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Full Cost of Air Travel in the
California Corridor

DAviD GILLEN AND DAVID LEVINSON

The theoretical and empirical literature on the cost structure of the pro-explicitly account for the hub and spoke configuration that has devel-
vision of air transportation is reviewed, and cost functions for air travel gped in the United States since deregulation in 1978. They estimated
in the California corridor are specified and estimated. A full cost model 5 long-run cost function and found economies to density of about
is developed; it identifies and measures key cost components—fuser, cars

I; . . .. K
rier, infrastructure, time and congestion, noise, accident, and poIIutionl_'35' The hubbing variable indicates that, all other things equal, a car-

costs. Applying the models to data for domestic air travel in the Califor- "€ With 1 percent more of its traffic handled at hub airports expects
nia corridor, the total long-run average cost is estimated to be 11 centd0 enjoy a cost thatis 0.11 percent lower than that of similar carriers.
per passenger km traveled. The single largest cost category is owning and On the airport infrastructure side, economists have typically
operating a plane. In general, because of large fixed-cost components, thgssumed that capacity expansion is divisible. Morri€nif his
average cost of infrastructure exceeds the marginal cost. analysis of optimal pricing and investment in airport runways, uses
a sample of 22 busy U.S. airports to demonstrate that airport capac-

Sound investments in new transportation infrastructure depend on thdty construction is characterized by no economies of scale. In the

full cost of providing and maintaining the transportation system today, literature, there is no empirical evidence on the cost characteristics

including social, carrier, infrastructure, and user costs. Identifying of capacity construction of new small airports or capacity expan-

what portion of total cost users currently pay, and what share otherssion of existing small airports. Gillen and La8)) (show that the

bear, allows us to avoid inefficient cross subsidies between modesgconomies of scale for airports are negligible when movements are

user groups, or regions. The development of cost models and estiused as the measure of output but that they exhibit significant cost

mates of the type presented in this research are essential to gaugirgconomies when the number of passengers is the unit of output.

the true costs of transportation. They note that the economies of density at airports therefore arise

This study develops and estimates long- and short-run average anffom the use of large aircratt.

marginal cost functions of air passenger transportation services and

applies these models to estimate the full cost of domestic air travel in

the California corridor. Social, or external, costs include noise, air FULL-COST CALCULATION

pollution, safety or accident, and congestion costs. User costs com-

prise the cost of travel time, airfares, which are simply a transfer toThe full-cost calculation includes the infrastructure, carrier, user,

airlines, and passenger taxes, which are, similarly, transfers to infraand social costs. This paper represents each of those cost compo-

structure operators. To avoid double counting, transfers are excludednents in turn. The full cost (FC) of an air trip is the sum of the air-

Airlines incur carrier costs of providing services by owning, operat- port costs, includinga] infrastructure construction cost (ICC) and

ing, and maintaining fleets of aircraft. The costs of the airport and thegperation and maintenance of terminals and airside facilities (IOC);

air traffic control system are ascribed to infrastructure. (b) the cost of providing services by the air carrier or carrier costs
(CC); (©) the costs of providing air traffic control (ATC) and air nav-
igation costs (ANS) by the FAA; and)(the social costs of air pol-

LITERATURE REVIEW lution (SPC), noise (SNC), congestion (SCC), accidents (SAC), and

user time costs (UTC). This is represented in Equation 1:
Many studies have been directed at determining the functional rela-

tionship between total per-unit operating costs and firm size in air- FC = 0. (1CC + 10C ATC+ ANS cc —
lines (l-7). All studies have shown that economies to scale are = ay( + )+ 0 + ) +03(CC) +a4(SPC)

roughly constant; thus, size does not generate lower per-unit costs +05(SNC) + a6(SCC) + a7 (SAC) + ag(UTC) D
In particular, Gillen et al.§,7) found that the airline industry expe-
rienced economies of traffic density; that is, the unit cost would . . .
o . L i In this full-cost measure, commercial passengers are responsible
decrease for all carriers if they carried more traffic within their given . . ) - -
L . . for only a portion of the costs of airport infrastructure, air traffic
network. The results also indicated that the unexploited economies

