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Abstract

This paper estimates the form of the micro-levd margind costs of adjusting capitd using
detalled data on investment decisions in the US airline indudtry. The data include the capita
stock, investment, retirement, market values, operating costs, and utilization rates of 16 different
types of capital goods for each airline. These data on heterogeneous capital goods alows usto
estimate the desired stock of capitd for each type of plane while controlling for unobserved
changes in airline profitability. The results show sgnificant evidence of non-convex adjustment
costs. The adjustment cogts seem to combine a region of inaction for capitd investment with
gpproximately quadratic adjustment costs conditional on positive or regative investment. The
adjusment codts for utilization show smilar nornconvexities but with smdler adjusment cods.
Aggregating to the firm level or using accounting data obscures the non-convexities and biases
the estimated adjustment costs upward.
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[. Introduction

Neo-casscd invesment modds have generdly not done wel in explaning firm
investment, despite numerous attempts and refinements. Recent research has argued that the
standard assumption of convex adjustment costs may be one source of the problem and has
explored how fixed costs or other norn-convex cogts of adjustment can dter both firm and
aggregate investment dynamics, meking invesment a nonlinear function of shocks A criticdl
element in the debates over investment theories is empirica knowledge about what form the
micro-level cogts of adjusment actualy take.

One of the basic difficulties with estimating the form of such adjusment codts is the
difficulty of finding appropriate data Many sudies acknowledge, but do not solve such
standard problems as poorly measuring the true market vaue of capital, not observing important
intangible assets, or failing to capture the forward looking nature of the investment process.

Less frequently discussed is the equally important issue of capita heterogeneity.* Firms
own many varieties of capital goods with different purposes and different adjustment costs and
these goods are often not very subgtitutable. Existing studies which focus on the dollar vaue of
net investment are forced to assume unredigtic specifications for adjustment costs. Unless the
capital goods are perfect substitutes, the dollar vaue of net investment will not be a sufficient
datigtic for the adjustment process. Buying one type of capitd and sdling another of equa
vaue, for example, even if it leaves market vaue unchanged, may not result in zero adjustment
costs. This fact has driven researchers to sudy firm or plant level data, but even a the plant
level, capitd is not homogenous. Once capital heterogeneity is dlowed for, it is possible to

estimate amore redigtic adjustment cost process.

! Some examples from thislarge literature include Dixit and Pindyck (1994), Abel and Eberly (1994, 1996, 1999)
and Caballero and Engel (1994). Another explanation for the poor performance of the neo-classical model
focuses on financial market imperfections. See, for example, Gross (1997) and Hubbard (1997).

% See Caballero, Engel, and Haltiwanger (1995), Cooper, Haltiwanger, and Power (1995), or Barnett and
Sakellaris (1998).

% Micro-level adjustment costs for output have been analyzed in Bresnahan and Ramey (1994) for the
automobile industry and adjustment costs for labor have been explored by Hamermesh (1992) and Caballero,
Engel, and Haltiwanger (1997). A general survey can be found in Hamermesh and Pfann (1996).

* Some exceptions include Blackorby and Schworm (1983), Wildasin (1984), Chirinko (1993) and Hayashi and
Inoue (1991) and the empirical work of Goolshee (1999).



This paper deals with the problems of unobserved capital, unobserved market vaue,
and cgpitd heterogeneity by sudying an industry with data on cepitd a a levd of detall
unavailable in previous work. These data include actua market prices, physicad stocks and
flows, utilization rates, and operating costs in every year for 16 different types of capitd held by
a pand of firms in the arline industry. With multiple capitd goods, we obsarve multiple
optimization decisons by each firm in each period so we can properly control for the
unobserved components of firm profitability which affect investment demand. Intuitively, what
matiters for investment is the vaue of an additiond seat on a plane. After controlling for
difference in prices and codts of different types of planes, we can estimate this quantity because
the firm interndly optimizes its investment decision over each type of capitd.

