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1. INTRODUCTION

Path analysis and regression analysis are the principal tools used in this study to
determine the causal structure of the relationship between operating conditions and
operating cost in the United States domestic airline industry. The operating condi-
tions have been expressed in terms of two major categories of variables, network
variables and technology variables, which describe, respectively, the system of routes
served by a carrier and the fleet of aircraft used by the carrier.

The study takes the position that the network system is essentially fixed and
unchangeable, at least in che short run. An airline adapts to the system by employing
a certain technology, that is, numbers and types of aircraft with performance charac-
teristics deemed suitable under the constraint of the given network.

The data for this study were obtained from various airline statistics publications,
[8], [9], [10], [11]. Our sample consisted of 11 trunk and 9 local service carriers
involved in U.S. domestic operations in 1967/68. Where carriers operate internation-
ally as well as domestically, we used only data related to the domestic part of the
operations, as reported by the Civil Aeronautics Board. Most variables were defined
as an average for the two years, 1967 and 1968. These averages were employed to
obtain more representative figures, since the maintenance cycle for jet aircraft was at
the time approximately 18 months, and the use of annual data could seriously mis-
represent a carrier’s maintenance costs. These costs account for 18 per cent of our
sample’s total operating cost.

In 1967/68, the years covered by our data, many piston and turboprop aircraft
were still in use, especially by local service carriers. In 1968, 10-7 per cent of the total
airborne hours of trunk carriers was provided by piston and turboprop aircraft; in
1971 this had dropped to 0-3 per cent. For local serivce carriers the corresponding
percentages were 79-5 and 55-7 respectively. Thus the technology side of our data
looks very different today, though the networks are basically the same as in 1967/68,
except where mergers have taken place.

The data form the background for an interesting piece of data analysis, which has
to be performed with some caution if meaningful results are to be obtained in spite of
certain shortcomings ot the data base. A number of high intercorrelations among
variables present a serious multicollinearity problem. Furthermore, the number of
observations is only 20, which is so low a sample size that, even if multicollinearity
had not been a problem, various statistics computed from the data, such as regression
coefficients, would have high standard errors. We have tried in our analysis to avoid

*Centre for Transportation Studies, The University of British Columbia. This study was supported
in part by funds made available by the Centre for Transportation Studies. The conclusions, opinions
and statements are the sole responsibility of the authors. The authors invite comments.

67



January 1975 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

the pitfalls of multicollinearity by careful selection of variables; the limited sample
size will just have to be accepted as a matter of fact. (Our sample consists of all major
airlines operating in the U.S. in 1967/68, so that any generalisations made have to
refer to a hypothetical super-population of airlines from which our data would
represent a random sample.)

From a methodological point of view, the paper relies on Simon’s [7] and Blalock’s
approach to the study of casual relationships [1] and on the tool of path analysis as
presented, for example by Blaklock [2], Boudon [3] and Duncan [5].

2. ECONOMIES OF SCALE?

Several studies have attempted to answer the question whether economies of scale
exist in the airline industry, e.g. Caves [4] and Eads, Nerlove and Raduchel [6].
The evidence provided by these studies has not conclusively determined the extent,
if any, of economies of scale in the industry. The report of the Committee of Inquiry
into Civil Air Transport [12], presented to the British Parliament, gives an interesting
discussion of factors that possibly affect economies of scale.

A cursory look at a plot of the cost per unit of output against a measure of carrier
size (e.g., the available ton miles, ATM) gives the impression of a generally down-
ward-sloping relationship. The trunk carriers on the one hand and the local service
carriers on the other constitute two sets of data points with distinct characteristics.

The local service carriers used almost exclusively two-engined aircraft, a consider-
able proportion of which were still piston and turboprop powered. Their networks
typically included a large number of stations with short stage lengths. These carriers
were small in terms of available ton miles (ATM), and cheir unit costs were relatively
high. The trunk carriers used predominantly turbo-fan and turbo-jet equipment;
they operated over long stage lengths, which made their ATM high; and they
tended to experience relatively low unit costs, although there is some indication
that the very largest of the trunk carriers were unable to benefit from returns to
scale to the extent one might expect from the general impression of a downward
sloping relationship.

Eads, Nerlove and Raduchel [6] studied the local service carriers only and found
modest returns to scale. Their study made use of a production function of the form
y= (1,6 41,43) "2, which expresses output, y, of a carrier as a function of the number
of cities served, a;, and the weighted number of miles flown,

L

ay = IZ €1ay

=1
where ay; represents number of miles flown by aircraft of type / and 71, 2. €1, . . ., &,
are parameters to be estimated. Very briefly stated, the analyis of Eads ¢ al. [6]
relates operating cost, C, to output, », by means of a Cobb-Douglas-like long-run,
non-fuel, cost function

C = by'lp"p,"™",

where £ is a constant, p; = price of labour less pilots, p» = price of pilots and co-
pilots, while a4, a; and r are parameters (obeying r = a; +a,) to be estimated. Their
estimate of r is 1:28, which, if taken as an approximation of the degree of returns to
scale, indicates weak returns to scale.

68



OPERATING COST IN THE AIRLINE INDUSTRY - Carl-Erik Sirndal and W. Brent Statton

As a point of methodological interest one notes that Eads ¢t al. [6] make their cost
function depend on essentially two network variables, namely, the number of cities
served and the number of aircraft miles flown by aircraft types. Also, one aspect
of the fleet composition is incorporated through their aircraft type classification,
which distinguishes four types based on engine power.

Variables Used

Our aim is somewhat different from theirs. Rather than assuming cost to be a
function of certain specified variables, we shall be more concerned with exploring
possible causes of high or low unit costs. Therefore, in our approach we shall consider
a large number of variables expressing various aspects of network and of technology
as potential influences on unit cost. Under the constraint of a causal model, we shall
eliminate most of these variables and arrive finally at a simple yet “powerful”
explanation of unit cost.

