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ABSTRACT

The Airline Deregul ation Act of 1978 unl eashed market forces that have | ed
to a nunber of changes inthe U S airline industry. Using a "best-practice”
cost function approach, this paper reports sone of the airlines' early
adaptations to this new environnent. Specifically, the paper presents
estimates of the properties of the best-practice technol ogy, nmeasures of cost
ef ficiency, and changes in observed total factor productivity(TH) growth for
the U.S. airline industry in the 1970s and early 1980s. These results are
obt ai ned using a panel data set of 12 U.S. airlines during the period from
1970:1Q to 1981:IVQ and using two new enpirical techniques. The first
techni que enabl es a mul ti product systemof cost and input share equations to
be estimated, allowing for cost inefficiency. The second technique is then
enpl oyed to deconpose observed TFP growth into technol ogi cal progress, change
in cost efficiency, scale effects, and network effects. These anal yti cal
techni ques provide useful insights into individual airline performance in the
last years of full Gvil Aeronautics Board regulation and in the first years

of regulatory reform



TEP GROAMH. CHANGE I N EFFI G ENCY. AND TECHNOLOG CAL

PROGRESS IN THE U. S. AIRLINE | NDUSTRY: 1970 TO 1981

|. Introduction

The U.S. airline industry has undergone many changes in the 10 years since
the Airline Deregulation Act (ADA) of 1978. Newcarriers entered in the |late
1970s, hub-and-spoke net wor ks becane the normin the early 1980s, frequent
flier plans gai ned wi de acceptance and, finally, nmany mergers and somne
failures occurred, particularly in 1986. These events can be expl ai ned
largely by the technol ogy available to the airline industry and by the cost
performance of those airlines in operationat the time of the ADA

Thi s paper enpl oys two new enpirical techniques to provide insights into
these events. The first, devel oped by Bauer, Ferrier, and Lovell (1988),
estimates a stochastic multiproduct cost frontier. |In contrast to techniques
proposed by Schmdt (1984), Melfi (1984), and Bauer (1985), this technique
"sol ves" the Geene Problemin that it nodels in a qualitatively consistent
way the rel ationship between the disturbances on the input share equations and
the allocative inefficiency termin the cost equation.' Wil e this techni que
does not nodel the relationship between the allocative inefficiency terns in
the cost and input share equations explicitly, as in these earlier papers, one
can obtain estinmates of firm and tine-specific cost inefficiency by extendi ng
a techni que devel oped by Jondrow, Lovell, Materov, and Schm dt (1982).

The second enpirical techni gue deconposes observed total factor

productivity (TFP) growth into various conponents related to returns to scal e,



t echnol ogi cal progress, and changes i n cost efficiency, a technique fully
devel oped i n Bauer (1988). Separating observed TFP into these conponents
provi des insights into the dynam c behavi or of the airlines.

This paper is divided into five sections. Section II contains a brief
overview of the airline industry under CAB regul ation, revi ews Farrell's
(1957) measures of cost efficiency, and di scusses why the airlines may have
been cost inefficient under regulation. Section III presents the enpirical
techni ques used to obtain estinates of the cost frontier and to deconpose the
observed neasure of TFP growh. Section IV briefly describes the data set and
reports and di scusses the enpirical results. Section V concludes with a
di scussion of how these results hel p explain some of the airlines' adaptations

to their new environnent.

I7. Arline Requlation and Cost Efficiency

The G vil Aeronautics Board (CAB) maintained tight control over the
donestic airline industry from1938 to 1978. The CAB regul ated all the major
phases of airline operations, including the routes that airlines could serve
and the fares they coul d charge.2 The al | ocation of new routes or the.
approval of mergers was often dictated by the CAB's nmandate to "pronote the
industry,” which the CAB usual ly interpreted as "preserve the financial
viability of the existing firns in the industry." Arlines that fell into
financial difficulty often received profitable newroutes to bail themout,
reduci ng the incentive to operate efficiently.

Costs al so rose because regul ation inpaired the airlines' bargaini ng power
with their labor unions. Airlines produce a service that cannot be stored in
anticipation of a strike. Thus, when an airline suffered a strike, it |ost

nmuch of its market to its conpetitors. Wen the strike ended, the airline had



no way of winning back its passengers. It could not offer discounted fares,
as United Airlines did successfully after a pilots' strike in the sumrer of

1985. Thus, an airline's best strategy was to accede to the uni on demands,

content with the expectation that in time other airlines would be forced to

i ncrease their | abor conpensati on commensurately. Eventually, the c¢as woul d
be forced to approve across-the-board fare increases to cover the increased

| abor costs.

Accordi ngly, the regul ated environnent both restricted and protected the
airlines, reducing the pressure on themto nmnimze their costs. Yet the cost
function remai ns the standard by whi ch the perfornmance of individual firns
shoul d be neasured. Furthernore, the cost function enbodi es the cost-

m ni m zi ng technol ogy that will influence the market structure that wll
evolve in the airline industry under deregul ation. The definitions that
followwll be useful here.