Following this gpproach, we can edimate the form of the micro-leve costs of
adjustment for both investment and utilization using atwo-step procedure. First, we estimate the
desred capitd stock (and utilization) for each capitd variety in each firm-year. Next, we non-
parametricaly esimate the investment function for the firm as a function of the gap between the
firm's desired capital stock and its actua capital stock. The shapes of the estimated investment
and utilization functions enable us to characterize the micro-level costs of adjustment on both of
these margins.

The estimated margind cogt of adjustment cost functions show sgnificant non-linearities.
When we account for interactions between utilization and capita decisons, the non-convexities
appear to take the form of atraditiona region of inaction. Our results place bounds on the size
of the inaction region. An arline only changes its output from a capita variety when desred
output from that variety is a least 10% greater or & most 40% less than actua output.
Conditiona on positive or negative net investment, the estimated adjustment costs seem to be
aoproximately linear in the amount of investment. The results on utilization (hours flown per
plane) show smdler adjustment costs. Findly, we show that aggregating up to firm-level data or
using more traditionad accounting data obscures the true adjustment cost function and the
evidence of non-convexities and biases the estimated adjustment costs upward.

The paper has saven sections. Section |1 describes some basic features of the airline
industry and the data which we use in the paper. Section |11 discusses the estimation of the



“frictionless’ stock of capital. Section IV uses the estimates from Il to cdculae the gap
between actual and desired capital and to non-parametricdly estimate the firm's investment
function and its implied cogts of adjusment. These lesults are dso compared to estimation
results usng only firm-level data without any capitd heterogeneity. Section V' describes the
esdimation of the firm's utilization decison and dynamic interactions across both margins.

Section VI concludes and an appendix describes the datain greater detail.

Il. Airlines and Decisions About Capital
A. Airlines

Severd factors make airlines an excdlent place to examine hypotheses about investment
decisons. The firg is the long tradition of detailed record keeping on every aspect of the
business including data on the stock, the purchases, and the retirements of capita for every type
of plane for every mgor arline from 1978-94. There are dso comprehensive annud data on the
costs of operation for each plane in every arline-year, new and used price data for the planes,
and data on the utilization (hours flown per day) of each arcraft. Second, purchasng and
retiring capital goods at the right time is critical to carrier performance and the cogts involved
force them D take the decisons very serioudy. Airline economics textbooks give substantial
coverage to issues of investment.® Findly, the cost structure of the airlines makes them
responsive to observable shocks to capita and fud prices.

Using these data, this paper presents some of the first direct evidence on the nature of
micro-level adjustment costs on capital. While the avallability of detailed data makes arlines an
attractive place to estimate the form of adjustment costs and to search for evidence of non
convexities, it is important to note that airlines may not be representative of the broader
economy. That said, the airline industry isimportant in its own right and widely followed by both

the generd public and economigts.

®> Examplesinclude James (1982) or O’ Connor (1989).



Our study begins with the deregulation of the arline industry in 1978 and analyzes the
capital stock decisons of the historically “magjor” airlines until 1994.° In practice, the magjors
included any nationa carrier which sarted the sample with more than 50 jets American,
Continental, Delta, Eastern, Northwest, Pan-Am, TWA, United, and USAir.” Eastern and Pant
Am went bankrupt in our sample.

The arline industry as awhole grew subgtantidly in the 17 year period we examine and
asubstantia part of that growth was among the mgjors. Figure 1 shows aclear upward trend in
the combined number of jet arcraft owned by the nine mgors in our sample. The total number
of jets dmogt doubles. The picture looks very amilar if the sum is weighted by the number of
seats or the prices of the planes.

In this paper, we are forced to abstract away from many of the complex decisons
which go into the actua operation of an airline. Airlines jointly determine route structures, gate
access, flight schedules, capita purchases and leases, utilization, personnel staffing, advertisng,
and prices for thousands of different flights® For tractability, we assume thet airlines sall asingle,
homogenous good called travel- miles, which they use labor, energy, and many types of capitd
goods (planes) to produce. From this assumption, we explore how the arlines make capita

decisgons in response to shocks of various Sizes.

