,aald new consumers.

Moreover, Kasarda et al. (2004) argued that, atthaair freight carriers account
for less than 2% of international commerce by weititey ship around 40% of the world
value of commerce due to the increased demandniail slight, compressed and high
value-to-weight ratio products. These new forms vebrldwide commerce and
investment (e.g., electronic-commerce, worldwidepptying and manufacturing
networks, and global businesses in perishable gidtbch commodities) tend to prefer
air transportation for their shipping demands (Zh& Zhang, 2002). Therefore, the
capacity and effectiveness of air cargo servicesiraportant keys for the expansion of
these new forms of globalization. The authors asgued that now anything (e.qg.,
“heavy machinery, automobiles, high-technology pment, textiles, footwear and

fashion clothing, furniture, pharmaceuticals, sedfdive animals, fruits and vegetables,

15



aerospace components and seasonal toys” (p. zit)rém be put onto a big airplane is
commonly transported globally by air. As a conssme, air express delivery services
account for more than 70% of all air cargo consignts in the U.S., and international air
cargo traffic is anticipated to triple in volumeofin 2000 to 2020, with worldwide air
express increasing three times as quickly (Kasetr@h, 2004).

According to the U.S. BTS (2004), air freight isoging quickly because U.S.
businesses require the timely delivery of expengiweds. Air freight shipments were
valued at more than $770 billion in 2002, almosicemhe $395 billion total for 1993
(U.S. BTS, 2004). Even though air freight's markk#re in terms of tons and ton-mile
totals are generally still minor (less than 1%) paned to annual totals for other shipping
modes, air cargo’s utilization continues to expamuiring the period between 1993 and
2002, tonnage totals increased by 46% and ton-totkds grew by almost 63% (U.S.
BTS, 2004). In addition, the value of commoditsspped by U.S. commerce increased
from $56,000 per ton in 1993 to $75,000 per tog0A2 (U.S. BTS, 2004).

Without any doubt, air transport in general andfeeight in particular play a
major role in meeting the demands of the ‘new’ ezon. Therefore, air freight volumes
have increased significantly over time. Today, Hpeed, agility, and reliability of
delivery systems has become a key competitive ddganfor some companies and
businesses. However, the question is, how doraigt flows play-out spatially? How
do the U.S. metropolitan economies shape and rigewa the ‘geography of air freight’
demand? What are the key metropolitan factors hiaat the potential to shape the

spatial distribution of air freight markets? Piivig answers to these questions is crucial
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because of the remarkable growth rates in air titeflpws. These air freight product
flows may influence employment patterns more diyetttan passenger flows. In other
words, answers to these questions may help usrhetterstand how to build strong
regional economic markets that attract new firmg are able to produce additional jobs

and workers for the local work-base.

3. Freighter Aircraft Developments

The remarkable growth of air cargo shipment volumas been partly influenced
by the rapid expansion of freighter aircraft seegi@and innovative aviation design. Over
time, introducing a variety of new aircrafts intobet operational fleets has indirectly
contributed to the ‘reshaping’ of the spatial disition of air freight markets. Today’s
modern aircraft can ship thousands of pounds @ccanywhere in the world in twenty-
four hours. The enhanced technology of freighiieraft, substantial increases in freight
capacity, significant fuel efficiency gains, andnswmlerably lower air freight rates have
all attracted for high-value commodities and snmedditional manufacturing markets
with lower-value products into air freight market.

Vowles (2006) argued that few studies have beere donaircraft development
and how it increases the critical role of air ty@or$, in general, and air freight, in
particular. Pitt and Norsworthy (1999) argued tiat development of the jet engine has
played a beneficial role in the history of the coenanal airline industry. The jet engine

has several features that have changed air tramsipois character, including lower
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maintenance costs, and a decrease in operatinqigege Developing the jet engine
afforded better output and performance and prdfitgplovhen connecting origin (supply)
and destination (demand) markets by air (Pitt &3\varthy, 1999).

According to Pitt and Norsworthy (1999), the figgtneration of air transport
included the Boeing 707, 727, and 737 and the McBtDouglas DC-8 and DC-9
which rapidly became the most successful long-racg@mercial transports serving
multiple global and domestic destinations. Theseraft flew at impressive speeds
(maximum of 623 miles per hour for the B707), arairied heavy payloads (67,736
pounds for the DC-8). Their high passenger capdaitaximums of 259 seats for the
DC-8) effectively linked significant population demns around the globe (Pitt &
Norsworthy, 1999).

Even though these types of jets contributed toeis®es in air cargo volume, they
faced some technical difficulties. They requiretd, heavy landing gear in order to
allow the best rotation angle for take-off with@atraping the back of the fuselage on the
landing field. During the 1970’s, various ‘wide<ho aircraft (including the Boeing 747,
the DC-10, the Lockheed L1011, and the Airbus A88fes) were developed in order to
overcome the limitations and the deficiencies afma-bodyaircraft, which opened the
door for various worldwide businesses to excharmgr tproducts and serve growing
global needs (Pitt & Norsworthy, 1999). The aushargued that these ‘wide-body’ jets
were characterized by a larger capacity (betweeh t29500 seats depending on the
aircraft type) and bigger payload weight (betwe8m@3%5 and 177,684 pounds depending

on jet type). Wide bodied jets had two long walksiamproved engine design, less fuel
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consumption, and reduced noise levels (Pitt & Norsiy, 1999). All in all, they were
more reliable, comfortable, and profitable airctafin earlier aircraft.

Pitt and Norsworthy (1999) and Zhang, Hui, and lge(2004) argued that during
the 1980’s and the 1990’s, new aircraft such asBibwing 757, 767, 777, MD80 series,
MD11, and Airbus (A320, A330, A340) entered the kearplace to compete with
existing aircraft. These short/medium and mediangl range aircraft, with their
advanced navigational systems and improved enggrfermmance coupled with enhanced
fuel efficiencies, have all contributed to movindddional numbers of people as well as
freight (Pitt & Norsworthy, 1999; Zhang, et al. 200 Even though these types of
passenger aircraft have smaller space for freightpared to the all-freighter aircratft,
they significantly contributed to increasing théatosolume of air freight because of their
reasonable market price. In 2008, the EuropeabuaiCompany introduced the largest
commercial freighter aircraft ever built (the A38@)the market, and it is expected to
outperform the Boeing 747- 400F both in terms abmand payload (Bowen, 2004).

O’Connor (2001) has arguethat designing new types of passenger aircraft
directly influences air cargo movements because be#f of all air cargo moves on
passenger flights and many new passenger airplareeseadily convertible to all-
freighter designs, such as the Boeing 727, 737, @bd 767. Today, most all-freighter
aircraft are either converted passenger planes #g@gC, DC-8C, and DC-10C) or were
prepared at the factory as freighters based oorigsal design of passenger aircraft like

the 727F and DC-10F (O’Connor, 2001; Bowen, 2004).
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Bowen (2004) has argued that three major typesr dfeaghter carriers currently
dominate the market place: heavy freight airliresnbination carriers, and integrators.
Heavy freight airlines ship cargo only from airpdot airport and focus on long-haul
services (such as Cargolux and Nippon Cargo Aslnehile combination carriers move
both international passengers and cargo traffiaraatdhe world (e.g., the A-340 Airbus,
the MD-11, and the Boeing 747-727-757) (O’ConrZf)1; Bowen, 2004). By 2000,
around 20 large international combination carri@g., Lufthansa, Korean Air, China
Airlines, Aeroflot, Northwest Airline, Air Franceand Singapore Airline) operated
considerable freighter fleets (Bowen, 2004). Thst Itype of carriers that operate
freighter aircraft are referred to as integratoifiese are companies that provide the air
and ground shipping functions usually carried gutiiferent firms (like airlines, freight
forwarders, trucking firms) in order to provide aseless’ door-to-door service (Bowen,
2004). According to Bowen (2004), FedEx, UPS, TNihd DHL have become the
largest integrators in the world by offering reiat¢ shipment tracking and time-definite
delivery services. In the 1970s, these integrdtegan as small-package express carriers
but gradually shifted toward heavier cargo, whicks hraditionally been handled by
forwarders (agents focusing mostly on connectingshapper like an electronics
manufacturer exporting semiconductors to an airlisi@pping line or trucking firm,
and/or linking transportation services companiethéconsignee) and airlines (Bowen &
Leinbach2004).

Air freight transport has increasingly played adamental role in the shipment

of goods and services due to the increased deneartohfe-definite delivery, production
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flexibility and speed characterized by the new \kiexlge-based’ economy. Developing
more innovative cargo airplanes attracted both yrecs and shippers that require high
speed and large capacity freighter to ship prodtatgarious urban regions across the
world. The development of more sophisticated typefeighter aircraft to the overall
fleet has significantly increased air freight shents and reshaped air freight movements
in some key metropolitan markets. We now turn ta@e detailed overview of the air

express market.

4. The Growth of the Air Express Market: FedEx - (&P

In the 1970s, the U.S. air express industry grewesponse to the increased
demand from shippers for reliable, door-to-dooreroight shipment. The U.S. air
express market's volume was almost $5.5 billiord @88 (Ligon, 1992). Ligon (1992)
argued that before air express service became lgraadilable, shippers used to depend
on airlines and air freight forwarders for only eglfed or emergency deliveries. The air
express industry has several features that digghgts services from other traditional air
freight services that focus exclusively on airporairport service. For example, unlike
traditional air freight providers, major U.S. akxpeess companies utilized several hubs
with widespread geographical coverage; practicetglsi vendor management of
shipments from door-to-door; employed computertatiechniques for pickups and

deliveries, tracking and billing; offered time defe and dependable delivery; handled
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heavier and larger commodities; and charged lesgpaced to scheduled airlines (Helms,
1989; Ligon, 1992).

Numerous legal transformations in the U.S. transpion industry helped in
developing the air express industry. A numberhese reforms were caused by public
demand for better air service by encouraging mas&etpetition. On November 9, 1977
the U.S. air cargo industry was deregulated undenaments to the Federal Aviation
Act, Title IV, Section 418. The Motor Carrier Aaif 1980 extended trucking
deregulation to include vehicles controlled bycarriers, enabling air express companies
to co-ordinate air freight with crucial trucking enations. Deregulation reduced
significant government restrictions and “opened dber for air express to successfully
compete with the scheduled airlines, air forwardarg trucking firms” (Ligon, 1992, p.
284) by lowering prices and creating a new markebernight delivery. According to
Ligon (1992, p. 285) “air express growth was oneh# greatest accomplishments of
deregulation.”

A large portion of air express shipments origypationsisted of documents;
however, as air express clients started to sendindeets by facsimile machine or
electronic mail systems, the air express documeatkeh experienced a significant
decline in quantity in the late 1980s. As a resailt express companies like Federal
Express decided to move into heavier weight comserts in order to enhance income,
develop local and international market shares, samgblify their clients’ delivery needs

(Ligon, 1992).
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Two decades ago, Ott (1987) and Helms (1989) arthadhe air express market
significantly reshaped the U.S. economy. Busirfeass now rely increasingly on air
express delivery for materials that previously wameentoried. Quickly changing
industries, such as the fashion and beauty businegstransport exclusively by express
air. Catalog trades too have relied on air exprfasss for expanded mail order
capabilities. As automated devices, personal ceenpuand other equipment have
become pervasive, air express delivery for parts r@pair has become an expanding
market.

Even though U.S. air express companies were slownrnderstand the full
significance of the worldwide market, they have madveral successful entries into
certain foreign markets since the 1980s and nowrofarious global services. The
increased demand for just-in-time (JIT) inventorgchniques and the increased
importance of global production networks also explavhy some U.S. air express
companies are developing their international apress market shares. Furthermore,
Ligon (1992) argued that “as transportation comgsihiave begun to recognize that their
customers are not purchasing a specific mode ogpartation, they have become more
creative in their use of more than one mode insBatig customers” (Ligon, 1992, p.
294). Unlike traditional air freight carriers, &xpress firms (e.g., Airborne and Federal
Express) frequently operate central national warebs at their hubs that serve as
significant component of some of their clients’ tdizution systems. Ligon (1992)
argued that conducting a “study of the growing roleexpress in a firm’s distribution

system could reveal to what extent the industry déw@abled its customers to develop
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competitive advantages over competing firms” (Ligd®92, p. 294). Although the
future of the air express industry is unstable bseaof the shifting worldwide scope of
air shipments in addition to the shift to just-imé& production methods in the United
States, it is clear that the industry is fundamlgntanterconnected with broader
production networks, and may therefore, play ai@mt role in shaping a metropolitan
area’s economy. We now turn to a brief overviewsofne of the major air cargo

companies in the United States and overseas.

4.1. Federal Express (FedEXx)

In 1973, Federal Express (known as FedEx) initiaiisd operations as an
integrated air express service and pioneered ménlyeoservice innovations that now
characterize the U.S. air express industry. FedBrse Memphis (TN) as its
headquarters because of its central geographicatitm and its stable weather (Ligon,
1992), while the other U.S. air express hubs acatéa in Indianapolis (IN), Anchorage
(AK), Fort Worth (TX), Newark (NJ), Oakland (CA)nd Miami (FL) (FedEx, 2005).
The company targeted small package shipmentsthetitompany was permitted by law
to promote its overnight letter service. In 19B8deral Express moved into heavyweight
air freight with its acquisition of The Flying Tig&ine, the largest all-cargo air carrier in
the world (Ligon, 1992).

Moline (2004) argued that since air cargo deregriain 1977, which permitted

FedEx to use larger capacity planes (such as Bo&iig and McDonnell-Douglas DC-
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10s), the FedEx Company has experienced a periogpad growth. About 3.3 million
parcels and documents are shipped nightly by Feepess and the company has a
combined lift capacity of over 26.5 million poundsery day (Moline, 2004). FedEx
airplanes routinely travel almost one-half milliomles every twenty-four hours, while
FedEx couriers log 2.5 million miles a day (equardlto 100 flights around the globe)
(Moline, 2004).

Ott (1987) argued that the market share of the kgd@&mpany will continue to
be healthy as long as the company continues toigeo® high level of service and
effectively tracks consignments and manages infoomafor clients. FedEx has
continuously innovated by providing new mechan@atservices to its air clients, such
as computer hardware and a metering system, aadraffnew parcel and letter tracking
capabilities (Ott, 1987). By using the hand car$uper-Tracker machine, for example,
FedEx employees help provide their customers withcurate picture of the location of
their shipments at every point on the trip (Ott872P Today, FedEx Express serves every
U.S. address and more than 220 countries and oréegt with more than 138,000

employees worldwide (FedEx, 2005).

4.2. United Parcel Service (UPS)

Due to the growing demand for faster air parceivedey in the 1980s, UPS

entered the overnight air delivery business andecthe largest ground parcel carrier

and air freight forwarder in the United States (URS805). In 1982, UPS started its
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operations from the Louisville air hub, and by 1988°S Next Day Air service was
available in all 48 states and Puerto Rico, whilaska and Hawaii were added later
(UPS, 2005). That same year, UPS entered a newitlranternational air package and
document service, linking the U.S. and six Europeations. In 1988, UPS received
authorization from the Federal Aviation Administoat (FAA) to operate its own aircraft,
and today UPS Airlines has become one of the Ige$rairlines in the United States.
The main UPS air hubs are located in Louisville jKFhiladelphia (PA), Dallas (TX),
Ontario (CA), Rockford (IL), Columbia (SC), Harttbr(CT), and Miami (FL) (UPS,
2005).

Today, UPS is the world’s largest package deliveoynpany and a leading
worldwide provider of specialized delivery and ktgs services. UPS manages the flow
of freight, funds, and information daily in moreath 200 worldwide countries and
territories (UPS, 2005). By 1993, UPS was delivgrill.5 million packages and
documents a day for over one million regular cbe(WPS, 2005). In order to keep up
with this massive growing volume, UPS had to buifgl new technology to maintain
efficiency, keep prices competitive, and offer newstomer services. Tracking is
available now through the UPS Web site, and in 20lthe tracking requests reached a

record-high of 6.5 million requests in a single ¢a¥S, 2005).

26



5. Air Cargo Types

Despite the current downturn (2009), the U.S. ii§ estperiencing a remarkable
growth in air cargo traffic, which is expected wntinue in the near future. Therefore,
developing a better understanding of what compraegargo will help to distinguish
which types of air cargo are most influential iragimg U.S. metropolitan economies and
related employment patterns. O’Connor (2001) ssghat it is important to recognize
the diverse products being shipped by air becabsg give a clear image of the
significance of air cargo to the economy. Ovetak main types of cargo shipped by air
include mail, expedited small-packages, and ainglfte products like electronic
equipment, machinery and parts, auto parts andgsaoges, photographic tools and films,
tools and hardware, metal products, medicines, nppaeguticals, drugs, instruments
(controlling, measuring, medical, optical), chenscélements and compounds), food
preparations, edible fish, fruits and vegetablesg, flowers, various bakery products,
plastic materials and articles, printed matterivi@ar, animals, sporting goods, toys, and
games (O’Connor, 2001). In the following subhegdjrwe will examine in more detail

each type of air cargo traffic.

5.1. Air Freight: High-Value and Low-Weight Produst

The crucial importance of air freight in shapingtrapolitan economies is the

tendency to ship high-value, low weight productsttban generate substantial revenue
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and impact employment at the final destination angin. High-tech component parts,
pharmaceuticals, and medical devices are the sbpsoducts shipped by air, and these
are all freight products consumed by highly skillethovative sectors of the economy.
The implication here is that metropolitan areascseing in this sort of air freight
shipment may be developing competitive advantages other metropolitan areas by
providing the appropriate air cargo shipment féesi and air freight operations to affect
such shipments. It is important, however, to fettet small freight items like ballpoint
pens or daily articles of clothing and fashion-wedsich many people may consider as
low cost products are in fact high-value for trasrsation purposes — that is, by weight
unit — and they will often ship by air.

Doganis (1991) argued that unlike air passengersireght is diverse. For
instance, one can sort air freight by the weightath shipment, or one may consider the
types of commodities being delivered, or classifyfeeight by the required speed for
shipping. By contrast, O’Connor (2001) argued thatidea behind low-value and high-
value terms is that a high-value (per weight uitégjn can bear a high transportation
charge because weight is a main determinant opsigpfees. High cost shipping may
comprise a small percentage of the price tag ofgh-talue commodity; however, it
might comprise a substantial share in the priceofdgw-value goods.

According to Doganis (1991), Haggerty (2004), ani@@nor (2001), recent air
cargo shipments can be separated into three caegor

1- Emergency traffic. where the main concern is time, and the costbfast less

important. It could include life-saving drugs imeedically urgent situation (e.g.
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vaccines) or shipping a machine part for an assemiie in a plant where the
entire line is shutdown until the line is repaireEmergency traffic comprises
only a small quantity of recent air freight markatre.

Routine perishable traffic: planned traffic, sensitive to time, and less @wned
with shipping prices. This category consists dffeawers, fish, fresh vegetables
and fruits (e.g. strawberries, cherries), and pdniaterials (e.g. magazines and
newspapers whose value expires rapidly) althougméed for air service is fairly
inelastic.

Routine surface-divertible traffic (or routine non-perishable freight): in this
group, the cost factor turns out to be most impadrtavhile the speed factor
becomes minor to cost concerns. Some shippersrgeesend cameras, toys, and
tools by air instead of using lower-cost transp@taalternatives because they
think that they can save in other ways in relationwhat they spend for the
transportation charge. For example, they may He &b avoid the costs of
carrying large inventories, the costs of warehaysiand the problem of
obsolescence. Additionally, the psychology ofmiigatisfaction from fast service
encourages shipment by air. The supplementaryloj@went of air cargo relies
mostly on convincing shippers that it may be bemaififor them to switch some
of their traffic from surface to air. Even thougie public’'s perception of air
cargo may still be coupled to the idea that mosetipcts involve time-sensitive
and perishable shipments, the larger share of rduéict currently comprises

products categorized as routine surface-divertible.
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According to the UK Department for Transport (2Q08y shipments usually
have been used for high cost products, perishaimenmodities and emergency items
(whether in the case of accidents or disastersgomnmercial needs including legal
documents, medical records, financial papers, coenglisks, tapes, and additional parts
for production. On the other hand, with the expamsn air freight capacity and the
reduction in air freight rates, the range of casb@pped by air has expanded. Today, the
commodities that make up the greater part of aight include specialist machinery
(especially electronic goods), telecommunicationgjuigment, medical and
pharmaceutical products, textiles, foodstuffs, phdtographic equipment.

Currently, perishable commodities like luxury fopftsreign fruits, frozen meat,
fish, flowers, newspapers, and fashion clothestta@emajority of products requiring air
transport. Since the commercial life for theseigh@ble commodities is short, air
transportation is merely a way to move the proddicdsn maker to customer in an
expeditious manner. The shipping costs are frefyubigh in relation to the price of the
product for such goods but can be acceptable iffitte¢ customer is willing to pay a
premium (UK Department for Transport, 2000).

Air transport is also used to ship regular nongie&ble commodities because the
savings in other costs like inventorying expensas eimburse the high costs of air
transportation, resulting in increased pressureslagistics chains and just-in-time
inventory system. JIT inventory refers to the néedravel through the manufacturing
supply chain to arrive at their point of consumptat exactly the time they are desired.

Air freighting is mostly appropriate for these cmmnents because of its speed and
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reliability compared to long haul routes over landsea (UK Department for Transport,

2000).

5.2. Mail

Another type of air cargo is mail, which mostly lutes letters, bills and
payments of account, postal cards, financial paerd advertising. Even though this
dissertation focuses most of its attention on na@i-nfreight, it is important to
acknowledge the significance of the mail markehisTsubset of air cargo industry has
been largely overlooked and is another ‘missingcgdien air transport research that
deserves further investigation and empirical anslys

According to Johnson and Gaier (1998), mail is sagment of air cargo that
represents the total shipments of U.S. and forBigstal Service letters and small parcels
that are usually transported under long-term agee¢snbetween the Postal Service and
the individual carriers. However, mail does natlude letters and small boxes
transported with express and overnight servicescoAding to O’Connor (2001, p. 158),
“in 1998, mail accounted for about 11.5 percentaof cargo ton-miles of the U.S.
scheduled airline industry, 13.7 percent of itsgoarevenues, and 1.5 percent of all its
operating revenues, passenger and cargo combined.”

The United States Postal Service (USPS or Posta&icgg is one of the largest
organizations in the world, providing mail serviegth 807,596employees and total
operating revenue of $69 billion in 2004SPS, 2004). The primary mail services that

USPS provides to the businesses and public inclirdeclass mail (e.g., letters,
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postcards, statements, invoices, and typewrittetoorputer processed correspondence),
standard mail (e.g., printed matter, pamphletsalogs, newsletters, direct mail, and
merchandise), express mail (which provides guaeahteernight delivery for documents
and packages weighing up to 70 pounds), priorityl feag., documents, gifts, and
products), periodicals (e.g., magazines and nevespgpand package services. The
major markets for these services are the commuorsgt distribution and delivery,
advertising and retail marketSorkin, 1980; Tierney, 1988; USPS, 2004). In 2004,
USPS moved over 206 billion pieces of mail for B4hillion delivery pointsUSPS,
2004). Unfortunately, few researchers have addei® role of this organization in real
depth and how it influences the geography of th®. thailing industry. Tierney (1988)
points out that even with the significant servicattthe USPS provides, most people still
know very little about the important function ofighorganization. Also, Sorkin (1980)
argues that even with the notable size of the BdStal Service’s budget and labor force
and the significance of timely mail delivery to messes and customers, there has been
very little academic economic analysis of USPS.

Unlike private carriers, the USPS is a governmeonaopoly, which means that it
possesses the right under federal law to leaveoiess’ envelopes and packages into
their regular mailboxes (Olds, 1995). On the othand, Ferrara (1990) argues that
because of the government-mandated monopoly std#tuee USPS and the lack of
competition, USPS has become less innovative whatults in producing slow,
unreliable, and expensive mail service. Also, Qifar (2001) argues that certain trends

in airline flight scheduling have badly influence®&PS’s performance. For instance, the
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development of hub-and-spoke systems have reduwchamber of nonstop flights
resulting in slower daylight service. Additionallpnany overnight flights (particularly
freighter services) have been eliminated. Likeeotkinds of cargo, mail tends to be
gathered at the end of the business day and needsight service. To overcome this
condition, USPS decided to acquire its own fleedigblanes to complement the services
it offered through the scheduled airlines (O’'Conri01). However, as an alternative,
USPS has also signed deals with cargo carrierselilggrarticular freighter airplanes are
completely committed to shipping the mail, withogds on overnight service (O’Connor,
2001). Also, according tBellet (2005) and Taylor and Hallsworth (2000),retleough
USPS is currently the only mail carrier in the JiSnow faces strong competition from
e-mail and private operations such as the UPS, ¥eattfl DHL which has forced USPS

to improve its business policy and renovate itslpots and services.

5.3. Expedited Small-Package Services

Increased demand for fast and reliable deliverysofall and time-sensitive
packages has significantly contributed to the ghowft air cargo traffic in several U.S.
metropolitan areas. The rise of integrators swchalEx and UPS has played a vital role
in boosting the air express market by providinggaificant level of direct door-to-door
service through their own fleet of aircrafts andkpip and delivery trucks. Acquiring a

better understanding of the small package air lfiteigdustry will help us to better
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understand the role of air transportation in higstphisticated metropolitan markets that
place a great emphasis on expedited shipment ondestay delivery.

According to O’'Connor (2001), expedited small-pagka(or air express) is
another subcategory of air cargo. “A practicalirigébn of a ‘small’ package is one that
can be picked up by one employee without need fechanical aids” (O’Connor, 2001,
p. 159). A lot of these packages are very smallwaeigh a pound or two; for instance,
some of these parcels are envelopes including destsr(e.g., designs and payroll, or
other financial records). Other packages can weighto 50 pounds or 70 pounds
including computer chips, medical equipment, vidpes, commodities, or substituted
parts for machinery (O’Connor, 2001). O’Connor@{2Pargued that this sort of service
is commonly recognized as “air express” as diststged from “air freight”, and until the
early 1970s, it was a quite small and a largelypigd part of air transportation.

The remarkable growth of expedited small-parcdfitrédhat started in the early
1970s has continued into the 2000s. According tmnCand Ponder (1979) and
O’Connor (2001), an excellent example of this expam is FedEx, which started its
services in 1973 with a door-to-door service deinag small packages.

