GEORGIA DOT RESEARCH PROJECT 10-20
FINAL REPORT

AIRPORT COSTS AND PRODUCTION TECHNOLOGY:
A TRANSLOG COST FUNCTION ANALYSIS WITH
IMPLICATIONS FOR ECONOMIC DEVELOPMENT

OFFICE OF MATERIALS AND RESEARCH
RESEARCH AND DEVELOPMENT BRANCH




1.Report No.: 2. Government Accession No. 3. Recipients Catalog No.:
FHWA-GA-11-1020
4. Title and Subtitle: 5. Report Date: December 2011
Airport Costs and Production Technology: A TranslogCost : . .
Function Analysis with Implications for Economic 6. Performing Organization Code:
Development
7. Author(s): _
Dr. Patrick McCarthy 8. Performing Organ. Report No.: 10-20
9. Performing Organization Name and Address: 10. Work Unit No.:
Georgia Institute of Technology
School of Economics 11. Contract or Grant No.: 0009929
221 Bobby Dodd Way, M/C 0615
Atlanta, GA 30332
12. Sponsoring Agency Name and Address: 13. Type of Report and Period Covered:
Georgia Department of Transportation Final, August 2010 — July 2011
Office of Materials & Research . )
15 Kennedy Drive 14. Sponsoring Agency Code:
Forest Park, GA 30297-2534

15. Supplementary Notes: Prepared in cooperatitinthie U.S. Department of Transportation, Fedeighway
Administration.

16. Abstract:
Based upon 50 large and medium hub airports ovE3 gear period, this research estimates one and
output translog models of airport short run operatcosts. Output is passengers transported on topr

two
-S

segments and pounds of cargo shipped. The numbeunneiays is a quasi-fixed factor of productign.

Statistical tests reject the null hypothesis thigdaat production technology is homothetic and hgereous
exhibits constant returns to scale, or reflectsablZDouglas production technology. From the ana)y
airports operate under increasing returns to runutdiyation and increasing ray economies of sdatethe
two-output model. Airport operating costs were 2ihkr after the September 1, 2001 terrorist attaCke
input demand for general airport operations isegtastic, and Morishima substitution elasticiiiedicate
that Personnel, Repair-Maintenance-ContractualiGesyand General Airport Operations are subsstirig
production. For the one output passenger modetxatoratory analysis identifies a relationship besw the
average cost of airport operations and indicatbeconomic development. All else constant, a deseréa an
airport’s real average operating costs is assatiatth increasing metropolitan employment, the neamaf
establishments, and real gross metropolitan are gtaducts.

17. Key Words: 18. Distribution StatementN/A
airport capacity, airport infrastructure, airpoadsts,
economic development, panel data, runway, translog
cost function, flexible form models

19. Security Classification:| 20. Security Classification] 21. Number of Pages: | 22. Price: N/A
Unclassified (of this page):
Unclassified 43

Si



AIRPORT COSTS AND PRODUCTION TECHNOLOGY:
A TRANSLOG COST FUNCTION ANALYSIS WITH
IMPLICATIONS FOR ECONOMIC DEVELOPMENT

Patrick McCarthy
School of Economics
Georgia Institute of Technology

FINAL REPORT

Submitted to

Georgia Department of Transportation
Georgia Transportation Institute/University Trangption Center

December 2011

The contents of this report reflect the views @& #uthors who are responsible for
the facts and the accuracy of the data presenteginhe The contents do not
necessarily reflect the official views or policies the Georgia Department of
Transportation or of the Federal Highway Administma. This report does not
constitute a standard, specification, or regulation



TABLE OF CONTENTS

LISt Of T A S oo e e e e e ii

EXECULIVE SUMMAAIY ...t e e e e e e e ee e e e eaeeaenennennenenaenene e el

l. 0T 3o 1o o P
Il. REVIEW OF LILEIatUIE ... ...ttt e e e e e e e e e 2
[l Empirical MethodolOgy ......covniini i e e e e e e e e e 5
l1l.1 Translog Cost Function for Metropolitan Ssdittal Area (MSA) Airports............... 5
[1l.2 Translog Cost Function — Estimation Considi@nss ..............c..cccoviiiiiiii i iinnns 7
V. Data Sources and Descriptive ANAlYSIS ....... cecueceeriii i e e e 9
V. EStmation RESUILS ... .ot s e e e e e e e e 12

V.1 Preliminary EStMAatioNn ..........ooiiiiiiin i e e e e e e e e eenn 12
V.2 Final Estimation ReSUIS ... e e e 14

V.2.1 Economies of Airport Runway Utilization ...........cceiiiiiiiii i, 14

V.2.2 September 11, 2011 Terrorist AtACKS ..........ccmmereerereieie e e eaeeanaanns 16

V.2.3 Demand and Substitution EIaStiCIties .............cooiiieicciiiiii i, 17

V.2.4 Average and Marginal Production COStS ..........cc.uiiiiicimriie e ieienans 19

V.2.5 Atlanta’s Hartsfield-Jackson International@ort ................cocooiiiiiiinnn, 21

VI, Discussion and Potential Implications for EconoD@&velopment ...................... 23
RV LR =4 (= ] 0] P 25
VII.1 Airport Operating CharacteriStiCSs ...........coviiiiiiiiiii e e e 25
VII.2 Two Output Model with Non-Aero Operating Clateristics ..................coeee.. 30
VI, Concluding COmMMIENTS. ... ...ttt et et e e e e e e e s e e e e eaeaes 36

IX.  ACKNOWIEAgEMENT. ... ..t e e e e e e e 38
X. RO B ENCES. ... e e 38



LIST OF TABLES

Table 1 MSA Airport Output and Nominal Operatings®) 1996-2008.......................a 11
Table 2 Input Price Indices (1996=100): Panel oA&Ports, 1996-2008.............cc......... 12
Table 3 Base Translog Model — Wald SpecificatioBt3e..........c.cooviiiiiiiiiiiiiiiiiaenes 13
Table 4 Translog Airport Cost Estimation Resul&98-2008: Output — Passengers, No
Non-Aero Operating CharaCteriStiCS. ... ....ouuvivaeris e e e e e e e e 15
Table 5 (a) Input Demand ElaSHCItIES. . ceum vvvvve et e e i e e e anns 17
Table 5 (b) Morishima Elasticities of SUbStItUtION...............cooiiiii 17
Table 6 Average and Marginal Cost: $ Million perliddn Passengers......cc....ccooevvvvennnns 19
Table 7 Average and Marginal Cost for Large and iMedHub Airports, 1996-2008............ 20
Table 8 Cost and Production Characteristics fotsfiatd-Jackson Atlanta International
1010 o S %4
Table 9 Average Airport Operating Costs and Indicabf Economic Development,
19090-2008 ... .eiitie ettt et e e e e e e ——— 24
Table 10 Average Airport Operating Costs and GMegopolitan Product, 2001-2008 ........ 25
Table 11 Translog Airport Cost Estimation Resul&96-2008: Output — Passengers,
With Non-Aero Operating Charactedsti............ccoovveiiii i e, 27
Table 12(a) Input Demand Elasticities with Non-A&@perating Characteristics... ....29

Table 12(b) Morishima Elasticities of Substitutmith Non-Aero Operating Characterlstlcs .29

Table 13 Average and Marginal Cost with Non-Aere@ping Characteristics: $ Million per

YT o I o ETST =T g T =T £ 29
Table 14 Freight Shipped, 1996-2008..........ouicm i e e e re e e e 30
Table 15 Translog Airport Cost Estimation Resul&96-2008: Output — Passengers, Freight;

With Non-Aero Operating CharacteristiCS.........o.vvvii it viime e e e e 33
Table 16 Two Output Model: Economies of Scale acap® Measures ......................... 34
Table 17(a) Two Output Model: Input Demand ElaiBiGi..............ccocoeviiiiiiiiiiiiii e, 34
Table 17(b) Two Output Model: Morishima Elastici#tief Substitution..........ce...c.o....e.. 34

Table 18 Average and Marginal Cost: $ Million peliIMn Passengers With Non-Aero
Operating Characteristics.. P 7



EXECUTIVE SUMMARY

For 50 medium and large hub US airports, averat® tperating costs over the 13 year
period 1996-2008 was $105.1 million. Average pemsbexpenses were $38.2 million and
average expenditures on contractual, repair, andtemance services was $42.0 million.

Medium and large airports served an average 9.Aomipassengers during the 13 year
period 1996 — 2008 and shipped an average of 1Bibmpounds of freight.

One and two output short run translog cost mod@sevestimated, with and without non-
aeronautical operating characteristics, where dutfan the one-output model was

passengers and outputs for the two-output modek vpassengers and freight shipped.
Seemingly unrelated regression methodology gercepieameter estimates.

At the mean, airports serve passengers under singeeeturns to runway capacity. All else
constant, a 1% increase in passengers served sesrafiort run operating costs between
0.71% and 0.76%.

Reflecting economies of capacity utilization, thearginal cost of serving additional
passengers is less than the average cost of sqrassgngers. And an increase in runway
capacity reduces short run operating costs bugffieet is not statistically significant.

Input demands for Personnel and Contractual/Repagt Maintenance are input price
inelastic. All else constant, a 1% increase inghee of Personnel and Contractual/Repair
and Maintenance, respectively, reduces the amdutiteoinput demanded by 0.8%. Input
demand for General Airport Operations is pricetedasvhere a 1% increase in the price of
General Airport Operations reduces the amount ddethby over 3.2%;

As a cost-minimizing response to an input price s General Airport Operations, airports
can more easily substitute Personnel and ContiéReair and Maintenance inputs
relative to input price rises in Personnel and Guattial/Repair and Maintenance.

The 911 terrorist attacks increased average airppdrating costs 2% and Atlanta’s
Hartsfield-Jackson airport costs by at least 16%;

For models that included non-aeronautical actisifland and terminal rentals, parking, and
car rental), the mean effect was generally negdixenot statistically significant.

For the two-output model, there are strong prodiectnomies of capacity utilization for
freight shipped but the effect is not statisticatliignificant. A 1% increase in freight
shipped, all else constant, increases operating 6d325%.

Airports operate under ray economies of runway cigypand economies of scope, although
the measure for scope economies is not statigtisgjhificant.

Although Atlanta’s average passenger throughpuR(% higher than the next largest
airport, its average and marginal cost is at |dase times less.

The results provide evidence of an association é@etwairport operating costs and
metropolitan economic development indicators. lases in real airport average operating
costs are associated with decreases in severahiods of economic development.