We shall define a set of variables in which each variable expresses some aspect of
the operations of an air carrier. Some of these variables have been included because
they constitute a statistical measure commonly used in the airline industry, others
because of their potential importance within the framework of our approach.

As already hinted, we distinguish four categories of variables: network variables,
technology variables, size variables, and cost variables. The general nature of these
categories can be briefly described as follows.

The network of a carrier comprises a system of cities, stages and routes to be
served by a number of flights which meet the existing demand for air travel. By a
stage is meant the stretch between a pair of cities served by a carrier. A route, on the
- other hand, may be composed of several stages. For example, the New York to
Seattle route would, in the case of a flight which in serving this route makes its only
stop in Chicago, be divided into two stages, New York to Chicago and Chicago to
Seattle. The variables included in our category of network variables quantify various
aspects of a carrier’s network system, i.e., these variables relate to the number of
cities served, to the distribution of stage lengths and to the distribution of departures.

The network variables are subject to relatively slow change over time, since the
acquisition of new routes and the termination of service on existing routes involves a
time-consuming regulatory process. For the purposes of this paper we shall therefore
regard the network variables as given entities beyond the control (at least in the
short run) of the carrier. The area over which the carrier does have control by
decision of its management is largely confined to the aspects covered by our tech-
nology variables. These variables express such dimensions of a carrier’s operations as
numbers and types of aircraft used (owned or leased) in serving the network system,
the age and size composition of aircraft in the fleet and the degree of utilisation.

Several variables are possible as measures of the size of a carrier. Examples are
total company assets, total revenues and the ATM. It can be argued that “size” is
essentially the result of certain network and fleet characteristics. In Section 4 we shall
analyse this dependence in further detail through a regression approach using “size”
as the dependent variable. The analysis of “size” is, however, of subordinate import-
ance in our study.

The dependent variable of principal interest is cost per unit of production. This
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paper will limit itself to a study of the dependence of total operating cost (as reported
in the annual income statement) per unit of output upon network and technology
characteristics. (It is clear that specific components of total cost, such as costs of flying
operations, passenger service, etc., may be related to specific aspects of network and
technology which do not turn out to be very important determinants of the total
cost concept analysed in this paper.)

3. NOTATION AND DEFINITIONS OF VARIABLES

First we introduce some notation: i denotes the stage index, j the city index, £ the
carrier index and / the aircraft type index.
Furthermore,

K = the number of carriers (in this study, £ = 20),

L = the number of aircraft types (in this study, we distinguished L = 25
types. For example, all Boeing 707 fan jet models were considered as
constituting one type and all DC9 fan jet models were considered another
type),

I, = the number of stages served by carrier £,

mg = the number of cities from which carrier £ makes d weekly departures.
(A metropolitan area with several airports, e.g., New York, is counted as
one city rather than as three, the number we would have used if the airports
Kennedy, La Guardia, Newark, had been our basic units),

dy; = the number of weekly departures by carrier £ on stage ¢ using aircraft
of type [,

s; = the length in miles of stage ¢,

fu = the number of aircraft of type / operated (owned or leased) by carrier &
(an aircraft available for service during, say, four months of the year
would be counted as one third of an aircraft),

¢, = the available ton capacity of an aircraft of type /,

¢; = the number of engines of an aircraft of type /,

a, = the number of years since introduction into service (by a U.S. carrier)
of aircraft type /.

Certain summary statistics can now be derived:

The total number of cities served by carrier £ is
o]
mk = E mdk .
d=1

The number of weekly departures from city j effected by carrier £ is
L
djk = Z 2 dyy,
tsrjk I1=1
where 7; is the set of stage indices ¢ which denote stages that originate in city j and

are served by carrier £.
The total number of weekly departures by carrier £ is

© my
dk= dedk = Zd;k

d=I1 Jj=1
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The number of miles flown by carrier £ using aircraft of type [ is
L
Wu= X dmsi,
ery
where 7 is the set of stage indices ¢ denoting stages served by carrier £.
The total number of miles flown by carrier £ is consequently

L
MF = Z2Wgy.
=1

Network Variables
Next we define the network variables to be used in the study. Three characteristics
of network commonly used in the airline industry are
my, the number of cities served by carrier £,
dr = di/mk, called the stage density, i.e., the average frequency of weekly
departures per city served by carrier £,
§k = MFy/dy, the average stage length flown by carrier .

The importance of these statistics in describing network is obvious. The variable d
indicates the average volume of traffic handled. As an alternative variable to express
this dimension of the network we considered the number of enplaning passengers
per city; this turned out to have a 0-97 correlation with d. Hence we were satisfied
that d adequately represents “traffic density”. The stage density variable also made
possible the study of homogeneity (as measured by the standard deviation and the
coefficient of variation), which was impossible with the enplaning passenger variable
because of data limitations. The average stage length will turn out to be of vital
importance in explaining unit cost. '

Although not commonly used, certain other characteristics of the distribution of
departure frequencies and of the distribution of stage lengths were hypothesised to
be of interest in explaining or modifying unit cost. We constructed and computed
the following variables:

The standard deviation of the departure frequency distribution for carrier £,
sdi(d), was obtained as the square root of

sd (d) = ’%kdimdk(d—fik)z

A small value of sd; (d) would be expected for a carrier serving a considerable number
of cities with departure frequencies close to the average stage density for that carrier.
In fact, sd;(d) is likely to increase with d,, because of the skew nature of the distribu-
tion. We also computed the coefficient of variation

co,(d) = siy(d)[ -

Some carriers have a “thick upper tail” in their departure frequency distribution:
that is, a disproportionately high proportion of their flights depart from a small
number of large traffic centres. Therefore we defined the statistic

g(d) = §3dik/dk )

where the summation is over the 10 per cent of the cities j served by carrier £ that
have the highest number of departures (if 10 per cent of m, is not an integer, e.g., if
m;, = 68, then 80 per cent of the departures from the seventh most active city went
into the sum). The figure 10 per cent is, of course, an arbitrary choice. The variable
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&r(d) thus expresses the percentage of total departures taking place from the most
active traffic centres in carrier &’s network. A high value of g;(d) may or may not,
for a given carrier, imply a high value of sd, (d) or of ¢y, (d) ; in any case, as descriptive
statistics of network all three may be of some interest. We considered the variables
in the expectation that they might possibly affect or modify unit cost.