According to Ray (1998) and O’Connor (2001), likedEX, other carriers provide
expedited small-package service like UPS and EméZonnor (2001) also argued that
it can be difficult to distinguish between smalkgage service and traditional air freight
carriers as the maximum size for a shipment ine®asdue to competition and the
growing need to load space on large planes. Fpamce, FedEx and UPS now offer no

maximum weight limits for their services (O’ConngQ01).
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O’Connor (2001) also pointed out that regulatheduled passenger airlines
also contributed to the growth of small-packagevises. The majority of scheduled
airlines ship small packages in the belly-holdhdit aircraft. Additionally, a number of
airlines provide pickup and shipping service in bamation with passenger service
(O’Connor, 2001).

Although overnight services command high pricesalspackage traffic is still
growing remarkably due to the high demand for fimsé-sensitive shipping from several

metropolitan markets.

Delivery is time-sensitive rather thamprice-sensitive.... Customers are

willing to pay for time-especially when the delal a business day can

cost thousands of dollars. (For the same readenait express industry

doesn’t suffer from the destructive price wars tiate plagued the airline

industry) (O’Connor, 2001, p. 160)

O’Connor (2001) argued that the new concept oft‘judime” has played a
fundamental role in developing the small-packageketawhereby manufacturers and
retailers maintain remarkably small inventories aegend on speedy efficient delivery
of raw materials, components, and completed predoot a daily basis. Air express
traffic has been affected by the development ottedaic mail although electronic

communication (such as the Internet) by customersrter products has helped the

express carriers by generating additional shipm@Sonnor, 2001).
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6. Regulatory Concerns: Aircraft Noise - Congestio8ecurity Issues

Many metropolitan airports have been significantifiluenced by regulatory
policy regarding aircraft noise, congestion, anambland security issues, which can
indirectly shape the flow of air freight shipmemssome major metropolitan markets.
Examining how policy can constrain shipments willh us to better understand air
freight movements and variations in door-to-doapgimg-times in some metropolitan
areas that can have a significant impact on lagdlragional economies.

Ligon (1992) argued that air express flights ugubégin during nighttime hours
since sorting operations at most domestic hub®fea scheduled between 10 P.M. and
3 AM. By 1990, there were operating hour limipas at many major U.S. airports.
Some air express companies decided to move to attparts that were not as strongly
constrained by nighttime noise rules. Air Freighdésociation found that with no
established federal policy on airport noise, apress companies faced a wide range of
local rules restraining operating hours, partidylahrough the significant nighttime
hours (Ligon, 1992).

Baron (1976) and Al Chalabi and Kasarda (2004) hangried that the rapid
increase in air freight volume has out-strippeg@it capacity in several key locations.
Al Chalabi and Kasarda (2004) have pointed out thatlimited capacity expansions of
the 1990s caused substantial delays during the tywars previous to the 9/11 World
Trade Center crisis. As a result, Al Chalabi areb#&da (2004) argued that many air

express and cargo companies had recently movece v the process of moving to
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less crowded locations. For example, FedEx, UR9%, ,and the U.S. Postal Service
have re-positioned some hubs to medium-sized addrused airports (e.g., Greensboro,
NC), and they have also established secondary imukmaller airports resulting in a

more widespread geography of air freight (Al Chalalkasarda, 2004; Gardiner et al.,

2005).

Medium-size hubs rarely experience major air-spamegestion problems, and
they frequently afford truckers direct high-speednmections to nearby interstate
highways. An additional asset at medium-size hgbthe additional room for cross-
docking facilities. The need for freighters to kpigp and combine shipments at night
(after the business day), and to organize andialiér early the next day, has encouraged
some carriers to position themselves at medium-si#e airports, particularly on the
periphery of major urban centers (Al Chalabi & Kasa 2004; Gardiner et al., 2005).

Al Chalabi and Kasarda (2004) indicated that addél space is also required for
security reasons. The events of 9/11 have extetiedemand for more secure services
and a need to isolate cargo from passenger opesatid secure airport border, with a
sufficient on-site area for cargo, seems now tabey selling point. Because of the
delays caused by significant restricted securityises, many shipments are often held
for twenty-four hours, thus, increasing the de&readditional storage space (Al Chalabi
& Kasarda, 2004).

Al Chalabi and Kasarda (2004) have also argued due to the significant
restrictions on space and operations at large hpbres, new security concerns, and the

growing emphasis on separating passenger and cgygmations, there has been a
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growing interest in developing all cargo-focusedpaits. Good examples include
Huntsville International Airport in Alabama and Wlhce Airport near Fort Worth in

Texas.

7. Air Transportation and Economic Development

Air transportation has been, and will continue & h significant influence in
shaping critical geographical concepts such as exivity and linkage, development
patterns at different scales, and the worldwideneooy (Vowles, 2006). Since the
Airline Deregulation Act of 1978, the U.S. air teport system has developed a highly
interdependent network where passengers and freightansported through major hubs,
from distant spokes, to their final destinationsut{Bn, Lall, Stough, & Trice, 1999;
Cohen & Paul, 2003; Feighan, 2001; Goetz & Sutt®97; Zhang & Zhang, 2002).
More critically, air transport explains the grovahd economic development of different
urban areas through the delivery of freight, s&wvjand people from specific origins to
specific destinations (Alkaabi, 2004; Alkaabi & elye, 2007; Brueckner, 2003; Button
& Taylor, 2000; Debbage, 1999; Debbage & Delk, 20B8betz, 1992; Goetz & Sutton,
1997; Ivy et al., 1995; Mason, 2005; O’Connor, 2008ter et al., 1997). On the other
hand, it is not yet clearly understood how the gaphy of air transport at both the global
and national scale are influenced by new formsrofipction networks ‘on the ground’

that are explicitly linked to the ‘new’ knowledgeaomy.
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Unlike air passenger demand, the air freight maikefffected by more complex
factors, such as shipping costs, the overall sthemd the economy, various safety
policies, and environmental policies. For examjilés harder to determine the price of
shipping freight compared with the cost to movegbealue to the additional specialized
services that are required for freight such as lagdloading, unloading, classifying,
storing, packaging, warehousing, and inventoryir@anjbridge Systematics, Inc.,
COMSIS Corporation, & University of Wisconsin — Miukee, 1996). Also, the local
economy can significantly affect the type, weigiantity, and prices of freight that is
being shipped. For instance, a strong economy withigh gross domestic product
(GDP), high average incomes, and significant custatonfidence can trigger substantial
consumer spending on various types of expensivenumtities in large quantities
(Cambridge Systematics, Inc., et al., 1996). Kdsaand Green (2005) argue that an
established statistical mutually interdependent aadsal relationship exists between
levels of air cargo traffic and both GDP and GDP gegpita. The authors also suggest
that aviation liberalization, advanced customs ficacand lower government restrictions
tend to generate higher levels of air freight, ¢sa@nd economic development (GDP per
capita and foreign direct investment). Less cisavhich specific places most benefit
from these economic inter-relationships.

There are also several critical factors considdrgdreighter-operating airlines
when selecting an airport as a hub base includiggtroperations, final costs, airport
cargo reputation, the influence of freight forwasjeairport road access, customs

clearance times, financial incentives from the @irpauthority, and trucking times to
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main markets (Gardiner et al., 2005). For examplany non-integrated airlines are
looking for lower charges for landing, handlingdael, as well as improved facilities
and infrastructure when they choose an airportditkahally, air freighter operators tend
to seek locations with a significant geographicasariration of freight forwarders at an
airport given their key role as an interface betwskippers and airlines (Gardiner et al.,
2005; Ohashi et al., 2005). As a result, it isam@nt for airports to position themselves
carefully as part of an overall supply chain systbyn developing links with local
industries and establishing relationships with majappers, manufacturers, traders, and
forwarders on the ground. Gardiner et al. (200f) Zhang et al. (2004) also argue that
airlines with strategic alliance partners (e.garStlliance -Lufthansa and United, and
OneWorld- American Airlines and British Airways)\Jebeen influenced to locate near
to alliance partners in order to gain a better eating service for transit cargo, allowing
carriers to establish broader network coverage foora location as well as to benefit
from the advantages of joint marketing.

Just-in-time pressures, e-commerce, and the inogatendency towards
outsourcing distribution have also led to increasledhand for air cargo services in
general and for air express services in particul@herefore, many cities are trying to
attract airlines to build up operations in theirrk@s but this frequently requires the state
and the federal governments to support financigemtives, various tax reduction
schemes, and infrastructural investments (Osteal.et1997). Despite these costs, air
cargo hubs can significantly alter the economiaatizristics of a metropolitan area and

fundamentally change the location decisions of othesinesses, as well as the overall
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economic structure of the region. For instancestihg an air cargo hub can provide a
longer shipping day to businesses heavily reliantaw shipments (Oster et al., 1997).
Moreover, firms that rely on air cargo can accrywiae and service benefit by locating
in an air cargo hub city compared with a non-hulp @ster et al., 1997). For example,
the expenses of delivery service can be lower whershipment only has to be carried
by air from the hub directly, instead of also betagried by ground or air to the hub
(Oster et al., 1997). That is important to somemsirs because their ability to compete
and succeed relies significantly on the deadline &oshipment and the cost of that
shipment.

Oster et al. (1997) also studied how changes in@mgent in the air cargo sector
of the regional economy are connected to changegahemployment in the region. The
authors studied the influence of major air freigtdmpanies on their hub city
employment in Memphis (FedEx), Cincinnati (DHL) dabouisville (UPS). Oster et al.
found significant employment growth in all three mkets immediately after hub
operations were established. However, it is ingrdrto be aware that in addition to air
cargo employment there are several other factats ¢hn cause changes in regional
employment levels. Therefore, it is crucial toegrate into the study other explanatory
factors in order to provide an improved understagaif how air freight shipments might
change overall employment levels in a metropolésea.

Oster et al. (1997) also tried to estimate the al@conomic benefits of an air
cargo hub facility on a local economy. AccordiogQster et al. (1997), every job at the

FedEx hub in Memphis created an additional 2.75s jab the Memphis regional
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economy. Additionally, Oster et al. (1997) fourtdhtt several companies established
warehousing operations in Memphis in order to edigie on the reduced shipment time
benefits of being located near the hub. Exampfesompanies that chose to locate in
Memphis, in part, because of FedEx included botardaAshley (a women’s clothing
firm) and Phillips (a producer of high-tech meditabls and computers) (Oster et al.,
1997). Both companies are significant clients efléral Express’s Business Logistics
Services, a sector of Federal Express concernet stimulating the growth of
warehousing and inventory facilities in FedEx m#sk@©ster et al., 1997).

Despite the increased importance of the ‘geogratayr freight’, to date, there is
no comprehensive empirical study that systemagicadldresses what factors are most
significant in shaping the spatial distributionaof freight markets. Also, the critical role
of government policy at all levels (federal, staaaed local) in shaping innovation and
technological change in the air freight industry een largely overlooked. However,
several air transport studies exist that have adeehow the geography of air passenger
volume and airline route connectivity can shapeor economic growth patterns.
Although the geography of air passenger markets loeafundamentally different to the
‘geography of air freight’, some insight may bergal by reviewing how air passenger
demand shapes regional economies ‘on the ground’.

Brueckner (2003) argued that passenger airlinacEnhave become significant,
dynamic factors in shaping urban economic develaoprdee to increasing air passenger
volume, the facilitation of face-to-face contactttwiirms in other cities, and through

stimulating new business markets and employmemtiran a region. For instance, he
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found that “a 10 percent increase in passengerapapients in a metro area leads
approximately to a 1 percent increase in employmanservice-related industries”
(Brueckner, 2003, p. 1455). However, Bruecknen &sind that airline passenger traffic
has no influence on manufacturing or other gootlded employment levels, thus
suggesting that air travel is more important regaycemployment generation service-
related businesses where the propensity to fly bealyigher. Moreover, the author found
a negative correlation existed between proxinaitygl passenger traffic where small and
medium-sized metro areas that are near a largeraggperienced a diversion of traffic,
which lowered local enplanements.

Brueckner (2003) also argued that both the totplfadion in a metropolitan area
and the percentage of the population over 25 wittpléege degree have significant
effects on total passenger enplanements. A lapg@ulation base not surprisingly
generated additional passenger demand. He alsal fimat a 1% increase in population
totals triggered a 1% increase in passenger enpems, and highly educated
metropolitan area tended to produce more airliagi¢rthan poorly skilled areas. These
results partly confirm the idea that highly edudgteople are more likely to work in jobs
that significantly depend on business travel ammé-a-face contact. Brueckner (2003)
also found that highly educated metropolitan asgasnot always preferred locations for
manufacturing or other goods-related businesses.

lvy et al. (1995) argued that highly skilled firm&th nonstandard activities
demand access to a highly professional labor @maless to producer services, advanced

transportation networks, information technology,d asophisticated communication
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infrastructure. Therefore, these nonstandard iievpaid less attention to income rates,
location costs, taxation, congestion, pollutionmne, and increased competition. Ivy et
al. (1995) stated that unlike highly skilled firrtisat care more about locating in highly
sophisticated agglomerative urban economies, hbllarananufacturing producers with
standardized production focus more on how to redaloer costs, taxes, transportation
costs, and how to achieve larger benefits for imapganies by positioning themselves in
low wage areas.

lvy et al. (1995) found a statistically positivekKage existed between changes in
air service connectivity (measured by airline ftighchedules of the major U.S.
commercial airline carriers) and administrative andiliary employment levels (e.qg.,
research laboratories and financial services) b§. UWnetropolitan area for the period
between 1978 and 1988. This finding indicates #waservice connectivity plays a key
factor in making industrial sites attractive to fessional firms that require face-to-face
contacts with other customers, companies, and rtgrke

Unlike Ivy et al. (1995) who examined route connatyt levels, Debbage (1999)
examined air passenger volume for the 10 largepbis in the U.S. Carolinas, and
found that those metropolitan areas that expertem@csignificant growth in air service
passenger volume (e.g., Charlotte and Raleigh-Doyhgenerated higher levels of
administration and auxiliary employment. Debbage ®elk (2001) also confirmed
some of the early research conducted by Ivy et(1#895) and Debbage (1999) by

examining the changing administrative and auxilisgnployment levels and air
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passenger volume for the top fifty urban-airpormptexes in the United States from
1973 to 1996. Debbage and Delk (2001) found that

as administrative and auxiliary-related jobs andusiries shifted away

from the traditional manufacturing centers of thertNeast and Midwest

to the South and West, the air transportation netwappeared to

experience a similar geographic shift as it broademnto a more

deconcentrated air transportation network systgm166)

Major airports play critical roles in serving asykmints of exchange in the global
economy. Nooteboom (1999) argued that reputatimkages, and confidence are
important keys to knowledge exchange, which is neasily accomplished when spatial,
cognitive and cultural distances are reduced. |&mssues are likely to accrue for high-
tech and skilled employees who are concerned witresl research and development
activities that require frequent face-to-face iattions.

Alkaabi and Debbage (2007) and Alkaabi (2004) fouthét statistically
significant relationships exist between air tranmsgmassenger volume and economic
growth in select sectors by US metropolitan aresbere the ability of certain
metropolitan areas to attract high-level firms amdate employment opportunities in
both the professional, scientific, and technicalvises sector and high-tech sector are
systematically linked to the geography of air pagee demand. Alkaabi and Debbage
(2007) and Alkaabi (2004) argued this is partly daethe importance of face-to-face
interactions and the need for high levels of arliaute connectivity at the main airport.

Although some research has been conducted thatiexahe links between air

passenger traffic and regional economic performatieeimpact of air freight traffic on
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the metropolitan economy has not been fully emaliyctested. It is crucial that we
better understand how the ‘geography of air freightume is spatially distributed, and
what the most influential factors are that manipulair freight flows. How does air
cargo volume at a hub airport create economic igiivthe metropolitan area? And how
does the growth of specific economic activitieselikigh-tech, biotech, and other
industries relate to the growth of air freight vole? We now turn to a useful
overarching conceptual framework for much of tlesearch agenda — the aerotropolis

concept.

8. Kasarda’'s Aerotropolis (Airport City)

The introduction of e-marketplaces with the expansidrbosiness-to-business
(B2B) supply-chain transactions, and the increadmmand for networking, speed, and
reliability has played a fundamental role in restming spatially a new urban form
around major airports called ‘aerotropolis’. Thancept of the ‘aerotropolis’ or ‘airport
city’ has been largely adopted in recent academiccammercial literature, most notably
by Dr. John D. Kasarda - known in some circles Hse'Father of the Aerotropolis’.
Kasarda argued that airports may shape businea8dons and urban development in the
21% century the way in which highways did in thé"2@ailroads in the 19 and seaports
in the 18" centuries (Al Chalabi & Kasarda, 2004; Leinbacd)4£). Many of the major
international gateway airports are giving risetis new urban form called ‘aerotropolis’,

where aviation-intensive businesses and relatedriges extend up to 15 miles (25
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kilometers) outward from airports along transpaotaicorridors that branch out from the
central urban core areas (Al Chalabi & Kasarda42Q@inbach, 2004).

‘Aerotropolis’ can be a powerful engine of localoeomic development,
attracting air-commerce-linked businesses to thed laurrounding major airport
generating a center of activity, similar to thenfoend function of central business
districts (CBDs) in the downtown areas of majoriesit The ‘aerotropolis’ form is
actually a highly networked system with sophisgcatnultimodal surface connections.
One outcome is that accessibility may replace eértcation as the most crucial
business-location and commercial-real-estate ozgami principle (Al Chalabi &
Kasarda, 2004). Thus, time-cost access to theorainill determine land value and
particular business locations. Kasarda argueddifi@rent kind of firms will compete
against each other for airport accessibility to dfierfrom the lower time and cost of
moving people and products to and from the airpod — via the flight networks — to
regional and global markets (Al Chalabi & Kasarg@04; Kasarda, 2000). Al Chalabi
and Kasarda (2004) also argued that land valuase leates, and commercial use will be
measured by accessibility to the airport from aléives sites through connecting
highway and rail routes.

‘Aerotropolis’ represents the spatial manifestation of the intemacof industries
related to time-sensitive manufacturing, e-commegecommunications and third-party
logistics firms; entertainment, hotel, retail coewes and exhibition centers; and business
offices (Kasarda, 2008; Pinkowski, 2007). A hymitel illustration of ‘aerotropolis’ is

shown in Figure 2. Clusters of business parksjsimg parks, industrial parks,
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distribution centers, information technology conxgle, and wholesale merchandise
marts are situated around the airport and nexhéottansportation corridors radiating

from them. Various alternative interpretationsagrotropolis’ already exist around
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many of the major gateway airports of the worlduding: Chicago O’Hare, Dallas/Fort
Worth, Miami, New York Kennedy, Washington Dullekos Angeles, London
Heathrow, Paris Charles de Gaulle, and Amsterdarpo#ti Schiphol, and Al Maktoum
International Airport in Duba{Al Chalabi & Kasarda, 2004; Kasarda, 2008). Sorhe o
these airports have become regional intermodabsertransportation nodes and major
employment, shopping, meeting, entertainment, aistrilsbtion destinations. Even
smaller specialized air cargo airports in the UWhitates, such as Fort Worth Alliance
Airport and Rickenbacker Airport in Columbus, Ohawe generating ‘mini-aerotropolis’
in the form of low-density cluster and spine depehent. Left unanswered in Kasarda's
aerotropolis theories is which key variables begilan the geography of air freight
which, in all likelihood, will shape the geograpbfyaerotropolis. This dissertation is one
of the first steps in that direction.

In the upcoming decades, major airports will camiio impact business location
decisions as well as urban growth and fqkasarda, 2008). Therefore, understanding
the concept of ‘aerotropolis’ might help us bettexplain the intense spatial
agglomeration of time-sensitive industries and gpamtation-shipping-logistics activities
around some airports for some metropolitan markatso, the notion of airport city will
help us better understand how air freight ‘in thg’ shapes the metropolitan economy

and urban form ‘on the ground'.
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9. Conclusion

Several earlier studies have already theoretiqadiyted out the significant role
that transportation plays in shaping local and aegi economies, suggesting that this
role will become more significant over time. Maialitan markets can benefit from
major airport-related development through incredseidht connectivity levels, various
efficiency gains, and access to new markets. Dubé increased emphasis on just-in-
time delivery and the growing significance of ldgis, transportation and freight
distribution, this dissertation attempts to enhamgeunderstanding of the ‘geography of
air freight’ shipments by U.S. metropolitan areadstermining which specific factors
most influence and shape the geographic distribuab air freight shipment. More
specifically, this dissertation examines severai@conomic variables (e.g., population,
education, income, and poverty) and different typemdustrial sectors (e.g., high-tech,
biotech, medical diagnostic) in order to determiine underlying causal dynamics that
shape variation in the ‘geography of air freightliume. This study identifies some of
the key regional businesses and industries thatypotakers and economic developers
need to consider when designing a regional devetoprpolicy in order to stimulate
airport-related development and air freight shiptnetume by weight.

In this sense, the dissertation is a first stepatoe a broader-based understanding
of how the ‘geography of air freight’ ‘in the aican be influenced by the geography of
metropolitan labor markets ‘on the ground’. Byusimg on air freight, the dissertation

complements the work already done studying the gty of air passengers and
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enhances our overall understanding of the dynamowtp and change affecting U.S.
metropolitan areas. We now turn to a discussiobath the key research hypotheses

posed in this dissertation and some general rdse@sign/methodology issues.
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CHAPTER Il

RESEARCH DESIGN

1. Research Hypotheses

The central research hypothesis of this dissertasothat the geography of air

freight ‘in the air’ is systematically connected ttte geography of regional economic

performance ‘on the ground’. Specifically, the mdetailed hypotheses include:

The geography of air freight by metropolitan aréaexes to an explicit spatial
hierarchy that is controlled by both the freightemgrators at their major sorting
hubs in the center of the country and several ketgrmational gateway
destinations on the east and west coast.

Variations in air freight volume by metropolitanearare largely a function of
specific socio-economic indicators such as overaasures of per capita income
and skill levels given the propensity for air fieigrolumes to be higher in more
sophisticated agglomerative economies that recduigh levels of connectivity
and trade in high-value, low-weight product shipisen

The geography of air freight is directly linked tbe composition of the
metropolitan economy as measured by the perceritheflabor force in key

industries like transportation, shipping and ldgst It will be argued that
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metropolitan economies that specialize in suppbirtielated industries will have
a competitive advantage with respect to air fregflipments.

» The traffic shadow effect will play a significardle in shaping the geography of
air freight whereby traffic diversion from smalleretropolitan areas to proximate
larger metropolitan markets is a significant underent to fully understanding

spatial variation in air freight shipments at thetrapolitan scale.

2. Data Sources and Definitions

2.1. The Dependent Variable: Air Freight

Air freight in this dissertation is defined as raue freight by pounds, which
includes all forms of property, other than mail andpassenger baggage transported
by air (U.S. BTS, 2005b; U.S. Government Printing Offig809). Air freight data were
gathered from the T-100 Market (All Carriers) Tablkehich combines domestic and
international market data, that was included urderCarrier Statistics (Form 41 Traffic)
Database in the U.S. BTS web site (U.S. BTS, 2005a)

Air freight data include shipments by foreign aarrers, large certificated air
carriers, domestic all-cargo air carriers, and setificated and commuter air carriers
(U.S. BTS, 2005c). For example, foreign air casriare required to report all flights to
and from the United States. Also, small aircrathvé0 seats or less or 18,000 pounds or
less of payload capacity will be reported (U.S. BZ&05c). Moreover, the categories of

traffic data reported on T-100 have been extendembinprise detailed nonstop segments
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and on-flight market data for all military, domeséill-cargo, and domestic charter flights
(U.S. BTS, 2005c). It should be noted that airghe volume at military airports were

not included in the dissertation analysis given thedamentally different nature of

military airports relative to civilian airports.

Air freight data were collected for all origin ams that generated more than
100,000 pounds in 2003. Much like the FAA-definggissenger enplanements (i.e.
boarding passengers), air freight volume data ased on flight departures not arrivals.
Of course, air freight that is shipped via two ooren connecting flights will then be
counted multiple times. Consequently, air freighta not only capture the significance
of ‘originating’ markets where the product is geated, but also capture the significance
of air freight hub markets like Memphis where itésorted. Since labor markets tend to
be regional markets not exclusively city-based ratgkas measured by commuting
behavior, air freight data were collected by Metidpn Statistical Area (MSA) and
Combined Statistical Area (CSA) based upon the &yrg#©03 definitions by the Office
of Management and Budget. However, it should tedthat some metropolitan areas
have multiple airports within a single MSA or CSAdathese are indicated in Appendix
A for the 2003 air freight data. For the MAs Idte Appendix A, the air freight weight
totals were aggregated together to be consistehttivose MSAs and CSAs that had only

a single airport that generated more than 100,00@gs of air freight in 2003.
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2.2. The Independent Variables

2.2.1. Socioeconomic Characteristics

Based on the previous literature, thirty-three etdht socio-demographic-
economic explanatory variables were identifieduse in this dissertation (Table 1). Itis
hypothesized that certain key socioeconomic vaggmb{such as total population,
percentage growth rate in population, personalnmgoper capita personal income, and
education levels) will vary systematically with §p& variation in air freight by
metropolitan area. The socioeconomic charactesidinat will be addressed in this

dissertation are the following:

a. Total Population

The population data were gathered by MSA and CS#nfrthe Regional
Economic Information System-Bureau of Economic As@l (BEA) using Table CA1-3
population (number of persons) for 2003 (BEA, 20058 he BEA uses the Census
Bureau’s midyear population estimates. Exceptctilege students and other seasonal
populations, which are measured on April 1, theuteton for all years is estimated on
July 1 (BEA, 2005b). Some of the literature (elpaffe, 1956) has suggested that the
critical mass of the market as measured by totpufadion is a key factor influencing air

freight markets and passenger hubs.
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Table 1. Thirty-Three Independent Variables inctidethe Study

# Independent Variables

1 High-Tech Employment

2  High-Tech Establishments

3  High-Tech Total Wages

4  High-Tech Employment Market Share

5 Average High-Tech Employee Wage

6  Medical Diagnostic Employment

7  Medical Diagnostic Establishments

8 Medical Diagnostic Total Wages

9 Medical Diagnostic Employment Market Share

10 Average Medical Diagnostic Employee Wage

11 Pharmaceutical and Biotech Employment

12 Pharmaceutical and Biotech Establishments

13 Pharmaceutical and Biotech Total Wages

14  Pharmaceutical and Biotech Employment Market&ha

15 Average Pharmaceutical and Biotech Employee Wage

16  Cultural Products Employment

17  Cultural Products Establishments

18 Cultural Products Total Wages

19 Cultural Products Employment Market Share

20 Average Cultural Products Employee Wage

21 Transportation-Shipping-Logistics Employment

22  Transportation-Shipping-Logistics Establishments

23  Transportation-Shipping-Logistics Total Wages

24 Transportation-Shipping-Logistics Employment kdrShare

25 Average Transportation-Shipping-Logistics EmpleyWage

26  Total Population

27 Total Personal Income

28 Per Capita Personal Income

29 Total Employment in all Industries

30 Total Population in Poverty

31 Total Population (25 to 64 Years) with Bachedddegree or
Higher (2005)

32 Percent Growth Rate of Population (2000-2003)

33 Traffic Shadow Effect
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b. Percent Growth Rate of Population (2000-2003)

The percent growth rate of population was calcdl&étem 2000 to 2003 using the
BEA'’s population data from Table CA1-3 populatiohhis variable will help to capture
variation in growth rates by metropolitan area vehéris expected that fast growing
metropolitan areas should outperform slower-grovongleclining markets with suspect

to the volume of air freight shipment.

c. Total Personal Income ($)

The data for personal income were collected fohddSA and CSA from the
BEA website using Table CA1-3 personal income (famals of dollars) for 2003 (BEA,
2005a). The BEA defined personal income as thenmcthat is received by all persons
from all sources.