If afirmoperates at mninumcost, it is cost efficient; if not, it is
cost inefficient. Farrell (1957) devel oped a neasure of overal |l cost
efficiency and deconposed that measure into measures of technical efficiency
(using proportionally too much of all inputs) and allocative efficiency (using
the wong mx of inputs). These efficiency measures can be readily defined by
referring to figure 1, where the isoquant yy’ is associated with the firms
given rate of output, the isocost curve ww' is determned by the input prices
facing the firm and the input vector x° is observed producing the firms
given rate of output.

The neasure of overall cost efficiency is Eo-oa/oc, the ratio of mninum
cost to observed cost (note the inplicit use of the set of isocost curves).
The neasure of technical efficiency is ET-ob/oc, the rati o of cost when the

firmoperates on the isoquant (using the observed input mx) to observed cost.



Finally, the measure of allocative efficiency is EA-oa/ob, the rati o of cost
on the isoquant (using the observed input mx) to mninumcost. These
measur es have the fol l owing three properties: (1) each neasure is bounded by
zero and one, (2 E°-ET’EA, and (3) one mnus any of these neasures is the
proportion by which costs could be lowered if that formof inefficiency were
el i m nat ed.

Al though this paper eval uates the perfornmance of the airline industry
relative to the cost frontier before and i medi ately after the deregul ati on of
the industry, airline deregul ati on was, unfortunately, a process, not a
discrete act at a specifiedtine. In fact, "regulatory reform" is a nore
accurate termfor the process, since the Departnent of Transportation and the
Federal Aviation Admi nistration, respectively, continue to regul ate
international service and safety. The ADA passed in 1978, and its provisions
were phased in gradually, with the CAB lingering on the scene until 1985.

Det erm ni ng j ust when deregul ation began is further conplicated because the
CAB itself began to grant the airlines more control over their routes and
fares as early as 1975. "Peanut" and "Supersaver" fares were two exanpl es of
the CAB’s willingness to cede sone autonony to the airli nes.3

Thi s paper assunes that the deregul ated era began on January 1, 1979, but
this arbitrary assunption | eaves several problens associated with pre- and
post -der egul ati on cost efficiency conparisons. A nunber of external shocks to
the airline industry occurred in the brief span between 1979 and 1981. 1In
1979, oil prices increased sharply; recessions occurred in the first half of
1980 and the second hal f of 1981; and in the summer of 1981, the air traffic

controll ers went on strike. These shocks certainly affected the airlines'

adj ustrent to their new environment, but are not nodel ed explicitly here.



IIT., Enpirical Techni ques

I n general, the cost systemto be estinmated can be witten

(1) 1InC, = lnC(y“,wnt,znt,t) +u, +v,,

Sint ™ S1(¥ 1 VnerZae t) t+ €4nes

where ¢, and s, , are the observed cost and input shares, respectively.

The argunents in the cost and input share equations(subscripts wll be
suppressed for the sake of convenience) are defined as follows: y is the
vector of outputs, wis the vector of input prices, z is the vector of network

characteristics, and t is a tine i ndex. 4

The di sturbances have the following interpretations: In the cost
equation, the cost inefficiency term u, allows for an increase i n observed
cost over mninumcost attributable to technical and allocative inefficiency
and i s assumed to followa truncated-nornmal distributionwth node x4 and
under | yi ng variance o2 such that u>0. The noise term v, allows for variations
in conditions such as the weather that affect costs but that are beyond the
firm’s control. This termis assuned to be independent of u and to followa
normal distributionwith a finite variance of ¢2. Strictly speaking, it is
incorrect to nodel the disturbances in the cost and input share equations as

bei ng i ndependent, since allocative inefficiency in the cost equation will



clearly depend on the di sturbances in the input share equations. However, as
Schmidt (1984) pointed out, these terns will tend to be uncorrel at ed, since
bot h negati ve and positive deviations fromefficient shares rai se costs.

I n the input share equations, the vector disturbance, e, allows for both

all ocative inefficiency and noi se on the input share equations and is

nodel ed as a normal randomvariable with a mean @ and a covariance natrix Q.3
These sources of deviations of observed input shares fromcost-efficient input
shares nay be either positive or negative, since a firmnay over- or
underenpl oy a given input. The equation permts persistent deviations of
observed i nput shares fromcost-efficient input shares by the vector mean
a. ldeally, this disturbance, e, would be related to the inefficiency term
in the cost equation, but flexible functional forns such as the translog
precl ude the derivation of an analytic representation of this relationship
(see Bauer, Ferrier, and Lovel |, 1988). Sone researchers, notably Schm dt
(1984), Melfi (1984), and Bauer (1985). have approxi mated this rel ati onship,
but there is no compelling reason to prefer these previous approaches to the
one enpl oyed her e--nanel y, nodel i ng the disturbances on the cost and i nput
share equations in a qualitatively consistent fashion.

The likelihood function for this systemcan be witten as
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where ¢%=g 240 2, A=o,/0,, and ¥ (+) is the standard nornal distribution

function.® Mwinumlikelihood estimates can be obtained for all the
paraneters in (2), and these estimates will be asynptotically efficient. GOne
can performa nunber of specificationtests using |ikelihood ratio tests
simlar to those proposed by Stevenson(1980).