The standard deviation of the stage length distribution, sd(s), was also computed
for each carrier as the square-root of

sd,%(s) = 3 Z diut (J‘i—-fk)2 .
dk ier, =1

Because of the skewness of the stage length distributions, sd,(s) can be expected to
increase with §5;,. We computed also the coefficient of variadon of stage length,

cv(s) = sdi(s) /5 .
Just as in the case of the departure frequency distributions, we wished to find out if
homogeneity of the stage length distribution, i.e., a small standard deviation, sdi(s),
might in any interesting way modify the unit cost pattern.

Technology Variables ‘

The technology variables have been characterised earlier as variables over which
airline management exercise some degree of control. Given that a certain network
has to be served and maintained, one of the key decisions facing management is the
choice of the optimum producing aircraft fleet with which to meet the traffic demands
of the network. All our technology variables will in some way or other reflect charac-
teristics of the aircraft chosen to make up the carrier’s fleet.

The first three technology variables are:

Ly, the number of aircraft types used by carrier £,

L .
Fi = X fulLk, called the average fleet type size, i.e., the number of aircraft
1=1
per type operated by carrier £,

L
Uy, = MF,| Z fu, the number of miles flown per aircraft in the fleet of carrier .
=1

The average fleet type size is a quantity commonly used in characterising a carrier.
It may be questioned whether the number of miles flown per aircraft, U, is best
classified as a technology variable. In doing so we have argued that even carriers
that are exactly similar in the total number of miles flown and the total number of
departures may differ widely in the number of aircraft kept employed in serving the
given network. The variable U can be considered to express the degree of utilisation
of aircraft in the fleet; ocher things being equal, it tends to be high for an airline with
tightly scheduled flights and high speed aircraft.

Three additional technology variables are defined as weighted averages, namely,

Te = Z W tif Z Wi , the average number of revenue tons of aircraft in carrier
I=1 =1

k’s fleet, welghted by the number of miles flown with aircraft of type /,

Ek = Z b eI/ Z /zk,, the average number of engines of a1rcraft in carrier £’s fleet,
, =1 =1
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weighted by the total number of airborne hours (in revenue service) using aircraft
of type I, hu.
L

L

4, =X huar| Xk, the average age since introduction into service of aircraft in
=1 =1

carrier £’s fleet, again using airborne hours, #, as weights.

These three variables were constructed in an attempt to capture the different
efficiencies (in terms of unit cost) of the aircraft types employed by a carrier. The
productivity per production unit (aircraft) is reflected by 7. Since both 7' and E
are related to the size of the aircraft, a very high correlation can be expected between
the two variables. The degree to which old equipment is used is depicted by 4, a
variable which also has a bearing on unit cost.

With the exception of L, all technology variables defined so far are in the form of
an average. A variable of a somewhat different nature is

&lF) = Sful 3 fu,

where the first summation extends over the 20 per cent of aircraft types of which
the fleet has the highest number of aircraft. (1f 20 per cent of the number of types is
non-integer, a portion of the type next in line has been added to make up the 20 per
cent.) Hence, g,(F) expresses the percentage of the total number of aircraft in the
fleet represented by the favoured aircraft types. We include it because of the possi-
bility that a concentration of aircraft within a few types might imply unit cost
reductions.

Size Variables
‘Two size variables have been considered, namely, total airline revenues, 7R,
and available ton miles,

L
ATMk = Z 2 dikl.fitl.
Eerp =1
Total assets, another possible size variable, is impractical because of the difficulty
in separating “domestic’” and “international” assets for airlines involved in both.
The correlation between TR and ATM turns out to be very high (0-991, see
Table 4.1) and we have decided to use ATM as the measure of size.

Unit Cost Variables
‘Two unit cost variables were considered,
Cr = Ci/ATM,
and

Cox = Cok|ATMj,

where C; is the total operating cost including depreciation charges, while C,
excludes depreciation. Both variables express total cost per unit of production
(ATM), and they ‘are almost perfectly correlated; see Table 4.1.

There is some preference for excluding depreciation, since carriers’ depreciation
policies differ. But the differences appear to have a negligible effect, and we have
chosen to concentrate on C, which includes depreciation, in our analysis of unit cost.
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All variables were standardised to have zero mean and unit standard deviation.
Hence, all regression equations reported in the following section are based on the
standardised variables. Means and standard deviations of all variables are given
in the Appendix.

4. ANALYSIS

The classification of variables into four categories provides a suitable framework for
our data analysis, which will proceed from the model shown in Figure 4.1 for the
causal relationships between the categories of variables. A test of the adequacy of the
model will be provided later.

Network
Variables
\ 4
Size | Tech.nology . Unit
Variables Cost
Ficure 4.1

Model of Causal Relationships

Table 4.1 shows the correlation matrix for the size variables, ATM and TR, and
for the cost variables, C and C,. The two size variables are almost perfectly correlated ;
so are the two cost variables. It makes little difference, therefore, whether we choose
ATM or TR to indicate size, and whether we choose C or C, to indicate cost. We
have chosen ATM and C.