It is calculated as the sum of wage and salaryudsgments, supplements

to wages and salaries, proprietors’ income withemuory valuation and

capital consumption adjustments, rental income @fs@ns with capital

consumption adjustment, personal dividend incomersqgnal interest

income, and personal current transfer receiptss lasntributions for
government social insurance (BEA, 2005c, 11).

Much like with total population, some studies sugigbat the overall aggregate wealth of

a metropolitan area is a key predictor of air fintigerformance.
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d. Per Capita Personal Income ($)

The data for per capita personal income (dollarsjewcollected from the BEA
using Table CA1-3 for 2003 by MSA and CSA (BEA, 3@ According to BEA, this
measure of income is calculated as the personahiaof the residents of a given area
divided by the resident population of the area.cdmputing per capita personal income,
BEA uses the Census Bureau’s annual midyear popalastimates (BEA, 2005d).

Per capita income is frequently used as a meaduhe avealth of the population
of a nation, particularly in comparison to othetioas. It is useful because it is widely
known and produces a clear-cut statistic for comparpurposes. It is expected that
metropolitan areas with high per capita personebnme ship high rates of air freight

poundage.

e. Total Population in Poverty

Poverty data were gathered from the Small Arearre@nd Poverty Estimates
(SAIPE) program, which is created by the U.S. CerBureau to provide more current
estimates of selected income and poverty statisocsall states and counties (see
Appendix B) (U.S. Census Bureau, 2009a).

Since the SAIPE program offers poverty data onlystayes, counties, and school
districts, this dissertation constructed this Malgaby aggregating up county data that

make up each MSA/CSA included in this study (U.&n€lis Bureau, 2009b). It is

58



hypothesized that MSA/CSA with a large populatiom poverty will tend to
underperform regarding air freight shipments andisitassumed that an inverse

relationship exists.

f. Education: Total Population with a BA and Highef25-64 Years Old)

Ohlemacher (2006) argued thiie percent of college graduatesthe largest
predictor of economic well-being for cities. Thiere, in order for metropolitan areas to
succeed and generate good- paying jobs it needsetattractive to well-educated
populations. This dissertation analyzed educdguals based on data collected from the
2005 American Community Survey (ACS), published theg U.S. Census Bureau
(2005a). This variable will include population 1imo25 to 64 years with a bachelor’s

degree or higher.

2.2.2. The Manufacturing Sectors

It is hypothesized based on the existing literathed certain key manufacturing
activities tend to ship a disproportionate levehofreight shipments including industries
such as medicaliagnostic, high-tech, transportation-shipping-$tigs, pharmaceutical
and biotech. Data for these indicators were ctdtbdrom theQuarterly Census of
Employment and Wages (QCEW) program that is aviailgirough the U.S. Bureau of

Labor Statistics (BLS, 2005a). The QCEW progranblighes monthly counts of
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employment and wages reported by employers argl available at the county, MSA,
state, and national levels by industry (BLS, 2005bhe QCEW data are classified based
on the North American Industry Classification Syst@NAICS) which rigorously defines
all industrial sectors in the United States. Ithigpothesized that as the economic
indicators for these industrial sectors (such asdica¢ diagnostic, high-tech,
transportation-shipping-logistics, and pharmacelitemd biotech) and cultural products
(e.g., jewelry and cosmetic goods) increase as umeasby number of jobs,

establishments and average wages, air freight whuithincrease in a similar fashion.

a. Medical Diagnostic Industries

One of the most rapidly growing sectors in the .UeSonomy is the medical
diagnostic industry. Of course, given the requigatrfor the rapid delivery of diagnostic
results to clients and the low weight product, thextor is particularly susceptible to
shipments by air. In this dissertation, specifisl8S codes were used to capture this

industry including:

> NAICS 42345: Medical, Dental, and Hospital Equipmeand Supplies
Wholesalers
According to the 2002 Economic Census (2005a),itidsstry consists of firms
mostly “engaged in wholesaling medical professioeguipment, instruments, and
supplies (except ophthalmic equipment, instrumantsgoods used by ophthalmologists,

optometrists, and opticians)”.
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» NAICS 6215: Medical and Diagnostic Laboratories
This industry includes firms recognized as medmadl diagnostic laboratories
mostly “engaged in providing analytic or diagnosservices, including body fluid
analysis and diagnostic imaging, generally to theglical profession or to the patient on

referral from a health practitioner” (2002 Econor@ensus, 2005b).

» NAICS 33911: Medical Equipment and Supplies Mantufacg
2002 Economic Census (2005c) defined this indusisy companies largely
“engaged in manufacturing medical equipment angléegd Examples of products made
by these establishments are laboratory apparatdsfianiture, surgical and medical
instruments, surgical appliances and supplies atlequipment and supplies, orthodontic

goods, dentures, and orthodontic appliances” (1)

b. High-Tech Industries

Although there is no one standard definition of whiatech means, the hi-tech
industries in this dissertation are selected basedhe perceived level of technical
sophistication of the product produced by an ingustMany hi-tech products such as
laptops and related electronic products are shifiyyedir. Therefore, it is hypothesized
as high-tech employment increases, air freight imitrease. The hi-tech industries in
this dissertation include the following sectors:

» NAICS 5415: Computer Systems Design and Related®sr
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According to the 2002 Economic Census (2005d), gbior includes businesses

largely

engaged in providing expertise in the field of mfation technologies
through one or more of the following activities) @riting, modifying,
testing, and supporting software to meet the needs particular
customer; (2) planning and designing computer gystéhat integrate
computer hardware, software, and communicationni@dgies; (3) on-
site management and operation of clients’ commtstems and/or data
processing facilities; and (4) other professionadl aechnical computer-
related advice and services.

> NAICS 334: Computer and Electronic Product Manufeny
According to the 2002 Economic Census (2005e), ghis-sector group includes
companies that manufacture computers, computerphpals, communications
equipment, and related electronic products, amdsfithat produce components for such

products.

c. Transportation-Shipping-Logistics Industries

The main types of organization involved in logistiand distribution comprise:
transportation companies, logistics service prawdevholesalers, trading companies,
retailers, and e-tailers (Dicken, 2007). This geatcludes several subsectors that were
chosen for this dissertation because of their waritunctional services that become
necessary to facilitate freight processing. Algwese subsectors were chosen among

others since they tended to generate substantilogment rates. A recent study by the
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North Carolina Board of Science and Technology @0fbnfirms much of this logic.

These industries included:

> NAICS 4921: Couriers
According to the 2002 Economic Census (2005f)s tindustry includes
establishments mainly engaged in providing airfasig, or combined courier delivery
services of parcels usually between metropolitapasror urban centers. The
establishments of this industry form a network otier local pick-up and delivery

services that act to supply their clients’ requiesns.

» NAICS 49311: General Warehousing and Storage
The 2002 Economic Census (2005g) stated that thtegory consists of
establishments mainly engaged in operating merébandarehousing and storage
facilities. These firms usually handle commoditiescontainers (e.g. boxes, barrels,
and/or drums) using equipment (e.g. forklifts, @] and racks). They are not
specialized in managing bulk products of any paldictype, size, or amount of goods or

products.

» NAICS 49319: Other Warehousing and Storage
According to 2002 Economic Census (2005h), thisugrof industry comprises
establishments largely engaged in operating warghguand storage facilities (excluding

general merchandise, refrigerated, and farm progaothousing and storage).

> NAICS 4885: Freight Transportation Arrangement
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This industry set includes firms largely engagediganizing the transportation
of freight between shippers and carriers. Thesepamies are commonly recognized as
freight forwarders, marine shipping agents, or @st brokers and offer a combination

of services spanning transportation modes (2002&uoac Census, 2005i).

» 488991: Packing and Crating
This industry group includes businesses mostly gedan packing, crating, and

otherwise preparing commodities for shipping (2@@2nomic Census, 2005)).

d. Pharmaceutical and Biotech Industries

Many pharmaceutical and biotech products are sHifpeair. Therefore, it is
hypothesized that as pharmaceutical and biotechlogments increase, air freight
volume will increase. Like previous studies by thiédken Institute (2004) and the
Brookings Institution (2000), this dissertation vahoose the following NAICS codes to

represent the pharmaceutical and biotech sectors:

» NAICS 32541: Pharmaceutical and Medicine Manufactur
The 2002 Economic Census (2005k) defined this ingugs firms primarily
engaged in one or more of the following:
1. manufacturing biological and medicinal products;

2. processing (i.e., grading, grinding, and millingtdnical drugs and herbs;
3. isolating active medicinal principals from botanideugs and herbs; and
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4. manufacturing pharmaceutical products intended ifwernal and external
consumption in such forms as ampoules, tabletssutep, vials, ointments,
powders, solutions, and suspensions.

» NAICS 5417: Scientific Research and DevelopmentiSes
According to the 2002 Economic Census (2005I), timdustry consists of

businesses engaged in performing original investigaindertaken on a systematic basis
to achieve new knowledge (research) and/or theicgtign of research findings or other

scientific knowledge for the formation of new orns@erably enhanced products or

processes (experimental development).

e. Cultural Products: Jewelry and Cosmetic Goods

Some studies have argued that high value low wegigbducts such as jewelry,
precious stone, and cosmetic products are morgy ltkeship by air. Recent U.BTS
data indicate that pearls, stones, and metalstiontgewelry was one of the four most
important commodities regarding air freight shipmseim the NAFTA region in 2004
(U.S. BTS, 2005d). Therefore, this dissertation will estigate empirically the
relationship that exists between air freight volusne jewelry and cosmetic products that
include the following sub-sectors:

> NAICS 42394: Jewelry, Watch, Precious Stone, aretiBus Metal Merchant
Wholesalers
According to the 2002 Economic Census (2005m), thidustry includes

companies largely engaged in the commercial “wlabdeddistribution of jewelry,
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precious and semiprecious stones, precious matdlsnetal flatware, costume jewelry,

watches, clocks, silverware, and/or jewelers’ fingd” (11).

>

NAICS 33991: Jewelry and Silverware Manufacturing

According to Census Bureau (2003), this type otistdy includes firms mainly

engaged in one or more of the following activities:

manufacturing, engraving, chasing, or etching jeyyel

manufacturing metal personal goods (i.e., smailtleg carried on or about the
person, such as compacts or cigarette cases);

manufacturing, engraving, chasing, or etching mesimetal solid, precious
metal clad, or pewter cutlery and flatware;

manufacturing, engraving, chasing, or etching pekmetal goods (i.e., small
articles carried on or about the person, such agaots or cigarette cases);
stamping coins;

manufacturing unassembled jewelry parts and stbog products, such as sheet,
wire, and tubing;

cutting, slabbing, tumbling, carving, engravingliglung, or faceting precious or
semiprecious stones and gems;

recutting, repolishing, and setting gem stones; and

drilling, sawing, and peeling cultured and costyrearls.

NAICS 44612: Cosmetics, Beauty Supplies, and PezfGtores

According to the 2002 Economic Census (2005n), timdustry includes

establishments recognized as cosmetic or perfuaressor beauty supply shops mainly

engaged in retailing cosmetics, perfumes, toilsir@ad personal grooming products.
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f. The Key Economic Indicators

The data for all the manufacturing activities weodlected from the BLS website

for 2003 by using the NAICS code for each host opalitan area. The magnitude of

each of these manufacturing activities will be noeed by four key economic indicators

which include:

Number of establishmentsan establishment is an economic unit, such as fa
factory, store, or mine, that produces productsfiars services. It is usually at a
single physical location and engaged in one, odgrenantly one, type of
economic activity for which a single industrial s$&fication may be applied.
Occasionally, a single physical location includes tor more different and
important activities. Each activity is accountesl &a separate establishment if
separate records are reserved, and the variougtiastiare classified under
different NAICS industries (BLS, 2006). This indior should help us
understand the agglomerative tendencies for each MA

Total employeesrepresent the overall number of covered workers whiked
during, or received pay for, the pay period thatluded the 12th day of the
month. Almost all employees are reported in thateStn which their jobs are
physically located (BLS, 2006). This variable sldobelp to demonstrate the
variability in employment generation rates by MA.

Employment market share (%)was calculated by dividing total number of

employee for any given industry for each MSA/CSA the total number of
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employees in all industries, and then multiplyirg toutcome by 100. The
indicator provides an assessment of the level oh@mic specialization of each
metropolitan area.

» Total wages ($)covered employees total compensation paid duhiagcalendar
quarter, regardless of when the services were pe€.

» Average wages ($)average wages per employee for any given industry i

calculated by dividing its total wages by its taatployees.

2.2.3. Traffic Shadow Effect (Dummy Variable)

This dissertation utilized a modified version ofuBckner’'s (2003) proximity
variable to capture the traffic shadow effect.islhypothesized that shippers located in
small and medium-sized metropolitan areas that lacated fairly close to larger
metropolitan markets will tend to ship their aieiffht via the larger market due to the
preponderance use of flight connections and flggrvices in the larger markets, thus,
reducing freight shipment volume in the smaller ke¢s. In order to capture the traffic
diversion effect triggered by proximity to a largeetropolitan market, this dissertation
constructed a dummy variable to capture the ‘washadow effect’. The variable is set
equal to one for smaller metropolitan areas (lbass t30 million pounds in air freight
volume by metropolitan area) that are within 100esbf a metropolitan area containing

a large airport (generating greater than 30 milpoands in air freight).
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Based on the “natural breaks” of the univariatgdency count, the threshold line
of 30 million pounds seemed to be an appropriateoffyooint. The 100 miles cut-off
(nearly two hours ground transport time) was choasnan appropriate distance for
driving freight to a larger airport in a nearly mggiolitan area based on the pioneering
‘traffic shadow effect’ research developed by Teafl956 & 1959). The physical
distance between airports is measured using Arcddftwvare. This dissertation expects
to find a negative relationship exists between tthéfic shadow effeceand air freight

activity by metropolitan area.

3. The Geographic Unit of Analysis

The geographic unit of analysis used in this dissen includes Metropolitan
Statistical Areas (MSA) and Combined Statisticaé#dg (CSA). MSA's and CSA’s are
an appropriate measure to capture metropolitanr lgbols sine they are defined by
commuting patterns, which usually represent theorey catchment areas for many
industries included in this dissertation. Moregvarports tend to have metropolitan-
wide market areas and the MSA and CSA is the mottlde spatial unit to capture that
market appeal. Only metropolitan markets with mibwan 100,000 enplaned air freight
pounds were chosen for this study. Although, duéhé disclosure issue some MSA'’s
and CSA’s were not included. The total number A% and CSA’s included in this

dissertation is 110.
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4. Data Analysis and Research Methodology

First, a descriptive analysis will be conducted byamining the spatial
distribution of air freight by MSA/CSA focusing particular on the key hub-and-spoke
markets and traditional coastal gateways using etakare data derived from the U.S.
Bureau of Transportation Statistics. In the hut-sapoke metropolitan markets,
particular attention will be paid to the key roletbe integrated all-cargo carriers (e.qg.,
FedEx and UPS) and the traditional combinationieesr(e.g., American, Delta and
United) in places like Chicago, Dallas, and Atlanfarticular emphasis will be placed
on air freight market share data in order to foonshow certain carriers utilize market
power to manipulate and shape the geography dfeaght. By doing so, the analysis
helps explain the economies of scope and scalepetitme advantage, and at times
geographic monopoly power exercised by, for exampdelEx in Memphis and UPS in
Louisville.

Next, a regression analysis will be conducted om dependent variable (air
freight demand by weight) and a group of indepenhganables in order to underline the
key predictors shaping the geography of air frelghtetropolitan area. A key focus in
the selection of the independent variables wilbbeattempt to disentangle what sort of
industrial composition in a metropolitan economymsst likely to be affiliated with
significant air freight demand. Additionally, th#erature has suggested that various
“critical mass” measures that capture aggregatellpipn and various socio-economic

characteristics in a metropolitan economy are keyliptors and these are also included
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in the initial regression model. Most of the datas derived from the U.S. Bureau of
Transportation Statistics and the U.S. Census BureBefore running the regression
analysis, different analytical procedures will benducted such as transforming the
dependent variable to improve linearity and thetrithstion of the data. Also, a

correlation matrix (Spearman) of the dependent arépendent variables will be

calculated to capture which of the potential predi are highly correlated with air

freight and less correlated with other predictorEhe final regression model will be

tested for multicollinearity issues, normality @srduals, homogeneity of variance, and
linearity. Moreover, a brief rationalization wile provided regarding the influence of
some missing data on the final model. After thadetailed interpretation of the selected
model will be provided.

Third, a descriptive analysis of the geographyhaf $elected predictors will be
provided including the spatial distribution of tfe@lowing variables: per capita personal
income, traffic shadow effect, transportation-simgplogistics employment market
share, medical diagnostic establishments, and gedrgh-tech employee wage. Then, a
summary of the findings will be provided includiagbrief rationalization of why some
potential predictors were excluded.

Data for some of the variables in this dissertati@ne analyzed and visualized by
using various diagrams including maps, tables, grephs, pie-charts, histograms, and
normal g-q plots. Maps were constructed using AfcGoftware, where data were
classified into different classes using the ‘NatuBeeaks’ method. These maps were

used to examine the spatial distribution of the kegependent variables and the
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dependent variable. Tables were also includedisdissertation to list the independent
variables used in this study and to show the tofed metropolitan markets for the
response variable and some of the explanatoryhtaga In addition, line graphs were
constructed to illustrate air freight trends fro890 to 2006. Moreover, a number of pie-
charts were included in this dissertation to ilast relative magnitudes or the percent of
air freight by class service, carrier market shaeesl airports in the New York CSA.
Histograms and normal g-g plots were also usedhis dissertation to examine the
normality of the air freight data (response vamliefore and after performing a natural
log transformation. In addition, a number of diffiet analytical diagrams and procedures
were used in this dissertation to check if the esgion assumptions were met and if the
model is the best fit. Details on these analytiaal diagnostic procedures were
discussed in the empirical results section.

In this dissertation, multiple linear regressioralgmis was used as the main
research method to measure the relationship betvagefreight weight (dependent
variable) and different socio-economic and indassectors (dependent variables) and to
build a model that well predicts air freight volumd&o build the regression model, the
stepwise selection procedure was executed usinGR&S Analytical Software (version
10.0 and 16.0). Even though there are other metHod selecting the explanatory
variables (e.g., forward selection, backward elation, Maxr, and Minr), stepwise
selection procedure was chosen as the most apat®pnethod. Stepwise is a mixture of
forward selection and backward elimination procedur It resembles forward selection

except that after entering a variable into the rhotléemoves any variables already in
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the model that are no longer significant predictofithis means that at each step, you
enter a new variable using the same rules as wafar selection (add variables that result
in a significant increase in?R then examine the variables already in the mddel
removal, using the same rules as in backward editi@n (remove variables that change
R?least) (Norusis, 2002).

In the stepwise selection method, there are twerct one for entering a variable
and one for removing a variable. The significaheeel (p-value) for entering the
variable should be smaller than the significaneell€p-value) for removing a variable
(Norusis, 2002). The significance level that waediin this dissertation for entering a

variable is 0.05 and for removing a variable it Wak0.

5. Research Limitations

This dissertation focuses on air freight by weigihice data on air freight volume
(in pounds) are more widely available than airghtivalue ($) by airport or metropolitan
area. However, limited air freight value data bspart were published by the U.S.
Department of Commerce, Foreign Trade Division.e ThS. Department of Commerce
data suggest that a systematic relationship ekittiseen air freight volume and vatue
The assumption here is that studying the geograplayr freight by weight will provide

some insight into the geography of air freight slue. This dissertation also just

! A Spearman’s correlation coefficient was calcuafier air freight volume (pounds) and value ($)ngsi
the U.S. Department of Commerce data for the 3deltrairports in the United States for 2003. The
correlation coefficient value was 0.36 at the 5%eleof significance. The 31 airports included st
analysis accounted for 77% of the national markatesfor air freight value exports by airport.
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examines the geography of air freight activity fost 2003 and did not examine air
freight growth rates over time.

Also, there are some missing NAICS data becausieeofonfidentiality and non-
discloserure rules. This dissertation also analyaie freight data at the metropolitan
scale with limited intra-metropolitan analysis. rFoulti-airport metropolitan areas like
New York and Los Angeles further research needseteconducted to better understand
how intra-metropolitan effects can shape the gewgreof air freight. However, this
dissertation is the first at better understandingctv regional economy metrics best

explain the spatial variation in air freight protion.
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CHAPTER IV

FINDINGS

International and domestic enplaned freight volusgeU.S. carriers grew from
6.7 billion pounds in 1990 to 14.6 billion pounds2001 — a 117.9 % increase (Figure 3).
The rapid growth in air freight can be largely exped by the rapid changes in the
methods of industrial production since 1978 inahgdihe introduction of just-in-time
inventory, e-commerce and the Internet, as wethasdevelopment of faster and larger
cargo jet aircraft. However, from 2003 to 2006gernational and domestic enplaned
freight poundage increased by just 6.3% (FigurdaB)ely due to the slow down in
enplaned freight traffic growth caused by the afiteth of 9/11, the Iraq war, the severe
acute respiratory syndrome (SARS) crisis in Asral the rise in jet fuel prices since late
2004. The end result has been the diversion okesaimfreight traffic to less expensive
ocean shipping lanes (Boeing, 2005 and 2007). iBe8ps slowdown, world air freight
levels have grown by 3.1% in the first half of 20&Bnpared with 2005 (Boeing, 2007).
Additionally, over the next 20 years, the freighfieet is expected to double, and world

air cargo traffic is expected to triple over cutrlavels (Boeing, 2007).
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The remarkable growth in air freight volume oves ffast few decades has led to
significant shifts in the geography of air freigitovision ‘on the ground’ by both airport
and metropolitan market. However, little empiric@search has been conducted
regarding the spatial patterns of major U.S. asighit markets and how they can be
shaped by metropolitan economies ‘on the groufdiierefore, one of the main purposes
of this dissertation is to explore the spatial ribsttion of the air freight market in the

United States by metropolitan area.
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Figure 3. Enplaned Freight Growth by U.S. Carrié@90-2006
Source: Author’s calculations based on data exchfrbm the U.S. BTS, 2007

Note: In October 2002, the U.S. BTS officially introcactnew standards that adjusted the
reporting requirements for air carrier traffic arapacity data. These new regulations
expanded the definition of how air freight cargosvadefined (U.S. BTS, c2005),
therefore accounting for the sharp increase frof126 2002. This figure now
combines domestic and international market datarteg by U.S. air carriers.
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The chapter will be organized by first proceedinighva discussion of the two
major types of air freight markets in the Uniteat8s. The classification will include air
freight markets that offer a conventional hub amdke operation (e.g., FedEx in
Memphis) versus markets with a more diverse coastatnational gateway orientation
(e.g., LAX or JFK). Additionally, particular attean will be focused on the type of air
carriers that dominate in each of these respectaeets (e.g. all-cargo airlines versus
conventional passenger airlines) so as to bettgenstand how the competitive strategies

of each airline shapes the overall geography draight.

1. Spatial Distribution of Air Freight by MSA/CSA

In 2003, the mean air freight volume by metropalitaarket was 232 million
pounds for the 110 metropolitan areas includetiimdissertation (Figure 4). The largest
air freight market was Memphis with more than 3il8dm pounds, and the smallest air
freight market was Columbus, GA, with just 125,588inds. Figure 4 illustrates the
spatial distribution of air freight volume by mebpalitan area while Table 2 lists the
fifteen metropolitan areas that generated the &rge freight volume in 2003. These
fifteen markets accounted for roughly two-thirdstioé total air freight poundage in the
U.S., and the largest markets included Memphis,Ammgeles, New York, Louisville, and
Miami. These five markets accounted for 40% of th&. total enplaned freight by
weight (Table 2). Thus, just a few air freight eecappear to control the national system

indicating that a process of intense geographicenination and regional specialization
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Table 2. Largest Air Freight Markets by Metropatitarea, 2003

% Share of U.S
Total Enplaned
Metropolitan Statistical Area/Combined| Total Enplaned Freight by
Rank Statistical Area Freight (Pounds weight
1 Memphis, MBA 3,911,091,183 13.40
2 Los Angeles-Long BeadRiverside, CSA 2,337,955,813 8.01
3 New York-NewarkBridgeport, CSA 2,164,841,988 7.42
4 Louisville-ElizabethtowrScottsburg, CSA 1,821,149,3664 6.24
5 Miami-Fort Lauderdale-Miami Beach, 1,518,866,711 5.20
MSA
6 San Jose-San FrancisCakland, CSA 1,337,720,699 4.58
7 Chicago-Napervilledichigan, CSA 1,216,327,39( 4.17
8 Indianapolis-Andersoolumbus, CSA 981,910,899 3.36
9 DallasFort Worth, CSA 870,003,045 2.98
10 | Atlanta-Sandy SpringSainesville, CSA 698,390,019 2.39
11 | Philadelphia-Camden-Vineland, CSA 613,764,469 2.10
12 | Cincinnati-Middletown#/ilmington, CSA 490,243,431 1.68
13 | Seattle-Tacom@ympia, CSA 464,410,426 1.59
14 | Boston-Worcestdvtanchester, CSA 443,043,955 1.52
15 [ Honolulu, MSA 420,566,720 1.44
Total 19,290,286,106 66.08

Source: Author’s calculations based on data exdchfrom U.S. BTS, 2005a

may be fundamentally shaping the geography ofraigliit in the United States.