Wil e estinating the cost frontier yields useful information about
best-practice technol ogy(such as output cost elasticities, price elasticities
of substitution, and the rate of change i n technol ogi cal progress), estimates
of overall cost inefficiency yield additional information about individual
firmperformance over tinme. The steps required to obtain estimates of these
terns are di scussed bel ow

First, the techni que of Jondrow, Lovell, Materov, and Schmdt (1982) is
extended to adjust for the estimation of a cost frontier--not a production
frontier--and for the use of an inefficiency disturbance that is a
truncat ed-nornal --not a hal f-normal randomvariable(the latter being a

speci al case of the forner). The conditional density of u given é=ut+v is

2) /g2)2 ] ,

(3) ful€) = —L [1?—“ 51]
ul¢ 'J(Zwaf) A ° exp[

for u>0,

which is just a nornal randomvariabl e, N((é02+uo2)/0?,02), truncated at zero,



where o? = 0%02/02. (ne can use either the node or the nean of this conditional

distributionas a point estimte of u,

) M(u[€) = (€oP+uo?)/o?, and
£(-n)
(5) EI§) = o[ s - v |

where n=u/(oA)+€X/o. Materov(1981) has shown that the node can be

interpreted as the maxi numlikelihood estimator of u, given é&=ut+v. Note

that, in practice, the terns required to conpute M(u|¢) and E(u|€) are

unobserved and nust be repl aced by estinates of these paraneters.

Asynptotically, the measurement errors on these terns di sappear as the. sample

si ze increases; however, u would still be known inperfectly since # contains

only inperfect information about u.7
G ven estimates of the cost frontier and cost efficiency, one can use the

t echni que descri bed bel ow to deconpose observed TFP into its various

conponents. For multiproduct firns, observed TFP growth can be defined as

Py w,X
5 ) . %y
= 7, R 21 Py, and F E = X

i

(6) TFP - 3" . F, vhere y° - >
3

wher e yP, F, Wi X, and Crefer to the revenue-wei ghted i ndex of output, a
cost share index of aggregate input usage, the price of the i-th input, the

observed use of the i-th input, and the observed cost, respectively.8,9



Usi ng the same basic steps outlined i n Bauer (1988), one can show the

observed TFP growth for a nultiproduct firmto be equal to the foll ow ng

expression i n the presence of network effects:

(7) TFP = [l-%:ecyj(y,w,z,t) :] }-," +E - C(y,w,z,t)

- g eczk(y,w,z,t) z, +§: [s;-s;(y,w,z,t)] w, + (}"p-)'rc),

where )"c - Z Z‘; }"j.

Thi s expression breaks down the total factor productivity growth into terns
related to ray returns to scal e, changes in cost efficiency, technol ogi ca
progress, and changes in the network. Thus, observed TFP growt h depends not
only on changes in outputs(if there are nonconstant ray returns to scale) and
t echnol ogi cal progress (which is the standard deconposition), but also on
changes in network characteristics and cost efficiency. Inprovenents in the
network and increases in cost efficiency over tinme raise the observed TFP
growt h, whereas declines in both [ower it.

The last two terns are leftovers. The last termsinply nmeasures any
ef fect nonmargi nal cost pricing may have on the observed nmeasure of observed
TFP growt h. Denny, Fuss, and Waverman (1981) have shown that yp-yc under
margi nal cost and proportional nmarkup pricing. The next-to-last termadjusts
for any bias introduced by neasuring aggregate input usage wth observed

rather than | east-cost input shares.
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V. Results

Thi s section describes the results obtained by estinating the system of
equations described in the previous sectionwith data fromthe US. airline
industry. First, the choice of an appropriate functional formis considered.
Then the data set enployed in this study is described. Finally, the enpirical
results are reported, and their inplications di scussed.

The fol |l owi ng translog systemof cost and input share equations was

estimated--again, omtting firmand time subscripts:

(8) 1nC = InC(y,w,z,t) + u + v

-8, + ; ﬂyilnyi + }i: /Swilnwi + B Inz, g + ﬂst,gllmst-sl + Bt

+1/2 Z: g: ﬂyiy Iny, lny.1 + z: § ﬂyiw lny 1nw;

3 3

+ U2 3) Y B, . lowlnw, +u + v, and

i i3

(9) s; = s,(y,w) + w;

- ﬂHi + 21: ﬁyllnyj + § /Sw.w,lnwj + Wi, i = 1,...,M

J 1

The network and tine variables were not interacted with input prices, in order
to reduce the nunber of paraneters to be estimated and to | essen the effects
of multicollinearity. Symmetry and |inear honogeneity in input prices inpose

the followi ng restrictions on the cost system
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(y B, =B, 28 =1 LB ~-LB 6 =0, V1ij.
J

By construction, ¥s,(y,w)=l, so that one input share equation must be
i

dropped before estimation to avoid singularity. Barten(1969) has
shown that, asynptotically, the parameter estimates are invariant as to which
i nput share equation is dropped.

The data set enployed in this paper was constructed by Robin Sickles using
the AMS 41 formthat all interstate airlines were required to submt

0 The panel of

periodically as part of the CAB's regul ati on of the industry.1
data is conposed of 12 firns over 48 quarters from1970:1Q to 1981:1IvVQ. The
airline industry is considered to produce revenue passenger mles(y P) and
revenue cargo ton mles (y ) using four inputs: labor (L), capital (K, energy
(B, and materials (M. Labor is an aggregate of 55 separate | abor accounts.
Capital is a conbination of flight equi pnent, ground equi prent, and | andi ng
fees. FEnergy is the quantity of fuel used, converted to BTU equi val ents.
Materials is an aggregate of 56 different accounts conposed nainly of
advertising, insurance, conm ssions, and passenger neals.