The correlation between size and unit cost is about —0+6, indicating some returns
to scale. The causal model of Figure 4.1 postulates that this correlation is the result
of the simultaneous influence of network and technology variables on size and unit
cost, each of which we shall show to be explainable to almost 100 per cent of their
respective variations in terms of a few network and technology variables. However,
the objective is not to maximise Rz = SS(Regression)/SS(Total), the degree of
explained variation, in, for example, the regression of unit cost on network and
technology variables. In our case, it is quite easy to obtain an R? close to unity,

TasLE 4.1
Correlation Matrix for Size and Cost Variables
ATM TR C, C
1 0-992 —0-595 —0-608
1 —0-578 —0-591
1 0-997

ATM = available ton miles.
TR = total revenue.
0, = unit cost excluding depreciation.
C = unit cost including depreciation.
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because of the generally high level of correlations between predictor variables and
unit cost. An equation derived simply by maxmising R2 would be difficult to inter-
pret, and the unstability of the regression coefficients (due to multicollinearity)
might render the equation meaningless. Our objective is rather to derive a simple
causal explantion of size and unit cost in terms of selected network and technology
variables, and to achieve a high degree of predictive power, while trying to reduce
the problems arising from multicollinearity to a minimum.

The size of a carrier as expressed by the available ton miles can be represented as
an exact relationship between several of the other variables defined in Section 3.
We have

: ATMk == mkakfka (4’.1)
and also

ATMk = Lka(_]ka (4’.2)
The multiplicative function (4.1) contains three network variables and one tech-
nology variable. Equation (4.2) expresses the size variable, ATM, as a function of
four technology variables. As expected, all seven variables of the right hand of
equations (4.1) and (4.2) have positive correlations with ATM. The strongest
simple correlations are found between ATM and the average fleet type size, F,
0-924, and between ATM and the stage density, d, 0-907.

Equations (4.1) and (4.2) imply that log-linear relationships will fit the data
perfectly. The more easily interpreted straight linear relationships also fit the data
well. Looking first at the predictor variables of equation (4.1), it turns out that T
can be deleted with no appreciable loss of explained variation. The linear regression
equation containing the remaining three variables becomes

ATM = 0-339 m+0-593 d +-0-442 §; Rz = 0-925
(0-077) (0-122) (0-130)
Hence, each of the three network variables turns out to be of major importance as a
determinant of the size variable.

Regressing ATM linearly on the four predictor variables of equation (4.2) again
reveals that 7' can be deleted with practically no loss of explained variation. The
regression on the resulting three variables is

- ATM = 0-216 L+0-771 F 4-0-228 U; R2 = 0-959
(0-058) (0-057) (0-054) :
Although all three technology variables are important, the dominant influence on
size is exerted by the average fleet type size, F.

The influence on ATM of the network variables can, in accordance with Figure
4.1, be construed in part as a direct link, in part as a link passing through the tech-
nology variables as an intervening step. The analysis of splitting the influence into
these two parts will not be carried out for the size variable, ATM, since it is of secon-
dary interest in our study.

We proceed to an analysis of the dependence of the unit cost variable, C. First, C
will be analysed in terms of the network variables, then in terms of the technology
variables, and finally in terms of the combined influence of both categories of
variables. ’

Table 4.2 displays the intercorrelations among the eight network variables as well
as the correlations between the network variables and the criterion variable, C.
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TABLE 4.2
Correlations among Network Variables and between Network Variables
and Unit Cost
5 sd(s) co(s) d sd(d) co(d) g(d) m c
1 0-973 0-748 0-809 0-726 0-074 0-044 —0-366 —0-888
1 0-845 0-869 0-799 0-124 0-023 —0-307 —0-895
1 0-657 0-603 0-137 0-030 —0-248 —0-858
1 0-891 0-054 —0-049 —0-127 —0-669
1 0-431 0-138 —0-106 —0-579
1 0-336 —0-058 —0-038
1 —0-199 —0-104
1 0-336

Stage lengths:
§ = average
sd(s) = standard deviation
cv(s) = coeflicient variance
Departures:
d = average
sd(d) = standard deviation
co(d) = coefficient variance
g(d) = concentration
m = cities served
C = unit cost including depreciation.

Table 4.3 gives the values of the variables §, co(s), d, co(d), g(d) and C for the 20
carriers. The averages for trunk carriers and local service carriers bring out the
considerable contrast between the two types of networks. Note, however, that there
are no appreciable differences between trunk carriers and local service carriers when
it comes to the variables cv(d) and g(d).

The extremely high correlation between average stage length, §, and the standard
deviation, sd(s), of the stage length distribution is not entirely unexpected. However,
in deciding that it might be worth while to compute the standard deviation, we had
expected that this variable would have a modifying effect on unit cost, so that a high
standard deviation (a mixture of long and short stage lengths) would, controlling
for average stage length, lead to a higher unit cost than a low standard deviation
(a homogeneous network of fairly equal stage lengths).

Our reasoning was that carriers with homogeneous networks (small standard
deviation) should be able to employ a fleet composed of fewer aircraft types, which
would result in a larger average fleet type size. This should produce economies of
scale: in maintenance costs by greater specialisation of labour, in a smaller pro-
portion of investment in spare parts, in higher utilisation of flight crews, in lower
flying crew training costs, in lower aircraft handling costs due to standardisation,
and in a smaller investment in ground support equipment. The local service carriers
do have the lowest standard deviations, and they also employ the smallest average
fleet type sizes. However, the resulting reductions, if any, in unit costs do not appear
to be strong enough to manifest themselves in comparison with other economies of
scale enjoyed by the trunk carriers from, for example, their higher productivity.
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TABLE 4.3
Values of Selected Network Variables and of Unit Cost
Sor the 20 Airlines
Carrier s co(s) d cv(d) g(d) c
American 612-7 1-13 176-9 1-44 0-43 0-197
Eastern 355-7 0-87 107-3 0-96 0-37 0-261
TransWorld 732-9 0-90 137.7 0-99 0-34 0-192
United 519-3 1-13 144-8 1-38 0-13 0:215
Braniff 346-2 0-94 107-4 1-20 0-39 0-243
Continental 501-5 0-89 72-6 0-87 0-28 0-184
National 441-3 1-09 84-4 1-03 0-35 0-182
Delta 364-2 0-98 107-6 1-25 0-39 0-228
Northeast 356-8 1-09 48-2 1-76 0-49 0-243
Northwest 408-8 1-32 117-1 0-88 0-29 0-173
Western 397-6 0-87 826 0-91 0-31 0-225
AirWest 135-1 0-77 50-2 0-86 0-29 0-388
Allegheny 134-0 0-66 67-4 1-26 0-42 0-353
Frontier 133-3 0-82 477 1-00 0-32 0-298
Mohawk 138-9 0-60 67-6 1-04 035 0-396
. North Central 95-6 0-53 59-4 0-76 0-28 0-384
Ozark 115-8 0-67 56-0 1-43 0-19 0-389
Piedmont 117-8 0-68 723 0-80 0-28 0-413
Southern 108-1 0-52 39-8 1-45 0-37 0-419
TransTexas 128-6 0-53 55-8 1-25 0-36 0-329
Mean, Trunk* 457-9 1-02 107-9 1-15 0-34 0-213
Mean, Local
Service 123-0 0-64 57-4 1-09 0-32 0-374

