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SYNOPSIS AND INTRODUCTION: Recent research on cost driver
analysis by Miller and Voliman (1985) and Cooper and Kaplan (1987) sug-
gests that transactions deriving from the diversity of a firm’s product line and
the complexity of its production process, in addition to output volume, drive
overhead costs. As a consequence, it is argued, conventional cost account-
ing systems based only on volume-related measures, such as units of output,
direct labor hours, or machine hours, produce biased and materially mislead-
ing cost estimates for managerial decisions on price and product line
{(whether to continue or discontinue products, or to offer additional prod-
ucts). Systematic biases in cost estimates may also lead to distortions in flex-
ible budgeting systems, variance analyses, and responsibility-accounting
systems. Perhaps more important in the long run, omission of operations-
based cost drivers may distort the investigation of the likely effects on costs
of changes in operating strategies.

Many firms have moved ahead on the basis of this perceived need for
more accurate cost estimates and have designed and implemented activity-
based costing systems (Schiff 1991). From an academic perspective, how-
ever, there is a need for further formal empirical research in this field. Cooper
and Kaplan's (1987) evidence is based on field-study discussions with
managers in a variety of manufacturing settings and experimentation with
cost allocation and product-costing systems based on transactions.

Foster and Gupta (1990) provide some of the first empirical evidence on
the correlation of manufacturing overhead with output volume and opera-
tions-based measures that reflect characteristics of the manufacturing pro-
cess. Using data obtained from 37 plants of a single manufacturing firm,
Foster and Gupta found that most of the volume-related measures of output
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were highly correlated with manufacturing overhead (MOH), but because
only a few measures of manufacturing complexity and efficiency were highly
correlated with MOH, their findings leave the impression that systems based
on just volume may not significantly distort information generated for mana-
gerial decision making." In contrast, we find empirical evidence in favor of in-
corporating operations-based cost drivers along with measures of volume in
cost driver models.

We draw upon previous work in cost accounting and economics to
develop analogs in the airline industry for product diversity, production run
volumes, and process complexity, and propose a framework for cost driver
analysis in the U.S. airline industry. Using a panel of quarterly data for
1981-1985 compiled primarily from traffic and financial statistics submitted
by carriers to the Civil Aeronautics Board (CAB) and Department of Trans-
portation (DOT), we specify and estimate a multivariate system of cost func-
tions with multiple cost drivers for the industry during the transition follow-
ing deregulation. We find both volume- and operations-based cost drivers to
be statistically significant. We also demonstrate the potential managerial
importance of the operations-based drivers by explaining variations in mar-
ginal costs across airlines in terms of operating strategies reflected in the
cost driver values.

Empirical cost driver analysis is managerially significant for the industry
and period that we examine. The proportion of indirect costs is large, and
identification of input consumption for specific services is difficult. During
the transition following deregulation, carriers adopted a rich variety of strate-
gies to improve productivity, reduce costs, and increase market share. These
strategies directly involved both volume- and operations-based cost drivers.
The analytical framework and model that we have developed on the basis of
prior literature concerned with the airline industry enable us to examine the
differential cost effects of some of the most important strategies adopted.

Key Words: Cost drivers, Volume-based drivers, Capacity, Operations-
based drivers, Cost estimation, Airline industry, Hub-and-
spoke strategy, Benchmarking, Variance analysis.

Data Availability: Airline cost and production data can be purchased from
the Department of Transportation. Data used for this
study are available from the authors to researchers will-
ing to share the cost of acquisition.

HE article is organized as follows. The cost driver model is developed in section
T I, and the data and estimation procedure are described in section II. In section
I11, we discuss the empirical findings, focusing on the statistical significance of
the operations-based cost drivers that represent strategic choice variables. Section IV

! Foster and Gupta (1990, 310) state that “there is not a strong association between complexity or efficiency
variables and MOH levels across the 37 facilities.” Banker et al. (1992), however, show that Foster and Gupta’s
partial correlation approach will tend to bias the test statistic downward, which makes the rejection of the null

_ hypothesis of no association less likely than indicated by the apparent significance level.
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contains a discussion of the cost implications of operating choices and an explanation
of the variations in the airlines’ marginal costs in terms of the cost drivers. Concluding
remarks are offered in section V.

1. Cost Driver Model

We model the airline industry cost function as a linear multivariate system of equa-
tions to test the importance of volume- and operations-based cost drivers. The model
has ten equations, one for each of ten distinct input cost categories. The dependent var-
iables are physical units of inputs, such as labor hours and gallons of fuel, or input costs
deflated by appropriate indices. Each equation has its own set of volume- and opera-
tions-based drivers as independent variables, depending on theoretical considerations
appropriate to the corresponding input. Cost estimates are obtained by multiplying the
physical quantities by appropriate prices.

The system of equations is additive and separable with respect to inputs, as in a
Leontief-type production process, to reflect the limited possibilities for substitution be-
tween inputs that exist in the production of air transportation services once manage-
ment chooses production arrangements and technology. Managerial choices include
those pertaining to aircraft, network configuration, hub concentration, and flight fre-
quency. Direct substitution between inputs, such as pilot labor and ground equipment,
or flight attendant labor and fuel, cannot occur once these choices have been made.
Indirect substitution between inputs is possible, however, as managers can effectively
vary the input proportions by suitably varying their choices of aircraft and production
arrangements.

Cost Categories

The input cost categories listed below are subsets of traditional broad economic
categories and are based on the operating expense categories of the Uniform System of
Accounts used by carriers to file financial data with the CAB and DOT. The dependent
variables are physical measures of the inputs when these are available, and deflated
cost measures otherwise.

1. Fuel, gallons of jet fuels and oils.

2. Flying operations labor, hours of labor of flight crews, including pilots, copilots,
navigators, and flight engineers.

3. Passenger service labor, hours of labor of flight attendants.

4. Aircraft traffic and servicing labor, hours of labor of ground personnel servic-
ing aircraft and handling passengers at gates, baggage, and cargo.

5. Promotions and sales labor, hours of labor of reservations and sales agents pri-
marily, but also of personnel involved in advertising and publicity.

6. Maintenance labor, hours of labor involved in maintenance of flight equipment
and ground property and equipment.

7. Maintenance materials and overhead, total cost of maintenance of property
and equipment, deflated by the Producer Price Index for fabricated metals.

8. General overhead, total expenses corresponding to supplies, general and ad-
ministrative personnel, utilities, insurance, communications, and the like,
deflated by the GNP Implicit Price Deflator.

9. Ground property and equipment, flows of service from ground property and
equipment, calculated with the method developed by Christensen and Jorgen-
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son (1969)* and including landing fees deflated by the Air Transport Associa-
tion cost index for landing fees and rental expenses for ground property and
equipment deflated by the Producer Price Index for fixed nonresidential struc-
tures.

10. Flight equipment, flows of service from flight equipment (airframes, aircraft
engines, avionics, etc.), calculated by imputing fair market rental values
deflated by the Producer Price Index for fixed-wing aircraft to owned and
leased aircraft by aircraft categories.

Industry means of operating costs by category and descriptive statistics for physical
measures of inputs and volume- and operations-based drivers are presented in the
appendix.