of density are larger for low-density carriers. Caves eBgin¢lude contr_ol and air naw_gatlon, and carrier operatlong. I_=or exampl_e_, ar-
a network size variable in the cost function, along with output, to port infrastructure is used by cargo, general aviation, and military

allow for the distinction between economies of scale and economiesusers’ and the costs attributable to these users should not necessar-

of density. McShan and WindIB)extend the Caves et al. model and Ily be allocated to commercial passengers. In the full-cost equation,
we have indicated that the costs need to be weighted or apportioned

b Gillen. Institute of T ation Studies. R 109. McLauahiin Hal among users. These weights are represented by;'ieand the
. Gillen, Institute of Transportation Studies, Room 109, McLaughlin Hall, : .
University of California at Berkeley, CA 94720. D. Levinson, Department weights are not necessarily constant across cost components. From

of Civil Engineering, University of Minnesota, 500 Pillsbury Drive SE, this stylized general relationship, we provide measures of the short-
Minneapolis, MN 55455. and long-run average and marginal costs of passenger trips by air.
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Other costs, such as landing fees and passenger facilities costs, that TABLE 1 Cost Allocation to Domestic Air Carriers
are added to passenger tickets are really transfers from one sector of ~ and Expense Category10)
the air economy to another. To avoid double counting, they are not

included here Category Total ($M) Air Carrier
Domestic
. . 30 0
Direct Cost-Public Interest
AIRWAY INFRASTRUCTURE
. . 467 166
AND OPERATING COSTS Navaid Maintenance
. 152 53
Safety Regulation
The FAA provides several user groups with essentially four ser-
v!ces. ’é.lll’ route traffic control cgnters, tgrmlnal .radar contro! areas, ARTCC €80 276
air traffic control towers, and flight service stations. The unit costs
of airway services were estimated and allocated to user groups in ATCT 136 10
studies that were conducted for the FAKO(1]). These differed TRACONS 632 242
from all previous approache; to cost measurement and aIIocation ESS 288 13
because cross-sectional statistical cost functions were used to esti- .
Total Operating Site Costs 2385 760

mate the cost of providing specific services to specific classes of
people by facility type. The studies failed to include measures of
capital costs; however, given the age of the airway system capital, Facilities & Equipment 1632 807
itis not clear that our estimates will be significantly biased. The rea-

soning is that, with “vintage” capital, the capital-labor ratio will be

lower than with newer capital. Thus, what we miss in capital cost R&D 319 190
will show up in operating costs. Ideally, however, we would like to
have an economic measure of annual capital costs included in the AIP Grants 1111 574
cost function.

Golaszewski10) provides a detailed description of the construc- i
tion of the cost estimates for ATC services for four types of services/ Total Direct Costs 3447 2331
facilities: air route traffic control centers (ARTCC), terminal radar Indirect Costs 846 285
control areas (TRACONS), air traffic control towers (ATCT), and Total Costs 6293 2615
flight service centers (FSS) These services are prov_ided to differe_nt NOTE: Costs updated to 1994 $M. AIP = Airport Improvement
user groups or beneficiaries, and the groups contain subcategories Program