*The first eleven carriers are the trunk carriers; the first four of these are sometimes referred to
as “the big four”. The last nine carriers (starting with Air West) are the local service carriers.
g g

Stage lengths:
§ = average
cv(s) = coefficient variance
Departures:
d = average
cv(d) = coefficient variance
g(d) = concentration
C = unit cost including depreciation.

Hence, the local service carriers still end up with much higher unit costs than the
trunk carriers.

For descriptive purposes the coefficient of variation of the stage length is a con-
venient and easily interpreted statistic. Table 4.3 indicates that, among the trunk
carriers, Northwest Airlines has a very wide mixture of stage lengths, whereas Eastern
Airlines and Western Airlines have the most homogeneous networks. The local
service carriers have consistently lower coefficients of variation than the trunk
carriers.

Regressing unit cost on average stage length gives the regression equation (all
regressions are in terms of standardised variables, hence the constant term is zero).
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C = —0-888 5; R2 = 0-789 (4.3)
(0-108)
Because of the high correlation between § and sd(s), it is not advisable to enter these
two variables in the same regression equation. However, using the average and the
coefficient of variation of stage length as predictors of unit cost, one obtains the
regression equation
C = —0-559 §—0-441 cv(s); R2 = 0-874 (4.4)

(0-130) (0-130)
with significantly improved R2 over equation (4.3).

The equation shows that the coefficient of variation contains a considerable
amount of information about unit cost beyond that supplied by §itself. The message
conveyed by equation (4.4) is that the more heterogeneous networks (those with a
high cv(s)) experience unit cost reductions. While we had expected variability of the
stage length to have important implications, the direction of the finding is contrary
to our expectations.

If we use equation (4.4) for identification of high-cost and low-cost carriers as
those whose unit cost is more than one standard deviation above and below, respect-
ively, the regression line, we find that American, Air West and Piedmont were the
high-cost carriers, whereas Continental, Western, Frontier and Trans Texas were
the low-cost carriers.

Next we consider the possibility of entering in the regression equation other
network variables than those related to the stage length distribution. The stage
density d is a key variable often used in describing the traffic density side of the
network; its correlation with the cost variable C is, although weaker than that
between § and C, still a fairly high —0-669. The statistics d and sd(d) are so highly
correlated that the multicollinearity problem prevents us from using both variables
in the same regression equation.

As seen from Table 4.3, the coefficient of variation cv(d) is high when g(d), the
“traffic concentration”, is either very high (say, >0-35) or very low (<0-20); both
cases indicate a heterogeneous distribution of departure frequencies. While these two
statistics may have a certain interest as descriptive measures of networks, neither
will yield any interesting conclusions when used in a regression of unit cost on
network variables. Another variable with a rather low correlation (0-336) with unit
cost is the number of cities served, m.

The inclusion of further network variables will improve very little upon the R2 of
equation (4.3). The following two regression equations are of some interest because
they reveal a tendency towards a modifying effect produced by the stage density.
We have the regressions

C = —1-003 5+0-142d; R2 = 0-795
(0-187) (0-187)
and
C = —1:015540-149d —0-017 m; Rz = 0-796 (4.5)
(0-215) (0-202) (0-127)
A negligible improvement in R2 has been achieved over equation (4.3). The structure
of the equations is, however, interesting. It is clear that m has no effect. However,

the stage density d, although strongly negatively correlated with C, receives a
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distinctly positive (although not quite significant) coefficient. The last two equations
thus hint that, although carriers with long stage lengths also tend to have high stage
densities, it is definitely the stage length rather than the stage density that brings
about cost reductions.

A high frequency of departures per city seems, if anything, to have a tendency to
increase unit cost. This is somewhat surprising, since one might expect this variable
to produce economies of scale in the expenses associated with stations and cities,
such as aircraft servicing. The (weak) effect to the contrary is likely to be linked to
the fact that carriers with high density stations, such as New York and Chicago,
were beginning to experience the effects of congestion, with resulting increases in
flying operation costs.

We proceed to analyse unit cost in terms of the technology variables. Table 4.4
gives the correlations among the network variables as well as their correlations with
unit cost. Table 4.5 presents unit cost data for certain aircraft types.

The two variables, T and &, may simply be regarded as two indices of the same
thing, namely, average productivity of the aircraft in the fleet. It is not surprising,
therefore, that £ and T have a very high (0-96) correlation. Both variables correlate
higher than 0-9 with unit cost.

The average fleet age index, 4, correlates negatively with both 7 and Z (the
newer aircraft tend to be bigger and more productive) and positively with unit cost.