Introduction

Commercial air travel and air freight have growbstantially over the past fifteen years.
Between January 1995 and November 2009, passemgi@anements have increased 31.6% from
41.7 million to 54.9 million. At 572 million milesn November 2009, revenue freight miles have
increased 33.6% during the same period, a bitthess the 40.9% increase in revenue passenger
miles between January 1996 and November 2@D%ing this same period, the total number of
commercial airport runways constructed to suppuwoet ttaffic increased 3.3%. At airports with
significant activity where the infrastructure neeal® the greatest, the number of runways
increased 14.8%Without the necessary infrastructure to suppagtititreasing demand for air
passenger travel and air freight, there will beticaing problems with system delays, airport
congestion, safety, and deteriorating services #igtorts provide’ Airports are drivers of
economic development and there is an increasiegatiire on the positive effects that airports
have on metropolitan and, more broadly, regionahemic development.

This study focuses on airports, their costs anddyctivity. Similar to any large
enterprise, airports manage a significant amountresiources in providing the necessary
infrastructure for air transport. By allocating rssources more efficiently, an airport reduces
time and out-of-pocket costs of individuals andibesses and provides an infrastructure for the
metropolitan area and region to strengthen its @ton base and develop faster. This analysis
develops and estimates single and multiple outfauistog models for airport operating costs.
Translog models are flexible form models which wllone to test alternative hypotheses on
production technology, including homotheticity, hogeneity, returns to scale, and elasticity of
substitution From the results, cost estimates are used to exfie relationship between airport

costs and metropolitan development.

! Department of Transportation, Bureau of Transpiana®tatisticshttp://www.bts.gov/data_and_statistic€011.

%2 The Federal Aviation Administration identifies teess Operational Evolutionary Partnership (OER)aais. The
OEP 35 airports are commercial U.S. airports wiginificant activity. These airports serve major ropblitan areas
and are hubs for airline operations. More than 76f f@assengers move through these airports.

% Many factors enter the decision to increase runeapacity, including environmental concerns, whethere is
sufficient space for a new runway, new technologib&h help airports increase flows with existirgpacity, and
expected future demands.

* Among the properties of homothetic functions, gt input shares are independent of the level opwiy the
expansion path is linear, and the marginal ratéeofinical substitution is independent of the leskebutput. A
production function is homogeneous when the saaldtiplication of all inputs increases output ims® proportion
to the scalar increase. A production function thdtomogeneous of degree 1 exhibits constant retaoracale. Well
behaved functions are positive, finite, twice coatiusly differentiable, strictly monotone and quzmncave. By



Il. Review of Literature

During the past two decades, there have been numstadies on cost and production in
the transportation and public capital literaturesng flexible form models, including Caves,
Christensen, and Swanson (1981), Deno (1988), Eibéfiyo and Eberts (1991), Keeler and Ying
(1988), Lynde and Richmond (1992), Morrison andvtez (1996). Among the more widely
used approaches are the translog and generalizedi¢éfcost functions.

Caves, Christensen, and Swanson (1981) develogstimdate multiproduct variable or
short run cost functions on a pooled cross sedfaailroad firms in the United States for 1955,
1963, and 1974. Using ton-miles of freight, averdngth of freight haul, passenger-miles and
average length of passenger trips as output indardslabor, fuel, and equipment as input
indexes, the study estimates average annual raf@®ductivity growth at 2 % per year for the
sample period. The estimated elasticities of tetat with respect to the four outputs are
consistent with the hypothesis that the United éStatailroad systems operate with scale
economies.

Keeler and Ying (1988) analyze the effects of FadArd highway infrastructure
investments on costs and productivity of U.S. §irin the motor freight transport industry.
Based on a translog cost specification of regidnalking firms, the study finds that the rapid
growth of highway infrastructure that occurred betw 1950 and 1973 produced a strong and
positive effect on productivity growth in truckindgzurthermore, the results support the position
that the benefits of these investments, narrowhindd as benefits to the trucking industry, fall
between one-third and one-half of the cost of thédral Aid highway system over this period.

Using a translog specification, Deno (1988) analy#lee impact of public capital on
manufacturing firms’ variable input demands andpatisupplie$. The study found that public
capital was an important factor in manufacturingundemand and output supplies. And in terms
of differential effects, Deno found that water paktapital had the largest effect on growing
regions whereas highway capital had a larger etfieateclining regions.

Duffy-Deno and Eberts (1991) estimates the effégublic capital stock on regional per
capita personal income using a two-stage-leastregueegression model. For a sample of

the principle of duality, well-behaved cost funcisoembody all of the economically relevant attrsubf the
underlying production technology (Variad® Edition, 1984).

® Keeler and Ying, 1988, p. 69.

® Rather than estimating a cost function, Deno ()@88mated a translog profit function. Deno’s meawf public
capital included roads and highways, sewers andgewisposal and water and water treatment plants.



metropolitan areas, the study measures the quartdyquality of public capital stock using the
perpetual inventory technique. The authors firat thublic capital has a positive and significant
impact on per capita income, suggesting that imeests in public capital enhances economic
development and, conversely, allowing public cdpia deteriorate hinders metropolitan

development.

Lynde and Richmond (1992) use a translog costtimmcapproach using annual
observations for the U.S. nonfinancial corporataefrom 1958 to 1989 to estimate the impact
of public capital (state and local and federal nibtany public capital) on the costs of
production in the private sector. The authors fugport for the productivity of public capital
and find that public and private capital are compats rather than substitutes in production.

Morrison and Schwartz (1996) use a cost functiamgwork to analyze the role of state
infrastructure, defined as publicly owned highwaster, or sewer material, on productivity
using a panel of the contiguous 48 states from 1198Y. The measure of productivity growth
decomposes the traditional productivity growth "swa of our ignorance” into the impacts of
technical change, scale economies, fixity of pevatpital, and the availability of public
infrastructure capitdl. The authors estimate shadow values that refiecpotential cost savings
from a decline in variable inputs required to proglua given amount of output when
infrastructure investment occuts The positive shadow value for public capital s the
inference that the return to infrastructure investtris economically significant and suggests that
slowdowns in public infrastructure investment reslpcoductivity growth.

Brox and Fader (2005) examine the relationship eetwCanadian public infrastructure
and private output using a constant elasticityulfssitution translog cost model. The study finds
that Canadian infrastructure, as measured by tbenadated stock of public infrastructure, is a
substitute for private capital and that during gegiod of the study, 1961-1997, economies of
scale characterized manufacturing césts.

Although many of the above flexible form studiesus upon the development effects of
transportation and other forms of public capitabth@ of these analyze the effect of airport
infrastructure upon economic development. Howetlegre are a number of studies that have

" Morrison and Schwartz, 1996, p. 1100.
8 Morrison and Schwartz, 1996, p. 1095-1096.
° Brox and Fader, 2005, p. 1254.



analyzed the impact that airport output has upotropelitan development, using enplaned
passengers as a measure for airport output.

Goetz (1992) tests the hypothesis that the grod#irgassenger travel affects the urban
system and its development. Based upon Census gimpuland employment data for 1950,
1960, 1970, 1980, and 1987 for the 50 largestass@nger cities for each of these years, Goetz
finds that increases in per capita passenger feEmespositively correlated with past and future
growth, consistent with the importance that aivétéhas for economic development. Hakfoort et
al. (2001) and Brueckner (2003) explore the impdett airports have upon metropolitan
employment. Using an input-output framework to érathe effects of an expansion of
Amsterdam’s Schiphol Airport on the Greater Amsaendregion from 1987 — 1998, Hakfoort et
al. find that a one job increase at Schiphol predut job from indirect and induced effects,
producing 42,000 jobs in 1998. Exploring linkagetween employment and air traffic in the
Chicago metropolitan area, Brueckner (2003) fildd & 1% increase in passenger enplanements
increases employment in service-related industfek%%. An important implication from
Brueckner’s analysis is that an airport expansio@lacago’s O’Hare Airport would have strong
economic development effects, generating 185,000ceerelated jobs.

Rather than looking only at enplanements, Gree@{R0ses various measures of airport
passenger and cargo activity to analyze the effec@rports on population and employment
metropolitan growth between 1990 and 2000. Greedsfithat, after controlling a city’'s taxes,
climate, industrial structure, human capital, cortentime, and the impact that growth in
passenger activity has on population and employrgenwth (i.e. reverse causality), passenger
activity is a strong predictor of population andgoayment growth.

Two recent studies on airports have addressed ignesof governance and airport
efficiency and network effects. Based upon a setirpiorts worldwide, Oum et al. (2007) uses a
stochastic frontier approach to analyze airporicieiicy and implications this may have for
airport governance. Generally, the authors find travatizing airports will enhance airport
efficiency, and by inference, economic developm@émt.exception to this is mixed ownership
structures, with government majority, which thehaus find to be less efficient than 100%
publicly owned airports. Oum et al. also found tiiare would be efficiency gains if the
management of an airport in a metropolitan areah witultiple airports is privatized,

corporatized, or an independent airport authontglace of government management.



Cohen and Paul (2003) explore the extent to whidnges in airport infrastructure have
network-associated development effects. Based apgeneralized Leontif empirical model and
using state level data for the manufacturing secttine 48 continental United States from 1982
— 1996, the authors not only find that a state'spat infrastructure investment lowers
manufacturing costs in an airport’s own state bsb @hat other states’ airport infrastructures
lower manufacturing a state’s manufacturing co%tshe authors attribute these benefits to

increases in air traffic and system reliability.

[I. Empirical Methodology
Minimizing an airport’s operating costs subject do output constraint generates an
airport cost function that provides insights onht@cal aspects of an airport’s production

function. In particular, a general specification &m airport’s variable or operating costs is:
Cit = C(ar; py ; kit, ©)

where, for airport i at time t,;ds total operating costs;; @s an airport’s operational output,p

is the price of variable input j,ks the level of fixed capital, andis the state of technology.
Inputs include such factors as labor, outsourcedices, repairs and maintenance, and airport
capital. Depending upon specification for the emplrmodel, estimating this cost function can
provide information on scale economies, factor desaand their prices, and elasticities of
substitution. In addition, marginal and averagetcad$ production are straightforward outputs

from the analysis.
[11.1 Translog Cost Function for Metropolitan Sttical Area (MSA) Airports

A commonly employed flexible form cost functiontinge translog function whose general

form for total operating costs is

(2) anClt =180+/8q(|nqit _lnq)"‘ﬂk(lnkit _Inizi)“‘ﬂf(lnfit _ln?i)+iﬂj (In P —In Eij)

9 The measure of other states’ airport infrastrietara weighted average that accounts for passeémgebetween
the two states and the relative size of state lesehomic activity.
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+3 B (Inp, ~INB,)Ing, ~ING)+ ", (Inp, ~Inp, )(ink, ~InK) + £, (Ing—Ing )(ink, ~Ink,

VC; is the airport’s total operating costk, ig output, g (i = 1, ..., J) is the price of tH8 input,
kit is the level of quasi-fixed capital, anglis the state of technology for airport i at timerg
captures shifts in the cost function due to tecbgichl progress in the industry. The bar
indicates a variable’s mean value.