based on differing criteria.
This study focuses primarily on the domestic air carrier user group.
This, of course, means that the proportion of the costs that are “attrib-The empirical results are not reproduced here, but the tables that
utable” to this group must be determined. Table 1 gives the detaileddentify the marginal and unit cost measures are. It is these measures
cost allocation for domestic air carriers. Operating site costs includethat are aggregated in the full-cost measure. These estimates are
labor, maintenance, and leased communication at air traffic controlbased on a series of calibrated multiple-output cost functions, but
facilities. Facilities and equipment costs consist of capital expendi- they fail to include input costs, a size measure to control for het-
tures to replace or improve airport and airway facilities and equip- eroscedasticity, or a measure of traffic density. The use of weighted
ment. Research and development (R&D) includes FAA expendituresleast squares would be appropriate in the estimations, but it is not
on R&D programs to build and maintain a “safe, efficient airport and clear from the discussion whether anything beyond ordinary least
airway system.” Airport grants comprise development funds given squares was employed.
to sponsors of primary, commercial services and reliever and general Table 2 (0) reports the final cost calculations for the air traffic
aviation airports. Navaid Maintenance and Regulatory costs are thoseontrol system. The dollar magnitudes were adjusted to 1994 dol-
that the FAA incurs in providing and maintaining navigational equip- lars. In the first three columns of Table 2, the short-run marginal,
ment not located at operating sites and in regulating airmen, aircrafoint, and long-run marginal costs are provided for domestic air car-
operations and manufacturing, and airports. Overhead includes costsers as estimated by Golaszewski)( The difference between the
for headquarters, regional administration, and procurement. short-and long-run marginal costs is that the long-run marginal costs
These cost categories formed the basis of the ATC cost func-allocate joint costs that are excluded from the short-run costs. Aver-
tions. However, ATC equipment and maintenance costs, R&D age costs (per air traffic control handle) are obtained by taking total
expenditures, and general overhead were not included in the varicosts and dividing by the number of aircraft departures.
able cost estimates and were allocated across users on a Ramsey
pricing basis. The Ramsey method employs the inverse of the elas-
ticity of demand for facility use to allocate overheads to obtain eco- AIRPORT INFRASTRUCTURE
nomically efficient prices. As GolaszewsHiQ) reports, the major AND OPERATING COSTS
cost categories included were site labor costs, site maintenance
costs, and site communications costs. He also reports that no capiThe costs of using airport resources can be divided into terminal costs
tal costs were included because the FAA expenses the capital costnd airside costs. The reason for dividing the two is that terminals are
in the year of purchase. used by passengers, with the costs wholly attributable to commercial
The marginal cost estimates are developed by calibrating severahir services, whereas the airside resources are a function of aircraft
linear cost functions for each of the four categories identified above.movements. Aircraft movements include scheduled commercial,
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TABLE 2 Air Traffic Control: Marginal, Joint, and Unit Costs by Facility ( 10)

Facility Type Short Run Joint Costs ~ Long Run Marginal ~ Average Costs
Marginal Costs
Costs

ARTCC (IFR Departure) $297.64 $57.30 $354.94 $185.33
TRACON (per operation) $206.32 $104.95 $311.28 $85.15
ATCT (per operation) $2.89 $10.05 $12.95 $52.63
FSS: IFR Flight Plan $13.64 $2.62 $16.25 $45.63

per Air Contact $25.74

NotEe: Costs updated to 1994 $M. IFR = Instrument Flight Ruler

commuter, general aviation, and military. Furthermore, the majority  The long-run cost relationship is illustrated in Table 3. Total
of aircraft also carry freight (cargo and mail) in their belly. There- costs—capital plus operating costs—were regressed on values for
fore, there is joint production, and some portion of airside costs maypassengers. The researchers were not able to distinguish between
be attributable to nonpassenger outputs. As in the case of airway costomestic and international passengers. It would be expected that
calculations, all of the airside costs cannot be allocated to scheduledirports with greater proportions of international passengers would
commercial (passenger) air services. To determine the appropriatdave higher costs. The model that had the best statistical fit was
allocation, economic cost functions in which the airside costs arethe simple linear model. In these estimates, neither the second-order
regressed on each type of movement are estimated. The second diterm nor the constant term was statistically significant. The estimates
tinction that is made, as elsewhere, is short- versus long-run costs. liof the long-run marginal cost are $5.72 per passenger. The simple
the former, existing infrastructure is treated as noncongested, and aaverage taken from the sample, total costs divided by the number of
estimate is made of the cost of servicing an additional passenger opassengers, was $7.45 per passenger.
additional movement. The long-run estimates include a measure of For the short-run costs in Table 3, the constant term is significant,
the capital costs; thus, the marginal and average cost figures are thosedicating the presence of fixed costs and indicating that the para-
associated with expansion of the airside (or terminal) system whenmeter estimates on the linear and second-order term are both statis-
additions to capacity must take place. tically significant at the 10 percent level. The results indicate that
short-run marginal costs are rising at a relatively constant rate; the
second-order coefficient is not significant. The marginal cost per
Terminal Costs passenger is $1.62, while the average cost per passenger would be
($924358/# passengers$1.62. $924358 is a constant term repre-
Estimates of terminal costs were developed from data for 22 largesenting the allocation of the fixed costs. Because the marginal is less
airports, with each airport having data for a 5-year period (110 obser-than the average cost, there are some cost economies with increas-
vations). In addition, a panel was used, which reduced the problemsng passengers. Interestingly, the calculated average variable cost
associated with either exclusive time series or cross-sectional data.per passenger was $4.25.