We have the regressions

C = —0832E+0-1154; Rz = 0-842
(0-138) (0-138)
and
C = —1089T—0-1724; Rz = 0-911 (4.6)
(0-124) (0-124)
The first equation indicates that the age index is of minor importance in relation to
the engine index in predicting cost. The second equation indicates that if average
aircraft productivity is measured in terms of 7 instead, then, beyond the strong
indication of low unit cost for the more productive types of aircraft (—1-089 regres-
sion coefficient), there is actually a weak indication of the older (piston) aircraft
offering some cost reduction (—0-172 regression coefficient). This effect is also seen
in equation (4.8) below.

It is clear from Table 4.4 that the best single technology variable for predicting

unit cost is 7, the average ton capacity. The regression equation becomes
C = —0-949 T; Rz = 0-901
(0-074)
If we add further technology variables to the equation, small (although significant
at the « = 0-10 significance level) increases in R2 are realised:

C = —0-738 T—0-250 U; B2 = 0-919 4.7
(0-129)  (0-129)
C = —0-880 7—-0-291 U —0-218 4; R = 0-934 (4.8)

(0-121)  (0-140) (0-111)
The negative slopes of U and T are in line with expectations, considering their

high negative correlations with unit cost, 0. The average fleet age, 4, appears, as in
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TaBLE 4.4 :
Correlations among Technology Variables and between
Technology Variables and Unit Cost

L F U T E A g(F) C
1 0-443 0-309 0-449 0-455 —0-460 —0-307 —0-367
1 0-250 0-538 0-518 —0-275 —0-223 —0-472
1 0-844 0-800 —0-739 —0-196 —0-873
1 0-959 —0-811 —0-278 —0-949
1 —0-716 —0-165 —0-914
1 0-174 0-711
1 0-362
1
L = number of aircraft types E = engines per aircraft
F = average fleet type size A = average age of aircraft
U = miles flown per aircraft g(F) = concentration of fleet
T = revenue tons per aircraft C = unit cost including depreciation
TasBLE 4.5

Unit Cost, C (cents per ATM), and Revenue Tons per Aircraft, T,
averaged over Carriers, by Number and Type of Engines. 1967/68 Data.

Unit Cost Revenue
incl. Depn. Tons|Aircraft
c T
Turbofan, 4 engine 8-9 18-2
3 engine 11-7 13-0
2 engine 15-8 9.7
Turbojet, 4 engine 11-8 15-6
2 engine 27-2 7-6
Turboprop, 4 engine 20-0 9-:0
2 engine 226 52
Piston, 4 engine 24-1 8-2
2 engine 28-4 42

equation (4.6), with a negative sign, contrary to the sign of its correlation with C.
The negative sign means that there is some advantage in having an old fleet, when
the other two variables are held constant. A switch to modern aircraft will mean a
tremendous increase in productivity, T, and hence a unit cost reduction. But if
productivity were held at a constant level, there would actually be some advantages,
from a unit cost point of view, in operating a fleet of older piston aircraft. This is
what equation (4.8) tells us, and it confirms findings of Eads et al. [6]. The local
service carriers were thus able to realise a small cost reduction from their relatively
old aircraft. This advantage is, however, small in relation to the considerable cost
reductions enjoyed by the trunk carriers from highly productive aircraft (T large)
and high utilisation rate (U large).
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As identified by equation (4.8), the high cost carriers (more than one standard
deviation above the regression line) are American, Piedmont and Southern. The low
cost carriers (more than one standard deviation below the regression line) were
Northwest, Frontier and Trans Texas.

Part of the causal model portrayed by Figure 4.1 will now be tested by the method
due to Simon [7] and Blalock [1]. The particular form of the model suggested itself
through the common-sense conclusion that the technology—the variables over which
management exercises some control—must be causally determined by what is given
and unchangeable, i.e., the network. We shall see that the evidence available lends
some support to the model in Figure 4.1.

Let WV, 7, and C denote, respectively, a network variable, a technology variable
and the unit cost variable C. Let ryy, 7y and 7y¢ denote the correlation coefficients
between the three variables.

We start from the assumption that network must influence unit cost (rather than
vice versa). We assume also that the technology variables cannot causally precede
the network variables. Then three causal orderings are possible:

/N \/

Model (i) represents the causal sequence assumed by Figure 4.1, i.e., ¥ is an
intervening link between network and unit cost. The case (ii) portrays .N as the
common cause of ¥ and C. Case (iii), finally, has N and 7 as separate causes of C.
It follows from Simon [7] that we should have

ryo-y = 0 when (i) is true -
ryg.y = 0 when (ii) is true
7ny = 0 when (iii) is true. : ,
The partial correlation coefficients 7yp.y and ryg.y as well as the correlations 7,y
are given in Tables 4.6, 4.7 and 4.8 when the network variable V¥ is m, d or §, the
technology variable ¥V'is L,F, U, T, E or 4, and the cost variable is unit cost C.

For a given pair of network a_nd technology variables, we have marked by an
asterix the smallest absolute value of ryg.y, 7yg.y and ryy across the three tables.
Ideally, one of them should be zero if any of the models (i), (ii), and (iii) holds.
But in an actual case randomness and other causes create deviations from the zero
ideal value. The asterix indicates the best-fitting one of the three models (i), (ii)
and (iii).

4
G
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TABLE 4.6

Technology variable, ¥

Network L F U T E A
Variable, N
Cities served m 0-47* 0-55 —0-17*#  —0-10¥ —0-05* 0-06%*
Aver. departures d —0-60 —0-56 —0-46* 0-20%* 0-07*  —0-47*
Aver. stage length 3 —0-87 —0-87 —0-58 0-01*  —0-39* —0-77
TasLE 4.7
Partial Correlations ryg.n
Technology Variable, ¥

Network

Variable, N L F U T E Aa
Cities served m —0-49 —0-63 —0-86 —0-94 —0-90 0-67
Aver. departures d 0-01* 0-19* —0-81 —0-91 —0-84 0-55
Aver. stage length 3 0-04* 0-30%* —0-50* —0-73 —0-58 0-21%*

TasLE 4.8
Correlations tyy between Network and Technology Variables
Technology Variable, ¥
Network —

Variable, N L F U T E A
Cities served m 0-48 0-28%  —0-47 —0-38 —0-39 0-42
Aver. departures d 0-39 0-83 0-55 0-75 0-75 —0-56
Aver. stage length 5 0-43 0-65 0-84 0-94 0-89 —0-72

number of aircraft types
average fleet type size
miles flown per aircraft

k-l
([

Y STEET

= revenue tons per aircraft
= engines per aircraft
= average age of aircraft

The conclusion is that, from the considerable number of asterisks in the last four
columns of Table 4.6, it appears reasonable to treat m, d and § as network variables
and U, T', E and 4 as technology variables that fit model (i). The variables L and F,
on the other hand, seem to fit better under model (ii).