B. Overview of Airline Capital Decisions

A common way to investigate non-convex adjusment codts in the exigting literature,
given the limited information about shocks, is to look at the “lumpiness’ of investment.” If firms
do the mgority of thelr investing in discrete burds, thisis often used

® The term “major” (or “trunk”) is used in the data supplied by the F.A.A. and the C.A.B. and distinguishes
these airlines from airlines classified as regional, commuter, or local.

" Braniff and Southwest Airlines had enough jets to qualify but our empirical method requires variation
between plane types for the same carrier. Southwest’ s fleet is entirely 737s and Braniff’s was almost entirely
727s. Some airlines including Western, Republic, and Piedmont merged with airlines in our sample so they
are generally included from the start of the sample. The appendix explains thisin more detail.

8 Surveys of the extensive literature on the economics of airlines include Borenstein (1992) and Morrison
and Winston (1986).

® See the work of Doms and Dunne (1997) and Cooper, Haltiwanger, and Power (1995).



as evidence suggesting there are non-convex adjustment costs. If firms spread their investments
out over time, this suggests more traditional, convex adjustment costs.

To get apreliminary look at lumpiness among airlines, if we examine ather the number
of planes or the dollar value of planes, there is no year in the sample for any arline in which
invesment is zero. Totd invesment is fairly smooth. This might suggest convexity. Looking at
investment separately by aircraft type, however, shows a much lumpier pattern. For more than
one third of the plane-years, there is no change in the number of planes of a given variety held
by the arlines. This number even excludes the planes which an arline doesv't own which are
dways zero by definition.’® Smple descriptive statistics for the investment to capital ratio
indicate heavy postive skewness and kurtoss, and that, on average, about 60% of the tota
acquistions of an aircraft type by a given airline take place in the largest two-year investment
episode. This seems to suggest non-convexity.

The micro data do not, however, consstently show ather lumpiness or smoothness. A
sample of the ownership and investment patterns for three of our airlinesin selected years shows
thisin Table 1. For example, United increased the number of 727-200s by alarge amount in a
sngle year a the start of the sample and reduced the number by alarge amount in asingle year
at the end of the sample. For United's 747s, however, the investments are spread out over the
12 years from 1982 to 1994. Thisdiversty istypica of the various plane-yearsin the sample.

Furthermore, while the observed lumpiness or smoothness may be suggedtive of the
nature of the adjusiment codts, it is by no means definitive. If investment is lumpy but the shocks
to investment demand are even lumpier, investment will have high skewness and kurtoss but ill
face convex adjustment costs. To understand the nature of the arlines adjustment costs, we
need to look more formally at detailed data on capital and pay particular attention to the shocks.
Identifying shocks to desired capitd has been a key sumbling block in the previous literature
because standard measures of shocks to investment demand like margind Tobin's q are not

0 Many airlines hold no planes of various types throughout the sample. This is indicative of fixed costs
associated with holding capital varieties, but we do not pursue such issues here. The prevalence of zeros
also prohibits using some simple functional formsfor the profit function below, such as Cobb-Douglas.



correct in the presence of many forms of non-convex adjustment costs™ They are dso difficult
to find for heterogeneous capital types.

Our arline data contain comprehensive cost and price information on many types of
capitd and are compiled by the Civil Aviation Board and AVMARK. These sources give us the
operating expenses associated with every plane type for each arline in every year. Data a this
level of detall is important and this paper is the first to combine data on observable shocks to
the relative productivity of heterogeneous individua capital goods with observed invesment in
those same goods in order to identify the nature of the adjustment cogts facing the firms.

In addition to choosing the number of planes of each variety, we dso explore the airlines
decisons concerning capitd utilization, measured as the number of hours flown per plane-day. If
we think of the airline as providing a good cdled travel-miles (and assuming a constant average
speed) then output from a given variety of capital actudly equals the number of planes times the
number of hours flown per plane. Other researchers have studied how adjustment costs differ
across various margins for other industries and we will be able to invedtigate this for the arline

industry. ™

C. What Kinds of Adjustment Costs do Airlines Face?

Since there is an active lease market for airplanes it is rlevant to ask whether airlines
face any investment adjusment costs at dl and why arlines do not adjust to shocks
immediately. Although it is possible for airlinesto lease their capitd every period, there are many
potentia sources of adjustment costs which gpply regardiess of whether an airline leases or buys
its capital. Some examples include basic sat-up costs such as re-configuring the cockpit and
interior cabin of a plane to match the rest of the fleet, or the traditiona expenses of hiring and
training additiond pilots and ground personnd to fly and maintain it. The overdl convexity of
these cogts is not known a priori (large investments may have smaler or larger costs per unit)
and they need not be symmetric (hiring and firing a pilot may have different cogts, for example).