A well-behaved cost function with a quasi-fixed ttacmust satisfy several conditions:
(a) linear homogeneity in factor prices and (b) syetry in factor prices, (c) monotonicity and

(d) concavity** The following restrictions ensure that the cosiction satisfies these properties:

J J J J J
3 ZBJ::L ZBjm=ZB]m—Z )3 B]m:
j=1 m=1 j=1 j=1m=1

J J J
2Bjg =05 XBjm =0; Ipj; =0-
=1 j=1 =1
The symmetry restriction requires thit= g;. If the cost function satisfies monotonicity and
concavity, then input shares have positive sigradlatbservations and the matrix of substitution
elasticities is negative semidefinite for any comattion of cost shares, respectiv&ly.

The translog cost function imposes no a priori rietgdns on input substitution
possibilities or scale economies. Further, difféisgimg the cost function with respect to factor
prices (Shephard, 1970) yields cost share equatmdor each of thg variable inputs. In

particular,

@) S=A+5%A,(np, -InP)+Ay(ind ~Inq)+ 4, (nk, ~Ink)

Y Christensen, Jorgenson, and Lau (1975) and BenmtlWood (1975). A cost function is homogeneousegfrde
one in prices when prices and total costs movegtamately, all else equal. A cost function trenhbn-decreasing
in factor prices satisfies monotonicity.

12 A symmetric matrix is negative semidefinite if ellaracteristic roots are nonpositive (Greene, 2p007).



Consistent with other analyses, Morishima partiddssitution eIasticities:i’}" provide measures

of substitution between factor inputs and spediffaaeasures the impact on the input ratio from
a factor price increase a%:
aln(x; /x;)
M _ o I j

) Gij =Mij —Mjj _8—pj
where p is the price of factoy (Chambers, 1988) angj is the elasticity of input i with respect
to price of input j.

In the presence of quasi-fixed and other factorprotiuction that are difficult to adjust,
Caves et al. (2002) demonstrates that for the eiogitput case, economies of capital stock

utilization (i.e. the returns to scale given thasjtfixed factor) are:

aInVC, - ,
(6) ECU = CoInK. ) — 1—(& + Benk, =Ink) + B, (Ing = InG)+ > B,(In p; —In p”.)J
L=\ iRy )= j

aInVC,
oInQ,

(ﬂq +ﬂqq(|n qit _Inq)+ﬂqk(|n kil _ln E)—i_zﬂ] (In pﬂ] _ln r)u)

At mean values of production, input prices, andsifized capital, ECW is (1/3;). Finally,
through the introduction of time variables, one eaplore the effects of technological change on

costs.

[11.2 Translog Cost Function — Estimation Considavas

For the translog model identified in equation tRgre are two sets of restrictions. First,
and summarized in equation (3), are restrictionsngure that the cost function is well-behaved.
These restrictions are imposed on the model befstienation. Second, as a flexible functional
form, the translog model is a specification undéicl simpler models are nested. In particular,
we can test for homotheticity, homogeneity, Cobhs@las, and constant returns to scale:

a) If Big = Peg = then the underlying production function is hohwtic, i.e. the input ratio

is a function of the input price ratid;

Y An alternative measure for substitution effectstie Allen-Uzawa measure which is a one factor-orieep
measure. Morishima’s measure is a two factor-orieepmeasure which better reflects substitutabitigtween
inputs. Chamber (1988) demonstrates that Allen-Wzaubstitutes are Morishima substitutes but twaeofacmay
be Allen-Uzawa complements but Morishima substguféhat is, in contrast to Allen-Uzawa, Morishimaigasure
is not sign symmetric.



b) If a) is true and3qq = O, then the underlying production function isrtashetic and
homogeneous, i.e. if there is a proportionate (@ogibling) increase in all variable
inputs, then output increases by some power reptbportionate increase;

c) If a) and b) are true arfl} = 1, then we have constant returns to scale;

d) If a) and b) are true artle = By = Pee = 0, then the underlying production function is
Cobb-Douglas with elasticities of substitution elqeal. In addition, if3q = 1, then

the Cobb-Douglas production technology also hastem returns to scale.

Because the data include a panel of 50 airporta 1896 — 2008, we also estimate a full set of
fixed effects,a; (i = 1, ...., 49), where the constant tefimis the reference airport, Florida’'s
Tampa International Airport.

In order to increase the efficiency of the paranestimates, the cost function (equation

2) and the share equations (equation 4) are estihjaintly as a system. In particular,

(7) anCn =ﬂ0+§ai +:Bq(|nqit _lnqi)+ﬂk(|nkit _lnlzi)+ﬂr(|nri _Inl_'i)"‘iﬂj (In Py —In F_)ij)

j=1
1 —1\2 1 T 2 1 J — —
+§ﬂqq(|nqit _InQi) +§ﬂkk(|nkit _Inki) +§Zﬂjm(|n pitj =In pij )(Inpitm_ln plm)
j=1

+iﬁjq (Inpy —Inp;)(Ing; _Inqi)"‘ZJ:IBJK (Inpy —Inp;)(Ink; _Inizi)+ﬁqk(|nqit ~Ing)(Ink, —Ink)

S=8 +;iﬁj (In P _Inpij)+ﬁq(|nqit -Ing) + B (Ink; _Inlzi) j=1..J

whereo,; (i =1, ..., 34) is the fixed effect for MSA i, Jtlse number of inputs, and the bar over a
variable reflects the temporal mean over crossa@ect Technological progressfor MSA i is
assumed to move with time so that year for each cross section. Also, becausehares (i

=1,..., J) sum to one, one input share must be @chpp order to identify the parameters.

“The Cobb-Douglas production function is commonlgdugo represent the relationship of an output puis. It

has the following form: y = AtK?, where y stands for total output, L is labor andskcapital.o. andp measure the
relative importance of labor and capital in prodtrct

Also, for homothetic production functions, slopdgite level curves (i.e. isoquants) are equal foy given input

ratio and the dual cost function is separable ipuaiuand prices (Silberberg!“Edition, 1990).

> A further implication is that that the elasticity @st function with respect to output is consté@iristensen and
Greene, 1976).



Parameter estimates in a system of equations aagiant to the share equation dropped when

using maximum likelihood estimation procedures (B&1(1991)).

V. Data Sources and Descriptive Analysis

The measure of output for this analysis is the Imemof non-stop segment passengers
transported and is available from the Bureau oh3partation Statistics (BTS$.Operating and
financial data for 1996 — 2008 are available frdra Federal Aviation Administration (FAA)'s
Compliance Activity Tracking System (CAT8ttp://cats.airports.faa.gp2011) which includes

operating expenses. For this study, the cost aisalysludes medium and large hub airports in
2011. The analysis included data on airport opsgai.e. short run) expenses and three airport
inputs: 1) personnel and benefits (p); contractimgintenance, and repair (m), and airport
operations (e}’

Often in cost analyses, personnel expenses dilagiede number of employees provides
an estimate of the (average) cost of labor. HOweB&TS does not request information on the
number of employees which requires an alternatieasure for airport wage costs. At the MSA
level, there do not exist income or wage indicasaigoort personnel. Although there is income
information on airport personnel at the nationalele the data series are incomplete for the
period 1996 — 2008 The procedure followed here was to use annuabgeegpay information in
the Quarterly Census of Earnings and Wages. Thatseagle not specific to airport personnel but
are specific to MSAS® These data were normalized to 1996, the first gé#re data series.

'® Data were available from the BTS websitettyf://www.transtats.bts.gov/Fields.asp?Table 1D8)29011.

" salaries and benefits are the salaries, wagesgfiband pension outlays for personnel that thpairemploys.
Contracting, maintenance, and repair includes sepEnd materials, repairs and maintenance, anttacbual
services (including costs to commercial enterprise diverse services that include management, &izdn
engineering, architectural, firefighting, and redX General airport operations include utilitiesl @ommunication
expenses, insurance costs and claims, small maseslus expenses, and other not reported elsewherea
definition of these categories, see U.S. DOT, FAAyisory Circular AC No: 150/5100-19C, April 19, @, Guide
for Airport financial Reports Filed by Airport Spsors Repairs and maintenance and contractual serviees
combined because many airports reported $0 undsirseand maintenance but large costs under caunalac
services, suggesting that many repairs and maintenactivities, including runways, were subcontédcto third
parties. These subcontracts fall under FAA’s TecdinBupport Services Contract in its Capital Inresit Plan.
Included among general airport operations wereetltasegories of expenses that individually weratnedly small.

18 An initial strategy was to obtain wage informatioom the Bureau of Labor Statistics, U.S. Departhwériabor,
Occupational Employment Statistics (www.bls.govjpeategories 48-49 (Transportation and Wareho)isi#gs
(Support Activities for Transportation), 4881 (SoppActivities for Air Transportation)' and '4881(Airport
Operations).

¥ Bureau of Labor Statistics, U.S. Department of labaOccupational Employment Statistics
(http://www.bls.gov/cew/data.htm 2011). Data for this analysis is NAICS baseduahrdata, aggregate level 40
(Total MSA Covered).




MSA price indices for contracting, maintenance, aapair are not available but there exist
related series at the national level. Becausectitisgory reflects, among other activities, major
and minor repair activities, a price index for nmetieand supply inputs to nonresidential building
construction was used to estimate prices for taiegory?° In order to capture price differences
across metropolitan areas, the national index watiptied by a MSA regional price index and
normalized to 1996.

A similar procedure was followed to obtain a priadex for general airport operations.
For the period 1996-2008, a national price index‘@ther Airport Operations, adjusted for
MSA price differences and normalized to 1996, wasduto reflect prices for general airport
operationg?

Tables 1 and 2 provide descriptive statisticsaiioport cost categories and price indices
used for the cost analysis. Over the entire sangplegirport annually spends, on average, $38.2
million on personnel (36.4%), $42.0 million on maimance and repair (40.0%, including
Contractual), and $24.9 million (23.7%) on genaigbort operations. As expected, the variation
in average expenses across time is smaller tharvahation across airports. For example,
average variation in personnel expenses over th@aBperiod (1996 — 2008) is $63.2 million in
comparison with $130.1 million average variationogug the 50 airports.

For the full sample, airports on average transplodt@ million passengers transported on
non-stop segments with a 7.2 million standard dmnaWhen summed over years, the standard
deviation across airports is 25.9 million passesng@alifornia’s Burbank Bob Hope Airport
served the least and Atlanta served the largesbeaumf passengers, averaging 2.56 and 35.9
million, respectively, over the 13 year period.