One major factor that may have triggered the irgegesographic concentration of

air freight volume to a few select metropolitan kets was the rapid growth of the

express parcels.

In 2003, 79.6% of the U.S. eepldreight was carried by all-cargo

carriers while just 20.4% of the U.S. enplanedgineiwas carried by passenger/cargo

carriers (Figure 5).

Express parcels have largpelgn dominated by both FedEx and

UPS. These two companies realized early on tleatrtditional passenger airlines were

overlooking two key aspects of the air freight nedrk These needs included the high-
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speed delivery of small packages and door-to-dadively service. Traditionally,
passenger airlines mainly focused on providing aatrpo-airport freight delivery and
largely depended on other intermediaries like fiefigrwarders for pick up and delivery

to the final customer.

Non Scheduled Civilian
All Cargo Service

11.5%
Non Scheduled Civilian

Passenger/ Cargo
Service 0.1%

Scheduled Passenger/
Cargo Service 20.3%

Scheduled All Cargo
Service 68.1%

Figure 5. U.S. International and Domestic EnplaRezight by Class Service (%), 2003
Source: data were extracted from U.S. BTS, 2005e

By contrast, FedEx and UPS played a key role fonyrtausinesses by operating
an overnight service with reliable pick up and d&ly service to every address in the

United States using their own fleet of aircraft anotks. Both companies now control a
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significant proportion of the air freight markeA visual inspection of Figures 6 and 7
suggests that FedEx and UPS are more dominanteinUtiited States market than
overseas. In 2003, FedEx and UPS collectively leah88% of total U.S. domestic
enplaned freight (pounds) but only 13.4% of thenmational enplaned freight (pounds)
(Figures 6 and 7). Both FedEx and UPS have hadffigutt time penetrating the
international market. Part of this can be expldimy the uniqueness of America’s
geography. The availability of an affluent markatwell developed national economy
especially on the east and west coasts, and tlge ldistances between each coasts
enabled FedEx and UPS to establish a logic forndraléy located hub that acted as a
transshipment point between the U.S. eastern astememarkets. Also, the relatively
homogeneous regulatory system created a perfeabament for FedEx and UPS cargo
operations to successfully grow and extend actosdJhited States. On the other hand,
the different governmental regulations regarding@utes, landing rights in the different
foreign countries, as well as the intense competifrom other foreign carriers across
international routes made it harder to replicae Memphis and Louisville experience
across the world. For example, the EU ‘open’ maikéargely inclusive to EU national
carriers and FedEx and UPS have had more difficcdtgturing a significant market
share in that part of the world.

Another carrier with considerable U.S. domestiagnetraffic is ABX Air with a
6% market share of total U.S. domestic enplanechg®in 2003 (Figure 6). ABX Air is
a cargo airline based in Wilmington, OH, and it \pdes overnight express small-

package services and freight distribution in th&€.UCanada, and Puerto Rico. ABX Air
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became a public company in 2003 as part of theviatnee merger of DHL and Airborne,
in which DHL retained ownership of Airborne’s graloperations and spun off its air
operations as ABX as part of a broader contractrautidservices agreement between both
companies. Of course, the recent decision by Déildiscontinue its air and ground

operations within the United States market andray®,500 jobs may really change the

Others
2%

Ryan International Airlines 2%
Kitty Hawk Aircargo 1%
Express.Net Airlines 2%

United Air Lines 2%
Atlas Air 2%
American Airlines 2%

FedEx

i 0
Astar Air Cargo 2% 45%

Delta Air Lines 2%

AbxAir 6%

24%

Figure 6. Carriers’ Market Shares of the Total UDSmestic Enplaned Freight (%) in
2003
Source: Author’s calculations based on data extafrom U.S. BTS, 2005f

82



2.9 Singapore Airlines
2.2% Delta Air Lines
2.2% Compagnie Nat'l Air France

2.3% Japan Air Lines
375%

2.4% Gemini Air Cargo Ainays Others

2.7% United Air Lines

3% Polar Air Cargo Airways
3.2% British Airways
3.2% China Airlines
3.2% Eva Ainmays

3.7% Northwest Airlines

4% Lufthansa German Airlines .
FedEx

4.4% American Airlines

47% 5.8% UPS
Korean Air Lines Atlas Air

Figure 7. Carriers’ Market Shares of the InternaidEnplaned Freight (%) in 2003
Source: Author’s calculations based on data exd@datbm U.S. BTS, 2005g

geography of air freight (AirGuide Business, 208&ith, 2008).

In addition, the conventional passenger airlineg/ [al significant role, especially
the three legacy airlines (American Airlines, Delend United Airlines) that have
traditional hub systems that transport both freightl passengers. These three legacy
carriers collectively shipped 6% of the total Ud®mestic enplaned freight (Figure 6),

which is equivalent to ABX Air's market share inG3
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Unlike the U.S. domestic market, no single cardeminates the international
market. In fact, the largest market share overseascounted for by a large number of
small carriers (37.5%) categorized as ‘others’ iguFe 7. Despite FedEX’s struggles
overseas, it is still the leading internationalighg carrier with a 7.1% market share
followed by UPS (6.3%) and Atlas Air (5.8%) (Figurg¢. Also, combination carriers
(passenger and cargo service) played a significdatacross international air routes by
carrying a large volume of freight poundage in tipper deck or in the belly hold of
passenger carriers. Examples of these competitugbination carriers include Korean
Air Lines (4.7%), American Airlines (4.4%), Lufthsa (4%), Northwest Airlines (3.7%),
EVA Airways (3.2%), China Airlines (3.2%), and Bsit Airways (3.1%) (Figure 7).
Therefore, combination airlines represent a sulis@ncompetitive challenge for
integrated all-cargo carriers across the globalkoeks.

The chapter now turns to a more detailed explanatiothe geography of air
freight by focusing on the leading metropolitan keds in the United States based on
whether they were a conventional hub-and-spokeesystith just one or two dominant

carriers or an international coastal gateway wildlwrge number of competing airlines.

1.1. Hub-and-Spoke Markets

The development of complex hub-and-spoke systetas thiie deregulation of the

U.S. airline industry in the 1970s played a sigifit role in restructuring the distribution

networks of air freight markets in the United Ssatend therefore merits more detailed
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attention. Instead of a point-to-point pattern,ngn&arriers adopted a hub-and-spoke
network system during the 1980s where cargo arratea hub point from many origins
(spokes) and was then sorted and reshipped totammiadiate or final destination. An
airline operating a hub-and-spoke system enjoysenans competitive advantages. For
example, passenger/freight carriers can efficieptbfit from network-based economies
of scale and scope. In other words, an effectiue $ystem can increase airline revenue
flows resulting from concentrating flow density adpthe network links between the
major hubs. Hub networks can also offer geograptocopoly power for the dominant
carrier by controlling a large number of gates mtling slots at a key hub airport, and
thus protect itself against other competing aiditfeat may want to enter the market.
Integrators (like FedEx and UPS) and several coatlain carriers (like Delta Air

Lines and American Airlines) are examples of cartypes that have adopted hub-and-
spokestrategies. However, these four carriers are cheniaed by several differences in
the levels of spatial concentration of their operaiand the nature of their distribution
networks that requires additional explanation ifave to fully understand the geography
of air freight markets in the United States. Tdissertation will now elaborate on the

geography of the major hub-and-spoke markets opetat FedEx and UPS.

1.1.1. The Integrated All-Cargo Carrier Hub Markets

Four decades ago, air freight markets were maiohcentrated in the traditional

coastal gateways (e.g., JFK Airport in New York)hieh were largely served by
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traditional passenger carriers like Pan Am, TWAstEm, and Tower Air. However, the

rise of all-cargo integrators (like FedEx and URIBying the 1970s led to dramatic
changes in both the air cargo industry and thead\veational economy. Because of their
reliable fast delivery services coupled with ondirdoor-to-door distribution, the all-

cargo integrators’ services became increasinglyaldé to manufacturers, retailers, and
consumers. For example, the short life expectaotyperishable products (e.g.,

magazines, flowers, and fresh fruits) and increggifickle consumer spending behavior
regarding brand loyalty elevated the importancepsed of delivery. Also, the onset of
online shopping and an expectation that orderadsitbe delivered immediately further
increased the significance of rapid delivery. A®sult, companies like FedEx and UPS
rapidly emerged and swiftly developed a significamarket share. In 2003, FedEx
shipped by air over 10.2 billion pounds of air ftai (44% of U.S. total) domestically,

while UPS transported over 5.4 billion pounds (24P%J.S. total).

Both FedEx and UPS chose strategic locations fair thajor facilities at airports
in central locations, with uncongested runwaysgdaterminal capacities, accessible
loading facilities, and relatively cheap labor mool Also, their locations tended to
experience good weather conditions that permitrairoperations with a minimum of
weather delays, and fewer regulatory restrictiang.( frequency of flights and aircraft

noise). For example, Zhang (2003, p. 134) foumad th

airports that are closer to shippers and have |ldotat costs and lower
delivery times inevitably are strong candidates doregional air cargo
hub. This suggests the importance of geographmadtion, costs and
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delivery times as competitive factors in a regioamadl global competition
among airports to attract cargo traffic.

These circumstances have fundamentally shapecetigraphy of the all-cargo integrator
markets in the U.S. For example, both FedEx an8 U&ve operated the bulk of their
network out of a small number of medium-sized mmilitan markets located in the
center of the country (e.g., Memphis, Louisvilledalindianapolis) (Figure 4). These
carriers have also extended the hub-and-spoke namdeéstablished additional regional
mini-hubs in places like Newark (NJ), Oakland (C®ntario (CA), and Miami (FL).
These regional hubs were usually located in laagevgay markets and satisfied regional
niches by absorbing the surplus freight from sundbng large airports with high levels
of congestion and limited terminal capacity. Frample, FedEx established a regional
hub at Newark to serve the New York market by ojregathe additional freight traffic
coming from or going to Europe and other partshefworld because the congested JFK
Airport was less capable of handling large freigblumes. Some of the issues raised by
these regional mini hubs (e.g., FedEx in Newark @a&land) will be addressed later on

in the chapter.

a. Memphis and the FedEx System

In 2003,Memphis was the largest air freight metropolitarrketiin the United
States with more than 3#llion pounds of enplaned air freight (13.4 % loétU.S. total)

(Table 2 and Figure 4). Of that total, over 224lian pounds (5.7%) were shipped
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internationally, while over 3.6 billion pounds (8%) were distributed domestically
confirming that Memphis International Airport igdgly a domestic hub.

Air freight traffic in Memphis is significantly lgier than any other metropolitan
market and it generated more than twice the ovdralght weight shipped through
Louisville and the UPS hub (Table 2). FedEx h83.6% market share in Memphis, and
this reflects its well-established network domiramwer any other carrier at Memphis
International Airport. FedEx’s hub-and-spoke routetwork in Memphis essentially
provides national market coverage (Figure 8). 003 the Memphis-Newark route was
the most significant capturing 3.4% of enplanedgfie weight originating out of
Memphis, although Los Angeles (3.3%) was nearlyrgmortant. Other destinations with
large freight traffic market shares from Memphicluded Orlando (2.4%), Seattle
(2.3%), Chicago (2.3%), Miami (2.2%), Dallas (2.1%hd New York (2%) (Table 3).
Five out of the top fifteen destinations origingtitom Memphis are regional hubs for
FedEx including Newark, Miami, Dallas, Anchoragada)akland (Table 3). Also, the
two biggest destinations (Newark and Los Angeles) aastal gateways to the world,
where much of the received freight traffic from Mems were reshipped to overseas
markets through these gateways.

FedEx’s application of new technologies (e.g., linfation-based solutions and
bar-code electronic tracking) within the airpodeif improved its capability to gather,
organize, and distribute millions of parcels witlirshort period of time. The significant
turn around time in package shipments and the @gdpmin of ‘state of the art’ sorting

computerization technologies has elevated certairkets as preferred locations for time-
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Table 3. Proportion of FedEx’s Freight Traffic Qngting in Memphis for other
Destinations in 2003

Destination Share (%) of
Enplaned FedEx’s Total Enplaned
Freight Freight Originating from
Rank Destination Pounds Memphis
1 Newark, NJ 128,613,160 3.4
2 Los Angeles, CA 126,289,380 3.3
3 Orlando, FL 93,220,200 2.4
4 Seattle, WA 87,748,320 2.3
5 Chicago, IL 86,569,860 2.3
6 Miami, FL 82,984,056 2.2
7 Dallas/Ft.Worth, TX 79,874,520 21
8 New York, NY 75,239,060 2.0
9 Ontario/San Bernardina, 73,532,980 1.9
CA
10 Boston, MA 72,542,880 1.9
11 Philadelphia, PA 72,136,540 1.9
12 | Denver, CO 70,184,100 1.8
13 | Anchorage, AK 68,471,994 1.8
14 | Oakland, CA 68,331,760 1.8
15 | Atlanta, GA 65,997,780 1.7
Total 1,251,736,590 32.8

Source: Author’s calculations based on informagatracted from U.S. BTS, 2005h
Note: bold face indicates FedEx hub

sensitive businesses like biotech and computer aamsp.

In this way, the development of a FedEx hub canehawositive impact on

metropolitan economies. For example, FedEx’s natiegl air and ground transportation
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network has attracted several time-sensitive compai® Memphis (e.gCell Genesys
Company, Laura Ashley, Phillips, Nike, Apple Comgrytand Disney Storeand created
additional jobs and tax revenues. Cargo operaabméemphis International Airport also
had a total economic impact of more than $19.50hilin the production of goods and
services, and supported a total of 155,872 jolzlithgy to total earnings of nearly $5.6

billion in 2004 (Sparks Bureau of Business and Booic Research, 2005).

b. Louisville and the UPS System

Although Louisville is substantially smaller thaneMphis regarding air freight
volume (i.e. 1.8 billion pounds versus 3.9 billipounds, respectively) it hosts the
primary sorting hub operation for UPS (Table 2 &mgure 4) and it is the fourth largest
market in the United States. UPS located theiom@jb in Louisville largely because of
its central location, available terminal capacitand well-established surface
transportation network. In 2003, UPS dominated ltbaisville International Airport
with a 98% market share of enplaned freight weighbuisville’s central geographic
location has enabled UPS to efficiently and rapgiyve U.S. markets from across the
country (Figure 9).

Much like FedEx, UPS operates a hub-and-spoke mktiwd_ouisville. In 2003,
UPS shipped over 47.6 million pounds internatigndut distributed more than 1.7
billion pounds domestically suggesting UPS hasnalar domestic/international mix to

that of FedEx. In 2003, the Louisville-Anchorageute was the most significant
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capturing 5.6% of enplaned freight weight origingtifrom Louisville which was
noticeably larger than the market share for theorsgclargest route (Louisville-
Philadelphia at 4.6%) (Table 4 and Figure 9). TWmchorage route reflected the
importance of the substantial volume of time-s@ésitommaodities being shipped by air
between Asia and the United States. From a s@iguerspective, Anchorage enjoys
relatively short distance aviation routes betwdsn Wnited States and Asia (the great
circle route), which can result in less fuel conption costs. Other UPS air routes
originating at Louisville with a substantial marlgttare included Ontario (4.4%), Dallas
(4%), Newark (3.9%), and Denver (2.8%) (Table 4 Biglire 9). The top fifteen routes
(46.4%) in the UPS network are more important tcSURan the top fifteen in FedEx
(32.8%) in terms of market share (Table 3 and4PS appears to be funneling a lot of
its air freight poundage through just a select nemdf places, whereas FedEx seams to
be more diverse and ships to many more markets.

Several truck-based and intermodal distributioniresses (like computer parts
and automotive parts) have relocated to the Lollesmetropolitan area to benefit from
the UPS cargo facilities. Examples of companiegglee-commerce in Louisville
include Nike and Gateway Computers, and examplesoaipanies doing traditional
transportation manufacturing activities include teneral Electric Company and Ford
Motor Company (Oxford Economic Forecasting, 2006he importance of Louisville as
a global and domestic air cargo hub has provides rlecessary ingredients for
developing the city and state economy by creatddjt@nal jobs both inside and near to

the airport. In 2007, more than 43,000 total jabd $1.8 billion in total payroll were
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Table 4. Proportion of UPS’ Freight Traffic Origtiray in Louisville for other
Destinations in 2003

Rank Destination City Name Enplaned | Destination Share (%) of
Freight UPS’ Total Enplaned
Pounds Freight Originating
from Louisville
1 Anchorage, AK 100,426,134 5.6
2 | Philadelphia, PA 82,157,695 4.6
3 | Ontario/San Bernardino, CA | 78,308,201 4.4
4 | Dallas/Ft.Worth, TX 71,042,146 4.0
5 Newark, NJ 69,961,786 3.9
6 Denver, CO 49,720,580 2.8
7 Phoenix, AZ 46,955,054 2.6
8 Houston, TX 45,569,480 2.6
9 Seattle, WA 44,093,918 2.5
10 | Miami, FL 42,693,387 2.4
11 | Portland, OR 41,712,957 2.3
12 | San Juan, PR 41,549,002 2.3
13 | Hartford, CT 40,881,915 2.3
14 | Albuguerque, NM 38,333,710 2.1
15 | Salt Lake City, UT 36,000,208 2.0
Total 829,406,173 46.4

Source: Author’s calculations based on informagatracted from U.S. BTS, 2005i
Note: bold face indicates UPS hub

generated in the Louisville metropolitan area by tlouisville International Airport and
the UPS air hub (Louisville Regional Airport Autlitgy 2007).

The UPS Company was first founded in 1907 (TabjeaB¥l it has been serving
the U.S. market for a much longer time than FedHx. 2006, UPS revenue ($47.5
billion) exceeded FedEx revenue ($35.2 billion){lEa5). That is partly explained by
the larger size of the UPS Company in terms ofalb®r force and its ground-delivery

market. UPS employed 427,700 workers in 2006, evikiedEx used only 275,000
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employees (Table 5). Even though FedEx had anaigdleet (672 aircraft) than UPS

(607 aircraft), the ground fleet of UPS was biggad more diverse and sophisticated
than FedEx’'s (Table 5). In 2006, UPS operated B9,package cars, vans and
motorcycles; 11,479 tractors; and 65,983 traildi@b(e 5). On the other hand, FedEx
had 14,000 company tractors; 19,000 owner opetedotors, straight trucks and vans;
and just 44,000 straight trucks and vans (Table&30, UPS seemed to be more popular
to online retailers and customers than FedEx. 062 UPS received an average of 15
million daily online tracking requests, while FedEeceived just over 3 million tracking

requests daily (Table 5).

Table 5. FedEx and UPS, 2006

FedEx UPS
Founded" 1971 1907
Revenué $35.2 billion $47.5 billion
Employees 275,000 427,700 (360,600 U.S.;
67,100 International)
Equipment’ ¢ 14,000 company tractors » 89,521 package cars, vans
* 19,000 owner operator and motorcycles
tractors, straight trucks and « 11,479 tractors
vans * 65,983 trailers
» 44,000 straight trucks and | « 607 aircraft
vans
* 672 aircraft
FedEx.conf/UPS.con? | more than 3 million tracking | average 15.0 million daily
requests daily online tracking requests

Sources:

1. Polk Commercial Vehicle Solutions and Innovativer@puter Corporation, 2007
2. FedEx, 2007

3. UPS, 2007
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1.1.2 Combination Carriers: Traditional Passengeon@necting Hubs

Like integrators, many traditional passenger cesr{e.g., Delta Air Lines in
Atlanta) embraced the hub-and-spoke concept ddned980s, where passengers as well
as freight are connected to the main hub airporsvigich flights to reach their final
destination with the same airline. A significamaunt of air freight travels on passenger
flights, so it is important that we better undenstahe geography of combination carriers
and their influence on air freight markets.

Combination carriers can be classified into botpaty carriers and low-cost
carriers. Examples of U.S. legacy carriers inclWdaerican Airlines, Continental
Airlines, Delta Air Lines, Northwest Airlines, Urdl Airlines, and US Airways while the
low-cost carriers include AirTran Airways, ATA Aies (now shutdown), and
Southwest Airlines. Each of these types of casrigperates a distinctive air network
structure. For example, low-cost carriers largghgrate a point-to-point system, while
legacy carriers apply a hub-and-spoke system fto &liveroutes. It should be noted that
some metropolitan markets that serve as connehbtibg include more than one airport
where one airport is dominated by a legacy cafedy., American Airlines at Dallas-Fort
Worth International Airport) and the other by a loast carrier (e.g., Southwest Airlines
at Dallas Love Field Airport).

Combination carriers largely operate in intermesli@nnecting hubs but also in
specific global gateway markets like Los Angelesl &tew York. This differential

geography reflects the distinctive competitive adage of each of these places and the
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diverse strategies that combination carriers pradt individual markets. For example,
combination carriers serving gateway markets ugualin to benefit from their large
population base and the diverse industrial econtoriyll their planes to capacity with
passengers and freight. Also, the combinationiaerarrtend to benefit from the
widespread availability of freight forwarders andradse logistic firms in gateway
markets that are capable of handling and redigtnguair freight to the final customer.
These U.S. gateway markets will be explored in naetail in section 1.2.

Combination carriers have also situated themselvémtermediate’ centers to
benefit from their central geographic locationsefficiently serving surrounding small
markets (spokes) by connecting their passengerdraigit traffic to a wide variety of
final destinations. We now examine in more detlaiee major U.S. connecting hubs
(Chicago, Dallas, and Atlanta) that are dominatgadte of the three leading U.S. legacy

carriers.

a. Chicago-Naperville-Michigan, IL-IN-WI, CSA

In 2003, the Chicago-CSA ranked in seventh placeafofreight with over 1.2
billion enplaned pounds which accounted for 4.1 e U.S. total (Table 2; Figure 4).
The substantial freight volume at Chicago is par#liated to its central location in the
Midwest and the diverse regional economy in thea€@eChicago area.

The O’Hare International Airport is the largest part in the Chicago

metropolitan area, operating 98.3% of the metro@olarea’s air freight traffic. It is also
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United Airlines largest hub operation and a secontlab for American Airlines (after
Dallas/Fort Worth). Although United Airlines andn&rican Airlines established major
connecting passenger hubs at O’Hare during thesl 986y both handled less than 16%
of O’Hare Airport’s total enplaned freight in 20030n the other hand, air freight
integrators had a much stronger presence at O'Hahere more than 19% of its
enplaned air freight was operated by FedEx and%.6% UPS. The small shares of
United Airlines (8.13%) and American Airlines (6983 in terms of air freight were
partly related to the drop off in traffic after tiseptember 11 attacks and to soaring oll
prices, which led to both airlines canceling seiverasting and planned routes and
eliminating several seats on certain aircraft tyjoesut expenses.

The second largest airport in the Chicago-CSA idwéiy International Airport.
Midway International Airport is heavily used by lemost carriers where it serves as a
focus city for Dallas-based Southwest Airlines, igmépolis-based ATA Airlines, and
Orlando-based AirTran Airways. These carriers hawe-stop flights from the Midway
International Airport to several destinations. 2003, Southwest Airlines accounted for
80% of the total enplaned freight at the Midwayemgational Airport, followed by ATA
Airlines (10.4%).

Although O’Hare International Airport was built 960 to replace the congested
Midway International Airport with the expectatiomat it would be one of the largest air
freight distribution centers in the world, the ceipa constraints and high congestion
levels at O’Hare Airport have limited growth opparities. The nearby medium-sized

Rockford Airport (75 miles northwest of O’Hare) hawn recently to handle surplus
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freight traffic. In 2003, the Rockford InternatednAirport originated over 220 million
enplaned pounds. Due to Rockford’s competitivational advantage, UPS established
a regional hub at the Rockford International Aitpshere it accounts for over 90% of air
enplaned freight in 2003. Other airports benditirom the acute congestion levels at
O’Hare Airport include Indianapolis and Detroit (Mdiv Run Airport).

Due to O’Hare’s congested runway and resultingysein flight schedules, the
city of Chicago has recently committed to a $6l6dni capital investment plan involving
airfield reconfiguration, terminal developments,dalandside improvements (City of
Chicago, 2007). The final outcome will be an artpeith parallel runways rather than
intersecting ones to increase the airport’'s capaairtd improve the need to reduce
operations in particular wind conditions. The engian of O’'Hare Airport is anticipated
to generate an additional 195,000 jobs and andBiér billion in revenues (City of
Chicago, 2007). It is also expected to save thmes about $370 million and passengers

$380 million a year (City of Chicago, 2007).

b. Dallas-Fort Worth, TX, CSA

In 2003, the Dallas-Fort Worth-CSA was the ninthked metropolitan area in air
freight weight with more than 870 million enplangdunds, which accounted for 2.98%
of the U.S. total. The Dallas-Fort Worth-CSA imbdd the following airports: the
Dallas-Fort Worth International Airport (more th6B0 million pounds), the Fort Worth

Alliance Airport (more than 150 million pounds),cathe Dallas Love Field Airport
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(more than 39.6 million pounds). Dallas’s sigrafit total air freight traffic can be partly
explained by its unique geographical location #adbled it to efficiently function as a
transfer point for flights coming from and goingdther cities throughout the Southern
United States. The Dallas airports likely havedigad from the high concentration of
telecommunications companies (e.g., Texas Instrtsneflcatel, AT&T, Ericsson,
Fujitsu, MCI, Nokia, Rockwell, Sprint, and VerizoGompUSA, and Canadian Nortel)
and video gameompanies (e.g., id Software) in the market thatgyred shipping their
products by air.