Volume-Based Cost Drivers

The volume- and operations-based drivers for each input category are listed in table
1. In cost accounting, measures of actual outputs are typically used as cost drivers. The
economics literature on airline production has followed this practice by using total
revenue passenger and ton miles? as the volume-based determinant of total costs (Caves
et al. 1984; Kirby 1986, Sickles 1985; Sickles and Good 1986). However, it appears that
only the costs for personnel who handle passengers and cargo and for those who
handle reservations and sales vary in direct proportion to actual outputs, that is, to the
number of passengers and tons of cargo actually handled. Instead, most costs appear to
vary in proportion to output capacity, the amount of seating and cargo capacity
available. (Carriers offer seating and cargo capacity, on particular flights and aircraft,
for sale in the marketplace, but the actual quantities exchanged are determined by the
interaction of the supply of capacity and demand.) Fuel consumption and labor hours
for scheduled flight crews and attendants vary more with aircraft size, seating capacity,
distance, and other characteristics of flights (and aircraft) than with the actual number
of passengers and tons of cargo carried. Expenditures on ground property and equip-
ment, general overhead, and maintenance overhead are associated more with the air-
line’s overall productive capacity than with revenue outputs. Also, the cost of aircraft
maintenance varies more with the number of flights, hours flown, and characteristics
such as the number of engines than with revenue outputs.

In the airline industry, output capacity is typically measured in terms of available
seat miles (ASM) and available ton miles (ATM), and actual outputs are measured in
terms of revenue passenger and ton miles, or the number of passengers and tons of
cargo. Since the major airlines are primarily passenger carriers, for convenience and
ease of interpretation, we convert the available cargo capacity to available seating
capacity and combine the two in terms of capacity seat miles (CSM) as a measure of out-
put capacity.*

? The “perpetual inventory” method was developed by Christensen and Jorgenson (1969) to measure the
service flow of property assets, and was applied to the airline industry by Caves et al. (1984}, Sickles (1985), and
Sickles and Good (1986).

3 A revenue passenger (ton) mile is defined as air transportation service for one passenger and his or her
baggage (one ton of cargo] for a distance of one mile.

* We use the standard industry conversion factor {one ton of cargo carried one mile is equated with ten pas-
sengers and their baggage, at approximately 200 pounds each, carried one mile) to convert available ton miles
for cargo to available seat miles and sum to get CSM. Cargo generates a small proportion (5.1 percent on aver-
age) of the total revenues for the large air carriers, but tends to be highly correlated with passenger miles (corre-
lation coefficient=0.86). Therefore, we aggregate the two to avoid collinearity problems in estimating our
model.
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Table 1
Cost Drivers by Input Category

Cost Drivers {(and Hypothesized Signs)
Input Category and

Measurement Units Volume-Based Drivers Operations-Based Drivers

Fuel in gallons CSM by aircraft type (+] Average stage length (-
Flying operations, labor hours CSM by aircraft type (+) Density (~
Hub concentration (-

Hub domination {~

Passenger service, labor hours CSM by aircraft type (+) Density (-
Hub concentration (-

Hub domination (-

Maintenance, labor hours CSM by aircraft type (+) Density (-
Hub concentration [—

Hub domination (-

Scale +

Maintenance materials and CSM by aircraft type (+) Density +
overhead, deflated costs Hub concentration -
Hub domination -

Aircraft and traffic servicing, Passengers {(+) Density +
labor hours Hub concentration -

Promotions and sales, labor hours Passengers (+) Density
Hub concentration
Hub domination

General overhead, deflated costs Total CSM (+) Density
Hub concentration

(
(
(
(
‘(
Hub domination -
(
(
(
‘(
Hub domination (
(

Scale +
Group property and equipment, Total CSM (+) Density (—)
deflated costs Hub concentration  (+)
Hub domination (+)
Scale (+)

Note: CSM, capacity seat mile, is defined as the space to carry one passenger and his or her baggage (or one-
tenth of one ton of cargo) one mile.

Since differences in aircraft models are hypothesized to be important in determin-
ing input requirements for labor for flying operations, passenger service, and mainte-
nance as well as for fuel and maintenance materials and overhead, we have placed
various aircraft models into one of eight categories according to fuel consumption and
size of flight crew, as shown in table 2.° We then compute CSM on the basis of these
categories. The relative magnitudes of the coefficient estimates of output capacities by
these categories should be consistent with known differences in capacities, fuel
efficiency, and labor requirements for flying operations. In contrast, for ground

* These categories were developed on the basis of technical descriptions of various aircraft models in the
industry publication Jane’s All the World’s Aircraft. They account for: (1) differences in size and capacity, deter-
mined by the number of engines, aircraft body width, and seating density; (2) fuel efficiency; and (3) changes in
the percentages of the industry fleet over time, especially as these reflect the phasing out of older, less fuel-
efficient models and phasing in of newer, more fuel-efficient models.
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Table 2
Aircraft Categories and Characteristics

Mean ASM Flight
Aircraft Models Characteristics Per Gallon Crew

Older Aircraft, Regular-Bodied

McDonnell Douglas 2-engine turbofan, 1st generation 359 2
DC-9-10/15

British Aircraft BAC-111 2-gngine turbofan

McDonnell Douglas 2-engine turbofan, 2nd generation
CD-9-30/40/50

Fokker 28 2-engine turbofan

Dassault Falcon-20 2-engine turbofan

Boeing-727-100 3-engine turbofan, 1st generation 33.8 3

Boeing-727-200 3-engine turbofan, 2nd generation 42.2

Older Large Aircraft
McDonnell Douglas 3-engine turbofan, regular body 51.2 3-4
DC-10-10/30/40
Lockheed L-1011

Boeing-707 46.1 3-4
Boeing-720 4-engine turbofan, regular body
McDonnell Douglas DC-8 4-engine turbofan, regular body
McDonnell Douglas 4-engine turbofan, wide body
DC-8-71
Boeing-747 4-engine turbofan, regular body

4-engine turbofan, wide body

Newer, Fuel-Efficient Aircraft

Boeing-737-200/300 2-engine turbofan, regular body 43.0 2

McDonnell Douglas 2-engine turbofan, regular body 54.6 2-3
Super-80

Boeing-757 2-engine turbofan, wide body

Boeing-767 2-engine turbofan, wide body 57.8 2-3

Airbus Industrie A300B2/B4

Note: ASM is available seat miles.

property and equipment and general overhead, input requirements depend very little
on differences in the aircraft operated. Therefore, a general measure of overall size,
total CSM, is used as the volume-based driver for these inputs. For the labor of ground
personnel who service aircraft, handle passengers at ticket counters and gates, and
handle baggage and cargo, the number of passengers is employed as the volume-based
driver.® Flight equipment inputs are determined (as an identity) by the models and
numbers of aircraft operated and the corresponding real rental values.

Operations-Based Cost Drivers

We draw on the airline industry literature to develop operations-based cost drivers
for the production of air transportation services. The drivers represent choices of alter-

¢ The number of passengers is highly correlated (r=0.95) with the number of flights or aircraft handled.
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native technologies, as embodied in choices of aircraft models, route structures, flight
frequency or density, and traffic flow control. These are analogous to drivers such as
production run volume, product line diversity, configuration of the manufacturing
process, and control of the flow of production, which have been suggested as potential
cost drivers in manufacturing contexts (Hayes and Clark 1985; Miller and Vollman
1985).