! See Caballero and Leahy (1996). They do show that under some forms of adjustment costs, average q can
be a good approximation for the investment state variable. Abel and Eberly (1994) also examine the
conditions under which q will be the appropriate measure.

12 See for example Shapiro (1986) or Bresnahan and Ramey (1994).



Another important set of potential adjustment codts for an airline are the codts that new
capitd can have in disrupting a carrier’s overdl sysem operation. These adjustment costs
include the need to change flight times and route structures or to acquire gate and hangar space.
There may aso be some carrier specific vaue in gates or landing dots which cause the purchase
price and sale price of existing gates to differ. The hub system or the concentration of carriers at
an airport can lead a gate in the United terminal at Chicago O’ Hare (United' s hub) to be more
vauable to United than to some other airline, for example, creating a cost of adjusting the capita
stock.

Many of the adjustment costs on system operations apply primarily to net invesment
rather than gross investment. An arline might incur little adjustment cost if it buys a plane that it
uses to replace an old plane on some exigting route. To buy a plane and expand by one route
means changing the route structure and buying new gate space. Because of these potentia net
invesment cods, it is dso important to think about the impact of arport cgpacity (totd
departures expanded about 2.9% annudly over this sample) as a potentia reducer of the
adjustment cogts for net investment. We will address thisissue later in the paper.

All of these adjustment cogts imply that while, in theory, airlines could lease and return
planes a annud frequencies in response to shocks, in practice the additional adjustment costs
will induce them not to. When we look at the data in this sample, we see that among the mgjor
arlinesin this time period, ownership of planesis the norm and the leases that do occur usudly
last many years. It appears that the decision to buy or lease a plane is primaily a financing
decison and is somewhat tangentia to our effort of estimating adjustment costs from adjusting
the capita stock.

We will not spend time in this paper trying to identify the exigence of externd
adjustment costs, despite frequent discussions about backlogs at Boeing and the evidence in
Goolshee (1998) of an upward soping supply curve for aircraft.® Instead, we rely on the micro
data and assume that individua airlines are price takers dlowing us to identify the firm level

3 The information on backlogs may also be of questionable value since at several points in the last fifteen
years, Boeing has reported substantial backlogged orders while simultaneously laying off thousands of
workers.



adjustment costs. So long as the impact of externd adjustment cods affects dl airlines, it will

gppear as a nuisance parameter in our results.

lll. Estimating The Demand For Capital With No Adjustment Costs
A. Deriving the* Frictionless’ Capital Stock

The basic approach of the paper is that with data on the gap between a firm’s desired
and actua capitd stocks, we can estimate the form of adjustment costs based on how much the
firm's actud invesment differs from its desired investment. The key dement in thisformulation is
caculating the desired capitd stock. One approach would be to fully specify a structurd moded
with a specific functiona form for the adjusment cost function. Then the modd, or afirst order
condition from the model, could be estimated and the relative magnitude of adjustment costs can
be determined. This is a relatively smple exercise with quadratic or other convex adjusment
cost models and it leads to both the g-theory of investment and the invesment Euler equation.
Unfortunately, with non-convex adjustment costs, most models cannot be solved andyticaly.
Whileit is possible to use numerica techniques in conjunction with econometric estimation, such
approaches often need to impose so much structure that they would lose the bendfit of having
the detailed, heterogeneous data on capitd available in this paper.