Table 3 presents the final estimates for both long- and short-run How do these numbers compare with previous estimates? There
terminal costs. Alternative functional forms, as well as dummy vari- are relatively few investigations against which to compare this work.
ables for some airports, were tested but were insignificant in the out-A Canadian study used an engineering approach to develop a mea-
come. The simple arithmetic relationship had the best statistical fit.sure of $10.24 per passenger for terminal services in the period 1990

TABLE 3 Long- and Short-Run Terminal Costs

Dependent Variable Long Run Total Cost ~ Short Run Terminal O&M Costs
Independent Variable:

C 118849. 924358.
(.589) (3.14)

Passengers 5.72 1.64
4.72) (3.07)

Passengers squared -.139E-06 .366E-06
(-1.55) (1.79)

Adjusted R-squared .820163 934831
F-statistic (zero slopes) 55.7271 173.137
Log of likelihood function -366.985 -376.417

NOTE: Numbers in parentheses () indicate t-statistic
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to 1993, when converted to 1994 U.S. dolla&.(This compares to aviation, commuter, and air carriers). Morris@) ¢stimated the

the measure in this study of $5.72 per passenger. short-run marginal cost of an air carrier operation as $25.34 when
expressed in 1994 dollars. This figure would be compared against
this study’s short-run marginal cost per movement of $81.87.

Airside Costs The researchers also undertook a simple examination of the com-
posite airport costs, airside plus terminal. The simple averages were

The researchers undertook a similar analysis for estimates of airsid&5.99 average variable cost per passenger and $201.99 per move-

costs. In this case, it was important to be able to both establish anent. These numbers are used frequently when illustrating differ-

measure of the appropriate short-and long-run costs and allocateences between air and other modal costs. However, these numbers

costs across the different user groups. The estimates were developete biased in that they reflect composite outputs and have not taken

from the sample of 22 airports. As before, parameters were esti-into consideration the full-cost responsibility across outputs for

mated on the basis of a “variable” cost model in which capital terminals and airside facilities.

(capacity) is considered a quasi-fixed factor of production, and the

adjustments to output are made using the variable factors; hence,

variable costs. In a subsequent model, measures of total cost (capiEARRIER COSTS

tal plus operating) were used, and the long-run cost relationships

were estimated. Two approaches can be taken in constructing the carrier cost func-

Table 4 reports estimates for the long- and short-run models. Fortion. One is to estimate an econometric cost function in which out-

the long run, the estimates used the sum of capital and operatinguts, input prices, and levels of technology are contained in the

costs. The long-run marginal cost is $117.10 for air carriers, $22.43cost function derived from some underlying production function

for commuters, and $17.08 for general aviation. For the second andand the optimizing behavior of firm8)( This aggregate approach

third user groups, there is a relatively small increase in the marginalis useful for understanding the characteristics of the underlying

cost from the short-run estimates. It is also evident from the esti-production structure, input substitution, scale and scope economies,

mates that, like Morrison, there is evidence of approximately con- and cost efficiency. These measures are important in long-term

stant returns to scale. This means that size confers neither amlecision making regarding mergers, network structure and size,

advantage nor a disadvantage on the costs of airside facilities. Howand input substitution, but they are too aggregate for the purposes

ever, this is not true in the case of terminals, where some evidenc®f this study. Determining what the cost would be to add another

is found of falling costs with capacity utilization. Calculating the passenger or flight to the segment in an existing network can be

simple average total cost, a figure of $93.84 is obtained. directly related to pricing decisions. The researchers proceed to

For the short-run model, the total operating and maintenanceestimate a statistical cost function in which the additional costs of

cost was regressed on numbers of movements for scheduled aicarrying another passenger is determined in cases with and without

carrier, commuter, and general aviation, as well as airport-specificcapacity expansion.