Two additional and inportant variables account for the network through
which airlines supply their output, since the network will influence the cost
of supplying any given | evel of output. The network variabl es included in
this study are the average |oad factor, 2| df (the proportion of an airline's

capacity actually sold in a given quarter), and the average stage | ength,
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zstgl (the average distance of an airline's flights in a given quarter).
These two network characteristics are incorporated into the two translog cost
nodel s as presented i n equation(8).

The maxi num i kel i hood estimators of the paraneters of this cost system
are reported in table 1. These paraneters derive froma nodel slightly nore
restricted than the one devel oped i n section III. Instead of the nore general
truncated-normal distribution, the hal f-normal distributionwas assuned for
the cost inefficiency termin the cost equation. This is equivalent to
restricting u=0, a restrictionthat could not be rejected using a |ikelihood
rati o test based on these results and on those of the nore general nodel.

Since the data had been standardi zed about the sanpl e neans before
estimation, the linear terns in the translog functional formdescribe sone of
the econonic properties of the cost function for the "average" firmin the

industry. The estimates for B, and 8 indicate that the typical
P yc

airline experiences roughly constant ray returns to scal e, since a 1-percent
i ncrease in revenue passenger mles and revenue cargo ton mles increases
costs by approximately 0.856 percent and 0. 140 percent, respectively, for a
conbi ned total of 0.996 percent if both outputs were increased by 1 percent.
Wi te (1979) surveyed the then-existing literature on scale economes in the
airline industry and al so found no evidence for increasing returns to scale
for the typical airli ne.11
The estimates of the various output elasticities for each firmaveraged

over tinme appear in table 2. The largest four airlines(Amrerican, Delta,

Eastern, and United) have all exhausted the cost savings to be gained from



increasing their scale of operations radially. The snallest four airlines
(Frontier, North Central, Ozark, and Piednont) all enjoy some roomfor
expandi ng their operations.

Figure 2 graphs the estimated multiproduct cost functionto illustrate how
costs vary with the | evel and mx of outputs. |nput prices and the network
vari abl es are held at their sanple averages. The cost functionhas a fairly
constant sl ope, suggesting that there are roughly constant returns to scale
over a w de range of outputs and that there are few cost savings fromj oi nt
production. |In fact, an airline produci ng one-tenth of the average | evel s of
passenger and cargo output has a ray cost elasticity of 0.880, whereas an
airline producing 10 times the average | evel s of output has a ray cost
elasticity of 1.09, so that there is some curvature.

Figure 3, which plots the cost contours as the anounts of the two outputs
vary (again, holding the other variables at their averages), illustrates the
| ack of econom es or di secononm es of joint production. These cost contours
are fairly flat except near the two axes (this observationis nore clearly
seen in figure 1). COver nost regions, there is a fairly constant trade-off
bet ween passenger out put and cargo output as measured by total costs. A
formal test of econom es of scope is not possible here since the translog cost
function is undefined if one of the outputs is zero. Al so, since no firns in
the sanpl e produced just one of the outputs, and since the tramslog functional
formis guaranteed to be a good approxination of the true cost funtion only at
apoint, it would be difficult to gauge how much credence to give such a test
even if it could be performed. It can be shown that a firm producing the

average anount of both outputs does not exhibit cost conpl enmentarities,

act_ oo,

since —~=—
aypayc
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The typical cost-efficient firmwoul d spend about 10.0 percent on capital,
46.9 percent on | abor, 23.2 percent on energy, and the remaining 19.9 percent
on nmaterials, given the parameter estinates that correspond to the |inear
terns for capital, | abor, energy, and naterials. Table 3 presents estinates
of the price elasticities of substitution averaged over tine. Al of the
own-price elasticities of substitution are negative and inelastic. The
derived dermand for capital is the nost el astic, whereas the demand for energy
is the |l east elastic.

The cross-price elasticities of substitutionare even nore inelastic. The
derived denand for capital is the nost elastic, rising 0.702 percent when the
price of labor increases 1 percent. |n short, there appear to be few
opportunities for substitution among the various inputs in the airline
i ndustry.

The network and tine index paraneters all have the expected signs.

I ncreasing the average | oad factor 10 percent |owers costs by about 6.6
percent, and increasing the average stage | ength 10 percent |owers costs 2.9
percent, all other variables held constant. Increasing the average | oad
factor or the average stage |length enables an airline to serve the sane | evel
of outputs with fewer flights. Inputs are used nore effectively, with fewer
costly takeoffs and | andings. The coefficient on the tine index indicates
that technol ogi cal progress was advancing at a rate of 0.274 percent a
quarter, inplying that the cost frontier is shifting down at a rate of
slightly nore than 1 percent a year.12 This is slower than the rate found by
Si ckl es, Good, and Johnson (1986), who estinated a generalized-Leontief system
of equations related to a distorted profit function.