Aircraft Type. A manufacturer may have more than one production site, assembly
line, or available production technology, each with a unique set of characteristics that
make it more or less appropriate for production under any given set of circumstances.
For example, one assembly line may be labor-intensive and another capital-intensive. If
the price of labor were to increase, the manufacturer would substitute capital for labor
by producing a larger percentage of its output on the capital-intensive line. Another
example relates to machine setup costs. One machine may be relatively flexible and
inexpensive to set up between production runs, and another more time-consuming and
costly. The machine with lower setup costs would be used primarily for low volume
production runs, and the machine with higher setup costs for high volume runs.

Analogously, carriers choose among different types of aircraft to provide service on
any given set of routes. The choice essentially involves different production technolo-
gies with differing input intensities and relative efficiencies. For example, wide-bodied
aircraft such as Boeing 747s can serve densely trafficked long-haul routes efficiently,
while smaller aircraft such as Boeing 737s can serve less densely trafficked short-haul
routes relatively efficiently. Aircraft choices depend on network characteristics, partic-
ularly route length and traffic density, and the availability of particular models of air-
craft.” The output capacity on each type of aircraft, in turn, determines the required
hours of pilet, copilot, flight engineer, navigator, and flight attendant labor, required
levels of maintenance, and required quantities of fuel per CSM.

Aircraft Size and Average Stage Length. In a manufacturing environment, econo-
mies are associated with large production runs as setup costs are relatively invariant
with respect to batch sizes. In air transportation services, output capacity increases
with both the number of seats made available and the distance traveled. Thus, there are
two concepts analogous to batch size: aircraft size and stage length. If the volume of
traffic is heavy enough for a carrier to use larger aircraft on a given flight and route,
more CSM can be delivered for a given level of flight crew labor and fuel costs. Both
Bailey et al. (1985) and Kirby (1986) have documented decreases in total costs with
increases in average aircraft size, all else held constant. Average stage length (ASL) is
the average length of a carrier’s flights in miles. It has consistently been cited as a
potential source of economies. As ASL increases, economies are achieved because fuel
consumption is considerably greater during take-off and landing than at cruising alti-
tude and speed (Kirby 1986; Strazheim 1968). Caves et al. {1984) and Kirby (1986) have
both found decreases in total costs with increases in ASL.

Density. By increasing the number of flights over its network, that is, the density
with which the carrier services its network, a carrier can offer a more diversified set of

7 During the transition following deregulation, in response to increasing competition, changing route
structures, and the availability of several newly introduced models of more fuel-efficient aircraft, there was a
considerable amount of substitution between aircraft. The percentage of ASM on wide-bodied aircraft
declined from 35 percent to 25 percent . The percentage provided with new models increased from approxi-

mately 8 percent to 27 percent. However, the adjustment was hampered by long lags between orders and
deliveries of new aircraft.
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services. The proliferation of flights may come about for two reasons: (1) efforts to pro-
vide a more attractive schedule of flights (i.e., a full range of products so customers do
not go to other suppliers) and (2} efforts to utilize productive capacity more fully. In the
economics literature, the conventional wisdom is that a carrier can utilize inputs more
efficiently by operating more flights or carrying more traffic over a given network.
There is some empirical evidence, based on a model with a single measure of revenue
outputs and highly aggregated categories of inputs, that economies of density obtain
(Caves et al. 1984). However, the underlying dynamics in terms of increased production
complexity are not addressed.

In contrast, Cooper and Kaplan (1987) recognize that, in efforts to utilize productive
capacity more fully and provide a fuller range of products to meet customer needs,
manufacturers incur additional overhead. By scheduling more flights over a given
network segment, a carrier incurs additional setup costs for each additional flight, in
terms of handling aircraft on the ground and enplaning and deplaning passengers and
cargo. At the same time, it may be able to better utilize its fixed ground property and
equipment and general overhead inputs. For overall economies to obtain, the gains
from utilizing ground capacity more fully must outweigh the costs of additional support
activities.

Hub Concentration. Reconfiguring production systems can also generate
important cost savings. By concentrating production at sites geared toward high
volume or throughput, a manufacturer may add to general overhead costs (in terms of
increased need for support department inputs, additional supervisory personnel, etc.)
but achieve net cost savings because of more efficient use of other inputs.

Organizing networks as hub-and-spoke systems was one of the most important
strategies adopted by the airlines during the transition following deregulation (Bailey et
al. 1985; Borenstein 1992; DOT 1990; GAO 1985, 1990; Graham and Kaplan 1982). Most
carriers developed hub airports and structured their route systems for the arrival and
departure of many flights within a few hours of each other, with passengers and cargo
exchanging planes in between. Carriers can thus achieve substantial economies, for
example, in maintaining and repairing their fleets, in using ground property,
equipment, and labor, and by filling larger aircraft on hub-to-hub routes. However, to
achieve these economies, it is likely that carriers also must use more administrative and
supervisory labor for communications and other support services.

If a manufacturer cannot effectively control the arrival of raw materials and orders
for finished goods, there will be periods of congestion and slack in production. This is
particularly true when shared facilities must be used to produce several different
products or services, with each primarily under the control of a different department or
supervisor. Analogous effects are likely to occur in the airline industry, particularly at
major hubs where there is intense competition for the use of air traffic control and
shared ground facilities, which often results in overscheduling, congestion, and delays.

The magnitudes of the economies a carrier can obtain by concentrating flights
through hubs are likely to depend on whether the carrier has some monopoly power, as
reflected in dominant market shares, at its hub airports (DOT 1990; GAO 1985, 1990).
During 1981-1985, USAir and Piedmont carried 60 to 80 and 60 to 67 percent,
respectively, of industry traffic through their hubs. In contrast, United, American,
Delta, and Eastern faced stiff competition, often with each other, at their hub airports.
For example, at Dallas-Fort Worth, American and Delta competed with Braniff and
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other carriers for 29 to 52 and 16 to 29 percent shares of traffic, respectively. USAir and
Piedmont were thus in a position to schedule their flights relatively more efficiently
than United, American, Delta, and Eastern.

Scale. The scale of production is often suggested as a potential source of economies
and, as such, may also be thought of as a potentially important operations-based cost
driver. Research reported to date, though, suggests that economies of scale are either
very small or do not obtain for the airlines. White (1979), Caves et al. (1984), and Sickles
(1985) have found nearly constant returns to scale. In a cost accounting framework of
constant marginal costs, increasing returns to scale are indicated when fixed costs are
present because average costs decrease with increasing levels of outputs. Therefore,
ground property and equipment, general overhead, maintenance labor, and mainte-
nance materials and overhead inputs, which have fixed cost components, are likely to
have increasing returns to scale associated with them, but constant returns to scale are
likely to obtain for other cost categories.

Summary

Operations-based cost drivers are introduced into the equations after multiplying
them by total CSM or the number of passengers to estimate their effects on input con-
sumption per unit CSM or passenger. The hypothesized relations between the opera-
tions-based drivers and different input requirements are summarized below.