We now consider the path analysis model (Figure 4.2) derived from Figure 4.1.
The model contains three network variables and three of the five technology vari-
ables which we have subjected to a causal analysis. On the strength of that analysis
we should expect the direct arrows from m, d and 5 to C to be rather weak: in other
words, that most of the influence on unit cost exerted by the network variables takes
place in a causal sequence in which the technology variables form an intervening
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cCl¢———3

Ficure 4.2
General Path Diagram for Network, Technlogy and
Unit Cost Variables

step. The method of path analysis has been described in detail by Blalock [2],
Boudon [3] and Duncan [5].
In an initial analysis, all the paths in Figure 4.2 were included. The path coeffi-
cients were determined by the coefficients of the regression equations
U = —0-126 m—0-307 d41:045 §; R2 = 0-771, (4.9)
(0-135) (0-214) ((0-228)

T = —0-048 m—0-004 d-4-0-923 5; Rz — 0-880, (4.10)
(0-098)  (0-154) (0-165)
A= 0182 m—0-009 d—0-65] §; Rz = 0-554, (4.11)

(0-189)  (0-298)  (0-318)

C = —0-071 m+0-033 d4-0-201 5§—
(0-078)  (0-126) (0-244)
—0-357 U—1-076 T —0-232 4; R2 = 0-944 (4.12)
(0-146)  (0-228) (0-119)

The standard errors of the slope coefficients are rather high because of multi-
collinearity, particularly in equation (4.11). The average stage length, §, turns out
to be the dominant variable in explaining each of U, T and 4. The equation (4.9)
shows a modifying effect similar to that evidenced in equation (4.5): the variable d,
although it has a 0-55 corrleation with U, turns out to have a negative regression
coefficient (it is significantly negative at « = 10 per cent level). This makes sense,
since U tends to be high if long stage lengths are flown with relatively few stops. It
is not surprising, therefore, to find that a large number of cities served, m, and a
large number of departures per city, d, are conditions each of which tends to depress
U, the number of miles flown per aircraft.
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As seen from equation (4.10), the average available ton capacity, 7', has only one
important explanatory variable, 5, while 4, the average fleet age, increases with m
and decreases with §, confirming that high values of 4 are obtained for the local
service carriers. In the equation for 4, the degree of explained variation is a rather
low 55 per cent, indicating the presence of important additional forces influencing 4
beyond the network variables.

Itis possible that the average fleet age variable, 4, takes on a particular significance
in the 1967/68 data that would not be manifest in today’s markedly different fleet
composition. We therefore ran a first path analysis, eliminating the age variable 4
from the path diagram, Figure 4.2. In equation (4.10), the path coefficients of m
and d can be regarded as insignificant in the sense of having absolute values less than
0-1. We replaced, therefore, equation (4.10) by the regression of 7' on §. Furthermore,
a regression of C on m, d, 5, U and 7T yields insignificant (less than 0-1 absolute value)
path coefficients for the direct links from m, d and §to C. We are left, therefore, with
the regression equation (4.7) as a description of the influence on unit cost.

Figure 4.3 summarises our simplified path analysis. This path diagram can be
interpreted as follows. Assume that we are comparing two carriers, one of which has a
value of average stage length, §, higher than the other by one standarised unit.
Other things being equal, the carrier with the one unit higher § can be expected to
employ a technology by which more miles per aircraft are extracted (1-05 standard-
ised units increase in U) and more productive aircraft are used (0-94 standardised
units increase in 7). A lower unit cost will be incurred; the effect on unit cost,
realised through the effects on U and 7', will be a drop of 1:05( —0-25) 4+-0-94( —0-74) -
= —0-96 units.

A unit increase in d, other things being equal, can be expected to resultin a —0-31
units drop in U, and the resulting effect on C is an increase in unit cost by (—0-31)
(—0-25) = 0-08 units.

3
o
nl

\ / —7

-0.25 -0.74

_«~

C

Ficure 4.3
Path Analysis of Network, Technology and Unit Cost Variables
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Finally, a unit increase in m, other things being constant, can be expected to
produce slighty lower miles flown per aircraft (—0-13 units). The net effect on unit
cost is negligible, (—0-13)(—0-25) = 0-03 units. ‘

It serves as a check on the adequacy of the path analysis model to note that the
net effects on unit cost due to unit changes in §, d and m, as traced through the path
diagram, are in fairly close agreement with the regression coefficients derived from
the ““direct influence” equation (4.5). The former set of changes are —0-96, 0-08
and 0-03 and the latter set of changes are —1-02, 0-15 and —0-02. There is. of
course, no reason to expect complete agreement. These findings further emphasise
the dominant importance of average stage length as a determinant of unit cost (out
of the three variables considered).

A further check on the adequacy of the fit of the path diagram, Figure 4.3, is
possible because the path coefficients are overdetermined, see Boudon [3]. As a
result, the following additional equation is available over and beyond those used in
determining the path coefficients, namely, -

107 = Ps1(Pmv?ms +Pavas +b50)> (4.13)
where the ’s denote correlations and the p’s are the path coefficients of Figure 4.3.
The left member of (4.13) is 7pp = 0-84 and the right member equals 0-80. The good
agreement lends further support to the contention that the model fits well.