dummy variables. Second-order terms were also investigated, but

they were not statistically significant. The simple linear model

seemed to perform as well as others. The short-run marginal cosMeasurement of Segment Cost

of a scheduled air carrier movement is $81.87, for a commuter car-

rier it is $17.87, and for general aviation it is $12.57. Using the In describing a carrier’s costs, costs that vary by segment and those

data from the U.S. airports, the measured simple average variablehat vary by route are distinguished. It is also necessary to be able to

cost is $43.66 per movement (not distinguishing between generalcalculate unit cost per passenger for the short and long run. In this way

TABLE 4 Long- and Short-Run Airside Costs

Dependent Variable: Long Run Total Costs ~ Short Run O & M Costs

Independent Variable:
C -271559. -297116.
(-047) (-1.02)
Scheduled Carriers 117.10 81.87
(2.96) (4.13)
Commuter Aircraft 2243 17.57
(2.66) (4.16)
Total General Aviation 17.08 12.49
(1.68) (2.45)
Adjusted R-squared 842 .855
F-statistic (zero slopes) 27.66 30.62
Log of likelihood function  -311.927 -297.413

NOTE: Numbers in parentheses () indicate t-statistic
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it is possible to examine the cost differences for adding a passengetptal block-hour costs (flight costs) for the segment plus the total

a flight, and a route segment. For route segments, the source of cogtassenger costs by the number of segment passengers. Unit costs on

differences will be in the airline system or station costs. For example,a per-passenger basis are expressed as follows:

if carrieri were to extend its operation from Point B to Point C, when

it was already in market between points A and B, the additional costsu = C"/q = (wf /q) + v = (w/GZz) + v (5

would include the increase in flight operating costs and passenger

costs. However, since it is already serving Airport B, the cost of Table 5 (3-15 reports the block-hour costs for each of four

adding an operation will be quite low. This is quite different from a representative types of aircraft that most likely would be used on

circumstance of entering an entirely new market. Clearly, both thedomestic (California) routes. To this figure an amount needs to be

volume of passengers and the flight frequency are important for alladded that reflects the opportunity cost of the flight capital. The

measures of cost. Total cost for a flight segnmiBican be written as difference between these two figures is the difference between
short- and long-run costs. The calculations use an assumed load

C" =C9(q)+C'(f) 2 factor of 68 percentl,14, a stage length for the California cor-
ridor of 625 km, and a speed of 877 km/h. Final calculations are
whereq is the total number of passengers on a segment,igifte based on the B737-300 series aircraft because it is the most popu-
flight frequency on that segment. lar on shorter-haul domestic routes in California. The short-run
The first term of Equation 2 is related to passengers, and theaverage and marginal (operating) cost is equal to the block-hour
second term is associated with flight frequency. cost divided by seats, average load factor, and speed. The long-run

average and marginal cost adds the opportunity cost of aircraft
capital to the short-run operating costs.
Passenger and Flight-Related Costs on a Segment

Indirect (or passenger) costs on a segment were obtained from FornNOISE COSTS
41 data by subtracting flight-related costs from total costs (corrected
to properly account for capital costs). These calculated total indirectNoise due to aircraft is traditionally associated with airports and
costs were allocated to each segment by multiplying systemwide totalwvith aircraft flying overhead that are not in the process of takeoff or
indirect costs by the ratio of segment revenue to systemwide total revianding. Although the aircraft obviously generates the noise, the air-
enue. The total indirect cost for a flight segment, which would involve port—the most convenient point of complaint—is typically held
the California market, was estimated by allocating the carrier’s total responsible. The annoyance caused by noise is due to a number of
indirect costs in proportion to the revenue generated from the partic-unique factors, including individual preferences, socioeconomics,
ular route segment. Then the proportion of the airlines’ systemwide environmental conditions, local topography, and number of flights.
indirect costs attributable to the California market were allocated. If noise annoyance is capitalized in land prices, we need only deter-
Typically, indirect costs will be anywhere from 45 to 60 percent of mine the noise coming from aircraft. Aircraft noise production is
total costs, so the estimate of $0.04/passenger km traveled derivetled to its level of technology, or stage, which is related to its age
here is not an unreasonable figure. and size. The technology determines total engine thrust needed and