1. For aircraft type and size, the relative magnitudes of the coefficient estimates for
CSM by aircraft category are examined to test hypotheses concerning returns to
aircraft size. The wide-bodied and newer, efficient aircraft categories are
hypothesized to have lower coefficients.

2. Average stage length is measured as the ratio of airborne miles flown to the
number of flights. Included in the equation for fuel costs, it is hypothesized to
have a negative coefficient.

3. Density is measured as the number of flights provided relative to the number of
airports served. The coefficient of this ratio is hypothesized to be positive
(decreasing returns) for aircraft and traffic servicing labor and for promotions
and sales labor. For ground property and equipment and general overhead, the
coefficient is hypothesized to be negative (increasing returns).

4. To capture returns from concentrating flights through hubs, we introduce the
following variables into the equations for aircraft and traffic servicing, promo-
tions and sales, flying operations, passenger service, and maintenance labor,
maintenance materials and overhead, ground property and equipment, and
general overhead. First, we consider the percentage of the carrier’s own flights
that are routed through its own hub airports where the carrier has considerable
market share, 60 or more percent of the total number of flights by all carriers
through the airport during a quarter. This cutoff provided a stable classification
of hubs over time and is consistent with characterizations in the airlines
literature (Bailey et al. 1985; GAO 1990). Second, we consider the percentage of
the carrier’s own flights routed through its hub airports where the carrier faces
substantial competition (the carrier has less than 60 percent of the flights
through the airport}. The coefficients are hypothesized to be positive for general
overhead and negative for the remaining inputs. The coefficients for the percent-
ages of flights through dominated hubs are hypothesized to be greater in
absolute magnitude than those for competitive hubs.
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5. To capture scale, intercept terms are explicitly included in the equations for
ground property and equipment, general overhead, maintenance labor, and
maintenance materials and overhead. Positive intercepts are hypothesized to
reflect increasing returns to scale.®

System of Equations

The empirical model is described by the following system of equations:

Fue1: Ynm=[2f=1B|;PMJ:+71_AZma:)xm+ €Emiry

Flying Operations Labor: Vom2e = (E %1 B2 P oje+ Eie1 Y24 Zonke) Xome + Emazes
Passenger Service Labor: Vo =(E 5183 Lomje + Z a1 Y3k Zonke ) Xme F €mars
Maintenace Labor: Vomar=Bao+ (E5i By Tomje + Ziet Yok Zmke) Xome + Emars
Maintenance Materials

and Overhead: Vmse = BsoF (E21BsiTmye + T izt Y5k Zmke ) Xome + Emses
Aircraft and Traffic

Servicing Labor: Vmee ={Be1+ L1 Yok Zomke) S + Emers

Promotions and Sales Labor: Y.z =(871+ X2t Y74 Zmke ) Sme + E€mres

General Overhead: Vomse=Bso+ (Ba1+ Eie1 Yor Zmke) Xme + Emsrs
Ground Property
and Equipment: Vmoe =890+ (Bo1+ Ziet Yox Zmke) Xme + Emsrs
Flight Equipment: Vmor = et Vouye Migyey

where,
Vi =units of input i used by carrier m during quarter t, i=1,2,...,10,
X.; =Capacity seat miles provided on aircraft type j, j=1,2,.. .,8,

e = Xmir/ Xme=proportion of total output capacity provided by aircraft type j,
where X,..= L5 Xmjes

S..=revenue passengers enplaned during quarter t,

Z....=measure of concentration of flights through competitive hubs,

Z..2.=measure of concentration of flights through dominated hubs,

Z..3.=measure of density of traffic over a network,

Z.4; =average stage length,

V.. =rental value of aircraft type j,

n..=number of aircraft type j in carrier m’s fleet, and

.€mi=random error term for equation i and quarter t, i=1,2,...,9.

The coefficients are estimated for the industry as a whole rather than by firm since
the time series for each carrier is relatively short. To investigate whether the param-
eters differ between carriers, we also estimated the system of equations separately for
small and large firms by splitting the sample equally and by separating out the four
largest carriers. Estimation results for the four subsamples are similar to those reported
for the entire sample and provide the same insights about the importance and relative

® When we included intercept terms in the equations for the other inputs to test hypotheses that constant
returns to scale obtain for these inputs, we found none of the intercepts to be significantly different from zero.
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magnitudes of the operations-based drivers. In practice, a firm can collect more
detailed and frequent data to estimate its own standard input requirements.

II. Data and Estimation

The model is estimated by using a panel of quarterly data from the first quarter of
1981 through the fourth quarter of 1985 for 28 major, national, and large regional car-
riers (see table 6 for a list). There are observations for all 20 quarters for 24 of the car-
riers and fewer for the remaining four. The unit of analysis is the domestic operating
system of each carrier.®

The data are derived primarily from traffic and financial statistics from Form 41
reports submitted by certificated carriers to the CAB and the DOT. They include annual
labor inputs by categories of operating functions and inventories of carriers’ aircraft
fleets, supplemented by semiannual and quarterly update information from Form 41
reports, fleet data published in Air Transport World, and information gathered from
carriers’ annual reports. The measures of hub concentration, market share, and
monopoly power are developed from the Form 41 schedules. The data were cleaned by
extensively cross-checking calculations, identifying outliers in trended data for each
firm, and correcting errors by checking original hard copies of data obtained from the
DOT.

As we carried out the estimation, we examined the data for collinearity and the
residuals for evidence of violations of the ordinary least squares (OLS) assumptions that
can result in inefficient estimates of the regression coefficients or biased and inconsis-
tent estimates of their variances, including serial and contemporaneous correlation and
heteroscedasticity.

Serial correlation is to be expected since the observations are quarterly and the
effects of random shocks could be expected to last longer than one quarter. Also, tech-
nical inefficiency, to the extent that it obtains, is reflected in the error term and can be
expected to persist across quarters. There was strong evidence of serial correlation
among the residuals for each airline, with estimates of autocorrelation coefficients
ranging from an average of 0.58 for maintenance materials and overhead to 0.89 for
fuel. To correct for its effects, first-order autocorrelation coefficients for each carrier
were estimated by a variant of the Prais-Winsten estimator proposed by Park and
Mitchell (1980). The data were transformed, including the first observations for each
time series, in the usual manner, and a second set of regressions was run with the trans-
formed data.' The Park-Mitchell estimator is consistent and has been found to perform
well for short time series and trended data.™

Contemporaneous correlation between the residuals by carrier may be expected
because of interrelationships between the operating functions and commonalities

? Only the carriers’ domestic operating systems were deregulated by the Airline Deregulation Act. Interna-
tional operations were regulated separately, with route and fare agreements negotiated by treaty.

10 Park and Mitchell (1980) and Doran and Griffiths (1983) found that estimators using all cbservations pro-
vided substantially more efficient estimates of the autocorrelation coefficients than estimators that do not
transform the first observation. They found that estimators omitting the first observations with trended data
exhibited very low efficiency, often lower than OLS.