There is support for the presence of cost inefficiency in the data since
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A is statisticallysignificant. Under the null hypothesis that A=0, only
noise is present. Al so, the statistical significance of one of the three
estimated «,'s(the one for capital) further supports the presence of cost
inefficiency in general and allocative inefficiency in particular. The
airlines tended to overenpl oy capital, underenpl oy | abor, and use a roughly
appropriate share of energy and materials over tinme.

The three possible estinates for the firminefficiency neasures appear in
tabl e 43.13 The estimates of cost inefficiency by firmare renarkably
invariant to the estinator enpl oyed, yiel ding cost inefficiency estinates of
approxi mately the same | evel across neasures for each firmand the same

14 Wi |l e these esti nates of

ranking of firns fromnost to | east efficient.
cost inefficiency nay seemlarge (the overall average is about 7 percent), in
fact they may be biased downward since no airline in the sanpl e operated near
the cost frontier.

Bai | ey, G aham and Kapl an (1985) used 1981 accounting data to conpare the
cost of three airlines(United Airlines, Piednont, and Sout hwest) serving a
200-mil e route. Even after adjusting for differences in the quality of
service, seating densities, flight crew conpl ements, and aircraft utilization
rates, Piedmont's and United s costs (which the adjustnents | owered by 25
percent) were still 50 percent higher than Sout hwest's--an airline not
included in this data set since it never cane under CAB regul ati on.

Tabl e 4b presents cost inefficiency estimates, pre- and post-deregul ati on.
The average level of inefficiency in the industry rose about 10 percent on
average from 1979 to 1981. The estinmates of inefficiency for seven of the 12

airlines increased, and for four airlines the increase exceeded 20 percent.

This is exactly the opposite of what one woul d have expected to happen.



Figure 4 plots the deseasonal i zed average | evel of cost inefficiency in the
airline industry over tine. Peaks in cost inefficiency coincide closely with
recessions (roughly 1970, 1974, the first half of 1980, and the second hal f of
1981), with oil price shocks(early 1974 and early 1979), and with air traffic
control l er strikes(sumrer 1981).

The rel ati onshi p between cost inefficiency and changes in regul atory
control is nore difficult to infer. The CAB's internal reforns allow ng
di scount fares in 1977 and allowing airlines sone latitude to set their own
fares in 1978 (airlines could raise their fares 10 percent above or 70 percent
bel ow the Standard Industry Fare Level (S FL) set by the CAB w t hout approval)
di d appear to reduce cost inefficiency. |f the ADA, passed i n Cctober 1978,
further inproved airline cost efficiency, the effect was nore than of fset by
the many shocks that buffeted the industry since 1979.

These results differ sonewhat fromthe results found by S ckles, Good, and
Johnson (1986) . Using their distorted profit franmework, they found a fairly
uni f or m conver gence from hi gh foregone profits at the begi nning of the 1970s
to alnost no foregone profits by 1981. They credit the | argest reductions in
foregone profits to internal reforns the CAB undertook before the ADA, such as
creating the SIFL, permtting nultiple route authorizations, promoting easier
entry into new markets, and speedi ng approval of discount fares.

O course, one would like to have nore current data to determne the long-
run effect of the ADA on cost efficiency in the industry. Interestingly, of
the eight airlines that have gone bankrupt or have been acquired since 1981,
five had increases in their estimates of cost inefficiency. O the four
airlines that have maintained their independence, the average estinate of cost

i nefficiency of only one increased.



Table 5 reports the results of the TFP deconposition techni que. The
observed TFP grew, on average, for all of the firns, although a great deal of
variation occurred across firms. Mich of this increase is the result of
t echnol ogi cal progress which, as reported earlier, increased the TFP grow h at
a rate of 0.274 percent a quarter. The scale effect was a significant source
of TFP gains for the snaller airlines, which were free to grow under the
regul atory reform process, but not for the largest four airlines. The
inefficiency effects varied considerably fromairline to airline, but were
generally small. Over time, however, changes in the airlines' networks have
general |y boosted productivity. The average |oad factors and stage | engt hs of
the airlines have risen(although unevenly across airlines), each resultingin
i ncreases in the observed TFP of about the same order of magnitude as those
attributabl e to technol ogi cal progress.

The biases in the observed neasure of TFP as a result of nonnargi nal cost
pricing(the output effect) and as a result of the observed input shares not
bei ng equal to the |east cost input shares (the price effect) exert only a
smal |l effect on the observed TFP. |n general, these estimates indicate that
the observed neasure of TFP is a biased estimate of technol ogi cal progress,
not just because of the scale and output effects--as Denny, Fuss, and Waverman
(1981) have shown--but al so because of the efficiency, network, and input
price effects.

Tabl es 6a and 6b show the changes in observed TFP growth before and after
deregul ati on, respectively. The observed TFP growt h dropped sharply after
deregul ation. Mst of this drop is a result of the |lower |oad factors
experienced by the airlines for nuch of the period after deregul ation. The

| oad factor effect went fromincreasing the observed TFP growth by 0. 41
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percent before deregul ation to decreasing it 0.36 percent after deregul ation.
This result is understandabl e given that the airline industry is highly
procyclical; load factors generally plumret during a sluggi sh econony |ike the
one that prevailed from1980 to 1981

The airlines apparently nmade good use of their newfreedom to-set their
own route structures. The stage |length effect on observed TFP growth nore
than doubl ed after deregulation, fromO0.21 percent to 0.53 percent per
quarter. The scale effect also led to faster observed TH° grow h after
deregul ation, prinarily because the smaller airlines nmoved toward the m ni mum
efficient scale. Al but Continental anong the larger airlines elimnated the
drag on observed TFP growth by adjusting their mx of outputs or reducing

their scal e of operations.