Reflecting airport operating characteristics opaits, Table 1 also presents revenues that
airports receive from its land and terminal fa@ht parking, and rental cars. For the full sample,
airport physical facilities generated $5.7 millih5%), parking revenues were $30.9 million

(40.0%), and revenues from car rentals were $14libm(18.6%).

% Bureau of Labor Statistics, U.S. Department of Llab&onsumer Price Index, CPl Databases,

http://www.bls.gov/cpi/data.htm (series BBLD--, M&aal and supply inputs to nonresidential building
construction).

** Bureau of Labor Statistics, U.S. Department of lab&onsumer Price Index, CPI Databases,
http://www.bls.gov/cpi/data.htm 2011 (series 488119P, Other airport operatiansha primary activity, which
includes operating airports and supporting airppeérations. Price indices for series 48811 (Supfotitities for
Airport Operations) and 48811 (Airport Operationgre not available for 1996-2002.
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Table 1

MSA Airport Output and Nominal Operating Costs, 199%-2008

# of
Obser- Standard
Group Variable vations Mean Deviation
Average over|Contractural Services/Repairs and Maintenance ($) 0 6p $42,002,12f 62,204,985
Full Sample |General Airport Operations ($) 650 24919411 42,778,270
P ersonnel compensation and benefits ($) 6%0 38,2133,138,340,52)
Operating Expenses, Total ($) 650 105,154,729 106,049,390
Non Aero Operating Revenue, Land and Non-Termiaalifies ($) 650 5,775,584 11,993,192
Non Aero Operating Revenue, Parking ($) 650 30,98B,323,296,47p
Non Aero Operating Revenue, Rental Cars ($) 650 32439 10,739,802
Airport, Domestic Passengers by U.S. and ForeigrCArriers 650 9,405,722 7,253,000

Average over

Contractural Services/Repairs and Maintenance ($)

0 6p $42,002,12

7 187,801,559

Airports  |General Airport Operations ($) 50 24,919,411 138,649,596
Personnel compensation and benefits ($) 50 38,233,130,107,858
Operating Expenses, Total ($) 50 105,154,729 363,494,817
Non Aero Operating Revenue, Land and Non-Termiaalifies ($) 50 5,775,584 33,878,124
Non Aero Operating Revenue, Parking ($) 50 30,953,354,569,509
Non Aero Operating Revenue, Rental Cars ($) 50 14393 35,248,937
Airport, Domestic Passengers by U.S. and ForeigrCArriers 50 9,405,722 25,907,%85
Average over|Contractural Services/Repairs and Maintenance ($) 13%$42,002,12F 120,134,081
Years General Airport Operations ($) 13 24,9194111 45,567,868
Personnel compensation and benefits ($) 18 38,233,168,247,402
Operating Expenses, Total ($) 13 105,154,720 175,979,018
Non Aero Operating Revenue, Land and Non-Termiaalities ($) 13 5,775,584 11,993,192
Non Aero Operating Revenue, Parking ($) 13 5,77%,584 ,0003L1(
Non Aero Operating Revenue, Rental Cars ($) 18 3(3983 55,706,131
Airport, Domestic Passengers by U.S. and ForeigrCArriers 13 14,393,518 21,664,453

Source: Federal Aviation Administration Compliargetivity Tracking System (CAT Shttp://cats.airports.faa.qgo?011)
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Table 2

Input Price Indices (1996 = 100)
Panel of 50 Airports, 1996 — 2008

# of

Observ- Standard

Group Variable ations Mean | Deviation
Average ove |Price Index, Contractural Services/Repairs and tdaiamc 65( 143 31
Full Sample |Price Index, General Airport Operati 65( 129 18
Price Index, Personnel compensation and benefits g50 134 31
Average ove |Price Index, Contractural Services/Repairs and tdaiamc 5C 143 17
Airports Price Index, General Airport Operati 5C 129 12
Price Index, Personnel compensation and benefits 50 134 16
Average ove |Price Index, Contractural Services/Repairs and tdaiamc 13 143 224
Years Price Index, General Airport Operati 13 129 130
Price Index, Personnel compensation and be 13 134 228

Source: Federal Aviation Administration Compliaredivity Tracking System (CAT Shttp://cats.airports.faa.gp2011)

Table 2 reports price indices for the three inpuitere each index equals 100 for 1996.
Over the entire sample, personnel expenses in M#&e on average risen 29% in comparison
with a comparable 34% average increase in noneasal building materials and a 43% average
increase in airport operations. In contrast to@irpxpenses, the average variance in prices was

much higher across time than across airports 228vs. 16 standard deviation for personnel).

V. Estimation Results
V.1 Preliminary Estimation

Initially, the translog model in equation (8) wastimated with a time trend whose
coefficient was statistically insignificant. Alssmaluded in the preliminary model was an
interaction variable, the product of output anduanchy variable that equals 1 if the airport is
located in a MSA that has more than one commeiigdort and O otherwise. This was
significant and included in the final model.

The model was re-specified with the following chesngA September 11, 2001 variable,
t911, replaced the time trend, where 1911 = 0 drye 2000 and equal to 1 if year2901. In
addition, in order to explore whether the Septembér 2001 terrorist attacks had a
disproportionate effect on Hartsfield-Jackson Imdional Airport, t911 was interacted with a
new variable, ‘ATL’, which equals 1 for Hartsfielhckson International Airport and O
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otherwise. In addition, ‘ATL’ was interacted withe quasi-fixed capital variable, number of
runways, in order to explore whether there was alsdifferential effect of the number of
runways on airport operating expenses for Hartsfdelckson International Airport.

The re-specified model was estimated where Contb@nd Repair/Maintenance was
the input share equation dropped. Estimated byatiter seemingly unrelated regression
equations (ITSUR) method, the model fit the dat#,weuch less so for the share equatiéha.
priori, the model satisfies linear homogeneity mc@s and factor price symmetry. In addition,
estimated shares are all positive, consistent mibimotonicity, and the concavity conditions are
satisfied at all points.

Given a well behaved cost function, Table 3 beleworts the results of specification
tests for homotheticity, homogeneity, Cobb-Douglkasd constant returns to scale. From the
results in Table 3, we reject the null hypothekigt tthe underlying production technology is

homothetic and homogenous. In addition, we repgdegast at the .02 level, the null hypothesis

Table 3
Base Translog Model — Wald Specification Tests

Restrictions Restrictions Test

(parameters set equal to 0) (parameters set equal to $jatistic  p-value
Homothecity Ry Deg - 9.97 0.0068
Homothecity and

Dig Beq b - 25.93  <.0001
homogeneous o Bea big

Homothetic, homogeneous, e, beg beg by 21677 <0001
and constant returns to scale

Cobb-Douglas, nonconstant

- <
returns to scale Dig: Deg Doy D B, Bee 1278 0001
Cobb-Douglas, constant

returns to scale D, Beq Do D, B, Bee by 270.63  <.0001

that airport short run production technology extsituonstant returns to capital utilization. And

we also strongly reject the hypothesis that shortgroduction technology is Cobb-Douglas.

2 At convergence, the lterated Seemingly UnrelatesyrBssion (ITSUR) method (Zellner (1962)) produces
maximum likelihood estimates (Kmenta and Gilbe&68)). All models were estimated in SAS.
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V.2 Final Estimation Results
Given these preliminary results, the following castl share equation model is estimated

(8)

anCn =ﬂ0+§ai +:Bq(|nqit _lnqi)+ﬂk(|nkit _lnizi)-i-ﬂr(lnri _lnl_'i)"‘iﬂj (ln pitj —In F_)ij)

j=1

1 —1\2 1 T 2 1 J — —

+§ﬂqq(|nqit _ani) +§ﬂkk(|nkit _Inki) +§Zﬂjm(|n pitj =In pij )(lnpitm_ln plm)
j=1

J J _ _
+ Zﬁjq (In Py — In [ )(Ing, —Inq) + Z:Bjk (In Py — In o )(Ink; —Ink;) + ﬁqk(lnqit —Ing )(Ink, —Ink;)

j=1 =t
+ (B -ATL)-(Inkiy —Ink; )+ +Pror1- 1912+ Pyg17 - 1911 ATL +

+Bma (MAirport)-(Ini;—Ing;)-

1 _ _ =
S=4 +52ﬁj (Inpy —Inpy)+ 4 (Ing, —Inq) + A (Ink; —Ink ).
J=
where | = Personnel, General Airport Operations

The cost function includes two interaction termat thire specific to Atlanta’s Hartsfield-Jackson
International Airport, t911*ATL andf - ATL), which tests the hypothesis that the Septembe
11, 2001 terrorist attacks and the number of riyswiaave differential effects on Atlanta’s
operating costs. And the model includes an intemaderm between output and MAirport, a
dummy variable that equals 1 if the MSA has moranttone commercial airport, and 0
otherwise.

Table 4 reports the estimation results for thesi@g cost function, including a full set of
airport fixed effects. Relative to a general tedbgg with no fixed effects, the Wald test
statistic, at 27,783, soundly rejects the null higesis that all fixed effects are zero. In addition
estimated input shares are positive at all poimid eoncavity conditions are satisfied at all

points, both of which are consistent with well-bed cost functions.
V.2.1 Economies of Airport Runway Utilization
The results reported in Table 4 indicate thatatgpexperience significant returns given

runway capacity. At the sample mean, a 1% increapassengers transported on non-stop
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Table 4

Translog Airport Cost Estimation Results, 1996 -208
Output — Passengers
No Non-Aero Operating Characteristics

Approx
Parameter Estimate  StdErr p-Value
Po 18.07 0.03.  0.000(
Ba 0.71¢ 0.08t  0.000(
Bag 1.32¢ 0.347 0.000:
Bk -0.073 0.191 0.7024
Pka 0.020 0.405 0.9603
Bkk 2.862 1.185 0.0160
Bak -1.67( 0.66¢ 0.012¢
pi 0.38¢ 0.00f  0.000(
Pe 0.217 0.00¢  0.000(
Bl -0.09( 0.04(  0.023(
Pee -0.60! 0.09:  0.000(
Ble 0.29¢ 0.05:  0.000(
Bla -0.10: 0.03: 0.001°
Beq 0.03: 0.03¢ 0.283:
Pik -0.05¢ 0.07¢  0.477:
Bek -0.00¢ 0.08. 0.966(
Pro11 0.02t 0.017  0.150¢
Batio11 0.14: 0.07¢  0.062¢
mapl -0.45! 0.06¢  0.000(

# observations: 617
Wald Test:
Ho: oi (i=1,...,49)
Ha: not alla; coefficients =0

Test statistic: 27,783, p-value < 0.001
Homothetic, Homogeneous, Cobb-Douglas, ConstanirReto Scale

Ho: Bi =040 j =0, pl, pe)
Ha: not all coefficients =0

Test statistic: 270.6, p-value < 0.001

Notes: For model with full set of airport fixed eéts, Tampa International Airport is the
reference airport. Contractual and Repair/Mainterdn the omitted input share. Output
iS passenger on non-stop segment passengers trasuspo
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segments increases costs 0.72%. Alternatively,iniierse offq, gives short run returns to
runway utilization at the sample mean, indicatingtta proportionate increase in inputs increases
output 1.40%2 However, there is quite a bit of variation in pasgers (i.e. output) across
airports. For the entire sample, airports handtedaverage, 9 million passengers with a 6.7
million standard deviation. Rather than evaluatmhghe mean, an alternative measure of returns
to runway utilization is to calculate each of theseasures for each observation and then take the
average over all observatiorf§. This produces slightly higher returns equal to41.6
Disaggregating the sample by hub size found ldifeerence in returns, 1.69 and 1.61 and for
medium and large hubs, respectively.