The flight-related costs can be measured by adding the cost peis thus an influence in noise production. Levesd®gg for instance,
block-hour multiplied by the number of block-hours required for the employs a Noise Exposure Forecast (NEF) to estimate the equiva-
flight segment and a measure of the opportunity costs of flight capi-lent amount of noise produced by aircraft at an airport. Gilléh (
tal. The Form 41 data do not provide an accurate measure of the ecaeports the number of impacted homes around airports. Levinson
nomic costs of capital invested in aircraft. Therefore, the block-hour et al. (L8) summarizes the depreciation in home value as a function
costs need to be adjusted upward by the amount of interest cost on thef noise. Quinetl9) and the IBI Group20) estimate the noise costs
capital tied up in the aircraft (the opportunity cost of flight capital). per passenger km traveled that are generated by air travel in eight

The treatment of these two costs as constant unit costs to the aireountries. The average value for these results—$0.0043/passenger km
line is analogous to the concept of constant marginal cost in the usuatraveled—is used here.
competitive model. These are unit flight costs and unit passenger
costsw andyv, respectively. Unit costs will change as the volume of
passengers, flight frequency, and load factors change. TRAVEL TIME AND DELAY COSTS

Total segment costs are then defined as

Although others have estimated congestion models for airports, per-
C" =C9(q) + C(f) = vq+wf 3 haps the most widely used approach is that of the FAA-Z3.
Each airport has a rated capacity [annual service volQgiEiased

wherew is the unit flight cost, andis the unit passenger cost. Car- on runway designs and other physical factors. Delay per aircraft

rier load factors are calculated as follows: depends on the usage [in operatidy 6f the airport relative to its
capacity. The following average delay per airclaff) (in minutes)
z=(q/f)/G (4) was estimated using the FAA graphs:
wherezis the carrier load factor ar@lis gauge (available seats or D, =0.19+ 2.33(Q/Q0)6 (6)
plane capacity).
Average per-passenger segment castgan be computed by Dr =D, 0Q = 0.19Q+2.33(Q/Q0)7 @)

dividing the total segment cost by the number of passengers. The
approximate average cost per passenger is obtained by dividing th¢Dy = D;/9Q = 0.19 + 16.31(Q/Q0)6 (8)
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TABLE 5 Carrier Costs per Block-Hour and Seat-Kilometer (13-19

Cost Category B737-300  B737-400  B737-500 MD-80

Crew Cost ($/h) 456 554 267 506

Fuel & Oil 425 428 403 484

Rentals 423 585 319 310

Insurance 11 19 12 11

Taxes 17 20 23 22

Total Flying Operations 1332 1608 1024 1333

Airframe Maintenance 157 126 114 136

Engine Maintenance 116 54 60 74

Maintenance Burden 153 135 162 119

Total Maintenance 426 315 336 329

Depreciation 92 84 118 130

Other 22 10 34 34

Total Block Hour Cost ($/h) 1872 2018 1512 1826

Avg. Seats per Flight 131 144 112 139

Operating cost per seat km ($) 0.024 0.023 0.023 0.022

Price of Aircraft ($ M) 279 31.6 26.8 27.5

Annual Opportunity Cost of Capital at 7.5 percent 2.093 2370 2,010 2.062
™M

Total Block Hours 3759.5 3759.5 3759.5 37595

Opportunity Cost per Block Hour ($/h) 556.59 630.40 53465  548.61

Opportunity Cost per Seat km ($) 0.0071 0.0073 0.0080  0.0066

Long Run Cost per Seat km ($) 0.031 0.030 0.031 0.029

NOTE: Assumes speed of 877 km/hr. load factor of 68%

The total delayy) is simply the average delay multiplied by the clude those imposed on others, is 44.36 min, or $7.39/passenger

number of aircraft@). The marginal delaylYy) is the derivative of ($0.012/passenger km traveled). The cost of user time is simply the

the total cost with respect to outpiit travel time multiplied by the value of time, which was estimated at
The annual service volume is calculated from an FAA model that $0.0114/passenger km traveled. The value of time is probably not

takes into consideration the airport’s aircraft mix index, runway lay- linear; one person saving 60 min may be more valuable than 60 indi-

out, percentage of time that runways are used in a specific operatviduals each saving 1 min. However, to analyze systemwide travel

ing condition (e.g., northeast parallels in Instrument Flight Rules times, small delays need to be added together and may collectively

weather), hourly runway capacity under that condition, and historic approach larger time units for which monetization is a reasonable

monthly traffic records. These are shown in Table 6 for California approach.