V. Analvsis and Concl usi ons

Thi s paper describes and hel ps explain the airline industry's early
adapt ati ons to the new deregul ated environment. First, the existence of a
significant anount of cost inefficiency in the airline industry (about 6.8
percent before 1979) explains the rush of newentrants into the industry once
the CAB no longer inhibited entry. The absence of an increase in cost
efficiency as late as 1981 suggests that the airline industry is not perfectly
contestable. Events in the industry do suggest that conpetition may exercise
its guiding hand, as the firns whose cost efficiency increased tended to
survive, while all but one of the others went bankrupt or were taken over.

Second, opportunities for substitution anong inputs are limted, inplying

that the airlines pass through nuch of the oil price increases as higher costs
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that ultimtely reach travel ers as higher fares. Thus, the airlines were
distressed in the early 1980s by downturns in the national econony, and they
were al so hurt by the oil price junp in 1979. Both of these shocks caused the
drop in average | oad factors in the 1979-1981 period, and caused the | oad
factor effect on observed TFP growth to drop fromO. 41 percent'to -0.36
percent per quarter on average. The |imted substitutability among inputs

al so hel ps to explain why the airlines as a group have been so eager to
control their labor costs, at a tine when their conpetitors need not
necessarily match wage i ncreases.

The airlines did take advantage of their newfreedomto set their own
route structures after deregul ation, and from1979 to 1981, the observed TFP
growth rose 0.32 percent faster per quarter as aresult of the airlines'
increasing their average stage lengths. But without the airlines' new freedom
to set their own fares--and particularly their ability to offer restricted
di scount fares--average |load factors mght have been even lower. At the end
of this sanple, the airline industry as a whol e had started to nove
aggressi vel y toward hub-and-spoke networks, and these results make it clear
why they woul d want to. Hub-and-spoke networks tend to increase average stage
l engths and load factors, both of which lower airline costs. United Airlines
i ntroduced anot her technique in 1981 for increasing average | oad factors, the
now ubi qui tous frequent-flier plans.

The | ast najor developnent in the airline industry since deregulationis
the merger wave that hit the industry in 1986. The largest airlines had
exhausted any scal e or scope economes by late 1981. Thus, one can base no
expl anation for the nerger wave on the argument that airlines were trying to

achieve mnimumefficient scale. e coul d, however, argue that the adoption
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of hub-and-spoke networks has increased the mninmumefficient scale in the
industry. Unfortunately, one cannot use the data in this study to test this
hypot hesi s, except to reiterate that if hub-and-spoke networks increase
average stage lengths and | oad factors, they could partially offset any

di seconom es of scal e.

The switch to hub-and-spoke route networks and the denands they pl ace on
acquiring gate space and takeoff and | anding slots at the nost desirable
airports best explain the 1986 nmerger wave. Gven the difficulties in
acquiring these resources(gates typically are | eased for | ong periods and
landing slots tend to be grandfathered to their current carriers), it is
easi er and probably cheaper for an airline to expand by purchasi ng anot her
airline with the desired gate space and | anding slots than to expand.
internally.

I'n conclusion, two relatively new enpirical techniques hel ped to shed
l'ight on changes that have occurred in the airline industry in the last 10
years. (ne would like to extend this data set closer to the present to
determ ne whether the airlines have actually increased their cost efficiency
since 1981. e could al so study whether the switch to hub-and-spoke networks
caused a shift in the cost function that nmakes a | arger scal e of operations

nore desirable. These issues nust be addressed in future research.
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Foot not es

The issue of howto nodel the relationship between the disturbances on the
cost equation and the input share equations, given that deviations from
cost-efficient input shares shoul d rai se observed costs, is frequently
referred to as the Geene Probl em(see G eene, 1980).

For a nore conpl ete econonic anal ysis of the airline industry under CAB
regul ati on, see Dougl as and M| | er (1974).

Two excellent texts on the early deregul atory experience are Bail ey,
G aham and Kapl an(1985) and Meyer and Gster (1981).

The network characteristics are anything that affects the firms costs of
delivering the output or service to consumers.

Since technical efficiency is the equi proportional over enpl oyment of all
inputs, it does not appear in the input share equations.

Qne i nput share equation nust be dropped to avoid singularity.

Kopp and D ewert (1982) devel oped a techni que for further deconposing the
estimate of overall cost efficiency into estimates of technical and

al l ocative inefficiency, and Zi eschang(1983) inproved the technique.

Thi s techni que was enpl oyed, but it yielded estinates of technical and

al l ocative efficiency that were pot bounded by zero and one. The probl em
nay be that while the estinmated cost function is usually concave in input
prices in the nei ghborhood of the observed input prices, the cost function
is not globally concave in input prices. Inposing global concavity in
input prices nay solve this problem but this was not attenpted.

Variables with a dot over themare defined to be the time rate of change
in the variabl e (dlnz/dt).

Denny, Fuss, and Waverman (1981) discuss the properties of this definition
of multiproduct total factor productivity growth in nmore detail.