V.2.2 September 11, 2001 Terrorist Attacks

In preliminary analyses, a time trend did not hav@gnificant effect on airport short run
costs, so that there is an apparent absence of@able change in production technology over
the sample period. However, the multi-sited testodttacks on September 11, 2001 and the
subsequent and significant disruption of air tradiel have an effect on airport operating costs.
From Table 8 the ‘911’ attacks enter the equationugh a dummy variable that equals zero if
year is less than 2001 and one otherwise, andtaragtion term with a second dummy variable
for Atlanta’s Hartsfield-Jackson Atlanta Internat@ Airport, to test the hypothesis that the
terrorist attacks affected Atlanta’s costs morentlthat of other airports. Reflected in the
coefficientsPig11 and Piane11, Table 8 confirms that the ‘911’ attacks increaggort short run
operating costs. Relative to the pre-911 envirortmemual airport operating costs were 2.5%
higher. Moreover, the ‘911’ attacks led to an add&l 14.2%% annual increase in short run
operating cost at Hartsfield-Jackson Atlanta Inaéional Airport, an effect that was much higher
than the average effect for all airports. Althowglsignificant increase relative to the average
effect, the average yearly number of passengeadscs nearly four times the average for the

sample, 35.9 million versus 9.2 million.

% From equation (6), the cost elasticity and retumsunway capacity also depend upn However, we cannot
reject the null hypothesis th@t = 0 at the .05 level of significance (p-value #@R).

24 Although we cannot reject the null hypothe@is= 0, the cost elasticity for each airport in geetepends upon
multiple factorsf; ande, which are statistically different from 0.
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V.2.3 Demand and Substitution Elasticities
Table 5(a) and Table 5(b) report the own and cpog® elasticities of demand and the

Morishima elasticities of substitutidn.The own price input demand elasticitigs(i = I, e, m)

Table 5(a)
Input Demand Elasticities
n -0.851
me 0999  n,  -3576
mm 0148 ne 4531y, -0.838

Author’s Calculations. | — Personnel; e — Generighbért Operations;
m — Contractual and Repair/Maintenanggis the elasticity of input i
with respect to a change in price of input j.

Table 5(b)
Morishima Elasticities of Substitution
9] B (o1 2.626 Oml 0.706
Ole 4515 5 - ome  4.559

Olm 0.690 Oem 2.639 Omm B

Author’s Calculationso; reflects the ease of substituting input i
for input j and is defined ag —n;. See note under Table 5(a) for
definition of categories anj;.

in Table 5(a) are negative, as expected, and tlaures indicate different price sensitivities.
With an own price elasticity equal to -0.85 and84).Personnel and Contractual/Repair and
Maintenance are relatively insensitive to price nges. On the other hand, General Airport
Operations, which reflects many and varied typeaiqiort activities, is most sensitive to price.
A 1% increase in the price of airport operatiorsdeto a 3.6% decrease in demand, all else
constant. Looking at the cross price elasticittes, positive signs ome andnen, indicate that
General Airport Operations is a substitute for Benel and Contractual/Repair and
Maintenance. A 1% increase, for example, in theepdf Contractual/Repair and Maintenance
activities increases the demand for general airppdrations 4.5%. On the other hand, the

negative sign for the cross price elasticity betw&wontractual/Repair and Maintenance and

% The own (cross) elasticity is the percentage chamggut i due to a 1% change in input i's (j'9)qe.
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Personnel indicates that the two inputs are comgisnbut the low value indicates little
relationship between the two inputs.

Table 5(b) reports Morishima elasticities of sithibn indicate the ease or difficulty in
substituting to serve airport passend@us.it is very difficult for an airport to substite inputs,
then an increase in the price of one input will éndittle impact upon the input ratio and the
elasticity of substitution will be close to 0. Ometother hand, if it is easy to substitute inputs,
then the elasticity of substitution will be a highumber, indicating that an airport can more
easily shift resources into another input whenpihee of one input increase.

With this in mind, suppose the price of labor eases 1%. From Table 5, is 2.626
andoy Is 0.706, which says that a 1% in the price tbfaleads to a 2.6% increase in the
(General Operations/Personnel) input ratio and’@68% increase in the (Contractual Repair and
Maintenance/Personnel) input ratio. The 1% incréagbe price of labor generates changes in
input use that ultimately lead to a higher incregséhe (General Operations/Personnel) input
ratio (2.6%) than in the (Contractual Repair andr&aance/Labor) input ratio (0.706%). The
effects of changes in the price of General Opemnatend in the price of Contractual and Repair
Maintenance are given in rows 2 and 3 of Tablerkblaave similar interpretations.

Blackorby and Russell (1989) demonstrate that wthenprice of input i increases, the
relative share of input i increases if the Morishielasticity of substitution is less than 1 and

decreases if greater than 1. From the calculatedieities in Table 5(b), this implies that:

1. an increase in the price of labor increases thativel share of General Airport
operations and decreases the relative share of&tumtl/Repair and Maintenance,

2. anincrease in the price of airport operationsaases the relative shares of Personnel
and Contractual/Repair and Maintenance, respegfivel

3. anincrease in the price of Contractual/Repair Miathtenance decreases the relative

share of and increases the relative share of GeAiepart Operations.

% Blackorby and Russell (1989) demonstrate that #len-Uzawa measure neither reflects the ease of
substitutability between inputs in production nar informative about relative factor shares. In castt the
Morishima measures are asymmetric, reflect eassubstitutability between inputs, and provide infation on
relative shares. Both measures are conditionedoompensated or constant output input demands. Fhi®i a
restrictive assumption when production technology@mothetic since elasticities and optimal oufpput ratios
are independent of output (Blackorby, Primont, Rogdsell (2007)).
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V.2.4 Average and Marginal Production Costs

For the entire sample and disaggregated by hul Jiable 6 provides average and
marginal cost estimates for a 1 million increasemmual passengers. The estimated short run
average and marginal cost for an additional millmassengers is $11.28 million and $8.02
million, respectively. The costs are generally leigfor large hubs than for medium hubs. In
addition, and reflecting the estimated returnsutonray utilization, marginal costs are lower than
average costs indicating that, all else constampods on average are operating on the

downward portion of their average cost curves.

Table 6
Average and Marginal Cost: $ Million per Million Passengers
Average Cost Marginal Cost
Ful Sample $11.28 $8.02
Large Hubs $12.66 $8.96
Medium Hubs $9.67 $6.91

Author’s Calculations. Average actual cost per ionill
passengers for the estimation sample is $11.68mill

For each of the 50 airports included in this analy$able 7 reports estimated average and
marginal costs of production per passenger. Thmods are listed by hub size and the number of
annual passengers served. The shaded numbers tleatos® airport’s cost measure is at least 1
standard deviation away from the hub size (largegiom) mean.

For large hubs, there is negative correlation betwtee number of passengers served and
average operating costs (-0.27) and marginal de8t26), another reflection of economies of
utilization. A comparable correlation (-0.28) esidietween passengers and marginal costs for
medium hubs but at medium hubs there is a weakeelaton with average costs (-0.19).
Relatively few large hubs have costs that are nilome one standard deviation from the mean
but there are some standouts. As the largest &irptianta has the second lowest marginal
($2.20) and average ($3.09) costs, with Charlotteidlas International Airport having the
lowest marginal and average costs ($1.95 and $2B@)comparison, Chicago, Dallas/Fort
Worth and Los Angeles have costs that are at thase times higher. The highest costs among
the large hub airports are John F. Kennedy and Miatarnational airports, with average and
marginal costs equal to $33.69 and $24.23 ($4Nd3$&84.48) respectively.
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Table 7
Average and Marginal Cost for Large and Medium HubAirports, 1996-2008