In 2003, the Dallas-Fort Worth International Airpaccounted for 78.16% of the
total enplaned freight traffic originating from tligallas-Fort Worth-CSA, followed by
the Fort Worth Alliance Airport with a 17.28% matkshare and the Dallas Love Field
Airport with a 4.55% market share. The Dallas-Fdiorth International Airport hosts
the hub operations for both American Airlines ancheékican Eagle. Even though the
Dallas-Fort Worth International Airport largely ses as a fortress hub for American
Airlines in term of passengers, American Airlinelsoahandled just under 15% of
enplaned freight at the Dallas-Fort Worth Interoiadl Airport in 2003. By contrast,
UPS and FedEx accounted for 28.88% and 22.15%ec#sgply, of the originating air
freight traffic from the Dallas-Fort Worth Intermanal Airport.

The Dallas-Fort Worth International Airport is onéthe busiest airports in the
U.S. in terms of aircraft movements and passeng#ictalthough the nearby Fort Worth
Alliance Airport has recently grown to serve thewing demand for international and

domestic air freight shipments in the Dallas-Fororth market. FedEx established a
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regional hub at Fort Worth Alliance Airport and atcounts for nearly 99% of the
airport’s enplaned freight in 2003.

The Dallas Love Field Airport was the main airpfmt Dallas until 1974, when
the Dallas-Fort Worth International Airport openedLove Field is now Dallas’s
secondary airport and serves as a fortress hulSéoathwest Airlines. Despite the
dominance of Southwest Airlines at Love Field imte of the passenger market, it only
handled about 24% of the airport’s originating @mgld freight in 2003. By contrast, the
cargo airline ABX Air accounted for over half ofetloriginating enplaned freight traffic

(53.45%) at Dallas Love Field Airport.

c. Atlanta, CSA

The tenth ranked Atlanta-CSA is another major coting hub in the U.S. with a
considerable volume of enplaned freight which esleee 698 million pounds and
accounted for 2.39% of the U.S. total in 2003. Triternational and domestic air freight
demand at the Atlanta-CSA is largely served by thartsfield-Jackson Atlanta
International Airport. The Hartsfield-Jackson Aifa International Airport is a major
hub for the legacy carrier Delta Air Lines. In 30Melta Air Lines shipped 39.09% of
Hartsfield’s originating enplaned freight, followdsy FedEx with 18.09%, UPS with
8.54%, and Comair Inc. with 2.92%. Several foretgnriers have also operated at the
Hartsfield-Jackson Airport like Lufthansa Germarnlides (3.51%), Korean Air Lines

Co. Ltd. (3.34%), and Japan Air Lines Co. Ltd. 28.
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Atlanta has gained competitive advantages throughunique geographical
location. The remarkable centrality of Atlanta time south-east makes it an ideal
distribution point. Therefore, Delta Airlines dsliahed a connecting hub at Hartsfield
Airport to link many domestic flights coming frorha smaller hinterland cities to the
other U.S. destinations. Also, Atlanta’s locatammthe Atlantic coast enabled it to act as
a U.S. gateway to Latin America, Europe, Asia, Afrtta. Hartsfield-Jackson Airport is
considered the largest employment center in the $faGeorgia with 56,000 employees
and a payroll of $2.4 billion (City of Atlanta, 200 The airport has a direct and indirect
economic impact of about $5.6 billion on the loead regional economy (City of
Atlanta, 2007).

Hartsfield-Jackson is one of the busiest airparthe world in terms of passenger
traffic and number of flights, as well as in terofdandings and take-offs. In 2000, the
City of Atlanta started a ten-year, $5.4 billionrt$éield Development Program to relieve
congestion pressure at the airport and enableigherato meet future demands, which is
estimated to be at 121 million passengers by 2@forfymous, 2006; SPG Media
Limited, 2007). The expansion plans include a figéw runway, expansion of the east
international terminal, a new consolidated rentat tacility, a proposed new south
terminal, improvements to the Central Passengemihat Complex, other airfield
improvements, and support facilities (SPG Mediaiteoh 2007). The new fifth runway
is anticipated to increase the capacity for lansliagd takeoffs by 40%, from an average

of 184 flights per hour to 237 flights per hour (®R®ledia Limited, 2007).
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1.2. Traditional Coastal Gateways

The geography of the U.S. air freight market ioalell established along the
U.S. coasts such as ros Angeles, New York, Miami, and San Franciscay(ife 4).
These large markets serve the domestic marketpladeact as global gateways for the
United States. In 2003, these four places collebtishipped 25.21% of the U.S. total
enplaned freight (Table 2). This significant fieigraffic was partly related to their
importance to manufacturing and assembling paddymed in other markets, as well as
their substantial transportation infrastructured aophisticated multimodal distribution
systems. The international air traffic at thesteways reflects their significant global
accessibility and networks of trade, research, smdism. Of course, the role of
combination carriers in carrying substantial ameuaot this freight traffic across the
international routes can not be ignored. Many @drfl foreign passenger carriers operate
at these four markets and ship considerable freaghghts in their belly holds to many
global destinations. Now we turn to a more dethdgamination of each of these four
metropolitan gateways regarding their freight madtereskey airports, andlominant

carriers.

1.2.1. West Coast

California by itself stands as a significant get@ralong the western coast of the

U.S. for international and domestic air freightfficmaccounting for 13.46% of the U.S.
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total enplaned pounds in 2003. The key metropoliterkets in California included the
Los Angeles-Long Beach-Riverside-CSA, San Josefancisco-Oakland-CSASan
Diego-Carlsbad-San Marcos-MSA, Sacramento-ArderadecTruckee-CSA, and
Fresno-Madera-CSA (Figure 10 (A)). These five ragslcollectively shipped 3.9 billion
enplaned pounds in 2003. Also, over 24.7 milli@upds were shipped from a number
of scattered smaller markets in California inclydihe Stockton-MSA, Santa Barbara-
Santa Maria-Goleta-MSA, EI Centro-MSA, Redding-MSXisalia-Porterville-MSA,
Chico-MSA, and Bakersfield-MSA (Figure 10 (A)). 2003, both the Los Angeles-CSA
and the San Francisco-CSA played a substantialimatandling and shipping the local
commodities to the other global and national markén 2003, the Los Angeles and San
Francisco gateways collectively shipped 93.56% alif@nia’s total enplaned freight
and 12.59% of the U.S. total weight. Thereforés dppropriate to explore in more detail

the air freight market in these two metropolitaeas:

Los Angeles-Long Beach-Riverside, CA, CSA

The Los Angeles-CSA is one of the largest U.S. fikagateways (Figure 4) that
is supported by major freight facilities and opesaain extensive air network to many
global cities with faster, larger, longer-range nawplanes. In 2003, the Los Angeles-
CSA shipped by air over 2.3 billion enplaned pouadd ranked second nationally with a
8.01% market share of the U.S. total (Table 2)e Lbs Angeles freight market is largely

driven by its international trade, entertainmeng.(gelevision, motion pictures, and
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recorded music), aerospace, technology, petroléashjon, apparel, tourism, and health
and medicine industries. The Los Angeles-CSA hfwggsmajor airports including: the
Los Angeles International Airport (LAX) (1.7 billopounds), the Ontario International
Airport (ONT) (526 million pounds), the Long Beafraugherty Field Airport (LGB)
(59.3 million pounds)the Burbank Bob Hope Airport (BUR) (48.2 million poundand
the John Wayne International Airport (SNA) (25.6lioin pounds) (Figure 10 (B)).

LAX Airport shipped the highest percentage (71.81%f}jhe Los Angeles-CSA
total enplaned pounds, and it is the busiest dinpothe state of California. It is also a
major gateway to many international destinationd.atin America, Europe, Asia, and
Oceania. In terms of passengers, it is a major foubUnited Airlines and Alaska
Airlines, a secondary hub for Delta Air Lines, aadocus city for American Airlines,
Southwest Airlines, Qantas, and Air New Zealandowklver, in terms of air freight,
these carriers shipped a smaller share of LAX'altehplaned freight. For example, in
2003 the passenger carrier American Airlines acwmmurfor 6.17% of the airport
enplaned freight, followed by United Airlines (5%), Delta Air Lines (3.70%), and
Southwest Airlines (1.80%) (Figure 10 (C)). By tast, the all-cargo carrier FedEx
shipped 23.29% of the airport’s total enplaned pisufiFigure 10 (C)) while many Asian
carriers also operated at the airport including é@or Air Lines (3.14%), Singapore
Airlines (2.30%), Japan Air Lines (2.26%), Chinarlfhies (2.10%), and Eva Airways
(1.95%).

LAX is the world’s fifth-busiest airport in passesrgtraffic and eleventh-busiest

in cargo traffic, serving over 61 million passersy@and shipping 1.9 million tons of
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freight in 2006 (Airports Council International, @a and 2007b). Therefore, the Los
Angeles City Council on August 15, 2007 approve#ila2 billion project to improve
airport security, safety, and service in order ¢berve the congestion pressure at the
airport and to be able to handle internationalhtiigusing the A380 mega-jumbo (Los
Angeles World Airports, 2007).

The second leading airport in the Los Angeles-Ci8Aerms of enplaned freight,
is ONT accounting for 22.5% of the region’s totapkned freight (Figure 10 (B)). Itis
the West Coast air and truck hub for UPS and ispmndistribution point for FedEx. In
2003, UPS shipped by air more than 72% of the digptotal enplaned pounds, followed
by FedEx with a 20.42% share (Figure 10 (C)). Dwméntario’s long, the airport is
frequently used as a substitute landing site faydaaircraft when LAX is inaccessible
because of weather conditions or for other reas@rstario Airport is also an important
replacement airport for trans-Pacific flights téued their aircrafts after the long trip.

Besides LAX and ONT airports, the Los Angeles-CS#pehded on a multiple
airport system of smaller airports because of @st\physical size. Many of the area’s
most well-known attractions are closer to altenetirports than to the LAX Airport.
For instance, Hollywood and Griffith Park are clogethe BUR Airport; while the SNA
Airport is close to Disneyland, the Honda Centengé@l Stadium of Anaheim, and other
Orange County attractions. In 2003, the integsalargely dominated cargo operations at
these medium-small airports. For example, FedBgpsid 26.36% of total enplaned
pounds at the LGB Airport, 65.56% of total enplamedinds at the BUR Airport, and

57.5% of total enplaned pounds at the SNA Airpdfiggre 10 (C)). UPS also
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transported by air around 53% of total enplanedhdsiat the LGB Airport, 26% of total
enplaned pounds at the BUR Airport, and nearly 3#%otal enplaned pounds at the

SNA Airport (Figure 10 (C)).

San Jose-San Francisco-Oakland, CA, CSA

The San Francisco-CSA is another significant Pagéteway (Figure 4) with a
substantial international and domestic enplaneigtite In 2003, more than 1.3 billion
enplaned pounds (4.58% of U.S. total) were shipgpaoh the San Francisco-CSA, the
sixth ranking metropolitan area (Table 2). Thisfeeight traffic is largely related to the
high concentration of semiconductor and computieted industries (e.g., Adobe
Systems, Cisco, Apple Computer, and Microsoft)hat Silicon Valley in southern San
Francisco. Also, positioning San Francisco asa@ebhnology and biomedical hub and
research center increased its dependence on asptd. The San Francisco-CSA
included four airports: the Oakland Internationatpéart (OAK) (677 million pounds),
the San Francisco International Airport (SFO) (S#élion pounds), the San Jose
International Airport (SJC) (113 million poundshdathe Sonoma County Airport (STS)
(1 million pounds).

The SFO Airport has flights to destinations thromghthe Americas and is a
major gateway for Europe, Asia, and Australasiagdae The airport benefits from the
adjacent freeway U.S. Route 101 and Interstateb38providing further connections to

the region. The availability of widebody jet sewiat SFO has also contributed in
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shipping large freight volumes to the Pacific Rinin 2003, the U.S. legacy carrier,
United Air Lines had a 17.91% share of freight &0SAirport followed by American
Airlines (5.13%), and Delta Air Lines (3.87%). $eal all-cargo carriers also operated at
SFO Airport like FedEx (17.39% market share) (Fegad (C)), followed by Astar Air
Cargo Inc. (4.26%), and Atlas Air Inc. (3.76%). Mover, the SFO Airport has hosted
several foreign carriers with substantial enplafredght volumes like Japan Air Lines
(5.56%), Eva Airways (4.72%), Nippon Cargo Airling8.78%), Asiana Airlines
(3.28%), Korean Air Lines (3.11%), China Airline2.§3%), and British Airways
(2.51%).

Interestingly, the OAK Airport generated more emgld freight (almost 50.64%
of the total San Francisco-CSA market) (Figure Bf) than the SFO Airport which was
the main originator of air passenger traffic. TWAK Airport appeared to compensate
for the SFO Airport’s capacity constraints andapidly became an air cargo hub for both
FedEx and UPS (Figure 10 (C)). Even though the (@aKsenger market is dominated
by the low cost carrier Southwest Airlines, it olgrried 1.28% of the airport enplaned
pounds in 2003. By contrast, integrators like Bedperated 82.56% of OAK enplaned
freight, followed by UPS with 14.09%.

Other airports largely dominated by FedEx include TS Airport with a 100%
market share and the SJC Airport with a 51.6% mashkare (Figure 10 (C)). Overall,
FedEx has a notable, well-established presencannFgancisco, shipping more than half

(53.34%) of the total freight traffic. On the otheand, UPS operated a smaller share of
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the San Francisco-CSA total enplaned freight (8 2BReomparison to its Los Angles-

CSA share (22.5%).

1.2.2. Northeastern Coast

New York-Newark -Bridgeport, NY-NJ-CT-PA, CSA

The New York-CSA is the largest U.S. trans-Atlardic freight gateway and it
connects North America’s freight traffic to sevedatant markets in Europe, Africa, and
the Middle East. Therefore, it is an important e@adl the flow of commodities both in
the production and distribution processes. Besitleslistinctive global role, it also
provides some domestic hub facilities serving myalbhst Coast destinations. In 2003,
New York was the third ranked metropolitan areaimnfreight weight and it originated
over 2.1 billion enplaned freight pounds (7.42 %Jo$. total) (Table 2; Figure 4). This
significant freight volume can be explained by N¥ark status as a global center of
international business and commerce and as homen&my high-tech industries like
bioscience, software development, game design]raachet services. It is also a major
center for finance, insurance, real estate, méasion, and the arts in the United States.
New York is also a home to the most complex an@restve transportation network in
the U.S. including a massive subway system, bugahdad systems, airports, landmark
bridges and tunnels, and ferry service.

In 2003, the New York-CSA included the followingykt major airports: the John

F. Kennedy International Airport (JFK) (1.3 billioanplaned pounds), the Newark
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International Airport (EWR) (836 million enplanesdynds), the Stewart International
Airport (SWF) (29 million enplaned pounds), the Gaardia Airport (LGA) (19 million
enplaned pounds), the Long Island-Macarthur Airp@8P) (2.3 million enplaned
pounds), the Republic Field Airport (FRG) (697, &tplaned pounds), the Westchester
County Airport (HPN) (631,997 enplaned pounds), dnel East 34th Street Airport
(TSS) (115,424 enplaned pounds) (Table 6).

JFK was the largest airport in the New York-CSA tadpg 59% of the
metropolitan area’s total enplaned freight in 200Rgure 11). It was the top
international air passenger gateway to the UnitedeS in 2004, and it was the leading
freight gateway to the country by value of shiprsent2003 (Bureau of Transportation
Statistics, U.S. Department of Transportation, 2806 2004). It is a major international
gateway hub for American Airlines and Delta Air esoperating 8.5% and 3.86% of the
airport’s enplaned freight, respectively, in 2008lso, all-cargo carriers accounted for a
larger share of the JFK’s enplaned freight inclgdiedEx (almost 7.5%), Atlas Air Inc.
(almost 4.3%), Polar Air Cargo Airways (4.04%), a@eémini Air Cargo Airways
(almost 4%). Several foreign carriers also opéraethe JFK airport with substantial
international freight volume such as Lufthansa GarrAirlines (almost 6%), Korean Air
Lines (4.23%), Japan Air Lines (3.74%), Asiana gk (3.65%), China Airlines
(3.01%), Singapore Airlines (2.58%), Nippon Cargarlides (2.58%), and British
Airways (2.56%). According to the Bureau of Tramgption Statistics and the U.S.

Department of Transportation (2004), some of thigpmsants imported and exported
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through JFK comprise electrical machinery, wovend aknit apparel, medical

instruments, footwear, plastics, and paper.

Table 6. International and Domestic Enplaned Frgigbunds) Market Shares of New
York-Newark-Bridgeport-CSA'’s Airports, 2003

Airport Domestic | International Total
Enplaned Enplaned
Freight Freight

Kennedy International Airport (JFK)  315,596,731961,423,942 1,277,020,673
Newark Liberty International Airport 629,856,092 205,795,581 835,651,673
(EWR)

Stewatrt International Airport (SWF) 23,424,988 5,698,626/ 29,123,564
La Guardia Airport (LGA) 18,048,809 1,274,903 19,323,712
Long Island-Macarthur Airport (ISP 2,277,225 0 2,277,225
Republic Field Airport (FRG) 697,720 0 697,720
Westchester County Airport (HPN) 631,997 0 631,997
East 34th Street Airport (TSS) 115,4p4 0 115,424
Total 990,648,936 1,174,193,052 2,164,841,988

The top three JFK origin-destination trade routégspan nonstop segments in
2003 were in Europe including London, Brussels, aRdnkfurt (Bureau of
Transportation Statistics, U.S. Department of Tpantion, 2004). On the other hand,
these European airports act mostly as a link itohaj supply chain where most of the
markets are in fact in Asia (Bureau of TranspaotatBtatistics, U.S. Department of
Transportation, 2004). The top destination marketsargo flying out of JFK in 2003
were Tokyo, Seoul, and London; the top origin mexKer imports at JFK were Seoul,
Hong Kong, Taipei, and London (Bureau of TransgameaStatistics, U.S. Department of

Transportation, 2004).
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Others (0.17%):

ISP: 0.11%

0.89% .
1.35% LGA° 0.17% FRG: 0.03%
SWF Others HPN: 0.03%
TSS: 0.01%

58.99%
JFK

38.60%
EWR

Figure 11. Percent Market Share of the Internatiand Domestic Enplaned Freight
(Pounds) by Airport in the New YoiMewark-Bridgeport CSA, 2003
Source: Author’s calculations based on data exdécatom U.S. BTS, 2005k

The second leading airport in the New York-CSA W, which accounted for
almost 38% of the region’s total enplaned freigh@03 (Figure 11). The EWR Airport
acts as a domestic hub to and also functions astemmational gateway challenging JFK
with its non-stop scheduled airline routes to savésian destinations, such as Hong
Kong, Beijing, and India. In 2004, EWR became fiftn busiest U.S. gateway for
nonstop international air travel in terms of pagees (Bureau of Transportation
Statistics, U.S. Department of Transportation, 200&EWR is a secondary hub for
Continental Airlines, which accounted for 10.55%E#WR’s total enplaned pounds in

2003. FedEx Express also operates one of its tgorroargo hubs at Newark (Figure 8).
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In 2003, FedEx accounted for 52.59% of the airgatiplaned pounds, followed by UPS

(16.72%) and ABX Air (3.49%).

1.2.3. Southeastern Coast

Miami-Fort Lauderdale-Miami Beach, FL, MSA

Miami-MSA is a major gateway for U.S. and Latin Amea traffic. In 2003, it
ranked fifth with over 1.5 billion pounds of theemational and domestic shipments and
accounted for 5.2% of the U.S. total (Table 2). e Miami-MSA hosted the Miami
International Airport (MIA) (more than 1.3 billioppounds), the Fort Lauderdale-
Hollywood International Airport (FLL) (more than 37million pounds), the Palm Beach
International Airport (PBI) (over 23 million poungsand the Opa Locka Airport (OPF)
(over 4 million pounds). This significant interiwatal and domestic air freight traffic hub
is partially explained by its local economic growtarge local Latin American and
European populations, and strategic geographictitotdetween North America and
Latin America.

MIA is the largest airport in the region, accougtiior almost 86.8% of Miami-
MSA'’s total enplaned freight in 2003. MIA Airpodcts as a global gateway handling
most long-haul flights to and from South Florid@he airport is a hub for American
Airlines, accounting for 9.64% of MIA Airport’'s elgmed freight in 2003. 1t is also a
hub for cargo airlines UPS and FedEx, accountinglfs76% and 6.42% of market

share, respectively. Other cargo airlines opegasinthe airport include Florida West
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Airlines (5.95%), Amerijet International (5.44%)efini Air Cargo Airways (4.68%),
and Atlas Air Inc. (4.60%).

The second leading airport at the Miami-MSA is Fid. Airport with nearly an
11.39% market share of freight traffic in the mpulitan area. Although FLL Airport is
a hub for the passenger airline Spirit Air Linesonly accounted for 0.62% of the
airports’ total enplaned freight in 2003. By cast; FedEx dominated the majority of
the FLL Airport freight traffic (64%), followed byJPS (6.11%), Delta Air Lines

(6.01%), and ABX Air (5.81%).

1.3. Conclusion

Overall, there is a substantial geographic coneéintr and specialization of air
freight operations across a select few U.S. mark®tere specifically, the geography of
air freight by weight has largely clustered in sofimermediate’ domestic hubs (e.qg.,
Memphis, Louisville, and Indianapolis) and in se&fecconventional international
gateways (e.g., Los Angeles, New York, Miami, ameh &rancisco). The concentration
of air freight traffic at these ‘intermediate’ mapolitan markets is largely related to the
specialized services of integrators (e.g., FedEkARS) in sorting and reshipping cargo
to other U.S. domestic destinations. However,fia@rght traffic at the international
gateways is largely related to the agglomerationdokerse economies, an intense

geographic concentration of freight forwarders, vesll as passenger carriers (e.g.,
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American Airlines, United Air Lines, and Delta Alnines), that transport substantial
amounts of freight across international routes.

By exploring the geography of U.S. air freight bgtnopolitan market, we found
that for many cargo airlines a large hub airportatmn by itself does not create
comparative advantage. There are other factolgeinéing the spatial distribution of all-
cargo carriers and passenger airlines that areadlptay. For example, environmental
restrictions (e.g., noise limits and night curfewsiph airport user charges, congestion,
and a shortage in slot availability at certain inétional gateways have pushed several
cargo carriers and integrators to search for maeessible secondary airports. By
contrast, combination carriers operating intermatilaroutes concentrate more in larger
economic markets with a substantial presence &fguager airline operations and an array
of freight forwarders. Overall, it is essential farports to be an integral part of the
freight supply chain if a metropolitan area is talth a compatible cluster of air cargo-
related activities.

This dissertation also found that air transportgyaphy plays a complementary in
many U.S. markets. For example, in California,retreough FedEx and UPS companies
are operating in both the San Francisco and Losksgnarkets, FedEXx tends to largely
dominate the San Francisco market while UPS hasoee raubstantial share in Los
Angeles. The notion of complementarity can be shevugh the distribution of each of
FedEx and UPS’s main operations in two separatghbering markets reflecting the
development of collaborative and competitive sgee between these two companies.

Furthermore, even within a single metropolitan regrkhe major airports in the market
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often establish complementary niches. For examplke,San Francisco International
Airport largely focuses on serving major passeng@riers such as United Air Lines,
American Airlines, and Delta Air Lines. Since tlagport largely functions as an
international gateway, several Asian passengerecaralso ship a considerable amount
of freight at the Airport such as Japan Air LinEsa Airways, Asiana Airlines, Korean
Air Lines, and China Airlines. However, due to tbapacity constraints at the San
Francisco International Airport, the Oakland Intgranal Airport has grown to become a
major regional air cargo hub. Unlike the San Fsow International Airport, the
Oakland International Airport is largely dominatey all-cargo carriers including FedEx
and UPS. Although these two airports supply deifermarkets and rely on particular
types of carriers with different business modelsthbairports serve as effective
complements in distributing San Francisco cargaihy

Based on the dissertation data set, the tradition@. passenger carriers (e.g.,
American Airlines, United Air Lines, and Delta Aiines) have operated a smaller share
of U.S. shipments compared to the integrators kkeEx and UPS and these freight
carriers often twice carry more freight than thesgmnger carriers even in the large
passenger hub markets like Chicago and Dallas.reldre, the traditional passenger-
oriented combination carriers are facing a serithalenge from the integrators as long
as they continue to treat cargo as a secondaryceeand reduce their passenger belly
hold capacity on short and medium haul routes.

To face the challenge, combination carriers nee@xtiend their markets and

improve their cargo services by increasing the desgy of passenger flights to an
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extensive variety of destinations and by mergirgrttwith high-speed and door-to-door
services. Another solution is to establish a alasdlaboration with freight integrators,
which would provide the traditional passenger a@d$ direct access to a growing express
freight markets while also allowing freight intetpes to coordinate shipments on
combination airlines’ scheduled passenger flightShe next section of the chapter
analyzes how specific socioeconomic variables stia@geography of air freight across

U.S. metropolitan markets.

2. Empirical Results

The main goal of this dissertation is to empirigaletermine the most influential
variables in shaping the geography of air freighdtnopolitan markets in the United
States in 2003. Based on the previous literathmgy three different socio-demographic-
economic variables were identified for use in tbgression model (Table 1). Stepwise
variable selection procedure is the method that ugesl in this dissertation to build a
regression model using the SPSS Analytical Softw@exrsion 10.0). Regression
analysis was performed to examine the relationbkigveen the dependent variable (air
freight pounds) and the independent variables,tartftelp identify a group of variables

that best predicts air freight traffic.

2.1. Procedures for Model Selection

2.1.1.Transforming the Dependent Variable

118



It is crucial to make sure that the dependent bégidair freight) has a linear
relationship with the independent variables and ormally distributed before starting
the regression analysis. To examine linearitpoked at the added variable plots which
indicated that the dependent variable does not haeasonable linear relationship with
many of the included explanatory variables in thgsertation. To examine the normality
of the dependent variable, | used a histogram amchal probability plot as shown in
Figures 12 and 13. There are a number of factmligating this variable is not normal.
For example, the histogram distribution and thensiess value of 4.2 indicate that air
freight is positively skewed. Also, the Q-Q plaiggests that air freight is not normal
given the deviations from the line of best fit.