For a nore detailed description of this data set, see Sickles (1985).

Mbst of these studies explicitly treated the airlines as single-product
firms, so it is reassuring to note that this result holds in a
mul ti product generalization.

G ven the particular formof the translog-type function that was

estimat ed, technol ogi cal progress is constrained to be the sane for all
firns over tine. This fornulation is inposed to |imt the nunber of
paraneters to be estinmated and to reduce the effects of multicollinearity.
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13. For sonme Monte Carlo results on the properties of these types of
estimators, see Wl dman (1984)

14. These estimtes of cost inefficiency are the increases in | og cost, which
are roughly the proportion by which observed cost exceeds nini mum cost.

To obtain the Farrell neasure of cost efficiency, raise e to the negative
of these val ues.
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Figure 1 Cost-Mnimzation Problem

x(y.w)

Source: Author's cal cul ations.
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Table 1
MLE Paraneter Estinates

*Not statistically significant at the 0.01 | evel

Source: Author's calcul ations

Par anet er s Estimate Asynptotic Standard Error
i 0. 328961 0. 011959
NX 1. 136091 0. 142654
B, 19. 368848 0. 036376
8, 0. 855741 0. 013566
8, 0. 140263 0. 013380
B, 0. 099889 0. 015654
B, 0. 469013 0. 043650
8, 0. 232090 0. 024935
Blue -0. 663032 0. 041049
Brar -0. 292790 0. 020772
B, -0. 002744 0. 001055
1/28 0.085471 0.019229
8, , E -0.121785 0.028829
pypxc -0.036898 0.003079
ﬂpr 0.044412 0.004507
ﬁy: 0.006407 0.002081
172 8, , 0.061784 0.012200
B, « 0.030902 0.002478
8, -0.040931 0.003587
,9y°£ 0.005638 0.001655
1/26,, -0.001860 0.002050%
B 0.019602 0.003266
B -0.019293 0.001967
1/28,, 0.050961 0.005694
B, -0.063920 0.005064
1/28,, 0.061453 0.000928
o 0.087048 0.015658
o -0.061833 0.043642%
o -0.021023 0.024930%

of significance.
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Table 2

Arline Passenger
AA (Aneri can) 0. 859
AL (Allegheny/now US Air) 0.901
BR(Brani ff) 0. 823
QO(Conti nent al ) 0.782
DL (Cel ta) 0.938
EA (Eastern) 0.942
FL(Frontier) 0. 887
NC(North GCentral) 0. 827
QZ (Qark) 0. 799
Pl (Pi ednont) 0. 862
UA (Uhi t ed) 0. 873
VWA (Vést ern) 0. 880
Tabl e 3

Price Hasticities of Substitution

| nput pair!?

KK
LL
EE
MM
KL
KE
KM
LE
LM
EM
LK
EK
MK
EL
ML
ME

'The key to decoding these input pairs is the foll ow ng:

Source: Author's cal cul ations

COO0OO0COO0OCOO0OCOCOO
Qo
o}
w

Hasticity

-0.941
-0.298
-0.064
-0.343
0.702
-0.009
0.248
0.065
0.094
-0.028
0.139
-0.017
.327
.109
.220
.007

Cooo

Ray

OHOOOOMMFOOOM™

dlnx, (y,w,z,t)

.035
.935
.972
.969
.019
.025
.903
.896
.877
.884
.047
.975

awJ

- 61.1'
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Tabl e 4a

Cost Inefficiency Estimates (increase in |og cost)

Airline é E(u|€) . M(u|é)
AA 0.096 0.075 0.060
AL 0.148 0.101 0.093
BR 0.074 0.066 0.048
co 0.012 0.051 0.023
DL -0.013 0.040 0.004
EA 0.165 0.108 0.103
FL -0.012 0.041 0.007
NC 0.058 0.060 0.037
0z 0.130 0.092 0.082
PI 0.056 0.060 0.038
UA 0.076 0.072 0.053
WA 0.028 0.053 0.027

Overal | 0.068 0.068 0.048

Tabl e 4b

Cost Inefficiency Estimates Pre- and Post-Deregul ation,
Usi ng E(uj€) (increase in log cost)

Airline 1970:1Q-1978:1VQ 1979:1Q-1981:1IVQ
AA 0.074 0.078
AL 0.091 0.129
BR 0.066 0.067
co 0.040 0.081
DL 0.041 0.037
EA 0.117 0.082
FL 0.039 0.045
NC 0.056 0.072
0z 0.083 0.122
PI 0.060 0.059
va 0.072 0.069
WA 0.056 0.042
Overal | 0.066 0.073

Source: Author's cal cul ations.
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Figure 4 Cost Inefficiency (E(u/e))
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Airline

AA
AL
BR
co
DL
EA
FL
NC
0z
PI
UA
WA

Overal |

The TFP reported in these tables is best defined as being the
estimated observed change in total
by summ ng the vari ous conponents.

Source: Author's cal cul ati ons.