Mean # Mean Mean Mean# Mean Average Mean Marginal
Airport PAX Average Cost Marginal Cost Runways Cost per Runway Gst per Runway
Hartsfield-Jackson International, ATL 35.85 3.09 2.20 4.23 0.73 0.52
Chicago O'Hare International, ORD 29.45 11.72 8.34 6.08 1.92 1.38
Dallas/Forth Worth International, DFW 25.37 10.85 7.76 7.00 1.55 1.11
Los Angeles International, LAX 21.92 15.07 11.30 3.00 025. 3.77
Denver International, DEN 18.78 11.55 8.27 5.46 2.11 1.51
Phoenix Sky Harbor International, PHX 18.28 5.83 4.22 .692 2.20 1.68
McCarran International, LAS 17.41 7.98 5.81 4.00 2.00 51.4
Detroit Metro Wayne, DTW 15.50 12.43 8.85 7.00 1.78 1.26
Minneapolis-St. Paul International, MSP 14.72 7.58 85.3 3.31 2.29 1.67
Orlando International, MCO 13.60 8.37 5.98 3.46 2.42 1.76
Seattle-Tacoma International, SEA 12.93 11.36 8.16 2.08 5.47 4.02
Newark International, EWR 12.15 18.82 13.47 3.00 6.27 94.4
Charlotte Douglas International, CLT 11.82 2.68 1.95 4.00 0.67 0.49
Lambert St.Louis International, STL 11.28 7.55 3.51 35.2 1.42 0.71
Philadelphia International, PHL 11.19 9.81 7.05 3.77 12.6 1.89
Laguardia International, LGA 10.84 13.32 9.68 3.00 4.44 .233
General Edward Lawrence Logan, BOS 10.51 17.07 12.10 23 5. 3.25 2.32
Salt Lake City International, SLC 9.46 7.57 5.44 4.00 891. 1.36
Baltimore-Washington International, BWI 9.08 8.03 5.74 4.00 2.01 1.44
John F. Kennedy International, JFK 8.94  33.69 24.23 4.00 8.42 6.06
San Diego International, SAN 8.37 7.41 6.03 1.00 7.41 36.0
Miami International, MIA 8.06 49.73 34.48 3.46 14.34 10.42
Tampa International, TPA 7.84 9.29 6.77 3.00 3.10 2.26
Fort Lauderdale/Hollywood International, FLL 7.49 &.6 4.47 3.00 2.23 1.49
Ronald Reagan Washington National, DCA 7.47 14.01 210.2 4.00 3.50 2.55
Washington Dulles International, IAD 7.44 9.78 6.40 ®%.0 1.96 1.28
Chicago Midway International, MDW 6.74 20.45 14.12 3.08 6.65 4.61
Cincinnati/Northern Kentucky, CVG 8.52 7.04 4.57 3.31 2.11 1.46
Pittsburgh International, PIT 7.19 10.38 5.83 4.00 2.59 461
Portland International, PDX 6.43 9.98 7.21 3.00 3.33 2.40
Kansas City International, MCI 5.87 8.79 6.25 3.00 2.93 .082
Cleveland-Hopkins International, CLE 5.45 9.61 6.55 84.5 2.09 1.48
Memphis International, MEM 4,91 8.67 6.28 3.92 2.21 1.61
Nashville International, BNA 4.65 8.88 6.44 4.00 2.22 1.6
John Wayne Airport Orange County, SNA 4,57 8.76 7.44 003. 2.92 2.48
New Orleans International, MSY 4.55 6.88 459 3.00 2.29 531
Sacramento Metro, SMF 4.36 12.53 9.15 2.00 6.26 4.58
Raleigh-Durham International, RDU 4.15 6.93 4.98 3.00 312. 1.66
Indianapolis International, IND 3.78 14.73 10.70 3.00 4.91 3.57
Dallas Love Field, DAL 3.70 4,92 3.45 3.00 1.64 1.15
Austin-Bergstrom International, AUS 3.67 10.15 7.41 02.0 5.08 3.70
San Antonio International, SAT 3.59 12.05 8.73 3.00 4.02 2.91
Albuguerque International, ABQ 3.45 8.29 5.94 4.00 2.07 481
Port Columbus International, CMH 3.26 13.94 9.99 2.00 6.97 4.99
Bradley International Airport, BDL 3.08 9.49 6.84 3.00 16 2.28
General Mitchell International, MKE 3.02 10.42 7.57 ®.0 2.08 1.51
Palm Beach International, PBI 2.98 8.40 6.12 3.00 2.80 04 2.
Southwest Florida International, RSW 2.83 15.02 10.78 1.00 15.02 10.78
Jacksonville International, JAX 2.61 12.41 8.99 2.00 16.2 4.50
Burbank Bob Hope , BUR 2.56 4.16 3.02 2.00 2.08 1.51

Authors’ calculations. For large hubs, the meaan@ard deviation) for average and marginal co$1%7 ($9.6) and $8.9 ($6.8)
respectively. For medium hubs, the mean (standawiation) is $9.7 ($2.8) and $6.9 ($2.1) respettiv€he shaded positive
(negative) numbers indicate a cost measure isst festandard deviation above (below) the samplEnm
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For medium hubs, the marginal cost for Cincinhadithern Kentucky ($5.57) is at
least one standard deviation below the mean forimedubs. And Burbank Bob Hope
Airport has is a low cost provider ($3.02 margicast and $4.16 average cost) relative to the
mean. High cost medium hub airports whose averadenaarginal costs are well above the
medium hub mean include Sacramento is $12.53 antb$dndianapolis is $14.73 and
$10.70, Port Columbus International is $13.94 ar@l9% and Southwest Florida
International is $15.02 and $10.78.

The last column in Table 7 normalizes per passemgeginal cost by runway. For large
hubs, Charlotte Douglas and Atlanta have the lovaestage and marginal cost per runway,
whereas Miami has the largest average and margosl per runway. Among medium hubs,
Dallas Love Field has the lowest cost per runwaysamparison with Southwest Florida, which
has the highest average and marginal cost per gunwa

V.2.5 Atlanta’s Hartsfield-Jackson Internationalport

The previous analysis is focused upon costs andugtion technology for a 13 year
period for 50 large and medium hub airports. At Hartsfield-Jackson International Airport
is unique in this panel because of the signifigalatiger number of passengers served relative to
other MSAs with only one commercial airport. Fromast perspective, do Atlanta’s costs differ
significantly from other airports in the sample?|d®ige to the other airports included in this
study, Atlanta serves 21% more passengers tharbaosidst airport, Chicago’s O’Hare Airport.

Atlanta’s scale has potential cost implicationd thtaer airports face to a smaller degree.
The translog cost results reported in Table 4 cor@d this. Interacting a dummy variable for
Atlanta with the ‘911’ dummy variable and interagtian Atlanta dummy with the runway
variable yield coefficients that are statisticadignificant at the 0.10 level. Table 8 summarizes
the cost and technological attributes for Atlantdlartsfield-Jackson International Airport
relative to the other large hubs in the sample.r@lie virtually no difference between Atlanta
and the other large hubs in terms of input demandactor substitution in serving airport
passengers and in the effect of an additional rynWwhe major differences between Atlanta and
the other large hubs center on average and margnséd, returns to capacity, and on the ‘911’
attacks as noted above. The percentage effectldf 18 more than 6 times larger relative to

other large hubs.
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Table 8

Cost and Production Characteristics for Hartsfield-Jackson Atlanta International Airport

Other
Atlanta Large Hubs

Cost Function Related

Cost Elasticity 0.718 0.704
Additional runway (% change in cost) -0.061 -0.062
Average Cost per passenger ($) 3.091 13.188
Marginal Cost per passenger 2.202 9.320
September 11, 2001 Effect (% change in cost) 0.165 0250.

Production Related

Returns to Runway Capacity 1.468 1.558
Own Price Elasticity
N1 -0.852 -0.850
Nee -3.555 -3.573
Nmm -0.839 -0.839

Elasticities of Substitution

Ole 4.556 4572
GIm 0.690 0.691
Cel 2.617 2.625
Gem 2.630 2.638
Oml 0.706 0.705
Ome 4.540 4.557

There is a difference in the returns to runway cdpal.468 for Atlanta versus 1.558 for
other large hub$’ The scale of Atlanta’s Hartsfield-Jackson Airpisrtalso evident from the
calculated average and marginal cost per passelRg#tive to other large hubs in the sample,
Atlanta’s average costs and marginal costs aretéii% those of other large hubs, on average.
The next lowest calculated cost per passenger Wwasgdite/Douglas International Airport, with
0.23 additional runways on average (4.23 versududing the period and with one-third the
number of passengers served (11.8 versus 35.®mnjillAtlanta Airport’s low cost performance

2" From equation (6), short-run returns to scaleaaliasted by the cost elasticity of the fixed fagtonways in this
case, which was negative but not statisticallyedéht from O.
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will likely show up in a variety of positive wayshdt complement Atlanta’s economic

development objectives.

VI. Discussion and Potential Implications for Economi®evelopment

Past research on the economic development efbéetisports typically explore linkages
that exist between various measures of airportuiwgpd measures of metropolitan development.
Exemplifying this approach, Goetz (1992) finds asipwe correlation between per capita
passenger flows and measures of economic develdmresmth.

From the estimated translog cost model, estimdtéisecaverage variable cost are easily
available, as reported in Table 7. With average essimates, one can explore whether a
relationship exists between real average costseandomic development indicators, including
real gross state product and real gross metropoptaduct. The exploratory two-way fixed
effects regression model includes a separate citeraterm to determine whether Atlanta
experienced any differential effects from the Sefiter 11, 2001 terrorist attacs.

Table 9 presents the estimation results which atdidhat increasing airport average
costs are related to economic development indisatéfith the exception of real per capita
income, in which the effect is positive, a 1% irage in an airport’s real average cost of serving
passengers in MSAs with only one commercial airpodssociated with a 0.30% reduction in
lower metropolitan employment and approximately @85@ decrease in metropolitan
establishments. Also consistent with the notiort #ra airport’'s impact will have larger local
effects, Table 9 reports the finding that an inseeén real average cost is associated with
reductions in real gross state product but the mhadm of the effect is lower than that that for
MSA indicators, -0.24%, versus -0.30%.

Also reported in Table 9 is an interaction termwiEn Real Average Cost and whether
an airport is one of multiple airports in the MSPRable 9 reports two findings. First, for each of
the economic indicators, the sign of the interacteErm is positive. Second, the magnitude of the
effect is smaller than the direct effect, i.e. difect on MSAs with one commercial airport. For

example, for airports located in a multiple airgdi$A, such as Los Angeles and New York, a

% Reported models are double-log specifications Wigerformed better than alternative linear and rothedel
specifications.
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Table 9
Average Airport Operating Costs and Indicators of Economic Development, 1990 — 2008

Dependent Variak

Metropolitan ~ Number of Real Gros Real Pe
Explanatory Variabl Employmer Establishmen State Produc Capita Incom
Real Average Co -0.30¢ -0.35¢ -0.24¢ 0.02¢
p-value <.000: <.000: <.000: 0.186:
Real Average Cos 0.08¢ 0.11¢ 0.091 0.07:
Multiple Airport MSA  0.025¢ 0.036: 0.022: 0.006¢
911 x Atlant: 0.08: 0.10: 0.02¢ -0.0712¢
p-value 0.000: 0.001¢ 0.221« <.000:

Authors’ Calculations. All results are based onaagd of 50 large and medium hubs, 1996 — 2008. maltlels
contain a constant term and 49 fixed effects (Tampernational Airport is the reference airport)l Aodels are
double log models estimated in SAS.

1% increase in average operating airport costscesdmetropolitan employment and the number
of establishments by 0.28% and 0.32%. Also, thel-Aflanta’ interaction term identified a
positive and significant effect upon employmente thumber of establishments, gross state
product for the Atlanta MSA but a decrease in &l capita income. This variable is likely
capturing more than the terrorist attacks in fiigdihat, relative to other airports in the sample,
Atlanta experienced an increase in economic agtiviit not per capita incomes subsequent to
the attacks.

Building upon these results, Table 10 reports Itedor the relationship between real
average airport operating costs and gross mettapoproduct (GMP) and its sub-categories,
which include Leisure and Hospitality, Professiol 8usiness, Private Goods, Private Services,
Finance, and Government.