1t It reduces the extent to which the autocorrelation coefficient tends to be underestimated (see Kmenta
and Gilbert 1970). All of the estimators tested resulted in underestimated standard errors, which leaves a sub-
stantial probability of making a Type I error, although their variants of the Prais-Winsten estimator performed
better in this regard than most other estimators. Therefore, we use stringent levels of probability for testing
hypotheses and drawing inferences.
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within firms. Random shocks affecting one function could have similar or related
effects on other functions. There could be similar reactions across functions to events,
internal or external to the organization, that have not been modeled (e.g., major
changes in management, bitter labor negotiations or strikes, mergers and acquisitions,
or bankruptcy proceedings). In a similar vein, there may be some correlation between
residuals across carriers.

If either of these forms of contemporaneous correlation are present, the coefficient
estimates of separate regressions are unbiased and consistent but inefficient, and the
estimates of their variances could be biased (Parks 1967). However, we found that the
correlations between residuals were small, and therefore gains in efficiency from esti-
mating the equations as a set of seemingly unrelated regressions (SUR) (Zellner 1962)
were small.'? Estimating the model as SUR resulted in only minor changes in the coeffi-
cients and decreases in some of the estimates of the standard errors. The system
weighted R? was 95.6 percent. Most coefficient estimates were within one standard
error of those from the separate regressions, and test results were all very similar to
those reported here.

Heteroscedasticity could be expected, as the observations for carriers operating at
larger scales could have larger variances. Breusch-Pagan (1979) and Goldfeld-Quandt
(1972) tests provided somewhat conflicting evidence regarding the presence of hetero-
scedasticity, and the precise form of the process generating the disturbances was not
clear. Therefore, we used White’s (1980} procedure to correct for heteroscedasticity and
obtain consistent estimators of the variance-covariance matrices. Analyses of the
residuals following each stage of estimation did not reveal any evidence of remaining
serial correlation, heteroscedasticity, or nonlinearity.

Finally, collinearity did not appear to be a serious problem after transforming the
data for serial correlation. Collinearity will make tests of significance of operations-
based drivers conservalive and estimates of coefficients unstable. The coefficient esti-
mates and corresponding variances were stable with respect to small perturbations in
the data. Belsley et al. (1980) condition indices were less than 30 for all equations except
passenger service labor, maintenance labor, and maintenance materials and overhead.
For these three equations, the proportions of the coefficient variances associated with
the characteristic roots were all less than 0.5 except for CSM on Boeing 727-200s and
the percentage of flights through competitive hubs.

II1. Empirical Results and Discussion

Summaries of the results of the regressions on the transformed data are presented
in table 3. The model containing both volume- and operations-based drivers appears to
fit very well and provides a good representation of the industry production correspon-
dence. With the exception of ground property and equipment, the percentages of varia-

12 There are no efficiency gains from estimating SUR for equations in which all of the independent vari-
ables are the same, and the efficienty gains from estimating SUR increase as contemporaneous correlation
increases (see Judge et al. 1885; Kmenta 1971). Doran and Gniffiths {1983) find lower gains in efficiency when
data are trended and there is greater correlation among the explanatory variables across equations. We have
several sets of equations with similar sets of explanatory variables. Pearson correlation coefficients among the
explanatory variables, by quarter, often are greater than 0.50, and many range from 0.80 to 0.97. The correla-
tions among the residuals across equations, however, tend to be much smaller, with only five of 36 being
greater than 0.45. Potential gains in efficiency are also diminished by the small number of quarters for which
we have data and the fact that many of our explanatory variables have trended data.
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Table 3

Regression Results
{Coefficient Estimates and t-Statistics)

Panel A. Equations Containing CSM by Aircraft Category:

Labor
Muaintenance
Flying Passenger Materials and
Fuel Operations  Service Maintenance Overhead
Intercept (5.¢) - -— 2407 2.30x10¢
- - {0.06) {10.95)***
Ca (8.) 22.21 0.2299 0.2642 0.3783 2.4396
{21.06)*** (16.05)*** (14.36)*** (4.73)*** (6.93)***
B727-100 {B8.) 28.82 0.2511 0.2619 0.4637 3.1131
(13.06)***  (5.80)***  (4.05)*** (2.84)** (2.84)**
B727-200 (8.5) 21.18 0.2382 0.3244 0.3291 1.5895
(33.68)*** {9.12)*** (6.54)*** {3.87)*** {2.49)*
DC-10, L1011 (B.4) 17.46 0.1425 0.2243 0.2136 1.8999
(13.12)***  (5.95)*** (5.84)*** (3.86)*** (3.69)**
B747 (B.s) 16.73 0.1056 0.1736 0.2572 1.3866
(14.92)*** (4.53)*** (5.11)*** (5.26)*** (3.00)**
B737 (B.e) 19.30 0.1324 0.2719 0.1929 0.2856
(48.21)***  (4.10)***  (10.20)*** (1.91) (0.58)
B757, MD-80 (8.5} 16.06 0.0958 0.1321 0.2318 3.9511
(19.58)*** {2.38)* (2.08)* (1.80) (3.04)**
B767, A300 (B.s) 16.55 0.1696 0.3404 0.2507 0.9026
(14.47)*** {5.24)*** {5.55)*** {2.24)* {0.38)
Competitive Hub by KCSM (v,,) -— —0.00108 —0.00077 ~0.00162 -0.00977
— (—3.42)**  (—1.44) (-1.92) (-1.13)
Dominant Hub by KCSM (v.,) - -0.00123 -0.00119 —~0.00355 0.00297
- (—3.49)**  (—2.81)** (—3.71)** (0.30)
Density by KCSM (y.,) —_ -0.00001 —0.00002 -0.00003 0.00005
- (-1.73) {(~-2.01)* (-0.94) (0.27)
ASL by KCSM (v.4} —0.0042 - — - —
(—5.02)*** - - - —
R? (Full Model) 99.1% 96.7% 96.9% 93.2% 94.8%
Pr>F (Full Model} 0.0000 0.0000 0.0000 0.0000 0.0000
R? (Volume-Based Drivers Only) 98.9% 92.7% 96.3% 88.0% 94.5%
Pr > F (Operations-Based Drivers) 0.0000 0.0000 0.0133 0.0014 0.1172

Note: Traffic by aircraft type measured in KCSM.

KCSM: Thousand capacity seat miles.
ASL: Average stage length

* Significant at 5 percent level
** Significant at 1 percent level
*** Significant at 0.01 percent level

Pr>F (Full Model): Pr>F (8,=0, forj=1,...8, yu=0 fork=1,...4)
Pr> F (Operations-Based Drivers): Pr>F (ya=Yu=73=74=0)
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Table 3—Continued

Panel B. Equations Containing Total CSM and Passengers:

Labor
Ground
Aircraft and  Promotions and General Property and
Traffic Service Sales Overhead Equipment
Intercept (B.) - - 20x 10* 76 x 108
- - (17.28)***  (15.53)***
Total KCSM (3.} - - 4.583 15.269
— — (6.06)*** (2.04)*
Total KP (8.1) 905.521 402.973 —_ —_
(7.89)*** (7.71)** - -
Competitive Hub by KCSM {vy.,) - - -0.049 —0.226
- - (-2.67) (—2.43)*
Competitive Hub by KP (v.,) -9.013 —3.686 - -
{-3.51)** (—2.86)** — -
Dominant Hub by KCSM (v.) — - -0.058 —0.260
- - (—2.92)** (-2.13)*
Dominant Hub by KP (v.,) -14.795 -8.335 - -
(_5.29)ttt (‘6-23)*" —_— —
Density by KCSM (vy.,) - - —0.0001 -0.0008
- - (-0.20) (-0.32)
Density by KP (7.5} 0.066 0.050 — -
(1.87) (2.60**) - -
R? (Full Mode}) 87.3% 88.8% 96.9% 24.0%
Pr> F (Full Model) 0.0000 0.0000 0.0000 0.0000
R? (Volume-Based Drivers Only) 85.0% 86.6% 96.8% 21.0%
Pr > F (Operations-Based Drivers) 0.0000 0.0000 0.0008 0.0003

Note: KCSM: Thousand capacity seat miles.
KP: Thousand passengers.