data. A question naturally arises as to the validity of a capacity model

that has some airports regularly operating at levels substantially

above their theoretical limit. Instead of trying to defend the accuracy ACCIDENT COSTS

of the modeled capacities, the researchers believe that the result-

ing annual service volumes can be used to index airports by takingAviation accident statistics are collected by the National Trans-

into account their differing physical, climatological, and operating portation Safety Board for the following, in descending order of

conditions. safety: large airlines, commuter airlines, air-taxis, and general avi-
To operationalize this measure, information was used from the ation. Because commercial air accidents are rare and vary a great

series of airports that were included in the estimation of the airportdeal in magnitude, accident rates are not stable on a yearly basis. A

costs. Each airport has an annual service volume figure, which wasnultiyear average of U.S. statistics gives a fatal accident rate of

averaged. The average delay per flight is approximately 6.5 min;0.00048 per million aircraft km.

with a $10/h value of time, this figure is $1.08/passenger ($0.0017/ The human cost per accident can be approximated by the average

passenger km traveled). The marginal congestion costs, which infatality rate per fatal crash (13 fatalities per fatal crash) multiplied
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TABLE 6 Major Airports in California, Utilization, Capacity, Delay ( 18)

D Airport Name Enplanements Operations Capacity (Qo)  Average Delay
(000) 1991 (000) 1991 (000) 1991 (min)

LAX Los Angeles 22520 661 675 2.24

SFO San Francisco 15187 435 393 4.47

SAN San Diego/ 5617 260 225 5.73
Lindbergh Field

SIC San Jose 3443 337 385 1.23

OAK  Metropolitan 3013 414 625 0.39
Oakland

ONT  Ontario 2873 156 355 021

SNA John Wayne/ 2636 55.1 355 0.19
Orange County

SMF Sacramento 2176 152 370 0.20
Metropolitan

BUR  Burbank/ Glendale/ 1843 229 230 2.46
Pasadena

NoTE: Enplanements is the number of people boarding; operations is the number of planes; capacity is
capacity in number of planes; and average delay (min) is in minutes.

by the value of life ($2,700,000), or $35,100,000, not including  Consequently, damage estimates that were computed from auto
injuries and property damage. The cost per passenger is simply théravel in Los Angeles were applied, and a $2.7 million value of life was
fatal accident rate multiplied by the cost per accident divided by the assumed, consistent with the accident data above. The cost of air pol-
number of passengers per flight (89). This results in a cost oflution caused by air travel (the health damages from particulates, sul-
$0.0001893/passenger km traveled. Taking more conservative valfur oxides, hydrocarbons, carbon monoxide, and nitrogen oxides, plus
ues of life and including nonlife costs (injury and medical, accident the greenhouse damages due to carbon) is $0.00089/ passenger km
cleanup, etc.), and assuming a higher number of fatalities, the estitraveled.

mate could quadruple. This range is consistent with international

estimatesZ0,29.

SUMMARY AND CONCLUSIONS
POLLUTION COSTS Table 8 summarizes the short- and long-run marginal and average
. . _ _ costs by category in terms of cost per passenger km traveled. The
The pollution costs for air travel are hard to estimate because emisyitference between marginal and average cost is exceeded by the
sions are not localized. Combining the total emissions with an esti-gjtference between the short and long run. Although this analysis
mate of passenger kilometers traveled by jets in the United Stateyas conducted for the California corridor, other stage length and air-
produt_:es an estimate of pollution per unit output, shown in Table 745 types can be used with the methodology and data described in
(25, Figure 3-1, p. 50;26 The quantity of pollutants must be com- s haner to attain results for other corridors. The full cost of air

bined with damage per unit of pollutant. In the California corridor, a 46| her passenger km for the California corridor is $69 for the trip
large §hare OT the air trip is over grbamzed areas (as are all eMISSIONGom San Francisco to Los Angeles, which is in line with the current
associated with takeoff and landing). $59 fare in the corridor. Because the cost estimates include social
costs and user time costs, they are expected to be higher than the
fares, which reflect only the cost to carriers, including the fleet and
air system charges.