Similar to the results in Table 9, there is a negatorrelation between real GMP and
real average airport cost, indicating that a 1%edase in real average cost lowers real GMP
0.31%. The effect is lower, 0.16%, for cost incesagn MSAs with more than one commercial

airport.
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Table 10
Average Airport Operating Costs and Gross Metropolian Product, 2001 — 2008

Dependent Variable

Real Gross Real GMP Real GMP, Real GMP,

Metropolitan  Leisure ant Profession an Real GMP, Private Real GMP Real GMP
Explanatory Variable  Product (GMP) Hospitality Business Private Goods Sessic Finance Government
Real Average Co -0.317 -0.25¢ -0.46¢ -0.211 -0.281 -0.46¢ -0.32¢
p-value <.0001 <.0001 <.0001 0.0495 <.0001 <.0001 <.0001
Real Average Cost* 0.151 0.056 0.695 -0.174 0.211 0.695 .0750
Multiple Airport MSA  0.0251 0.4575 <.0001 0.2848 0.0010  .0G01 0.2890

Authors’ Calculations. All results are based oreaqd of 50 large and medium hubs, 2001 — 2008.m&ltlels
contain a constant term and 49 fixed effects (Tampernational Airport is the reference airport)l Rodels are
double log models estimated in SAS.

Table 10 also indicates that the impact of an Emeein real average costs is negatively
related to the six sub-categories of real GMP. [Hngest negative association (-0.464%) is for
Profession and Business and Finance and the simalssciation (in absolute value) is for
Private Goods (-0.211%). However, for MSAs with emtlian one commercial airport, there are
distribution effects. In particular,

e the coefficients for the interaction term is negatifor the Private Goods and
Government categories, reinforcing the direct effefcan increase in real average
cost on real GMP for these categories;

¢ the interaction coefficient for Leisure and Hosljiiyaand Private Services is positive
but less than the direct effect which gives an aleregative relationship between
real average airport cost and real GMP for thebecsitegories;

¢ the interaction coefficient for Profession and Bess and Finance is positive and
greater than the direct effect which gives an dipsitive relationship between real
average airport cost and real GMP for these subgoaies. This suggests that

concerns about reverse causality may be more seidothese sub-categories.

VII.  Extensions
VII.1 Airport Operating Characteristics
Airports do not generate revenues solely from rarlioperations but also generate

revenues from complementary services and activihias airports provide to their customers.
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The extent to which airports offer these servicas lse seen as airport operating characteristics
that differentiate one airport’s cost structureriranother. Table 1 provided descriptive statistics
for three services that airports provide — land aon-terminal facilities, parking, and rental cars
— which account for 7.5%, 40.0%, and 18.6% of tlen-aeronautical related revenues,
respectively. Two other major services offered Regail Stores and Food and Beverage, which
account for 13.1% and 5.6% of non-aeronauticalirees.

To account for differences in non-aeronautical abgaristics across airports, the translog
cost function was re-specified to include threeitmithl variables: the share of non-aeronautical
revenues generated from land and non-terminalitiasil parking, and rental cars. Due to large
amounts of missing revenue data for Food and Bgeeeand Retail Store, the model did not
include these categories. Also, because it is notk whether a reported $0 figure for a service
was a true $0 or simply unreported data, the safoplthis analysis only included observations
with positive revenue data for land and non-termiiaailities, parking, and rental cars.

The re-specified model included level terms forheat the non-aeronautical operating
characteristics and interaction terms between ehehacteristic and interactions between each
characteristic and output (passengers), input pr{personnel, general airport operations, and
contractual and repair/maintenance), and the dueei-input (runways).

Table 11 reports the estimation results and Tal®asb and 13 report input demand
elasticities, Morishima elasticities of substitutji@nd estimated measures of average and
marginal cost of serving additional passengersomparison with the cost model that did not
include non-aeronautical airport operating chargsties, salient points from Tables 11-13 are:

e The parameter estimates for variables in the algmodel are robust in sign and
magnitude;

e The estimated coefficient for output is slightlgher, 0.75, which implies economies of
runway utilization equal to 1.34, a bit lower thithe 1.40 in the original model;

e At the mean, non-aeronautical revenue generatirggatipns reduce airport operating
costs. A 1% increase in the revenue share of ladchan-terminal facilities, parking, and
rental car revenues reduces airport operating.08%b, .10%, and .01% respectively;

¢ Input demand elasticities and elasticities of ingulistitution are robust;

e Estimated average operating costs and estimategimahcosts are robust in comparison
with the original model.

Overall, including non-aeronautical operating cheeastics in the model controls for

differences across airports but does not changm#ie results reported in Tables 4 — 6.
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Table 11

Translog Airport Cost Estimation Results, 1996 -208
Output — Passengers
With Non-Aero Operating Characteristics

Parameter Estimate StdErr p-Value

Bo 17.956357 0.0371927 0.0000
Ba 0.7574285 0.0952311 0.0000
Bag 0.7141082 0.3784213 0.0597
Bk -0.0713821 0.2150299 0.7400
Bkk 0.7485138 1.2557044 0.5514
Bak -0.4081955  0.753292 0.5881

Bi 0.384677  0.004913 0.0000

Be 0.2147712 0.0050978 0.0000

B -0.1051465 0.0371711 0.0048

Bee -0.6185277 0.0914802 0.0000

Ble 0.3074722  0.049969 0.0000

Blq -0.1113182 0.0323958 0.0006

Beq 0.0418563 0.0342984 0.2228

Bik -0.066672  0.076592 0.3844

Bek 0.0058381 0.0808744 0.9425

Bto11 0.0187529 0.0179615 0.2969

Batio11 0.1678299 0.0755637 0.0268

bka -0.5298648 0.4237143 0.2117
bs2 -0.0272363 0.0192692 0.1581
bs3 -0.1028133 0.1000647 0.3047
bs4 -0.0134352 0.0491922 0.7849
bs2s2 -0.0048787 0.0089485 0.5858
bs3s3 0.9451615 0.4060724 0.0203
bs4s4 -0.0441453 0.0395329 0.2646
bs2s3 -0.0896792 0.0654922 0.1715
bs2s4 -0.0377804 0.0234418 0.1076
bs3s4 -0.0622419  0.145739 0.6695
bs2g1 0.0083726 0.0511099 0.8699
bs3g1 -0.2935564 0.2890838 0.3103
bs4ql 0.1940109 0.1294111 0.1344
bs2pl 0.0046866 0.0060849 0.4415
bs3pl 0.0548473 0.0344974 0.1124
bs4pl -0.0186224 0.0146825 0.2052
bs2pe -0.008669 0.0063205 0.1707
bs3pe -0.055512 0.0359418 0.1230
bsdpe 0.0141771 0.0152698 0.3536
bs2kl -0.5019598  0.140363 0.0004
bs3kl -0.7984726  0.825705 0.3340
bs4kl -0.4167425 0.3163067 0.1882
mapl -0.5084811 0.0695464 0.0000
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# observations: 617
Wald Test:
Ho: o (i=1,...,49)
Ha: not alla; coefficients =0

Test statistic: 25,890, p-value < 0.001
Homothetic, Homogeneous, Cobb-Douglas, ConstanirReto Scale

Ho: Bi=0G =0, % pl, pe)
Ha: not all coefficients =0

Test statistic: 238.2, p-value < 0.001

Notes: For model with full set of airport fixed efts, Tampa International Airport is the
reference airport. Contractual and Repair/Mainteedsa the omitted input share. Output
is passenger on non-stop segment passengers traatspo
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Table 12(a)

Input Demand Elasticities
With Non-Aero Operating Characteristics

w -0.889

Nie 1.018 Nee  -3.687
Mim -0.129 Nem 4.663 nmm -0.877

Author’s Calculations. | — Personnel; e — Generighért
Operations; m — Contractual and Repair/Maintenange.
is the elasticity of input with respect to a chanmgerice
of input j.

Table 12(b)

Morishima Elasticities of Substitution
With Non-Aero Operating Characteristics

ol - Gel 2717 oy 0.763
oe 4704 5 - ome  4.689
Glm 0.748 Gem 2'735 Gmn =

Author’s Calculations. | — Personnel; e — Generigbért
Operations; m — Contractual and Repair/Maintenasige.
is the elasticity of substitution between inpussd j due
to a change in factor price j.

Table 13

Average and Marginal Cost
With Non-Aero Operating Characteristics: $ Million per Million Passengers

Average Codtlarginal Cos

Ful Sample 11.37 8.53
Large Hubs 12.76 9.58
MediumHubs ~ 9.80 7.34

Author’s Calculations. Average actual cost per ionil
passengers for the estimation sample is $11.6&mill
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Table 14
Freight Shipped, 1996 — 2008

# of
Obser- Standard
Group Variable vations Mean Deviation
Full Sampk Freight Shipped by U.S. and Foreign Air Carr 65C 191,698,43] 424,838,35
Over Airport: Freight Shipped by U.S. and Foreign Air Carr 50 191,698,43] 1,127,485,35
Over Year Freight Shipped by U.S. and Foreign Air Carr 13 191,698,43] 844,000,15

VII.2 Two Output Model with Non-Aero Operating Caeteristics

A second extension to the original model recognitleat airports not only move
passengers from an origin to a destination but misce freight. Table 14 reports the amount of
freight shipped over the sample period. In totapats shipped 191 million pounds of freight
with much larger variation in shipments across@iprather than across time, again reflecting
the heterogeneity in airports. There are also Bggmt differences by hub size. Large hub
airports shipped, on average, 225.7 million pouafigreight, compared with 151.8 million
pounds for medium hub airports. To put these numberperspective, the (approximate)
maximum amount of cargo in a TEU (Twenty Foot Eglent Unit Used) in shipping is 48,000
pounds. Based on this number, the amount of agocahipped during the sample period was
roughly equivalent to 3,993 TEUs. Large hub airpodn average, shipped the equivalent of
4,702 TEUs during the sample period.

The re-specified model included level and squaeechs for the additional output, cargo
freight, and cargo freight interaction terms withispengers, input prices, the quasi-fixed input,
and operating characteristics.

For multi-product model, economies of capitalipéition is generalized t@y economies
of capital utilizationwhich reflects the impact on short-run costs fropr@portional increase in
all outputs. When evaluated at the mdgant 32 is the impact on costs from a 1% increase in all
outputs, wherg; is the first order coefficient for output i afd is the first order coefficient for
the quasi-fixed input (runways). A measure of regls economies RSE of capital utilization is
RSE=ﬂ

Br+B>

S > (<) 1 implies ray economies (diseconomies)apital utilization.
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In providing air services to shippers and passenm@eqguestion that arises is whether the
cost of providing air cargo and passenger senoaetly is more or less costly than having
dedicated facilities to provide each service sdépiraMore formally, given two outputs; @nd
02, economies (diseconomies) of scape present if Cgg ) < (>) C(q, 0) + C(0, g), that is, if
the cost of joint production is less (more) tham tlst of separate production.