* Significant at the 5 percent level.
** Significant at the 1 percent level.
***Sjgnificant at the 0.01 percent level.

Pr>F (Full Model): Pr>F (B.u=v.=v.2=7v,=0).
Pr>F (Operations-Based Drivers): Pr>F (y,=v.:=y.,=0).

tion in inputs explained by the volume- and operations-based cost drivers range from 88
percent for aircraft and traffic servicing labor to 98 percent for fuel.'?

The measures representing output volumes are consistently found to be important
cost drivers. For all cost categories, the estimates of the coefficients of the volume-
based drivers are positive and generally have t-statistics that are highly significant.
Also, the relative magnitudes of the coefficient estimates for CSM by aircraft categories

13 We believe the low explanatory power for ground property and equipment is attributable to inaccuracies
associated with calculating a large component of the measure of the dependent variable with the perpetual
inventory method, rather than to omitted variables or measurement errors in the explanatory variables.
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are generally consistent with the relative capacities and other characteristics of the air-
craft.

The estimated coefficients of the operations-based drivers are generally in the
expected directions and have t-statistics that are significant at fairly high levels.
F-statistics comparing the error sums of squares restricting and not restricting the
coefficients of all four of the operations-based drivers to zero are significant at levels
ranging from 0.0000 to 0.0133 for all but one input category. Therefore, a model based
only on volume-based drivers is misspecified and likely to have omitted-variable bias. If
the omitted variables are correlated with the included variables, variation in input
requirements that should be attributed to the excluded operations-based drivers will be
attributed to the included volume-based variables and the estimated coefficients for
volume will be statistically biased and inconsistent. Even if the omitted and included
variables are not correlated, both the estimates of intercept terms and estimates of the
variances of all of the coefficient estimates will be statistically biased and inconsistent
(Kmenta 1971; Theil 1957).

As may be seen in table 3, panel A, the coefficient estimate for ASL is significantly
negative for the fuel cost category. This lends support to the hypothesis that the
marginal requirements for fuel inputs diminish as ASL increases.

For promotions and sales labor, the coefficient for density is significantly positive,
which indicates that adding flights on a given network requires additional support
labor. The coefficient for passenger service labor is significantly negative. Both results
are consistent with the findings of Cooper and Kaplan (1987) about product diversity
and illustrate the countervailing forces at work with diversification. The coefficients
for flying operations labor, maintenance labor, and maintenance materials and
overhead are insignificant. We surmise this is related to standardization due to Federal
Aviation Administration (FAA) regulations. The coefficients for ground property and
equipment and general overhead are also insignificant and may reflect the inherent
difficulties in measuring capital inputs.

The results for competitive and dominated hubs follow similar patterns with large,
significantly negative coefficients for labor handling passengers, cargo, and aircraft on
the ground. The coefficients for ground property and equipment and for flying opera-
tions labor are also significantly negative, and those for general overhead are signifi-
cantly positive.'* Thus, by adopting a hub-and-spoke strategy, a carrier can achieve
fairly substantial economies in the use of most inputs, but reconfiguring production to a
more centralized operation requires increases in general overhead inputs.

The results lend support to the hypothesis that carriers that dominate their hubs,
and therefore may have some monopoly power, can achieve relatively greater economies
from hub concentration than carriers with competitive hubs. The results of asymptotic
x2-tests indicate that the coefficients for aircraft and traffic servicing, promotions and
sales, and maintenance labor are significantly more negative for dominated than for
competitive hubs (pr>x2=0.0378, 0.0005, and 0.0444, respectively). This suggests that
carriers that can dominate hubs may be able to schedule, market, and operate flights in
a manner that enables them to control the flow of traffic and thereby use their resources
more efficiently.

14 This provides some of the first detailed empirical evidence for the industry as a whole concerning the
magnitude of economies from the adoption of hub-and-spoke systems.
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Table 4

Differences in Input Requirements Between Aircraft Types
{Asymptotic x*-statistics)

Older Regular-Bodied Models Newer Fuel-Efficient Models
Older
Wide-Bodied DC-9 B757 B767
Models BAC-111 B727-100 B727-200 B737 MD-80 A300
Fuel
DC-10, L-1011 4,7451 11 3508 3.7189 1.8310 -~ 1.4058 -0.9181
x? 20.407 89 868 16.966 2.268 1.380 0129
Pr>x? 0.0000 0.0000 0.0000 0.1321 0.2401 07197
DC-8, B707, B747 5.4805 12.0862 4.4543 2.5664 - 0.6704 -0.1827
x? 44.598 368 669 5.914 5.914 0.344 0.007
Pr>x2 0.0000 0.0000 0.0150 0.0150 0.5577 0.9340
Flying Operations Labor
DC-10, L1011 0.087386 0.108611 0.095651 —0.010143 - 0.046664 0.027088
x? 6.444 12.119 16.188 0.239 3138 0.267
Pr>y? 0.0111 (1.0005 0.0001 0.6249 0.0765 0.6056
DC-8, B707, B747 0.124297 0.145522 (.132562 0.026768 -0.009753 0.063999
x? 9.437 30.602 30.262 3.409 0.090 2.167
Pr>x? 0.0021 0.0000 0.06000 0 0648 0.7641 0.1410

Note: The first entry in each cell is the difference between coefficients {(column less row category).

The estimates for the intercepts in the equations for ground property and equip-
ment, general overhead, and maintenance materials and overhead are positive and sig-
nificant, and therefore lend support to hypotheses that increasing returns to scale
obtain for these inputs. The intercept for maintenance labor is not significant. We sur-
mise that, with FAA maintenance requirements, maintenance labor hours become
nearly proportionate to output capacity.

The results of asymptotic x*-tests for differences in input requirements for fuel and
flight crew labor between older large aircraft, older small aircraft, and newer fuel-effi-
cient aircraft are presented in table 4. Comparisons between older large and small air-
craft indicate highly significant differences in coefficients and are consistent with the
hypothesis and industry evidence that wide-bodied aircraft require less fuel and flying
operations labor inputs than older regular-bodied aircraft. However, sharp differences
between older large aircraft and newer models are not indicated. This suggests that the
improvements in fuel efficiency and reductions in required crew size for the newer
models have made up for the size-based advantages larger aircraft had in the past.