Given the curvilinear relationships, positive skess and deviation in Figures 12
and 13, a natural log transformation was perforteennprove the linearity, change the
shape and spread of the distribution of air freigdta, and make the distribution more
normal. Such a transformation on the dependentblar may help to linearize a
curvilinear regression relation (Kutner, Nachtshe&n Neter, 2003) and increase
predictive power (Bobko, 2001). Natural log is aore preferable logarithmic
transformation since coefficients on the naturgl-Brale are directly interpretable as

approximate proportional differences (Gelman & HiD07).
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After the transformation, the added variable plasowed more linear
relationships existed between the dependent variatdl independent variables. Figures
14 and 15 present histogram and Q-Q plots aftengihg the scale on which air freight
is measured. The natural log transformation wasessful, resulting in a much more
normal distribution. Also, the skewness and kustaster the transformation are -0.2 and
-0.9 respectively, which verify the normality ofetimatural log of air freight. Therefore,
taking the natural log of the dependent variabkrseto have successfully reduced the
impact of outliers and non-linearity, and produeechore normally distributed variable.
Now it makes sense to compute the multiple linegression equation using the values

of the transformed variable in place of the origwexiable.
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2.1.2.Correlation Analysis

Before running the stepwise regression procedtiis,vMery important to include
in the model only the most relevant variables tdraight traffic. Including less relevant
variables in the model will increase the standamebre of the coefficients without
improving prediction. Therefore, a correlation matof dependent and independent
variables was developed using Spearman’s ranklatoe coefficient. Any independent
variable with a moderate or high correlation cagdint (0.5 and above) with the
dependent variable was selected as a potentialdatedo be included in the regression
model. Based on this criterion, twenty-five indegent variables were selected in the

regression analysis (Table 7).
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Table 7. Independent Variables Used in the Regregsnalysis

Spearman Correlation
(r¢) with Natural Log of

# Independent Variables Air Freight
1 High-Tech Employment 776
2 High-Tech Establishment .834
3 High-Tech Total Wages ($1,000) 767
4  Average High-Tech Employee Wage ($1,000) .593
5 Medical Diagnostic Employment 743
6 Medical Diagnostic Establishment .840
7 Medical Diagnostic Total Wages ($1,000) .760
8 Pharmaceutical and Biotech Employment .709
9 Pharmaceutical and Biotech Establishment .798
10 Pharmaceutical and Biotech Total Wages ($1,000) 717
11 Average Pharmaceutical and Biotech Employee Wage .583
($1,000)
12 Cultural Products Employment .799
13 Cultural Products Establishment .832
14 Cultural Products Total Wages ($1,000) .793
15 Transportation-Shipping-Logistics Employment 281
16 Transportation-Shipping-Logistics Establishment 877
17 Transportation-Shipping-Logistics Total Wagek,(90) .802
18 Transportation-Shipping-Logistics Employment kér .504
Share (%)
19 Total Population .846
20 Total Personal Income ($1,000) .855
21 Per Capita Personal Income ($1,000) .681
22 Total Employment in all Industries .862
23 Total Population in Poverty .784
24  Total Population (25 to 64 Years) with Bachedddegree .845
or Higher (2005)
25 Traffic Shadow Effect -.562

Note: correlations are significant at the 0.01 levetdi2ed)
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2.2.Why is this Model the Best Fit? — Diagnostic Result

The chosen final regression model was the besinfipart, since there are no
serious multicollinearity problems among the seldéhdependent variables, and it meets
most of the regression assumptions including libganormality, and homogeneity of
variance. Another assumption for the multiple regi@n is that the errors associated with
one observation should not be correlated with threrg of any other observation.
However, this assumption (independence of erranggis only relevant when the data
comprise a time series. Since the data in thisedigtion is not time series data, there is
no need to test for the independence of the eerard. Now we move to a more detailed

interpretation of the following diagnostics andwasgtions:

2.2.1.Multicollinearity Diagnostics

Multicollinearity is one of the main issues thaedeo be examined during any
regression analysis. To inspect if the independantbles are highly intercorrelated,
various collinearity statistics were used, inclgditolerance, variance inflation factor
(VIF), and the condition index. When toleranceclisse to O (less than 0.1) there is a
high multicollinearity of that variable with othendependents and the b and beta
coefficients will be unstable (Norusis, 2002).

VIF is simply the reciprocal of tolerance, and whak exceeds 5 (Montgomery

& Peck, 1982; Rogerson, 2006) or 10 (Chatterjee &liH2006; Montgomery & Peck,
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1982; Ott & Longnecker, 2001; Rawlings, Pantula &Ky, 1998) there is a likelihood
of high levels of multicollinearity and instabiliip the b and beta coefficients. Another
way of assessing multicollinearity in a final modeglto look at the condition index,
where a condition index over 30 suggests a senmuificollinearity problem (Rawlings
et al., 1998). Overall, multicollinearity is nat asue in the chosen model since all the
VIFs are less than 2 and the tolerances are mare.8#8. Also, the condition indexes
are all less than 23 for the five independent Wem which suggested that no

multicollinearity problems exist.

2.2.2.0utlier Diagnostics

There are issues that can arise during the andhatiswhile strictly speaking, are
not assumptions of regression, but are none tlseoliegreat concern to geographers. Itis
important to look for unusual and influential obs#ions that are substantially different
from all other observations and might make a sulbista difference in the results of the
regression analysis. Outliers can have a sigmificaffect on the magnitude of
correlations. Given that regression slopes arergwhed by correlations and standard
deviations, regression parameters can also bedmably affected by outliers (Bobko,
2001).

Therefore, the leverage values, Cook’s distance,pantial regression plots were
used to identify any usual and influential obsdaorator the five selected independent

variables. The results of the leverage and Codkssance indicate that Dallas is a
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potential outlier that might substantively influenthe regression model. It also stands
out as an anomaly in the average high-tech wagep@atial regression plot. To examine
the influence of this outlier, the stepwise progedwas performed again excluding
Dallas from the data set. The outcome model wittallas is similar to the one with
Dallas, including the following selected explangtorariables: per capita personal
income; traffic shadow effect; transportation-simgplogistics employment market
share; medical diagnostic establishment; and aeehagh-tech employee wage. The
implication is that Dallas does not substantivehpact the regression parameters since
dropping Dallas did not cause substantial changése fitted model. Dallas also did not
change the direction of the relationship between rihtural log of air freight and the
average high-tech employee wage when excludingnétteopolitan area from the chosen
model. Therefore, the model including Dallas watected as the best fit model in

predicting air freight volume.

2.2.3.Examining the Normality of Residuals

The assumption that the residuals are normallyidiged is needed only for the
tests of significance and the construction of tefidence interval estimates of the
parameters. NoruSis (2002) suggested using staddntleleted residuals to look for
violations of the regression assumptions becausg rtieke it easier to spot an outlier.
The stem-and-leaf plot of the studentized dele¢sibluals was used first to examine the

shape of the distribution. The distribution look$atively normal, symmetric, and has a
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single peak. The Q-Q plot of the studentized @eleesiduals was also used to examine
the normality. A visual inspection of the Q-Q phtuftthe studentized deleted residuals
indicates that the residuals are from a normal [ajon since they fall close to the
straight line except for the four outlying pointslhe standardized residual histogram
provides another way of visually assessing if tesuaption of a normally distributed
residual error is met. The final model seems rokuste the histogram suggests a small
amount of positive skew which should not substayiaffect the conclusions.

The normal P-P plot of the regression standardresdiual is another test for
normally distributed residual error. Under perfeotmality, the plot will be a 45-degree
line. A visual inspection to the normal P-P pludicates that the residuals are behaving

reasonably normally and approximate the line of bes

2.2.4. Examining Homogeneity of Variance (Homoscedastigity

Another assumption of ordinary least squares regress that the variance of the
residuals should be homogeneous across all leVéthe @redicted values, also known as
homoscedasticity (NorusSis, 2002). If residuals amn-constant then the residual
variance is said to be ‘heteroscedastic’. If thedel is rigorous, there should be no
pattern in the data points and the residuals aemlg\scattered around the line. This
assumption can be checked by a visual examinafienpbot of the studentized deleted
residuals against the predicted values of the akfog of air freight. Most of the

residuals fall in a horizontal band around 0, iatlitg a homogeneity of variance.
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2.2.5.Linearity

Multiple regression assumes that the relationslefpveen the response variable
and the predictors is linear. Multiple regressicam only accurately estimate the
relationship between dependent and independerdablas if the relationships are linear
in nature. To evaluate the linearity assumptioorusis (2002) suggested examining the
studentized residuals against the predicted valdescatterplot of studentized residuals
indicates a linear relationship between the ressdaiad the predicted values.

NorusSis (2002) also suggested using partial regmesplots to assess the
adequacy of the regression model. If the assumpdiolinearity is met, the partial
regression plot is linear (Norusis, 2002). Thadwa partial regression plots for the
selected five independent variables in the modeéwesually examined, and they almost
meet the assumption of linearity. Moreover, amaxation for both added variable plots
and residual plots indicated that linearity relasbips existed between the natural log of

air freight and the five predictors.

2.2.6.Some Missing Data

Although the final model seems to meet most of desumptions of regression
modeling, there might be some underestimationfewametropolitan markets due to the
lack of data in some areas (see chapter 3: reséamthtion section). Now we interpret

the selected model in detail.
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2.3.Model Interpretation

The summary results of the regression analysiaifdreight are listed in Table 8.

The final regression model includes five independ@niables with the R-square value of

0.71 (Table 9).

Table 8. Summary Statistics of Selected Model uSitgpwise Selection Method

Std. Error Change Statistics

Model

Square

Adjusted
R Square

of the
Estimate

R Square
Change

P-Value

=

-per capita personal income

.364

.359

.364

.364

000 .

-per capita personal income
-traffic shadow effect

.548

.539

.183

.183

.000

-per capita personal income
-traffic shadow effect
-transportation-shipping-logistics
employment market share

.647

.637

.099

.099

.000

-per capita personal income
-traffic shadow effect
-transportation-shipping-logistics
employment market share
-medical diagnostic establishmen

.692

[S

.680

.045

.045

.000

-per capita personal income
-traffic shadow effect
-transportation-shipping-logistics
employment market share
-medical diagnostic establishmen

711

IS

-average high-tech employee wag

je

.697

.62211

.019

011
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Table 9. The Final Regression Model

Unstandardized Standardized Change in
Coefficients Coefficients | Change in AF as AF (%) =
Variable * B Std. Error Beta a Ratio = exp(B) | [exp(B) — 1]*100
Constant 4.782 436
Per Capita Personal .055 .016 .237 1.057 6%
Income ($1,000)
Traffic Shadow Effect -.969 147 -.366 0.379 -62%
Transportation-Shipping-| .661 116 .308 1.937 94%
Logistics Employment
Market Share (%)
Medical Diagnostic .001 .000 .230 1.001 0.1%
Establishment (#)
Average High-Tech .010 .004 .170 1.010 1%
Employee Wage ($1,000

* All variables are significant at the 1% level

LN (AF) = 4.782 + 0.05%C - 0.969TSE + 0.661TSL + 0.001 MD + 0.0HT

Where,

LN (AF) = logarithm of air freight

PC = per capita personal income ($1,000)

TSE = traffic shadow effect: proximity

TSL = transportation-shipping-logistics employmerdrket share (%)
MD = # of medical diagnostic establishments

HT = average high-tech employee wage ($1,000)
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Before providing some explanations of the chosedehequation, it is crucial to
provide some context on how to use the b coefftsieand to understand the logic behind
converting the natural log of Y back to the oridimariable. In the multiple regression
equation, usually the b coefficient of X shows haowch Y changes when X changes by
one unit and the values of the other independeamiblas do not change. Wherg XX;
= 1 represents how much; Xhanges, and oY— Y; = by represents the difference in Y.
However, when the logarithm of Y is used as theeddpnt variable, jbrepresents how
much Ln Y changes wheniXhanges by one unit. To calculate how much Y ghan
when X changes by one unit, the natural log of Y needset@onverted back to Y by
computing the exponential for every b coefficieahgtandardized coefficient). After
transforming the natural log of Y to the originalvélue, it is very important to keep in
mind that the change in Y when Xhanges by one unit represents a ratio changeand
the actual difference between, ¥ Y;. To calculate the change in Y in terms of a
percentage, the ratio change in Y [exp(b)] needseteubtracted by 1 and then multiplied
by 100 as followed: [exp(b) — 1]*100.

For example, the b coefficient (0.055) of the finstiependent variable in the
equation (per capita personal income) does noesgpnt the actual unit change in air
freight when per capita personal income changeslhy00. Since the air freight variable
is measured on a natural log, the coefficient @68.represents the difference in the
natural log of air freight when per capita persanabme changes by $1,000. In order to
get the change in air freight (in terms of a rattbg natural log of air freight needs to be

transformed back to the original air freight value3herefore, the exponential was
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computed for the b coefficient of the per capitaspeal income &°= 1.056541). To
calculate the percent change in air freight, sabttgrom 1.056541 and then multiply the
output by 100, which equals almost 6%. When peitagersonal income increases by
one thousand dollars, air freight will increase dpund 6%, while holding the other
independent variables constant.

Similarly, the traffic shadow effect was calcuthtes a ratio of air freight [&°%°=
0.379462) and the change in air freight equals -62%hen the metropolitan area is
under a traffic shadow effect, air freight will dease by 62%, while holding the other
explanatory variables constant. The exponential fiee b coefficient of the
transportation-shipping-logistics employment markieare is €°°* = 1.936728 and the
change in air freight is almost 94%. For every ifrease in the transportation-
shipping-logistics employment market share the ipted air freight will increase by a
94%, assuming the rest of the predictors remairhamged. The exponential for the b
coefficient of the medical diagnostic establishmisré°*'= 1.001001 and the change in
air freight equals 0.1%. For every one firm inse@ medical diagnostic establishment
air freight will increase by 0.1% while holding tlo¢gher explanatory variables constant.
The exponential for the b coefficient of the averdngh-tech employee wage &%=
1.01005 and the change in air freight equals 1%heMthe average high-tech employee
wage increases by one thousand dollars, air freigltincrease by 1%, assuming the
other predictors remain constant.

The adjusted R-squared is a standard, arbitrasyndard adjustment to penalize

for the possibility that, with many independentsimg of the variance may be due to
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chance. The more independents involved, the nimeadjustment penalty. Since only
five independents are observed, the penalty is mifable 8). The p-value for the
‘Change Statistics’ shows the significance leveloagated with adding the variable for
that step. Each of the five steps is significpatdlue less than 0.05) (Table 8).

The analysis-of-variance (ANOVA) was used to exantime overall significance
of the model (that is, of the regression equation)the five steps. The significance of
the p-value is below .05, indicating the modelsdach step are significant. Therefore, a
statistically significant relationship exists beemethe natural log of air freight and the
five predictors.

Table 8 also lists the change in the R squaredstathat is produced by adding
or deleting an independent variable. If the R sgd@hange associated with a variable is
large, that means that the variable is a good gt@dof the dependent variable. The first
explanatory variable to enter the model is the gagita personal income explaining
36.4% of the variance in the natural log of aindght with a significant level (p-value)
below .000 (Table 8). The suggestion here is thetropolitan areas enjoying a higher
per capita personal income tend to produce a higbkmme of air freight shipments.
This inference validates some of the earlier saf&ambridge Systematics et al., 1996;
Kasarda & Green, 2005) where high income levels geamerate substantial consumer
spending on different types of expensive merchanitidarge quantities (especially high
value/low weight products), creating an extensigmadnd for air freight delivery.

To investigate the relative importance of each pahelent variable in predicting

the natural log of air freight, the absolute magmés of the beta coefficients
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(standardized regression coefficients) are providetiable 9. Betas are only compared
within a model, not between models, and addingubtracting variables in the equation
will affect the size of the betas. Also, the tttessults are listed in Table 9 to show the
significance of each b coefficient. It is possilbtdehave a regression model which is
significant overall based on the F test, but wizeparticular coefficient is not significant
Even though per capita personal income is the ifuidgpendent variable entered into the
model and it explains the highest variability i thatural log of air freight, it is the third
most important independent variable in predictimg matural log of air freight within the
model ¢ =.237,t=3.327, p = .001) (Table 9) based enstandardized coefficients.

It is the traffic shadow effect that is the mostimeoful standardized coefficient
even though it was the second independent variabtered into the model and it
accounted for just 18.3% of the variation in theura log of air freight with a significant
level (p-value) below .000 (Table 8). Despite itg@ortance of the traffic shadow effect,
it has been largely neglected in the recent acadktarature. Although one exception to
this rule is the work of Brueckner (2003) who lodks how spatial proximity influences
and shapes airline passengers demand. AlthougkcBmnar used a 145 miles threshold
to capture the proximity effect and this dissediatused 100 miles, he found a similar
negative inverse relationship existed. It is rémgato see how this explicitly spatial
phenomenon has such a profound influence on aghréraffic. Small metropolitan
areas that originate less than 30 million enplgmadhds of air freight and that are within
100 miles of a nearby larger airport in an adjaceatropolitan area that generated more

than 30 million pounds appear to experience adfottaffic shadow effect’. As a result,
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these small markets tend to experience considefaditght losses since shippers seem to
prefer to drive their freight to the closest lameport to enjoy the high quality cargo
services and the frequent flight schedules thegnoftmes provide to many U.S. and
global destinations. Examining the standardized beTable 9 confirms that the traffic
shadow effect is the most important explanatoryakée in predicting the natural log of
air freight within the modelf(= -.366, t = -6.581, p = .000).

The third independent variable to enter the moslehe transportation-shipping-
logistics employment market share accounting fé¢®of the variation in the natural log
of air freight with a significant level (p-valueglow .000 (Table 8). However, based on
the standardized coefficients, the transportatlupgsng-logistics employment market
share is the second important independent variabf@edicting the natural log of air
freight within the model{ = .308, t = 5.693, p = .000) (Table 9). The dseefunctional
services of this sector are apparently essentiafatilitate freight processing and
distribution. Firms in this sector are mainly eged in the following: providing air,
surface, or combined courier delivery services;rafi@g commodities warehousing and
storage facilities; organizing the transportatidrfreight between shippers and carriers
(e.qg., freight forwarders); packing, crating, angkgaring commodities for shipping.
Metropolitan markets generating a disproportionsit@re of transportation-shipping-
logistics services experience extensive air freiglemand. Despite the strong
relationship between air freight and transportasbipping-logistics employment market

share, it is less clear which comes first — a cbadken and egg issue. Therefore, future
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research needs to empirically examine the caudatiamship between these two
variables in more detail.

The number of medical diagnostic establishmentamgropolitan area is the
fourth explanatory variable entered into the madgdlaining 4.5% of the variation in the
natural log of air freight with a significance léugelow .000 (Table 8). Based on the
standardized Beta values, it is also the fourthtrmaportant predictor in predicting the
natural log of air freight within the modd} € .230, t = 3.485, p = .001) (Table 9). The
suggestion here is that this sector of the econisnyghly linked to air freight given the
necessity for the quick delivery of diagnostic festo customers and the proliferation of
high-value, low weight products. Firms engagedvimolesaling medical professional
equipment, instruments, and supplies; providing lydica or diagnostic services;
manufacturing medical equipment and supplies (&bgratory apparatus, surgical and
medical instruments, surgical appliances and seppliental equipment and supplies,
orthodontic goods, dentures, and orthodontic appéa) have high propensities to ship
by air and metropolitan areas hosting a large nunabedifferent medical diagnostic
firms seem to create a substantial demand foreimtt.

The fifth and final predictor to enter the modelsnaverage high-tech employee
wages accounting for 1.9% of the variance in theunah log of air freight with a
significance level equal to .011 (Table 8). lalso the fifth most important variable in
predicting the natural log of air freight withinethmodel based on the standardized
coefficients § = .170, t = 2.594, p = .011) (Table 9). The imalion here is that

metropolitan markets offering above average higih-igage rates will experience higher
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air freight shipment volumes. Companies offerinchigh wages to highly skilled

employees engaged in either computer systems desargh related services or
manufacturing computer and electronic products alle a higher tendency to ship their
high-value and low-weight products by air, whichghtiattract cargo carriers and freight

forwards to the region in response to that demand.

3. The Geography of the Selected Explanatory Vatesh

3.1. The Spatial Distribution of Per Capita Persdnacome

It has been hypothesized that metropolitan mankts high per capita personal
income levels would likely generate a substantexel of air freight shipments, in terms
of weight and value. The empirical results of Htepwise regression suggests that a
positive relationship exists between per capitssqeal income and air freight, where
more affluent metropolitan markets are apparenttyerikely to ship freight by air.
Using the BEA database, per capita personal incora@ly includes earnings, transfer
payments, dividend, interest, and rent. Per capttame appears to be an appropriate
surrogate measure of overall healthy productivenegoes that seem to substantively
contribute to shaping the geography of air frelghtmetropolitan area.

Having said that, the relationship between airgheiand per capita personal
income is not a straightforward one. For exampilen though Memphis (the FedEx
super hub) is the leading air freight market in 2@8 measured by weight of shipments,

it only ranked 38 in per capita personal income (Figures 4 & 16jrt Bf the logic for
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Table 10. The Top Fifteen Metropolitan Marketsemts of Per Capita Personal Income,

2003
Per Capita
Personal
Rank MSA/CSA Income ($)
1 San Jose-San Francisco-Oakland, CA, CSA 44,382
2 Boston--Worcester--Manchester, MA-NH-MEF CSA 41,159
3 Washington-Baltimore-Northern Virginia, DC-MD-VA// CSA 41,096
4 New York-Newark -Bridgeport, NY-NJ-CIPA CSA 40,842
5 Denver-Aurora-Boulder, CO CSA 39,461
6 Minneapolis-St. Paul- St. Cloud, MN-WI CSA 37,762
I Reno-Sparks, NV MSA 37,620
8 Hartford-West Hartford-Willimantic, CT CSA 37,565
9 Seattle-Tacoma-Olympia, WA CSA 37,200
10 | Sarasota-Bradenton-Venice, FL MSA 36,999
11 | Philadelphia-Camden-Vineland, PA-NJ-DE-MD CSA ,685
12 | Chicago-Naperville-Michigan, IL-IN-WI CSA 35,740
13 | Detroit-Warren-Flint, Ml CSA 35,657
14 | San Diego-Carlsbhad-San Marcos, CA MSA 35,620
15 | Houston-Baytown-Huntsville, TX CSA 34,989

this is that much of the air-based freight in Memspk connecting and not originating
freight. Thus, the high levels of air freight vola in Memphis are not necessarily a
reflection of the local economy. Similar relatibiss seem to apply to Louisville (UPS
hub) and Indianapolis (FedEx hub) (Figures 4 & 1@tven though Louisville and
Indianapolis ranked fourth and eighth respectivalyerms of air freight volume, they
ranked 38 and 26' respectively in terms of per capita personal ineorMuch of the air
freight traffic at Louisville and Indianapolis islsa connecting and not locally

originating.
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On the other hand, for some of the internationgkeway markets, a strong
relationship appears to exist between per capit@sopal income and air freight,
especially in New York. In 2003, New York rankeaufth ($40,842) in terms of per
capita personal income and ranked third in termaiofreight, with more than 2.164
billion pounds (Figure 16; Table 10; Figure 4; T&@B). In the same year, net earnings
accounted for nearly 70% of New York’s personabme, while dividend, interest, rent,
and transfer receipts collectively accounted fdy &% of New York’s personal income
(Regional Economic Information System & Bureau ebB&omic Analysis, 2008). The
high per capita personal income levels in New Yoak be partly explained by New
York’s diverse and productive economy, which setnsay a role in shaping air freight
volume. Besides the originating freight shipmeotd of New York, the New York
airports also effectively link many connecting datne and international freight traffic
packages to their final destinations, leading tastantial value in New York’s air freight
market.

The San Francisco metropolitan market is anothtswgey with high air freight
volume (1.337 billion pounds, ranked sixth) and hhiger capita personal income
($44,382, ranked first) (Figures 4 & 16; Tables 2@). In 2003, net earnings accounted
for nearly 73% of San Francisco’s personal incowtgereas dividend, interest, rent, and
transfer receipts altogether accounted for only 2#%an Francisco’s personal income
(Regional Economic Information System & Bureau ofoBomic Analysis, 2008).
According to Newman (2001), the high per capitaspeal income in the San Francisco

metropolitan market is largely related to the highges in industries like business
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services including: software development, prepaelagoftware, data processing
services, and computer rental and leasing; industmachinery and equipment
manufacturing; and electronics and other electguigment manufacturing, which
includes semiconductor manufacturing. These tygfeimdustries tend to have a high
predisposition to ship high-value and low-weighbgucts by air, which may partly
explain San Francisco’s high level of air freigbtume.

Other examples that support the general trendeopdsitive relationship between
per capita personal income and air freight inclieston, Washington D.C., Seattle,
Chicago, and Houston. For example, Boston rankembrsl in terms of per capita
personal income ($41,159) and fourteenth in terfrairofreight (Figure 16 & 4; Table
10). The high per capita personal income of Bossopartly related to its high wage
industries in high-tech, health care, and biotetdmo that rely heavily on air freight
shipments. Boston generated over 443 million emmapounds in 2003, largely
reflecting the importance of its regional medicabmomy in shaping its air freight
market share.

The affluent economies in all these leading markeftect their highly skilled
labor forces in more sophisticated and well-paitisjdike information technology,
medical care, biotechnology, and aerospace tecgynold-or example, Seattle ranked
ninth in terms of per capita personal income ($30@)2argely because of its diverse,
well-paid labor pool, including aerospace (e.g.,eidg Corp.), programming and
software applications (e.g., Crowley Maritime Corpnd Microsoft Inc.), and

biotechnology (e.g., Corixa, Immunex, and ZymoGiesgt(Gray, Golob & Markusen,
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1996). These high-skilled, well-paid jobs haveighhtendency to ship many of their
high-value and low-weight products by air, whichrtjyaexplains the high air freight
volume at Seattle in 2003 (464.4 million poundske thirteenth).

Although overall a positive relationship existsvbe¢n per capita personal income
and air freight in Los Angeles, Miami, and Dallgser capita personal incomes are
relatively low, even though air freight volume igln (Figures 16 & 4). In 2003, the per
capita personal incomes in Los Angeles, Miami, Bradlas were respectively, $31,551
(ranked thirty-fifth), $32,762 (ranked twenty-folyt and $33,733 (ranked nineteenth).
One possible explanation for the relatively low mapita personal income in these
markets is the high level of low-wage employmentce these three metropolitan
markets have experienced high immigration rateg(Mion Policy Institute, 2008). For
example, in 2006 almost half of the Los Angeles i@pwvorkforce (46%) was foreign
born and over 40% of immigrant adults in Los Angeteounty had less than a high
school education (Migration Policy Institute, 2008Moreover, non-labor income like
dividend, interest, rent, and transfer receipt$ectively accounted for 40% of Miami’s
personal income (Regional Economic Information &yst& Bureau of Economic
Analysis, 2008).