As an alternative model, which also fits well, we present finally the version of the
path analysis that does incorporate the fleet age variable 4. From equatlon (4.11)
we conclude that d can be excluded as a determinant of 4, and (4.11) is replaced by
the regression of 4 on m and §. The regression (4.12) of unit cost, 0, on m, d, 5, U, T
and A reveals that m and d have insignificant (less than 0-1 absolute value) path
coefficients, while there is some indication of a weak direct link from § to C. There-
- fore, we determine the path coefficients leading to O by the regression of C on §,
U, T and A. The resulting path analysis is represented in Figure 4.4.

Je——7 Y |

e
e

-0,31 -0.13 1.05 0.18 -0.66 0.

A
- \

0.3 \-:J lZi/‘___/o ”
Ficure 4.4

Alternative Path Analysis of Network, Technology and Unit Cost Variables
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CONCLUSIONS AND SUMMARY

In this paper we have used a statistical inference approach in trying to isolate some
of the factors that influence operating cost in the airline industry. It was natural to
use data pertinent to United States domestic air carrier operations, since the United
States is the only country where, within the framework of the same economy, the
number of major air carriers comes close to what is needed to justify a statistical
inference approach. Even so, we have only 20 carriers, and it is difficult to arrive
at strong conclusions on the basis of this limited sample size.

A simple yet realistic view, represented by Figure 4.1, has been adopted in which
two categories of variables, network variables and technology variables, have been
defined in an attempt to quantify a variety of aspects of each carrier’s operations,
and we have studied the influence of these variables on unit cost and to some extent
on size. Many possibly important aspects have still been disregarded under our
model, such as quality of management, degree of competition and other not readily
quantifiable variables. A pecularity and possible weakness of our sample is that it
includes and treats on an equal basis two rather heterogeneous groups of air carriers,
the trunk carriers and the local service carriers. The similarities of carriers within
each of the two groups are striking for many, but by no means for all, of the variables,
as exemplified by Table 4.3. Some of the high correlations obtained in this study,
e.g. between average stage length and unit cost, can be viewed in part as a conse-
quence of the two distinctly separated scatters of observations.

In summary, we point to some of the more interesting conclusions hinted at by
our (in several aspects unsatisfactory) data base.

(1) Airline size, viewed as a function of the network variables, can be expressed
effectively as a function of average stage length, stage density and number of cities
served, all three being significant components of “size”.

(2) Of these three variables, the average stage length is the one variable of major
importance as a determinant of unit cost (equation (4.5)) in the direction that
carriers with long average stage length have low unit cost. There is a weak indication
that a high stage density may have the adverse effect of raising unit cost, so that,
between two carriers with identical stage lengths, the one with the lower stage
density tends to have the lower unit cost. Two possible reasons for this, mentioned
in the British Air Transport Inquiry [12, p. 62], may be found in aircraft delays
around major metropolitan airports and the higher cost of ground facilities at
those airports.

(3) A somewhat unexpected result is expressed by equation (4.4), which indicates
that a network with a considerable mixture of long and short stages, and hence a high
coefficient of variation, ¢o(s), is actually advantageous from a unit cost point of view.

(4) Of the technology variables, two or three provide good explanations of unit
cost: the average fleet productivity variable (average available ton capacity), 7', the
miles flown per aircraft variable, U, and possibly also the average fleet age variable,
A. There is some indication that, after controlling for their inferior producitvity,
the older piston aircraft produced some advantages from a unit cost point of view.

(5) Our analysis presents support for a causal explanation in which network
characteristics determine the technology employed (i.e., the fleet characteristics),
which in turn determines unit cost.
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(6) The essence of the path analysis, Figure 4.3, is that an increase of one (stand-
ardised) unit of average stage length will cause the average fleet productivity, T,
and miles per aircraft, U. to increase by approximately one unit each. The resulting
drop in unit cost is about one unit, of which 75 per cent is due to the increase in 7'
and 25 per cent to the increase in U. These findings agree in part with the Air
Transport Inquiry [12, p. 62], which reports that “size of aircraft and stage length
are highly significant factors” in influencing cost levels. As we have noted previously,
the stage density appears to be of minor importance in affecting unit cost, although
Figure 4.3 offers some indication that, other things being equal, an increased stage
density causes some decrease in miles per aircraft, U, and thereby slightly higher
unit cost.

(7) Somewhat contrary to the expectations of the Air Transport Inquiry [12,
p- 67], we did not find a high average fleet type size, “fleet standardisation”, to be a
very important unit cost reducing factor. There is some indication (a —0-47 simple
correlation) of lower unit cost when the average fleet type size is high, but the regres-
sion approach reveals that the dominant unit cost reductions are due to aircraft
productivity and aircraft utilisation.

APPENDIX

Means and Standard Deviations of Variables defined in Section 3
(computed across the 20 Carriers)

Standard
Variable Mean Deviation
Cities served m 52-1 22-4
Aver. departures! d 85-1 374
Aver. stage length K] 3072 193-4
Stand. dev. departures sd(d) 57-1 31-4
Coeff. var. departures cv(d) 1-127 0-270
Concentr. of departures g(d) 0-331 0-082
Stand. dev. stage length sd(s) 3035 232-4
Coeff. var. stage length cu(s) 0-848 0-229
No. of aircraft types L 5-15 1-66
Aver. fleet type size  F 15-03 9-89
Miles flown/aircraftz2 U 852-1 3557
Rev. tons/aircraft T 10-57 4-56
Engines/aircraft E 2-74 0-72
Aver. age of aircraft A4 9-04 4-33
Concentr. of fleet g(F) 0-443 0-115
Total revenue3 TR 251-6 304-3
Available ton miles4 ATM 1,086-4 1,400-5
Unit cost incl. depn. C 28-6 89
Unit cost excl. depn.  Co 26-1 86

1Per week.

2Thousands per annum.
3§ Million per annum.
4Millions per annum.
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