1IV. Cost Effects of Managerial Strategies

The empirical results in the preceding section demonstrate that the effects of opera-
tions-based cost drivers are statistically significant. We next examine the magnitude of
these effects from a managerial perspective. Our model is explicitly constructed so that
we can estimate the differential effects of changes in the operations-based drivers on
marginal costs by cost category. We also show how operations-based drivers can be
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incorporated into variance analysis relative to industry benchmarks and used for perfor-
mance evaluation.

Effects on Marginal Costs

The estimated marginal costs (costs per additional 1,000 CSM) for each aircraft cat-
egory are presented in table 5. The marginal cost for each input i is obtained by multi-
plying the right-hand side of equation i by the price of input i and taking the first deriva-
tive with respect to CSM. For this illustration, we use the sample averages for the input
prices, p;. When different measures of volume are used as primary cost drivers
(numbers of passengers as opposed to CSM), conversion factors are used to obtain the
required common denominator. Therefore, for aircraft and traffic servicing labor and
promotions and sales labor, we multiply the number of passengers by the CSM per pas-
senger ratio to obtain CSM. For flight equipment, the number of aircraft is multiplied
by the CSM per aircraft ratio. The columns and subtotals in panel A contain estimates
of the components of marginal costs associated with changes in volume for each air-
craft type. Except for flight equipment, these estimates do not differ across carriers.
Panel B contains estimates of the components of marginal costs that reflect adjust-
ments, for the operations-based drivers for a representative firm, with operations-based
drivers taking on the sample means. The estimates do not differ across aircraft cate-
gories. The marginal cost totals combine the incremental costs associated with both
direct volume-based drivers and corresponding adjustments associated with manage-
rial decisions to alter the operations-based drivers. With the exception of density, the
estimated marginal savings (aggregated across inputs} associated with operations-based
drivers are significantly greater than zero.*

The estimates presented in table 5 highlight the relative magnitudes of the various
components of marginal costs, both across aircraft categories and between the volume-
and operations-based drivers, and can provide the basis for longer term decisions
regarding network structure and fleet mix. The advantages of newer and wide-bodied
aircraft in the use of flying operations labor, fuel, maintenance materials and overhead,
and maintenance labor are evident (see panel A). When combined, they result in
marginal costs ranging from $46 to $51 per 1,000 CSM, as opposed to $63 to $75 for the
older regular-bodied models for the representative firm.

The separate estimates for different aircraft categories in panel A, before adjust-
ments for operations-based drivers, are aggregated into a single number by weighting
them with the average CSM for their respective categories. The weighted averages of
these marginal cost components are presented in the first column of panel B. For the
representative carrier, the weighted average incremental cost is approximately $83 per
1,000 CSM (before adjustment for operations-based drivers), but the total operations-
based savings are approximately $27, which leaves a net marginal cost of $56. The sav-
ings derive largely from concentrating flights through hubs. As may be seen from the
descriptive statistics calculated by carrier and quarter (see the lower part of panel B),
the potential savings from concentrating flights through hubs average approximately
$27 and range from $3 to $139. For carriers dominating hubs, estimated savings range
up to $72. The savings associated with increasing ASL are smaller, averaging $2 per
1,000 CSM and ranging up to $8. The savings associated with increasing density are the

s Standard error estimates, under the assumption of no contemporaneous correlation across inputs, were
calculated as the square root of the sum of the estimated variances weighted by the squares of their prices.
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least, averaging $1 and ranging up to $1.50. Approximately 38 percent of the observa-
tions, however, exhibit net increases in costs with increases in density. The estimated
net savings associated with all operations-based drivers average $33 and range from
$10 to $132 per 1,000 CSM.

Variance Analysis

The understanding of the cost structure gained in estimating the underlying pro-
duction function can be useful for planning and in establishing standards for budgeting
and variance analyis. Also, ex post analysis of variances from industry benchmarks can
be useful for performance evaluation and management control. It can be used to evalu-
ate operating strategy choices or, alternatively, to analyze a firm’s performance relative
to others in its industry. We illustrate such variance analysis between industry bench-
marks and actual levels for operations-based drivers, and input prices in terms of their
effects on marginal costs.

Variances in marginal costs for firm m and period t (summed over inputs i) may be
calculated as:

Am= Y, (MCg,—MC,..),
i

where,

MCmnzpmn (ﬁi‘ + E ';ikzmk:> »
k

P is the price of input i paid by firm m in period t, the subscript R in place of m
denotes industry benchmark values, and 8.. is the average of 8, weighted by CSM for
aircraft type j. Industry benchmarks are based on weighted averages for the entire
sample. The variance is favorable if it is positive, that is, if the marginal cost for firm m
is less than the benchmark marginal cost. A,, may be factored into input price and
operations-based driver variances as follows:

Ap= E (Prit— Pomie) (B,.+ E —9,,,z,,.,‘,) (input price variance)
1 k
+ 30 Y PreFulZrre— Zmar) (operations-based driver variance).
i k

The input price variance captures differences associated with deviations between
actual and benchmark input prices. It is favorable if the prices firm m pays for its inputs
are collectively less than the benchmark prices. The operations-based driver variance
captures differences in marginal costs associated with deviations between firm and
benchmark driver levels. Since the coefficients of these drivers are negative, the vari-
ance is favorable if the firm’s operations-based drivers exceed the benchmark levels.

Table 6 contains variances for the sample firms. We used mean rather than quar-
terly data for each firm and computed the variances relative to values for the represen-
tative firm that reflect industry means for the period 1981-1985. The results show con-
siderable variation in marginal costs that can be attributed to operations-based drivers.
The standard deviation of $7.40 in the total operations-based driver variance is large
relative to the marginal cost of $56.13 for the representative firm.
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Table 6
Variance Analysis of Marginal Costs of 1,000 Weighted Average CSM
(Firm vs. Industry Means)
Hub Concentration Average Operations Input
Stage Driver Price Total