Instead, we follow a semi-gructurd, two-stage approach smilar to Caballero, Engdl,
and Haltiwanger (1995). In thefirst stage we estimate the “frictionless’ stock of capitd, K ', by
solving the firm's problem as if it never faces adjustment costs. We assume that the frictionless
capita stock is proportional to the desired capital stock, K, which isthe capita stock which the
firm would choose if adjusment costs were temporarily removed. This is not as strong an
assumption as it may sound. Essentidly any generdized (S,s) modeled can be expressed in this
way, as long as the bands are constant functions of the models parameters.™ It does require,

however, that there be no temporary shocks.™

“ This assumption is almost universal, either implicitly or explicitly, in the empirical (S,s) literature. For an
investment example see Caballero, Engel, and Haltiwanger (1995), for consumer durables see Bertola and
Cabello (1990), Caballero (1993), Eberly (1994), or Attanasio (1995), for employment see Caballero, Engel and
Hatiwanger (1997).

> Bertola and Gballero (1994) show that this relationship holds exactly in the case of irreversible
investment, with an isoelastic production function, and a shock process with independent increments. The



The percent deviation of the firm’s desired stock of capital from its actua capitd, K?

represents a measure of the firm's desired investment. In many ways the desired investment
ratio is amilar to a Tobin's g-type measure in that a vaue greater than one implies thet the firm
wants to invest and a vaue less than one implies that the firm wants to disnvest. In the second
dtage of the procedure, which is described in the next section, we non-parametricaly estimate
the firm’s investment response as a function of its desired investment. The shape of this function
will provide information about the adjusment cogts facing the firm.

To solve for the frictionless capitd stock, Kif” , for arcraft type i, arline j, in yeer t,

the firm maximizes profits as if there were no adjustment codts. This is equivdent to assuming
that thereis a perfect rentad market for capital and having the firm solve

Vi =max P(K,j ... K

nj,t?
Ki it !

Gj,t;cl,...,cn)- a cost,; h'K; - pi’t(rt +d)Ki,j,t'(1)
i=1

where cost;; ; is the operating expense per hour for an airling's plane in a given year, h* isthe
optima hours per year, p; ; isthe sde price of the aircraft type, r. isthe interest rate and d isthe

depreciation rate. All flexible factors ae assumed to have been maximized out. G; ; represents a
composite index of dl of the unobserved fixed factors and includes any demand or productivity
shocks which affect the profitability of the entire arline. The ¢’'s are fixed arcraft effects
representing perdstent differences in the profitability of different types of planes and ae
assumed to be the same across airlines. The maximization is performed for each K, conditiond
on the observed vaue of al of the other aircraft types for thet airline.™®

We assume that the profit function takes the form

profit function in our specification is isoelastic and we cannot reject that our shock process is a random
walk. The assumption provides at least a reasonable approximation for many other adjustment cost
functions.

18 An alternative would be to solve for the unconditional frictionless capital stock by maximizing the firm's
profits for all aircraft types jointly, resulting in an expression for the frictionless capital stock of each plane
as afunction of all of that airlines costs and prices and fixed effects. We solve for the conditional K'instead,
because firms do not usually adjust all of their capital types simultaneously. Footnote 23 presents evidence
in support of this assumption.
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which has a congtant dadticity of subgtitution s :ﬁ between different types of capitd,

where a <1'” When s =0, the capita aggregete is Leontieff, when s =1, the capita
aggregate is Cobb-Douglasandwhen s =¥, the capitd goods are perfect subgtitutes. Aslong
as s is not too large, different varieties of capita will be imperfect subgtitutes and capita
heterogeneity will be important. Hours are assumed to be equa to their unconditiona desired
values since they are adjusted more frequently than capita so the value of h' is contained in the
fixed effectsin the profit function.

The firgt order condition for K, sets the margind product of capita equa to the

neoclassical user cost.
&g o
apa-15 a _ *
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i=1
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(4)
In(costiyjyth* +1.(r +d)).
Note that the entire term within the curly brackets is independent of the capitd variety, i, and
condant for each arline-year. The first two terms contain the effect of the capitd aggregator,
and the last term contains the unobservable fixed factors of production and stochastic shocks to
arline profitability which are embodied in G. Since thisterm isindependent of i and constant by
arline-year, having data on multiple capital goods for the same arline-year dlows usto estimate
the bracketed term as a fixed arline-year effect and avoid the conventiona unobserved variable

problems.