Interestingly, some medium-size metropolitan markaich as Reno, Hartford,
Sarasota, and San Diego generated substantiahpia personal income levels although
air freight levels were also low (Figures 16 & 4ble 10). The high per capita personal
income in Reno ($37,620, ranked seventh) can bdypexplained by its significant

workforce in the hotel and casino business, goldimgi activities, health care,
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distribution services, transportation and logistarsd real estate and construction projects
(University of Nevada, 2006). In 2003, net earsiagcounted for nearly 64% of Reno’s
personal income, while dividend, interest, rentd amansfer receipts collectively
accounted for 36% of Reno’s personal income (Regi&eonomic Information System
& Bureau of Economic Analysis, 2008). On the othand, the Reno metropolitan
market ranked fifty-third in terms of air freighteight, which is an indication that some
affluent markets do not necessarily generate sotistaemand for air freight services.

The high per capita personal incomes of the Hattfoetropolitan area ($37,565,
ranked eighth) is partly related to Hartford’s r@e a home to many of the world’s
insurance companies (such as Travelers, Aetna,TaedHartford Financial Services
Group, Inc.) and large corporations like United Amaogies (City of Hartford, n.d.).
However, in 2003, Bradley International Airporthtartford generated less than expected
air freight shipments (150.3 million pounds, rankbdtieth; Figure 4). This is partly
because the Hartford region is also served by atbgghboring airports, such as John F.
Kennedy International and LaGuardia in New York amdjan International in Boston
(Connecticut Department of Transportation, 2006)ictvhmight capture some of
Hartford’s freight traffic.

Overall, the per capita personal income variablkects the skill levels and
productivity rates of the entire population as wadlthe mix of industries in places like
San Francisco, Boston, Washington D.C., New Yomkgd ®enver. It seems that

measures of overall affluence are key predictoraciive air freight markets, where
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wealthy consumers can purchase high-value low-weglducts. It appears that wealthy

metropolitan areas tend to create the type of imdgsthat need to ship by air.

3.2. The Geography of the Traffic Shadow Effect

The traffic shadow effect is a major concept im$@ort geography, and Taaffe,
Gauthier, and O’Kelly (1996) were one of the finstnsport geographers to identify the
traffic shadow effect on the geography of shipmemsoadly defined, the traffic shadow
effect articulates the hierarchical shadow castldrge markets on nearby smaller
markets. The general notion is that larger marlets capable of “capturing” the
hinterland of nearby smaller markets given the theoaange of services and amenities
frequently offered in the larger market.

Figure 17 illustrates in more detail a hypothetieahmple of how the traffic shadow
effect theoretically operates between two proxim@wetropolitan areas. The shaded
areas to the north of the large and small metrtgrolareas represent the shadow effect
cast by each airport. Companies generating higireyéow-weight products that need to
be shipped by air may be located closer to the lsmaietropolitan area illustrated in
Figure 17 but prefer the more distant larger airpp@cause it offers more flights, more
destinations, and better services. The overalbohs that smaller markets located near
larger markets may generate lower levels of aigftevolume than expected. On the
other hand, as the distance increases betweeniaylgrge market and smaller market,

the traffic shadow effect will likely diminish in agnitude given the greater distances
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products must then be shipped by truck.

Before discussing the model results, it should dedh that since the data for air
freight were collected by MSA/CSA, it is not podsilio estimate the traffic shadow
effect of different airports located withia single MSA or CSA. That said, the traffic
shadow effect cast by one metropolitan area on djacant metropolitan area was
analyzed in this dissertation if the adjacent MAgmated fewer than 30 million pounds
of air freight and was within 100 miles of a largéA airport & 30 million pounds). For
example, within the Los Angeles metropolitan area traffic shadow effect was not
calculated between Los Angeles International Airdtarge airport) and John Wayne
International Airport (small airport) since theyeaboth located within the same
metropolitan area. However, the Roanoke Regiongboft (ROA) in Virginia was
considered to be within the traffic shadow of thedmont Triad International Airport
(GSO) in Greensboro, NC, since they are within &0i@s of each other and in separate
metropolitan areas (Figure 18).

We now turn to a discussion of the model resultsthe explicit role of the traffic
shadow effect. Unlike per capita personal incomhe, traffic shadow effect has a
negative parameter estimate sign indicating anrgeveelationship existed with air
freight volume. Small MAs under the traffic shadofMarger MAs will tend to generate
lower levels of freight, especially relative to ethequivalent small airports in different
locational settings that are not in a traffic shaddPart of the logic for this effect is the
substantial impacts that the large MA airports haweattracting shippers and freight

forwarders through their frequent flight schedwdes sophisticated cargo services.
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Furthermore, even though the traffic shadow efiethe second variable entered into the
regression model, it is the most influential cagéint, indicating the importance of this
predictor in shaping air freight markets across. th8tropolitan areas in 2003.

Analyzing the 26 ‘small’ air freight markets (< 3fillion pounds) that were
located within a traffic shadow and comparing tHiegrght performance with those small
markets more than 100 miles from a larger markethegp us better understand the real
impacts of a traffic shadow. The average freighitimne of small airports that are within
a traffic shadow was 4.8 million enplaned poundsilevthe average freight volume of
small airports more than 100 miles from a nearbbgdamarket was nearly 7.9 million
enplaned pounds. It is likely that small markeithiw a traffic shadow generated less air
freight because demand had been ‘diluted’ by theaciton of the broader range of
services and amenities of the nearby larger airp&ivr example, Will Rogers World
Airport (OKC) located in the Oklahoma City metropah area shipped more than 38
times (i.e., 29.7 million enplaned pounds) the wodugenerated at Northwest Arkansas
Regional Airport (XNA) located in the nearby Fageitle metropolitan area (i.e.,
761,671 enplaned pounds). The lower enplanedhtrsigare at Fayetteville might partly
relate to its proximity and related traffic diversito the larger Tulsa International airport
(TUL) (Figure 18).

Another notable example includes Baton Rouge Melitgm Airport (BTR) in
Louisiana and Tucson International Airport (TUS)Anizona. In 2003, Baton Rouge
only shipped 266,032 enplaned pounds, which isir@Bg less than the total amount of

air freight shipped through the nontraffic-shadowpart of Tucson (23.1 million
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enplaned pounds). It is likely that the nearby ikolrmstrong New Orleans
International Airport (MSY) diverted some of Batdtouge's freight traffic ‘on the
ground’ (Figure 18). The explicit contrast betweeaffic-shadow/nontraffic-shadow
airports in terms of air freight volume clearly demstrates the importance of the traffic
shadow effect on the geography of air freight.

A visual inspection of Figure 18 also suggests tweoy different competitive
contexts. The first category includes small aitpainder the traffic shadow effect of just
one proximate large airport (e.g., Colorado Spriagd Denver, Greenville (SC) and
Charlotte). The second category includes smalbais under the traffic shadow effect of
more than one large airport. For example, Waco, i$Xinder the traffic shadow effect
of three large airports: Dallas-Fort Worth Interaaal (DFW), Dallas Love Field (DAL),
and Fort Worth Alliance (AFW) (Figure 18). All & large airports are located in the
Dallas metropolitan area.

Small airports that are under the traffic shadofeafof two or three large
airports tend to have more ‘freight loss’ than aaBmirport under the traffic shadow
effect of only one large airport. The averagedineivolumes of small airports under the
traffic shadow effect of one large airport was mlion enplaned pounds, while average
freight volumes for small airports under the trahadow effect of more than one large
airport is only 3.3 million enplaned pounds. Frample, Colorado Springs shipped 12.9
million enplaned pounds in 2003, while Waco gereztabnly 1.3 million enplaned

pounds.
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Despite the critical influence of the traffic shadeffect in diverting air freight
traffic from small to large U.S. airports and themplex spatial hierarchy of the
geography of shipments, it has been a largely owkdd topic in the literature.
Therefore, further research is needed to inspeéstchncept under different competitive

situations.

3.3. The Spatial Distribution of Transportation-Spping-Logistics (TSL) Employment

Market Share (%)

The existing literature has suggested that tramapon-shipping-logistic (TSL)
industries have the potential to significantly sh#pe geography of air freight in the

United States. Dicken (2007, p. 411) quoted Mid Keeler (2001) and argued that

time- and quality-based competition depends onieltmg waste in the

form of time, effort, defective units, and inventoin manufacturing-

distribution systems ... [requiring] firms to pra&icsuch logistical

strategies as just-in-time management, lean l@gistvendor-managed

inventory, direct delivery, and outsourcing of k&tgs services so that

they become more flexible and fast, to better Batisustomer

requirements.

Logistics are involved in every component of themy chain: sourcing of raw
materials, parts inventory, warehousing, packagmaterials handling, and distributing
final products to the customers. With the contumigrowth of just-in-time inventory

control, the importance of air cargo continues & Heightened in corporate supply

chains, where the transport of urgent supplies,(mgdical materials), auto components,
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or computer parts is necessary. In order to nieeessential shipping deadlines for these
products, many companies depend on air couriersfifneight forwarders, and logistics
specialists’ services.

The transport/logistics index utilized in this digsition includes the sum of the
following five NAICS-based economic activities:

= NAICS 4885: freight transportation arrangement

=  NAICS 488991 packing and crating

= NAICS 4921: couriers

= NAICS 49311: general warehousing and storage

=  NAICS 49319: other warehousing and storage
A detailed NAICS-based definition of each of theefitransport/logistics sub-sectors is
provided in the research and design chapter.

The TSL employment market share explanatory vagiads the third predictor
entered into the regression model and the secorst pawerful coefficient after the
traffic shadow effect variable. The empirical ieswf the stepwise regression suggest a
strong positive relationship existed between agight volume and TSL employment
market share. Metropolitan areas with more divarsg efficient ground support systems
(e.g., operating merchandise warehousing and stdeaglities), freight forwarders, and
transportation services tended to generate a higlleme of air freight shipments.

Although Memphis was the most important air freigtdrket in the United States
in 2003, it only ranked twelfth in terms of the T®mployment market share (1.26%;

Table 11; Figures 4 & 19). The high volume offa@ight at Memphis is largely related
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to the FedEx super hub, where many packages argted, sorted, and then reshipped to
their final destinations. Much of the air freigtémand in Memphis is less related to the
Memphis market and more related to the national iate&tnational shipments that are
sorted and transferred through the FedEx hub eagh drhat said, in 2003, freight
transportation arrangement firms accounted for %0227 firms) of all Memphis’s
logistic firms and 40% of all Memphis’s logistiche (2,976). More specifically, general
warehousing and storage establishments accountetb (80 firms) of all Memphis’s
logistic firms and employed 60% (4,475 workersM#mphis’s total logistic workforce.
Freight transportation arrangement companies andrgewarehousing and storage firms
are the biggest logistic sub-sectors in the Mempghigply chain largely due to the
presence of the FedEx Super Hub.

On the other hand, the positive relationship betweae freight volume and TSL
employment market share is more clearly pronounoedther connecting hubs like
Louisville and Indianapolis (Figures 4 & 19). Fexample, Louisville ranked first in
terms of the TSL employment market share and fourtterms of air freight volume
(Tables 2 & 11). In 2003, courier firms accountedalmost 23% of Louisville’s total
logistic firms (46 companies) and nearly 73% o&ltdbgistic jobs in Louisville (15,224);
general warehousing and storage companies accotonte&6% of all logistic firms in
Louisville (73 firms) and 21% of Louisville’s totalogistic jobs (4,419); freight
transportation arrangement establishments accoufted30% of Louisville’s total

logistic firms (61) and almost 5% of all logistmlys in Louisville (1,011). Of course, the
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Table 11. The Top Fifteen Metropolitan Marketsamts of Transportation-Shipping-
Logistics Employment Market Share, 2003

Employment
Rank MSA/CSA Market Share (%)
1 | Louisville-Elizabethtowrcottsburg, KY, CSA 3.39
2 | Reno-Sparks, NV MSA 223
3 | Stockton, CA MSA 201
4 | Indianapolis-Anderso@olumbus, IN CSA 1.90
5 | Jacksonville, FL MSA 1.70
6 | Roanoke, VA MSA 1.69
7 Visalia-Porterville, CA MSA 1.46
8 | Evansville, IN--KY MSA 1.38
9 | Toledo-Fremont, OH CSA 1.38
10 | Atlanta-Sandy Springs-GainesvilleA@SA 1.29
11 | Kansas City- Overland Park- Kansas City, MO-CSA 1.26
12 | Memphis, TN--AR-MS MSA 1.26
13 | Chattanooga- Cleveland-Athens, TN CSA 1.24
14 | Cincinnati-Middletown-Wilmington, KY-OHN, CSA 1.22
15 | Rockford-FreepormRochelle, IL CSA 1.17

leading Louisville company in these sub-sectotdRs.

Unlike FedEx, UPS Company owns and operates a narger ground fleet.
UPS services cover a wide range of logistical &ew including quick air or low-cost
ground delivery, global trade financing, Web ret@land call centers, and warehousing
and supply-chain management (Rodrigue, Comtois)a&ks 2008). The company also
acts as a third-party logistics provider usingeixssting infrastructures and management
capabilities, and has developed strategic alliamgds those producers and distributors.

Examples of other companies providing couriersisesvin the Louisville metropolitan
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market include Bee Line Courier Service and Zip tfesp Courier Service
(ReferenceUSA, 2008).

A similar pattern is also found in the Indianapatietropolitan area. In 2003,
Indianapolis ranked eighth in terms of air freigldlume with over 981.9 million
enplaned pounds, accounting for 3.36% of the Wtal,tand it ranked fourth in terms of
the TSL employment market share (1.90%; Tables P1&Figures 4 & 19). Couriers
companies accounted for 29% of Indianapolis’s ttigistic firms (81) and 50% of all
Indianapolis’s logistic jobs (8,940); general warebing and storage companies
accounted for 29% of Indianapolis’s logistic firr(B2) and 40% of total Indianapolis
logistic jobs (7,109); freight transportation amgament firms accounted for 33% of
Indianapolis’s total logistic firms (92) and 9% alf logistic jobs in Indianapolis (1,669).
FedEx is the leading Indianapolis logistic firm, iahh operated in 2003 over 96% of
Indianapolis’s enplaned pounds. The FedEx Indialshub is an important part of the
entire FedEx Express network, where the centraitioc of Indianapolis in the heartland
of the United States provides the FedEx Companly itompetitive edge, and relieves
some traffic pressure at the FedEx Memphis hub.otlher example of a company
focusing on providing couriers services for theidimapolis metropolitan market is Alvan
Motor Freight Inc. (ReferenceUSA, 2008).

Even though Indianapolis is a secondary FedEx huyrprisingly generated a
higher employment market share of the TSL sectan ttid Memphis (1.90% vs. 1.26%,
respectively). This is partly because Indianapd@ishome to 1,500 logistics-focused

companies (such as Celadon Group, Inc, Ozburn-kekegistics, Logisco, Online
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Transport, Inc and Venture Logistics), employingrenthan 50,000 skilled workers in
2007 (Indy Partnership, 2008). Moreover, in 200@, population base for Indianapolis
(1,916,919) was much bigger than in Memphis (1,238,028). Ned8,000 of
Indianapolis’s employees work in the TSL sectorlavlanly 7,451 people in Memphis
work in TSL services.

Unlike Louisville and Indianapolis, the relationghbetween air freight volume
and TSL employment market share is not as straigh#frd for some smaller markets
like Reno and Stockton. Reno and Stockton rankedrsl (2.23%) and third (2.01%)
respectively in terms of TSL employment market sHaut generated surprisingly low air
freight volumes (Table 11; Figures 19 & 4). In 30@eneral warehousing and storage
companies accounted for more than half of Reno @&todkton’s total logistic firms
(62%: 89 firms, and 66%: 45 firms, respectivelyylamployed more than half of Reno
and Stockton’s logistic workers (63%: 2,751 empésjeand 88%: 3,734 employees,
respectively). Couriers companies also accounted 6% of all Reno’s logistic firms
(23) and 13% of Stockton’s total logistic firms,daemployed nearly 34% of Reno’s
logistic workers (1,476) and almost 11% of Stocldototal logistic workers (461).
Examples of couriers companies operating in Repludte Silver State Couriers and A
Sprint Delivery, and in Stockton include Trans BGwuriers (ReferenceUSA, 2008).
Also, a number of companies have chosen to baserdgonal operations in Stockton
(e.g., Duraflame, Pac-West Telecommunications,@olden State Lumber Company) to

benefit from the relatively inexpensive land, imedal freight transport facilities, and its
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connections to the rest of the nation through svosd of freight railways (e.g., Union
Pacific and BNSF Railway).

It is possible that Reno and Stockton have unugleije TSL sectors because of
their relative proximity to San Francisco and doethe crucial importance of their
respective railyards. Warehousing terminals arey v&@ace consuming and San
Francisco has very high land value and it is vaaysg and congested with limited space
for trucks and terminals. Consequently, many T®krators in San Francisco may be
opting to locate in lower cost markets like Stockémd Reno.

In addition to Reno and Stockton, the Jacksomaltel Roanoke metropolitan
generated disproportionately large TSL sector d@hengh air freight shipments in both
markets were fairly limited (Figures 4 & 19). Thigh TSL employment market share
at Jacksonville is largely because it is a big gimg port city. The location of
Jacksonville on the St. Johns River has played prnrale in developing the local
economy of Jacksonville by stimulating a range oft{pelated activities (e.g., vessel-
related services, cargo handling, container sesyi@rehousing, and trucking services).
Development opportunists around the Jacksonvillerpiort and seaport have largely
contributed in developing the region’s transpootati shipping, and logistic industry.
Jacksonville is the largest deepwater port in th@tsand one of the leading ports in the
U.S. for automobile imports. In 2003, JAXPORT haad7.3 million tons of cargo,
including 544,062 vehicle@lacksonville Port Authority, 2008). On the othand, the
air freight market is relatively small in Jacksdheri(55.1 million enplaned pounds) in

comparison to other competing national marketsuiféigt). In part, that might be related
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to the small size and limited services of the loaaport as well as the intense
competition from other larger airports in Miami,l@rdo, and Tampa.

Surprisingly, Roanoke also generated a high TSL leynpent market share
(ranked sixth) even though its air freight volunserelatively low. The high TSL
employment market share of Roanoke is largely edl& companies focus in providing
couriers services and general warehousing andge@arvices. The Norfolk Southern
Railway, which operates its marketing headquardg some maintenance facilities in
Roanoke, undoubtedly plays a significant role iraRuke’s TSL sector and helped attract
different sorts of logistic-related companies te Hrea. The Norfolk Southern’s freight
rail system provides rail service for most of thewNRiver Valley region. It also offers a
widespread intermodal network that serves easteonthNAmerica involving the
transportation of freight in a container or vehjalsing multiple modes of transportation
(rail, ship, and truck).

The positive relationship that exists between T8&lplyment market share and
air freight is relatively pronounced in some of thgger traditional metropolitan markets
including New York, Los Angeles, Chicago, San Fraoe, Dallas, and Miami (Table
12). These markets have developed as leadingaagocmarkets as well as major
transportation and logistic centers in absolutemger The substantive TSL employments
in these markets are partly related to their Igpgeulation bases, diverse economies, and
well-established multimodal logistic facilities. hdse international gateways also host

many comprehensive, multimodal shipping companikesHedEx and UPS.
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Table 12. The Top Fifteen Metropolitan Marketsamts of Transportation-Shipping-
Logistics Employment, 2003

Rank MSA/CSA Employment
1 New York-Newark -Bridgeport, NY-NJ-CIPA CSA 90,040
2 Los Angeles-Long BeadRiverside, CA, CSA 72,237
3 Chicago-Naperville-Michigan, IL-IN-WI CSA 50,414
4 Atlanta-Sandy Spring&ainesville, GA CSA 29,444
5 Philadelphia-Camden-Vineland, PA-NJ-DE-MD CSA 2T,
6 San Jose-San FrancisOakland, CA, CSA 27,360
7 Dallas-Fort Worth, TX CSA 26,890
8 Miami-Fort Lauderdalédiami Beach, FL MSA 22,540
9 Louisville-ElizabethtowrScottsburg, KY, CSA 20,897
10 Detroit-Warren-Flint, Ml CSA 19,864
11 Washington-Baltimore-Northern Virginia, DC-MD-VA| 18,609
WV CSA
12 Houston-BaytowrHuntsville, TX CSA 18,348
13 Indianapolis-Anderso@olumbus, IN CSA 17,718
14 Seattle-Tacom®lympia, WA CSA 15,776
15 Minneapolis-St. Paul- St. Cloud, MY CSA 15,327

The availability of truck, rail, port, and airparifrastructures at most of these
larger metropolitan markets has also allowed thenedtablish more complex logistic
supply chains. In 2003, courier establishmenteaoied for nearly 21% of New York’s
total logistic firms (752) and almost half of Newok’s logistic jobs (50%: 44,873).
Examples of courier companies serving the New Ymtropolitan market included
Urban Express, FedEx, and Quick International GuyiReferenceUSA, 2008). Freight
transportation arrangement companies also accodategiore than half of all logistic
firms in New York (54%: 1,945 firms) and nearly 21®ftotal New York logistic jobs

(18,780). Atlas Air Worldwide Holdings, Janel WabiTrade LTD, Pacific CMA Inc, and
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Genco Shipping & Trading LTD are examples of comgsrfocusing on providing
freight transportation arrangement services to My York metropolitan market
(ReferenceUSA, 2008). In addition, general warshmgy and storage companies
accounted for 19% of New York’s total logistic fisn{687) and almost 26.5% of total
logistic jobs in the New York metropolitan area ,@25).

Overall, the transportation-shipping-logistics istty seems to be the underlying
infrastructure that facilitates the rapid movemehgoods in industries that specialize in
the shipment of high-value low-weight products. afllsaid, it is the geography of
transportation-shipping-logistics employment mariedre that is most important which
suggests that it is not always about the size@®intlustry, but the level of specialization.
For instance, smaller populated markets like Ingjmtis and especially Louisville
generated a higher market share in TSL than langakets such as New York, Los

Angeles, and Chicago.

3.4. The Spatial Distribution of Medical Diagnostigstablishments

Medical diagnostic services are one of the fagiestving industries in the U.S.
economy and this sector increasingly depends ornrapel air freight delivery of its
products. Examples of medical diagnostic servibas might be shipped by air include:
medical professional equipment, the results ofyditabr diagnostic and laboratory tests,
laboratory apparatuses, surgical and medical imsnis, surgical appliances and

supplies, dental equipment and supplies, orthodagiods, dentures, and orthodontic
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appliances. Therefore, it has been hypothesizat rttetropolitan areas with a more
complex cluster of medical diagnostic establishmésnd to generate a higher volume of
air freight shipments. The medical diagnostic mndieveloped in this dissertation
included the total sum of the following three NAIG&b-sectors:

= NAICS 33911: Medical Equipment and Supplies Mantufacg

= NAICS 42345: Medical, Dental, and Hospital Equipmesnd Supplies

Wholesalers
= NAICS 6215: Medical and Diagnostic Laboratories
The empirical results of the regression model iaid that the number of

medical diagnostic establishments by metropolitagas is positively related to air
freight, and it is the fourth most powerful coeiéiot. It appears that places with an
intense agglomeration of hospitals, clinics, mddiagaiversities and colleges, and
different medical diagnostic-related businessestesid to generate a high volume of air
freight shipments. Having said that, the relatitopsbetween the medical diagnostic
industry and air freight traffic is not straightheaird. Three of the most substantive air
freight markets - Mempbhis, Louisville, and Indianég - only ranked 4%, 42" and 28,
respectively, in terms of total number of medicalgthostic firms in each market (Table
2; Figure 4; Figure 20). Of course, these thregkata act as major air cargo connecting
hubs and the air freight volume at these switchindp markets is not necessarily a
function of the originating traffic and their locproductive economies. On the other
hand, a positive relationship existed between na¢dlagnostic establishments and air

freight in the international gateways (e.g., NewRk{d.os Angeles, Miami, Chicago,
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Boston, and San Francisco), where large amountshef air freight traffic are
originating and are more directly related to thiwrerse and intense health care clusters

(Table 13).

Table 13. The Top Fifteen Metropolitan Marketsemts of Medical Diagnostic
Establishment, 2003

Number of
Rank MSA/CSA Establishment| Employment
1 New York-Newark-Bridgeport, NY-NJ-CT-PA 2,979 50,814
CSA
2 Los Angeles-Long BeadRiverside, CA CSA 2,194 48,224
3 Miami-Fort Lauderdalédiami Beach, FL MSA 1,596 15,968
4 Chicago-Naperville-Michigan, IL-INV/I CSA 1,323 23,956
5 Boston-Worcester-Manchester, MA-NH-ME-CT 1,087 21,778
CSA
6 San Jose-San FrancisOakland, CA, CSA 958 7,737
7 Philadelphia-Camden-Vineland, PA-NJ-DE-MD 937 8,888
CSA
8 Washington-Baltimore-Northern Virginia, DC- 914 8,104
MD-VA-WV CSA
9 Dallas-Fort Worth, TX CSA 832 14,207
10 Seattle-Tacom@ympia, WA CSA 763 6,821
11 Denver-AuroraBoulder, CO CSA 741 8,560
12 Atlanta-Sandy Springs-Guasville, GA CSA 716 12,495
13 Houston-BaytowrHuntsville, TX CSA 670 4,681
14 Phoenix-Mes&cottsdale, AZ MSA 661 4,055
15 Detroit-Warren-Flity Ml CSA 601 3,787

A good example of this positive relationship is N&erk. In 2003, the New
York metropolitan market ranked third in terms af feight and shipped more than

2.164 billion enplaned pounds by air (Table 2; IFégd). The New York metropolitan
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market is served by three major airports (JFK, Nkwand LaGuardia) and a series of
small airports like Stewart, Long Island-MacArthMvestchester County, and Republic
Field Airport (Appendix A). In the same year, N&wrk ranked first in terms of medical
diagnostic establishments (2,979) and employed180y&orkers in this industry (Table
13; Figure 20). The opportunities for developingteong medical cluster in this most
populous market in the United States are substanfiar example, companies focusing
on providing medical equipment and supplies mariufawy services accounted for 34%
of all New York medical diagnostic firms (1,014)cad1% of total New York medical
diagnostic jobs (21,005). Examples of such congmmclude Pfizer Inc., Colgate-
Palmolive Co., Forest Laboratories Inc., Le CroyrgCoand AFP Imaging Corp.
(ReferenceUSA, 2008). Medical, dental, and hobkp#guipment and supplies
wholesalers accounted for almost 33% of all Newkvfoedical establishments (972) and
employed 22% of New York’'s total medical diagnostiworkers (11,336).
Establishments concentrated in this medical suteséwclude Colgate-Palmolive Co., A
& J Care Inc., Jamaica Hospital Nursing Home, LamdaVietropolitan Inc., Oxygen
Media, and Widex Hearing Aid (ReferenceUSA, 2008Medical and diagnostic
laboratories also accounted for 33% of New Yorktslt medical firms (993) and 36% of
all New York medical jobs (18,473). Lutheran MeadicCenter, Good Samaritan
Hospital, Phelps Memorial Hospital Center, Hudsoall&y Hospital Center, Summit
Park Labs, and Genzyme Corp. are some examplestablshments that focus on

providing medical and diagnostic laboratories ssEvi(ReferenceUSA, 2008).
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In summary, the medical diagnostic establishmantable seems to capture some
of the geography air freight. A complex and dieectuster of medical diagnostic-related
establishments is clearly evidenced especiallyha international air freight gateways
(i.e., New York, Los Angeles, Miami, Chicago, Bast@nd San Francisco). Therefore,
the absolute size of the market as measured byalstig establishments plays a key role
in shaping the geography of air freight volume. t@& other hand, this is not the case for
major connecting hubs like Memphis, Louisville, andianapolis, where air freight is
largely sorted and then reshipped to their finatidations. That said, it appears a strong
medical cluster with lots of establishments createsnore productive market and

increases the demand for fast and reliable aiglftedelivery.