Carrier Competitive Dominant  Total Density  Length  Subtotal Variance Variance
AirCal —0.3750 -2.8190 -3.1939 -0.13583 —-0.85083 —4.1806 3.3525 -0.8280
Alaskan 0.7868 —1.4970 -0.7103 -0.30198 ~0.07192 -1.0842 -13.2413 - 14.3255
Alcha 18.7484 —3.9068 14.8416 0.65010 —1.85727 13.6344 1.1112  14.7456
American 1.5258 -—3.9068 —2.3810 0.16468 1.28473 —0.9316 0.7381 -0.1935
Arrow 13.2359 —3.9068 9.3291 —-0.55363 2.69359 11.4691 1.6064 10.2330
Braniff 4.7649 —3.9068 0.8580 —0.31494 0.79698 1.3401 8.9135 10.2536
Continental 3.2595 —3.9068 —0.6473 —0.13138 0.78361 0.0049 -0.6579 -—0.6530
Delta —3.2750 —3.9068 -~7.1818 0.54160 -0.05437 -—6.6946 1.4448 —5.2498
Eastern -4.2371 -3.9068 —8.1439 0.40355 0.10730 -—7.6331 3.9579 —-3.6752
Frontier —3.1833 —3.9068 -7.0901 -~0.24935 ~0.60747 —7.9469 2.8946 -—5.0523
Hawaiian 16.3801 —3.4225 12.9576 0.08595 —1.75845 11.2851 ~1.5026 9.7825
Midway -13.0770 29.3323 16.2553 —0.26101 —0.24728 15.7470 2.8216 18.5686
New York Air 12.2313 - 3.9068 8.3245 —0.09199 -1.01429 7.2182 -0.0992 7.1191
Northwest -~2.8749 -3.9068 -—-6.7818 —0.07769 0.31394 -—6.5455 -1.4837 —8.0293
Ozark 0.1396 —3.5397 ~3.4001 —0.36971 —0.72970 —4.4995 1.6453 —2.8542
Pacific Southwest 5.1677 -3.9068 1.2608 0.21838 —0.86782 0.6114 -—1.8211 -—1.4236
PanAmerican 0.8392 -3.9068 ~3.0676 —0.31997 1.26505 —2.1226 —19.9864 —22.1089
People Express 8.6514 - 3.9068 4.7446 0.07883 —0.24050 4.5829 5.9929 10.5759
Piedmont -12.9911 6.9010 -—85.0901 0.02741 —0.98419 —7.0469 3.3921 -—3.6548
Republic -~9.3656 —-2.3832 —11.7488 —0.01289 —0.78050 -—12.5422 1.4727 -11.0695
Southwest —12.9847 21.3745 8.3909 0.68047 —1.08479 7.9866 1.3244 9.3110
Texas Int’l 1.4422 —3.9068 —2.4647 —0.36613 —0.47389 —3.3047 5.6353 2.3306
Transamerican 2.2960 —3.2672 -0.9712 —0.42241 1.66495 0.2714 -3.2717 -=3.0004
Trans World ~1.2415 -3.9068 -—5.1483 0.00797 0.90958 -—4.2307 -—-0.6318 -—4.8626
United ~1.8976 -—3.9068 —5.9044 —0.01876 1.16767 —4.7555 -—4.0696 -—8.8251
USAir —16.1562 15,6956 —0.4606 0.17679 -0.84285 -—1.1266 -—1.8272 -—-2.9538
Western - 6.0660 45546 —1.5115 -~0.07877 0.27156 —1.3197 0.4407 -0.8790
World 11.1592 —3.8908 7.2684 —0.45145 4.88726 11.7042 7.5784 19.2283

Descriptive Statistics for Sample Firms:
Mean 0.4573 -0.1953 0.2619 -0.0401 0.1314 0.3532 0.2046 0.4468
S.D. 8.9357 8.4789 7.3354 0.3253 1.4151 7.4041 5.7265 9.7732
Minimum —16.1562 -3.9068 —11.7488 —-0.5536 —1.8573 —12.5422 -19.9864 —22.1089
Maximum 18.7484 29.3323 16.2553 0.6805 4.8873 15.7470 8.9135 19.2283

USAir and Republic have similar ASL, USAir has a favorable density variance, and
Republic has a favorable input price variance. However, the advantage USAir has over
Republic because of its higher percentage of flights through dominated hubs is the most
important component of a comparison of the two carriers. Because of this advantage,
USAir’s marginal costs are estimated to be $8.11 less than those of Republic.

United, the largest carrier during the period, has unfavorable hub concentration
and density variances that are partially offset by a favorable ASL variance but leave a
net unfavorable operations-based driver variance. United also has an unfavorable input
price variance. American, its closest competitor, has the same disadvantages in density
and ASL, but is better in hub concentration and input prices, which results in a smaller
unfavorable total variance. In contrast, the next two largest carriers, Delta and Eastern,
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have greater disadvantages in concentration through competitive hubs, which results in
more unfavorable operations-based driver variances. Delta and Eastern, however,
enjoy favorable input price variances, which make their overall variances less unfavor-
able.

V. Concluding Remarks

Our findings have demonstrated empirically that, while output capacity and
volume are important cost drivers, operations-based drivers related to product diversity
and production process complexity are also significant in a major service industry.
These drivers often directly reflect management strategies to improve productivity and
reduce costs or even to increase market share. Qur model, with multiple cost categories
and drivers, provides a framework for evaluating the cost effects of these strategies, as
well as a method for obtaining cost estimates for other management accounting appli-
cations. We have demonstrated empirically that several strategies adopted by U.S. air-
lines during the transition following deregulation had material effects on costs. Specifi-
cally, we found that operations-based drivers reflecting strategies to increase batch size
(aircraft size and average stage length) and product diversity (flight density), to recon-
figure the production process (increase hub concentration), and to control process flow
(develop dominated hubs) have material and differential effects on costs.

Academic research in cost accounting has only recently been directed toward iden-
tifying important cost drivers. Although Foster and Gupta’s (1990) work with one elec-
tronics firm suggests that operations-based drivers are generally not strongly correlated
with manufacturing overhead costs, our work provides contrary evidence for an
industry. As we begin to accumulate statistical evidence of this type, we will be in a
better position to decide whether the traditionally used volume-based drivers need to be
augmented with strategy-related operations-based cost drivers. This will, in turn, help
management obtain more accurate evaluations of the cost effects of operating deci-
sions.

Table A1
Industry Operating Costs and Physical Measures by Input Category

Input Costs Physical Measures
Mean Mean Standard Mean Standard
Cost Category Level- Percentage Deviation Level* Deviation
Aircraft and Traffic

Servicing Labor $ 30,311 8.86% 3.24% 1,724,946 1,980,910

Promotions and Sales Labor 30,285 9.03 2.52 813,849 1,068,803

Flying Operations Labor 30,532 8.57 2.78 664,370 746,424

Passenger Service Labor 16,401 4.60 1.22 1,023,253 1,221,969

Maintenance Labor 19,872 6.95 2.82 933,833 1,309,899
Maintenance Materials

and Overhead 7,276 2.06 0.93 7,295,603 9,064,265

General Qverhead 37,498 14.62 4.97 37,497,917 39,702,527

Continued
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Table A1—Continued
Input Costs Physical Measures
Mean Mean Standard Mean Standard
Cost Category Level* Percentage Deviation Level® Deviation

Ground Property

and Equipment 48,007 12.52 6.38 48,115,431 68,906,924
Flight Equipment 21,269 8.42 3.36 21,268,543 21,581,727
Fuel 75,064 24.37 4.39 85,705,214 95,828,418
Total Costs $317,075 100.00% -_—

« In thousands of 1982 dollars.
* Labor in hours, fuel in gallons, and other variables as deflated costs.

Table A2
Industry Volume- and Operations-Based Cost Drivers

Standard
Variable Mean Deviation
Volume-Based Cost Drivers (in 1,000s):

Passengers Enplaned 2,823 2,780

Total CSM 4,838,158 5,792,900
CSM (by aircraft categories):

B737 382,142 655,774

DC-9 537,268 1,009,699

B757, MD-80 170,596 423,401

B767, A300 237,153 698,257

B727-100 267,443 519,333

B727-200 1,561,244 2,119,059

DC-10, L1011 1,092,739 1,799,622

B747 589,573 1,335,023

Operations-Based Cost Drivers:
Concentration:

Competitive Hubs 41.58 19.70

Dominated Hubs 5.41 12.56

Density 777.80 453.06

Average Stage Length 557.35 300.59

Note: CSM =capacity seat miles.
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