Because this research analyzed the full cost of air travel in Cali-
fornia by examining each cost component, it enables a fair compar-

TABLE 7 Air Pollution Costs of Air Travel

Pollutant Emissions Health Damage Costs . . L )
ison between modes to ascertain which is most cost-effective for a
gm/pkt $ikeg $/km given market. By comparing the costs of air transportation with
HC 0.09 $1.33 $0.00012 those of high-speed raiR7), it was determined that the long-run
co 0.28 $0.0063 $0.0000018 average cost of air travel ($0.11/passenger km traveled) is signifi-
NOx 013 $133 $0.00017 cantly Iowgr thana p.ropo.sed high-speeq rail line ($0.24/passenger km
traveled) in the California corridor. This suggests that any excess
Carbon 100 $0.0058 $0.00058 social costs associated with air travel are more than compensated by
TOTAL $0.00087 its faster speed and lower capital costs. Although airports may need
Source: Emissions: Authors’ Estimates, (25_26); Damage Costs: to be expanded, an entire rail corridor does not need to be constructed

see (18) for details. from scratch through mountain passes at great expense. Airports
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TABLE 8 Summary Costs of Air Travel in the California Corridor ($/Passenger Kilometers
Traveled [pkt])

Cost Category Short Run Short Run Long Run Long Run
Marginal Cost Average Cost Marginal Cost Average Cost
Infrastructure:
Airways:
ARTCC 0.0053 0.0034 0.0064 0.0034
TRACONS 0.0037 0.0015 0.0056 0.0015
ATCT 0.000052 0.0009 0.00023 0.0009
FSS 0.000245 0.0008 0.00029 0.0008
Airport:
Terminal 0.0026 0.0068 0.0092 0.012
Airside 0.0015 0.00078 0.0021 0.0017
Carrier
Indirect Cost 0 0.04 0 0.04
Capital Cost 0 0 0.0071 0.0071
Operating Cost 0.0240 0.0240 0.0240 0.0240
External
Accidents 0.00019 0.00019 0.00019 0.00019
Congestion 0.012 0.0017 0.012 0.0017
Noise 0.0043 0.0043 0.0043 0.0043
Pollution 0.00089 0.00089 0.00089 0.00089
User
Time 0.0114 0.0114 0.0114 0.0114
Total Cost 0.066177 0.09666 0.0837 0.10988
Trip Cost ($) $41.36 $60.38 $52.31 $68.68

SOURCE: Authors' Calculations. NOTE: assumes 625 km trip, 131 seats per plane, load factor = 68%

would exist whether or not they were serving the local travel in Cal- 5. McShan, S., and R. Windle. The Implications of Hub-and-Spoke Rout-

ifornia; the additional marginal cost of serving in-state travel is rel- ~ ing for Airline Costs and Competitivenessgistics and Transporta-
ively low. On the other hand, high-speed rail would not exist tion Reviewyol. 35, No. 3, Sept. 1989, pp. 209-230.
atively low. » Nign-sp 6. Gillen, D., T. Oum, and M. Trethewa4irline Cost and Performance:

without the construction of this corridor; California is separated Implications for Public and Industry PolicieSentre for Transportation
from other population centers by large distances not suited to train _ Studies, University of British Columbia, Vancouver, B.C., Canada, 1985.

travel. More research is needed to increase both the accuracy and’- Gllen. D, T. Oum, and M. Tretheway. Airline Cost Structure and Policy
- . . . Implications: A Multi-Product Approach for Canadian Airlindeurnal
precision of each of these estimates, but this framework permits a o Transport Economics and Poligian. 1990, pp. 9-33.

straightforward calculation of the costs and clarifies where the major 8. Morrison, S. Estimating the Long-Run Prices and Investment Levels
burden of costs fall. The amount of cross-subsidy then can be related ~ for Airport RunwaysResearch in Transportation Economivsl. 1,

1983, pp. 103-131.
to user charges. 9. Gillen, D., and A. LallEconomies of Scale for Airpori&/orking Paper.

Wilfrid Laurier University, Waterloo, Ca., 1998.
10. Golaszewski, R. The Unit Costs of FAA Air Traffic Control Services.
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