A sufficient condition for economies of scope isak cost complementarity, which exists

2

. . . : , C

if an increase in one output lowers the marginat ob a second output, that 'S'éé_ <0.
4192

Panzar and Willig (1977) have shown that, at thepa mean, {132 + B12) iS an approximate
test of weak complementarity wheye is the parameter of the interaction term.

Tables 15-18 report the parameter estimates, samade scope economies, input and
substitution elasticities for the two output coshdtion model, and cost estimates. Important
findings from this model include:

e The output parameter estimate for passengers igivyeosand significant, reflecting
passenger economies of capacity utilization. A I8raase in passengers, all else
constant, increases operating costs 0.72%;

e The output parameter estimate for freight is pesitvith potentially very strong freight
economies of capacity utilization but the effectnist statistically significant. A 1%
increase in freight shipped, all else constantgases operating costs 0.25%;.

e The measure for ray economies of capital utilizati® 1.57 which reflects production
under positive economies. If all inputs are projpodtely increased, passengers and
freight will increase in greater proportion. Altatively, from the cost elasticity, if
passengers and freight shipped increase 1%, aioperating costs increase 0.74%, less
than 1%;

e There is evidence of economies of scope, whichigaphat the cost joint production of
passengers and cargo freight is less than the $separate facilities serving passengers
and cargo freight, respectively, but the effeatas statistically significant;

e Estimates for input elasticity of substitution aobust relative to the single output model
(with or without operating characteristics). The sheensitive substitutable input to
changes in relative input prices is general airppdrations;

e Input demand elasticities in the two product modeke generally lower than in the
single product model. In particular, for this modkére is much less substitutability
between ‘contractual and repair/maintenance’ inpuith personnel (from -0.148 in
Table 5(a) to -0.051 in Table 17(a)) and genengdoai operations (from 4.531 in Table
5(a) to 1.652 in Table 17(a);
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e The marginal cost of serving an additional passerajeges between $1.71 and $1.75 per
passenger and between $0.25 and $0.32 per podreghft. These numbers are
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Table 15
Translog Airport Cost Estimation Results, 1996 -208

Output — Passengers, Freight;
With Non-Aero Operating Characteristics

ParameteiEstimate p-Value

Bo 17.97: 0.000(
Ba1 0.71¢ 0.000(
Baz2 0.02¢ 0.227*
Bata1 0.85( 0.043:
Bazq2 0.007 0.403:
Ba1q2 -0.06( 0.300¢
P -0.17¢ 0.483¢
Pk 2.31: 0.108:
Ba1k 0.422 0.6393
Bazk -0.303 0.0525
Bp! 0.385 0.0000
Bre 0.212 0.0000
Bipip! -0.069 0.0935
Bipepe -0.501 0.000(
Bpipe 0.24: 0.000(
Bpia1 -0.10¢ 0.001
Bpeq1 0.06: 0.076¢t
Bpeq2 0.00: 0.726!
Beq -0.01¢ 0.024:
Brik -0.05¢ 0.469¢
Bpek 0.02( 0.809:
Pro11 0.01¢ 0.398(
Bati911 0.14¢ 0.040¢
mapl -0.45; 0.000(
map?2 -0.03¢ 0.017:
bka -0.418 0.0986
Ps2 -0.01( 0.646(
Ps3 -0.04: 0.721:
Psa 0.03¢ 0.530°
Ps2s2 -0.001 0.902(
Ps3s3 1.118 0.022:
Psasa -0.01¢ 0.757(
Ps2s3 -0.02¢ 0.688¢
Ps2s4 -0.05: 0.046(
Ps3sa 0.00¢ 0.981°
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Table 15 (cont'd)

ParameteiEstimate p-Value

Bs2q1
|353q1
Bsaq1
Bs2q2
BsSqZ
Bsaq2
BsZpI
|333pl
BsApI
Bs2pe
BsSpe
Bs4pe
Bs2k

Bs3k

|354k

# observations: 617
Wald Test:
Fixed Effects

H(): o (I =1

-0.04¢
-0.43¢
0.22¢
0.025
0.013
0.01¢
0.00¢
0.05:¢
-0.01¢
-0.00:
-0.06¢
0.02¢
-0.56(
-2.03¢
-0.15¢

..., 49)

0.409:
0.181:
0.139°
0.0097
0.8207
0.472
0.452:
0.127:
0.207:
0.272¢
0.077:
0.139¢
0.000:
0.028:¢
0.722¢

Ha: not allo; coefficients = 0

Test statistic: 22,902, p-value < 0.001

Homothetic, Homogeneous, Cobb-Douglas, ConstanirReto Scale

Ho:  By=0(,]=0u & pl, pe)
Ha: not all coefficients =0

Test statistic: 11,717, p-value < 0.001

Notes: For model with full set of airport fixed efts, Tampa International Airport is the
reference airport. Contractual and Repair/Mainterda the omitted input share. Outputs
are passengers on non-stop segment passengernsottads(q) and pounds of freight

shipped (g) .
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Table 16
Two Output Model:
Economies of Scale and Scope Measures

Measure Estimate p-Value
Cost Elasticity 0.74 <.0000
Economies of Capital Utilization 1.57 <.0000
Economies of Scope -0.04 0.48

Author’s Calculations.

Table 17(a)
Two Output Model:
Input Demand Elasticities

T]|| '0795
MNie 0846 1.  -3.187
Mim -0.051 e, 1652 ngm  -0.822

Author’s Calculations.

Table 17(b)
Two Output Model:
Morishima Elasticities of Substitution

Gl - Gel 2335 opy 0.745
Ole 4.037 Oee Ome 4.063
Gim 0771 son 2473 omm

Author’s Calculations.

Table 18
Average and Marginal Cost:
$ Million per Million Passengers,
With Non-Aero Operating Characteristics

Average Cos Marginal Cos
Passenger Freight Passenger Freight
Ful Sample 11.4¢ 2.44 1.7t 0.2¢

Large Hubs 12.7; 2.3¢ 1.71 0.32
Medium Hubs 9.92 2.50 1.80 0.25

Author’s Calculations. Average actual cost per pager and cost per
pound of freight over the estimation sample is 8&8%and $2.33 respectively.

35



e considerably lower than the average cost of produnct reflect economies associated
with capacity utilization.
The two product cost function model is a generedlyust extension of the single output model
and provides additional insights into airport opiagh characteristics. Yet the very low output
coefficient associated with cargo freight calls &alditional research to be sure that the model
appropriately captures airport cost and productibaracteristics and generates cost measures

that reflect airport operating environments.

VIIl.  Concluding Comments

Through their impacts upon regional, state, andonat mobility, airports and their
associated activities can significantly benefit atmopolitan area’s economic development. Yet
relatively little is known about airport cost fuimts, their operational and production
characteristics.

This study’s measure of airport output is annuaspagers served and cargo freight
shipped. Based upon a panel of 50 large and mediuln airports from 1996 — 2008, the
research for this paper develops and estimatesbléexorm translog airport operating cost
models, and this paper reports the results of thmeeasingly complex models: 1) one-output
(passengers) base model that does not account cioraeronautical airport activities (e.g.
parking); 2) a one-output (passengers) model tlo&s daccount for non-aeronautical airport
activities; and 3) a two-output (passengers andtite model that accounts for non-aeronautical
airport activities. In each of these models, thenbar of runways is a quasi-fixed factor of
production.

The models generally fit the data well and leads¢wveral findings that are common
across the three models:

e At the mean, airports serve passengers under siogeaeturns to runway capacity. All
else constant, a 1% increase in passengers samsehses short run operating costs
between 0.71% and 0.76%;

e Reflecting economies of capacity utilization, thestcof serving additional passengers
(i.e. marginal cost) is less than the average @losgrving passengers;

¢ An increase in runway capacity reduces short rueratg costs but the effect is not
statistically significant;

¢ Input demands for Personnel and Contractual/Regrair Maintenance are input price
inelastic. All else constant, a 1% increase in tpdce of Personnel and
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Contractual/Repair and Maintenance, respectivedguces the amount of the input
demanded by 0.8%;

Input demand for General Airport Operations is inptce elastic. All else constant, a
1% increase in the price of General Airport Operaireduces the amount demanded by
over 3.2%;

As a cost-minimizing response to an input price ris General Airport Operations,
airports can more easily substitute Personnel amwtr@ctual/Repair and Maintenance
inputs;

As a cost-minimizing response to an input price msPersonnel (Contractual/Repair and
Maintenance), airports can less easily substitudeti@ctual/Repair Maintenance inputs
(Personnel);

The 911 terrorist attacks increased average airpperating costs 2% and Atlanta’s
Hartsfield-Jackson airport costs by at least 16%;

Airport operating costs for airports in MSA’s withore than one commercial airport
(e.g. New York, Chicago, Los Angeles) were %2% loferairports in MSAs with only
one commercial airport;

For models that included non-aeronautical actisiieairports (land and terminal rentals,
parking, and car rental), the mean effect was @dlyenegative but statistically not
significant.

Selected results from extensions to the base mdede:

Results from the one output model with non-aerdnaltattributes were robust in
comparison with the base model that did not incluoie-aeronautical attributes;

For the two-output model, there are strong pro@decinomies of capacity utilization for
freight shipped but the effect is not statisticadignificant. A 1% increase in freight
shipped, all else constant, increases operating 60325%.

Airports operate under ray economies of runway ciéypaand economies of scope,
although the measure for scope economies is nigtgtally significant.

How does Atlanta’s Hartsfield-Jackson airport comepavith other large hubs? Although

Atlanta’s average passenger throughput is 20% hitiften the next largest airport, its average

and marginal cost is at least three times less. Wgrthe large hubs, only Charlotte Douglas

International airport, with one third the passesgarAtlanta, has lower costs. A further critical

difference between Atlanta and the other large haltbhat the 911 terrorist acts significantly

increased the airport’s operating costs.

The results also provide some evidence of an assatibetween airport operating costs

and metropolitan economic development indicatarstdases in real airport operating costs are

associated with decreases in several indicatorscohomic development including real gross
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metropolitan product. A 10% decrease in real airpperating costs, for example, is associated
with a 3.1% increase in real GMP. The results ideuiifferential GMP effects depending upon
the sub-category of real GMP.

There are two major directions for future work limstarea. First, more work is needed on
the metropolitan effects of airport operations. sTanalysis builds upon prior results, using a
smaller number of airports, and for the one outpotdel provides consistent implications for
economic development. However, the relationshipvbeh economic development indicators
and real airport average costs largely disappaartte two-output model.

A second and related direction is to conduct addéi research on the two-output model.
Measures of marginal cost for passengers and ftreigite considerably lower than those
obtained in the one-output model. Additional woskrequired to assess this as well as the
economic development differences between this maadeithe one-output model.
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