3.5. The Spatial Distribution of Average High-Tedbmployee Wage

The empirical results of the stepwise regressiaalyais indicated that average
high-tech wages was the fifth most important exalary variable in predicting air
freight volume by metropolitan area. The implioatiis that metropolitan markets
involved in highly skilled, well-paid high-tech lab pools are expected to ship a
disproportionate amount of high-value and low-weigbmputers, software, and related
products by air. The average wage in high-teclakbe developed for this dissertation
included the following two NAICS sectors:

= NAICS 334: Computer and Electronic Product Manufeny

= NAICS 5415: Computer Systems Design and Related®sr
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Average wages can be a good indicator of the dvekdl levels of a community
relative to other metropolitan areas. It is asditit metropolitan markets with high
average employee wages in high-tech industries teremploy more skilled engineers
and designers - the sort of workers, who usuallgage in planning and designing
computer systems and other professional and teamhoomputer-related services. 1t is
assumed that metropolitan areas with sophisticaig-tech production will have a
higher propensity to ship high-value and low-weigtdaducts by air than other markets.

The relationship between average high-tech emplayages and air freight
shipment is clearly more pronounced in the ‘higkchtegateways of Dallas, San
Francisco, and New York (Figure 21). In 2003, Balfanked first in terms of average
high-tech wages ($ 185,956) and ninth in termsirofreight weight with more than 870
million enplaned pounds (Tables 14 & 2). Dallasasnetimes referred to as the Texas’
‘Silicon Valley’ or the ‘Silicon Prairie’ becausef oits high concentration of
telecommunications companies, where the ‘Teleconri€@w’ is the focal point of
various technological businesses. The ‘Telecomri@mr located in Richardson, a
northern suburb of Dallas, is home to more than B@D-tech companies (Richardson
Economic Development Partnership, 2008). Telecomaations accounted for 30% of
the Telecom Corridor’'s high-tech cluster, while ta@re applications accounted for
almost 16% followed by electronic equipment (13%) aemiconductor devices (12.5%)
(Table 15).

Examples of companies operating in the Dallas rpetitan market that focus on

computer and electronic product manufacturing idel¥ought Aircraft Industries Inc.,
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Table 14. The Top Fifteen Metropolitan Marketsamts of Average High-Tech Wages,

2003
Average High-
Rank MSA/CSA Tech Wages ($)
1 DallasFort Worth, TX CSA 185,956
2 San Jose-San Francis©akland, CA CSA 104,750
3 Charlotte-Gastonia-Salisbury, N&&= CSA 87,447
4 Lexington-Fayette-FrankfoRichmond, KY CSA 84,412
5 Boston-Worcester-Manchester, MA-NH-MEF CSA 83,323
6 AustinRound Rock, TX MSA 81,214
7 Raleigh-Durhanary, NC CSA 80,884
8 Sacramento-Arden-Arcade-Truckee, GA-CSA 80,685
9 New York-Newark-Bridgeport, NY-NJ-CIPA CSA 80,148
10 | Houston-Baytownduntsville, TX CSA 79,830
11 | Denver-Aurora-Boulder, CO CSA 79,550
12 | Washington-Baltimore-Northern Virginia, DC-MD-
VA-WV CSA 78,436
13 | Phoenix-Mes&cottsdale, AZ MSA 76,959
14 | San Diego-Carlsbhad-San Marcos, CA MSA 75,050
15 | Philadelphia-Camden-Vineland, PA-NJ-DE-MD CSA o8
Table 15. Richardson’s Telecom Corridor High-Tedhsers
High-Tech Clusters # Firms % Market Share

Telecommunications 168 30.0

Software 89 15.9

Electronic Equipment 72 12.9

Semiconductor 70 12.5

Networks and IT 59 10.5

Other High-Tech 102 18.2

Source: Author’s calculations based on informagatracted from Richardson Economic
Development Partnership, 2008
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Raytheon Co., ST Microelectronics Inc., Maxim Intgd Products Inc., Banc Tec Inc.,
Ericsson Inc., and Nokia America Inc. (ReferencelU2R08). The largest firms

providing computer systems design and related sesviincluded Electronic Data
Systems Corp., CompuCom Systems Inc., Xerox CaAfpliated Computer Service Inc.,

MICROSOFT Corp., and Perot Systems Corp. (RefetgBee 2008). Such highly

skilled companies tend to produce high-value awvdw@ight computer and software-
related products, which have a tendency to be shifyy air.

The San Francisco metropolitan area is anothen-teigh market with above
average high-tech wages and substantial air freasglgments. In 2003, San Francisco
ranked second in terms of average high-tech wagdssath in terms of air freight
weight (Tables 14 & 2). Silicon Chip Valley is kted in the southern part of the San
Francisco Bay Area, and it is the leading high-tesggion in the world, where thousands
of high-tech companies are headquartered and aggited including Adobe Systems,
Advanced Micro Devices, Agilent Technologies, Appie., Applied Materials, Business
Objects, Cisco Systems, eBay, Google, and Hewhstkédd. It is also home to
universities with strong technical research cajtéds| such as Berkeley and Stanford. In
2003, the San Francisco metropolitan area had dr&4%,000 students enrolled in
college or graduate school, and around 41% okgglents aged 25 years and over had a
bachelor’'s degree or higher (U.S. Census Burea®3 Zimerican Community Survey,
2007). The highly educated and highly skilled &aancisco workforce largely explains
its high earning rates, particularly in high-tealdustries. In 2003, more than 1.3 billion

enplaned pounds were shipped out of the San Franiarket with a substantial share of
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computer and electronic products. Examples of [digest companies, in terms of
employment size, focusing on computer and eleatrpnoduct manufacturing included

Western Digital Corp., Cisco Systems Inc., IntelffCoAdvanced Micro Devices Inc.,

Agilent Technologies Inc., Sanmina-Sci Corp., ai@ Ttl Inc. (ReferenceUSA, 2008).

The largest businesses providing computer systesagmnl and related services include
Oracle, Cisco Systems Inc., Oracle Corp., AdvarMaulo Devices Inc., and Yahoo Inc.

(ReferenceUSA, 2008). As noted, Cisco Systemsdmuvides services related to both
NAICS 334 and 5415 since it is a large corporafiocused on designing and selling
networking and communications technology and sesviander five brands, namely
Cisco, Linksys, WebEXx, IronPort, and Scientific stta. The agglomeration of such
highly skilled and multifunctional firms plays ayeole in increasing the demand for air
freight delivery especially of high-value and loveight products. Other smaller markets
that generated above average high-tech wages gmifigant air freight shipments

included Lexington, Austin, Raleigh-Durham, and r@atento.

Having said that, the strong relationship thatsexibetween air freight and
average high-tech wages is not straight forwartiquaarly in the three major air freight
sorting hubs of Memphis, Louisville, and Indianapol Even though Memphis,
Louisville, and Indianapolis ranked first, fourdnd eighth respectively in terms of air
freight by weight, they ranked sixty-sixth, sevesgcond, and forty-eighth respectively
in terms of average high-tech employee wages ii320Me large proportion of enplaned

air freight in these three markets is largely edato the integrators’ connecting freight
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traffic, where packaging and reshipping activitiesthe primary focus not high-tech
product generation.

However, the overall geography of average high-teetges by metropolitan
areas shapes the geography of air freight by weighte more skilled and innovative
high-tech markets in places like Dallas, San Fsawi New York, Charlotte, Boston,
Austin, and Raleigh tended to generate higher $egkhir freight shipments. Overall, it
appeared that good high-tech wages acted as gremgmes for the ‘new economy’

resulting in a disproportionate share of U.S. iarght traffic.

3.6. Summary

To summarize, it appeared that the geography dfaght was shaped by at least
five key explanatory variables. First, metropalitmarkets that successfully attracted
additional freight from surrounding nearly, smalieetropolitan markets will tend to be
more robust markets and trigger substantial dentarghip by air (the so-called traffic
shadow effect). Second, the transportation-shgpogistic sector acted as a key
industry in the larger set of key industries infghg the geography of air freight. More
specifically, it is very important to have a weditablished and efficient ground transport
system to facilitate freight management and distidm. Developing a productive
logistics network ‘on the ground’ is a key compeét advantage for metropolitan
markets to flourish if the transport-shipping-ldgis sector is disproportionately large as

a percentage of total employment. Third, metrdpolimarkets with above average per
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capita economies will tend to originate considezadohounts of air freight shipments by
air. Fourth, metropolitan areas with an intensgl@geration of medical centers will
tend to create additional demands for fast deliwergrder to transport diagnostic results
on time to their customers. Fifth, metropolitanrkeds offering above average high-tech
wages will tend to have a higher propensity to shipir high-value and low-weight
products by air.

Other explanatory variables targeted in the e)gstliterature as potential
predictors of air freight were not included in tfieal model because they had a high
level of multicollinearity and were less powerfuledictive than the selected variables.
Although some of the existing literature has sutggeshat pharmaceutical and biotech,
in addition to the cultural products industriesyptasubstantial role in shaping air freight
demand, the results in this dissertation suggeshoae powerful predictor of the
proportion of the metropolitan labor pool employgidectly on transportation-shipping
and logistics related industries. That said, TSlomly a powerful explanatory variable
when measured as a percent share of total empldyma&nas an aggregate indicator of
the total number of jobs in TSL. Consequentlyisinot the absolute size of the TSL
market that is necessarily the key trigger forfesight, it is instead the level of TSL
specialization in the metropolitan economy. Howeve was the actual number of
medical diagnostic establishments that was selettiednter the model and not the
number of jobs in medical-related industries. Tduggests that an agglomerative effect
and a proliferation of medical-related firms andated inter-industry linkages and

diagnostic labs generates disproportionate levieisgh-value and low-weight goods and
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therefore substantial air freight demand. Appadyeless relevant in this case were the
number of hi-tech jobs or the hi-tech percent slodr®tal jobs perhaps because average
wages best captures the skill levels needed to faetowe high-value and low-weight
computer related products which tend to be shigpedir. Of course, the assumption
here is that wage rates are a crude proxy for Ekikls and this may not always be the

case.
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CHAPTER V

CONCLUSION

The geography of air freight is an under-studiedeagch arena despite its
increasing importance as a key component of mamysficompetitive advantage. For
example, many small and large enterprises are idsvta ship their products on-time to
their customers all around the world using airghn¢iservices. Also, the savings resulting
from using air freight delivery by reducing the defr inventory, warehousing, and
packaging is another competitive advantage to ncanypanies. Less well understood is
how the appropriate mix of economic activity ‘or tiround’ shapes the geography of air
freight ‘in the air’. This dissertation is one tbie first attempts to help better understand
the connection that exist between regional econ®nma the ground’ and freight
movements ‘in the air’.

This dissertation also highlights the importanceafcepts like complementarity,
transferability, and intervening opportunity in ifdating freight flow, distribution
systems, and spatial interaction between metr@mlinarkets. The existence of
sufficient demand and supply for time-sensitiveghkvalue and low-weight products
across metropolitan markets make these goods ¢ratdé by air. However, the
existence of intervening opportunity might reduoe level of spatial interaction between
two markets and divert freight traffic ‘on the gmall to another nearby, competing

destination with a greater range of freight semwiceFor example, some companies
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producing high-value, low-weight products that neethe shipped by air may be located
in smaller metropolitan area but may prefer theeygistant larger airport because of its
attractive beneficial amenities including: addiabrflights, more destinations, lower
fares, and better services.

The findings of this dissertation validate someld earlier theoretical research
that assumed new economy products such as micctraalecs, computer and aerospace
components, medical devices, and other high valueeight products accounted for a
considerable portion of air freight traffic. Thegord advent of just-in-time manufacturing
processes, where particular parts must arrive $sembly at specific times, has also
played a key role in increasing the demand fofraight delivery.

The analysis of the geography of air freight taBuggests a substantial spatial
concentration and hierarchy of air freight volumests in several intermediate cargo
hubs like Memphis, Louisville, and Indianapolis a@nda select few major international
gateways (e.g., Los Angeles, New York, and Sandisaa). Part of the logic relates to
the key role FedEx and UPS plays in Memphis, Lallkessvand Indianapolis where the
economy of these markets largely depends on thangand redistributing of transited
freight from other places. In these connectingshub is not always the case that
substantial air freight volume is necessarily lidk® thriving and sophisticated local
economies ‘on the ground’. By contrast, the majaernational gateways tended to
generate a considerable volume of air freight itafin part, because of diverse and
sophisticated economies that originated freight ateinthat effectively complemented

those freight shipments coming in from across tbhdadv
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This dissertation discovered that the geographyaiof freight was mostly
influenced and shaped by the following key indemetdsariables: the traffic shadow
effect, the transportation-shipping-logistics enyph@nt market share, per capita personal
income, the number of medical diagnostic estableshisy and average high-tech
employee wages. The most powerful influence agokty be the traffic shadow effect
where small metropolitan markets under the traffltadow of larger metropolitan
markets tended to produce lower levels of freightso, metropolitan markets are more
likely to ship freight by air if they offer a disgportionately diverse and efficient ground
support systems with a wide range of employmenh vingéight forwarders and other
transportation services, high per capita incomesjnéense agglomeration of medical
related establishments, and offer above average watg@s in computer systems design
and manufacturing.

Although the traffic shadow effect is a very im@mt spatial influence on the
geography of air freight, it has been largely netgld in the recent academic literature.
Therefore, future research needs to examine thieepi under different competitive
contexts. Future research might also include sesssnent of the traffic shadow effect
of smaller airports_withineach individual metropolitan area instead of jhstween

metropolitan areas. In this dissertation, therimetropolitantraffic shadow effect was

calculated but the intra-metropolitaffects were not analyzed. Several recent studies

have also indicated that a number of congestee latgrnational airports (e.g., JFK and
LAX) are experiencing such a high level of freigirid passenger traffic that ‘surplus

loads’ are being redirected back into nearby adjae@port (a sort of reverse ‘traffic
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shadow effect). A better understanding of thesapiex competitive arenas may require
surveying and interviewing different transportatiand logistic companies regarding
their ‘connections’ to different airports. Futuresearch might also define proximity
based on the actual driving time instead of thespmay distance as used in this
dissertation. Also, congestion, speed limits, wagkhours, types of trucks, types of
streets, and the number of highway lanes are abeplex elements that need to be
further considered in any future research if we tardetter understand and precisely
measure the traffic shadow effect.

Analyzing the overall spatial distribution of peapita personal income by
metropolitan area provides some insight into hofluaht markets with high levels of
skills and productivity shape the geography offi@ight markets. Future research might
examine in more detail the relationship that exis$ween spending and consuming
patterns and income levels, and how that relatipnshturn affects air freight demand.
Future research might also study different aspettpersonal income (e.g., earnings,
dividend, interest, rent) to provide a better assesnt of the overall wealth of the
metropolitan economy and thereby the air freightkeia

The disproportionate presence of major logistic drtribution industries are
essential in facilitating the flow of goods withe@ach metropolitan market in order to
ensure that the right products are at the rightegk the right time in the right quantity.
Future research clearly needs to focus on the -m&t@opolitan geography of
transportation/shipping/logistics related compangdésselected metropolitan areas to

better understand the relationships and linkagas ékist within and between various
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transportation/shipping/logistics clusters. Su@search will also help to precisely
capture the well-served/underserved metropolitarketa. More detailed analysis of the
transportation/logistics sub-sectors might als@hed to better understand the corporate
strategies and locational preferences of transpoaniahipping/logistics firms, and the
level of concentration or dispersion of each sutieseacross each metropolitan market.

The findings in this dissertation also suggest thatropolitan markets with a
large agglomeration of medical universities andltheeenters tend to trigger more air
freight shipments. Future research might invettiga more detail the role of spatial
agglomeration, accessibility, and establishmenelldinkages that exist in the key
medical diagnostic industry cluster to better ustierd how it shapes air freight
shipments.

Transport geographers might also examine the rblth@ high-tech sector in
generating air freight shipments based on the educand skill levels that exists in each
market. Is it the high-tech blue-collar marketsoit the high-tech professional-technical-
managerial market that triggers more demand fofraight delivery? With the global
economy and outsourcing trends, future studies migbk at different stages of the
production process and determine the stage mostndept on air freight services.
Future research might also investigate the impaglabal semiconductor competition
between the U.S. and Japan and how it affects tegiendence on air freight delivery.
Other research might also investigate the factfiectang the ability of a high-tech
company to start up or expand in a region and haw affects air freight demand. Such

factors might include the availability of cheap duodctional space, labor costs, energy
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costs, transportation infrastructure, and the ewrist of an innovative network that
consists of entrepreneur and relative capital thight facilitate the production of high-
tech strategies.

Overall, the results of this dissertation indictitat geography matters, since the
empirical assessment of the geography of air ftdigls helped us better understand how
connections between economic activities ‘on theugdd shape air freight shipments ‘in
the air. The analysis of air freight reminds u$ @ the crucial role that nodal
connectivity levels and spatial hierarchies playumderstanding geographically explicit
phenomenon. The spatial concentration of air feghipments to just a few key nodes
or metropolitan areas is evidence of this effeq.(éVlemphis and Louisville). Based on
the findings of the stepwise regression modelntist influential variable appeared to be
the traffic shadow effect, which speaks directlythe influence of spatial hierarchy on
the geography of air freight shipments.

The finding of this dissertation also suggests that‘aerotropolis’ vision where
air freight ‘in the sky’ can shape economic devatept ‘on the ground’ really matters.
Thus, regional economies may be able to shapeeaght demand by restructuring land
uses ‘on the ground’ to facilitate air freight teld developments. Of course, there is a
‘chicken and an egg’ issue here since it is natfuhderstood what are the primary
causes and effects and that needs to be more\ckigetinized.

Even with the recent 2009 economic slowdown an@®0@8 spike in fuel costs, it
is clear that speed of delivery and sophisticat@oply chains will be a key part of

competitive advantage. Better understanding tlieerlying geography of air freight can
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provide some insight into competitive advantagatiaphierarchy, and the crucial role of
connectivity — it is likely a subject matter thailliboecome more, not less, important in

the years to come.
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APPENDIX A. LIST OF MULTIPLE AIRPORTS BY MSA/CSA2003

Total Air Freight

Total Air Freight

# MSA/CSA (Pounds) 2003 Multiple Airports (Pounds) 2003
1 | Los Angeles-Long 1,624,014,126 Los Angeles, CA: Los
Beach-Riverside, CA, Angeles International 965,271,964
CSA Ontar!o/San Bernardlno, CA 525,627,715
Ontario International
Long Beach, CA: Long
Beach Daugherty Field 59,321,283
Burbank, CA: Burbank Bob 48,224,575
Hope
Santa A_na, CA: John Wayne 25.568.589
International
2 | San Jose-San Franciscoil,024,851,778 Oakland, CA: Metropolitan| 672,990,021
Oakland, CA, CSA Oakland International
San Francisco, CA:
International 243,658,400
San Jos_e, CA: San Jose 107,204,197
International
Santa Rosa, CA: Sonoma 999,160
County
3 | San Diego-Carlsbad-Sar 35,995,272 San Diego, CA: San Diego 135 385.196
Marcos, CAMSA International Lindbergh Field R
San Diego, CA: Miramar Nas 367,586
Egg Diego, CA: North Island 242,490
4 | Santa Barbara-Santa | 4,839,460 Santa Barbara, CA: Santa 3785260
Maria-Goleta, CA MSA Barbara Municipal T
Santa Maria, CA: Santa
Maria Public 1,054,200
5 | Eureka-Arcata-Fortuna, 972,838 Eureka, CA: Murray Field 859,640
CA MSA Eureka/Arcata, CA:
Arcata/Eureka 113,198
6 | San Luis Obispo-Paso | 868,920 San Luis Obispo/Paso Robls766 880
Robles, CA MSA CA: San Luis Obispo County '
San Luis Obispo/Paso Robls,
CA: Paso Robles Municipal 102,040
7 | Anchorage, AK MSA 792,442,228 Anchorgge, AK: Anchorage 791,897,353
International
Anchorage, AK: Merrill Field| 544,875
Ketchikan, AK MSA 5,497,908 Ketchl'kan, AK: Ketchika 4.973.147
8 International
Ketchikan, AK: Ketchikan 524,761

Waterfront Sea Plane Base
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Cleveland-Akron- 98,414,579 Cleveland, OH: Hopkins
9 | Elyria, OH CSA International 94,156,830
Akron/Canton, OH:
Akron/Canton Regional 4,257,749
Columbus-Marion- 50,575,821 Columbus, OH: Rickenbacket7,388,521
10 | Chillicothe, OH CSA International
Columbgs, OH: Columbus 3.187.300
International
11 | Dallas-Fort Worth, TX | 714,119,752 Dallas/Ft.Worth, TX:
CSA Dallas/Ft Worth Internationa 524,137,106
Dallas/Ft.Worth, TX: Fort
Worth Alliance 150,364,242
Dallas, TX: Dallas Love Field 39,618,404
12 | Houston-Baytown- 237,454,001 Houston, TX: Houston
Huntsville, TX CSA Intercontinental 221,212,460
Houston, TX: William P 16,241,541
Hobby
13 | Brownsville-Harlingen- | 29,286,115 Harlingen/San Benito, TX: 16.389 834
Raymondville, TX CSA Harlingen Industrial Airprk T
Brownsville, TX:
Brownsville South Padre Is 12,896,281
14 | Chicago-Naperville- 520,549,353 Chicago, IL: O Hare 500,275,491
Michigan, IL-IN-WI Chicago, IL: Chicago
CSA Midway 20,273,862
15 | Honolulu, HI MSA 351,409,656 Honol_ulu, HI: Hondl 343,291,418
International
Lihue, HI: Lihue Airport 7,276,012
Hoolehua, HI: Molokai 842,226
16 | Miami-Fort Lauderdaleq 513,276,648 Miami, FL: Miami
Miami Beach, FL MSA International 317,297,167
Fort Lauderdale, FL_: Fort 172,193,230
Lauderdale International
West Palm Beach/Palm
Beach, FL: Palm Beach 23,342,533
International
Miami, FL: Opa Locka 443,718
17 | Tampa-St. Petersburg-| 86,607,841 Tampa, FL: Tampa 65697 376
Clearwater, FL MSA International ! !
St. Petersburg, FL: _St. 20,910,465
Petersburg International
18 | New York-Newark - 990,648,936 New York, NY: Kennedy
Bridgeport, NY-NJ-CT- International 315,596,731
PA CSA Newburgh/Poughkeep&e, 23.424,938
NY: Stewart
New York, NY: La Guardia 18,048,809
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Islip, NY: Long Island-

MacArthur 2,277,225
Farmingdale, NY: Republic
Field 697,720
White Plains, NY:
Westchester County 631,997
New York, NY: East 34th
Street 115,424
Newark, NJ: Newark Liberty 629 856.092
International ! '
19 | Buffalo-Niagara- 63,994,554 Buffalo, NY: Buffalo Niagra 54 643 034
Cattaraugus, NY CSA International T
Niagara Falls, NY: Niagara 9351 520
Falls International ! !
20 | Boston-Worcester- 366,111,947 Boston, MA: Logan
Manchester, MA-NH- International 280,314,665
ME-CT CSA Manchester, NH: Manchester 85,797,282
21 | Bemidji, MN MSA 383,755 Bemidji, MN: Nary Natiah 215 240
Shefland Field !
Bemidji, MN: Bemidiji
Beltrami County 168,515
22 | Seattle-Tacoma- 360,333,736 Seattle, WA: Seattle/Tacom
Olympia, WA CSA International 8247’779’507
Seattle, WA: King County -
Boeing Field 112,554,229
23 | Detroit-Warren-Flint, 175,545,661 Detroit, Ml: Detroit Metro
MI CSA Wayne County 155,697,757
Flint, MI: Bishop 13,375,206
Detroit, MI: Willow Run 6,472,698
24 | Washington-Baltimore-| 277,293,239 Washington, DC: Dulles 139 188 424
Northern Virginia, DC- International ! !
MD-VA-WV CSA Washington, DC: Washington
National 7,835,950
Baltimore, MD:
Baltimore/Washington 130,116,403
International
Winchester, VA: Winchester 152 462
Regional '
25 | Norfolk-Newport News,| 31,728,620 Norfolk, VA: Norfolk
VA-NC MSA International 31,043,675
Norfolk, VA: Norfolk Nas 684,945
26 | Mobile-Daphne- 11,482,193 Mobile, AL: Mobile 11,188,772
Fairhope, AL CSA Aerospace
Mobile, AL: Mobile Regional| 293,421

Source: U.S. BTS, 2005a
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