OQCOKrHPOMFHFOOOOOO

o

TFP

.7070
.9892
.5656
.4006
.3304
.3636
.0879
.6555
.8937
.4593
.7017
.5565

.8107

Scal e
Ef f ect

.0189
.2140
.0377
.0517
.0109
.0174
.2108
.4639
.2694
.3548
.0284
.0483

)
[N oo NoNeNoNeNeoNoNeNeNol

o

L1317
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Table 5

TFP Deconposi tion
(Average quarterly rate of change, in percent)

Qut put

Ef

OCOOOOO0O

-0.
-0.
-0.
0
0.
-0.

0.

fect

.0686
.0626
L1717
.1058
.0011
.0085

0817
0385
0417

.0116

0430
0237

0148

Eff . Techni cal
Change

Ef f ect

-0.0063
-0.1945
0.0294
-0.0261
-0.0180
-0.0489
-0.0435
-0.1132
-0.0717
0.0256
0.0576
0.0317

-0.0308

[SR=jeleNeNoNeoNoNoNoNoNel

o

.274
.274
.274
.274
.274
.274
.274
.274
.274
.274
.274
.274

.274

Price
Ef f ect

-0.
-0.
-0.
-0.
-0.
-0.
.1497

-0

0.
-0.
-0.
-0.
-0.

-0.

1270
0976
0814
1101
0632
1216

0098
1033
0225
1400
1120

0937

=R leNeoNoNeNeNe NoNoNoNe)

F

o

Load
act or

.3584
.4873
.0041
.0017
.0093
.2038
.4287
.4256
.0492
.3069
.3020
.3249

.2303

St age
Lengt h

.1578
.3682
.1297
.1066
.1378
.0648
L4490
.6335°
.5175
.5086
.1931
.1342

=leloleoNeNeNoNoNoNoNoNe)

(=]

.2835

factor productivity, since it is obtained



Arline

AA

=

'UOZ'T)EUOU’
=NO o m

na
> >

Overal |

Arline

AA
AL
BR
co
DL
EA
FL
NC
0z
PI
UA
WA

Overal |

Sour ce: Author’s cal cul ati ons.

TFP

.9462
.1287
.6842
.5714
.5800
.6752
.2268
.8774
.1392
.0446
.9015
.0211

HOFFHERMFREFPFHFOOOOKO

0.9830

TFP

-0.0758
0.5326
0.1774

-0.1586

-0.4866

-0.6562

0.6331

0.9293

0.0904

2.8163

0.0477

0.9642

0.2405
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Tabl e 6a

TFP Deconposi ti on--Bef or e Deregul ati on
(Average quarterly rate of change, i n percent)

Scal e
Ef f ect

.0442
.2463
.0472
.0692
.0289
.0401
.2376
.4352
.3449
L2723
.0683
.0740

OCOO0OO0OOOO0OOO0OOOO

(=]

.1288

e eNoloNoNoNeNoNoNoNo N o

o

Qut put
Ef f ect

.0854
.0119
.2067
.1440
.0085
.0169
.0678
L0474
.0060
.0890
L0441
.0181

.0478

Eff. Technical
Effect Change
0.0972 0.274
-0.2422 0.274
0.1344 0.274
0.0329 0.274
0.0304 0.274
0.0682 0.274
-0.0409 0.274
0.0027 0.274
0.0239 0.274
-0.0554 0.274
0.1348 0.274
0.1542 0.274
0.0283 0.274
Tabl e 6b

Price
Ef f ect

-0.
-0.
-0.
-0.
-0.
.1339
-0.
-0.
-0.
-0.
-0.
-0.

-0

-0

1298
1195
0804
1229
0787

1369
0413
1528
1013
0983
1663

.1135

TFP Deconposi tion--After Deregul ation
(Average quarterly rate of change, in percent)

Scal e
Ef f ect

.0639
.1084
.0067
.0056
.0481
.0572
.1229
.5580
.0224
.6247
.1022
.0264

[N eNeoNeoNeNoNeNoNoNoNoNo)

o

.1402

Qut put
Ef f ect

0.
-0.
0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
0.
0.

-0.

0135
3063
0570
0191
0231
0191
1274
3200
1977
2417
0393
0261

0932

Eff. Techni cal
Ef fect Change
-0.3448 0.274
-0.0384 0.274
-0.3141 0.274
-0.2195 0.274
-0.1766 0.274
-0.4320 0.274
-0.0521 0.274
-0.4924 0.274
-0.3845 0.274
0.2907 0.274
-0.1949 0.274
-0.3324 0.274
-0.2242 0.274

Price
Ef f ect

-0.
-0.
-0.
-0.
-0.
-0.
-0.

0.

0.

0.
-0.
.0513

0

-0.

1178
0261
0848
0683
0124
0816
1918
1771
0585
2356
2766

0281

Load
Fact or

COO0OO0O0COO0COOOOO0O

o

.5113
.6689
.0590
.1299
.3000
L4702
.6263
.7654
.2220
.1957
.5302
.5690

.4108

Load
Fact or

-0.
-0.
.2104
.4321
.9424

0
-0
-0
-0.
-0.
-0.
-0.

0.
-0.
-1.

-0.

1418
1068

6681
2177
6864
5163
6707
4446
0730

3624

[eNeloNeNoNoNoNeNelNoNoNel
(=]
-
O
wn

o
N
o
(2]
£

St age
Length

.1769
.6274
.0279
.3117
.3454
.2130
.8249
.4185
.8336
.9620
.5479
.1159

COO0OOHOODOOOOO

o

.5337
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