! Note that because of the G term, the profit function does not need to show overall constant returns to
scale, though nothing rules it out. Kumbhukar (1990), Antoniou (1991) discuss the evidence on returns to
scale in the airline industry. This formulation also imposes little restriction on the elasticity of substitution

10



Solving for InK , abbreviating the non-varying terms as fixed effects, and adding a
resdua gives us africtionless capita stock equation which we can estimate directly:

1 )
|nKi’j’t = Ci +hj,t +m|n(00$,'l'th + pi’t(l’t +d))+e,J,t (5)

Thisis the firs stage regresson which yields the frictionless capitd stock for each airline-plane-

year, K., asthefitted value from equation (5) for each observation.

ijto
When we take into account utilization, the firm optimizes over hours as well as capital.
Adding hours to the profit function yields an expresson in tota hours flown

n

> (D

Gp. (6)

o g»l _

(chK)

i 0Lt gt

P (K reees Koo P 0 G G G) =

g

D

i=1
Replacing it into equation (1), taking the firsd order condition with respect to h, and
renormdizing the fixed effects yidds africtionless tota hours equation for each type of capitd.

A

ln(h,j,t Ki,j,t) =G +h;, +ﬁ|n(00§i,j,t) M- (7)

We estimate equations (5) and (7) in the next section.

Two specification issues arise with regard to estimation of the frictionless equations. The
resdua of equation (5) represents deviations of the actud capita stock from the estimated
frictionless capita stock. It arises because of adjustment costs, and is obvioudy correlated with
the independent variables and their lags. However, the frictionless capita stock equation can Hill
be consgtently estimated with OLS because the dependent and independent variables are
cointegrated. This must be true because if there is a large deviation between the frictionless and
actud capitd docks, it is worthwhile for the firm to pay the adjustment cost and close the
gap.’®*° By the same argument, the desired capital stock is aso cointegrated with both the
frictionless and actud capitd stocks.

between capital and non-capital inputs. In particular, it is valid under the (plausible) assumption that the
capital goods are Leontief in pilots and flight attendants.

'8 The time dimension of the data is not especially long but we did conduct an augmented Dickey-Fuller test
and it did not reject that the capital stocks and costs variables have a unit root and that equation (5) is
cointegrated. See Hamilton (1994) for a more complete discussion. Footnote 23 also presents evidence on
the cross-sectional independence of the observations.

19 See Bertolaand Caballero (1990) for a further discussion.

11



Second, mogt airlines do not own dl types of planes. The obvious explanation for this
fact is the presence of fixed costs associated with holding a capita variety. Since we are
interested in adjustment costs associated with investment, we only consider observations in year
t when the airline had a pogtive capital stock during both years t-1 and t+ 1. Years when the
firm decides to acquire anew type of plane for the first time or sdl dl of its remaining planes will
depend on both investment adjustment costs and the fixed costs of holding a capita variety,
which we want to avoid. Any bias which results from this sample sdlection criteria will tend to

bias us away from finding non-convexities.

B. Results

The results of estimating equetion (5), the frictionless capital stock regressons, are listed
in table 2. Column (1) measures the capita stock as the number of planes at the end of the year
as compiled by the Internationa Civil Aviation Organization (ICAQ). The cost term isthe log of
the sum of yearly operating expenses and interest and depreciation times the price. The

1
edimated coefficient on the cost variable correspondsto - s = 11 the negative dadticity of

subdtitution. It is of the predicted 9gn and highly sgnificant. The dadticity of subgtitution is 1.5
implying an a of 0.33. This coefficient is edtimated precisdy and suggests that there is
substitution across varieties but that heterogeneity between planes is fairly important.’ The gaps
between the desired capitd stock generated from this regresson and the actua capita stock
show considerable variation both across time and across planes. The stlandard deviation of the
capitd gap across years for the median arline-plane is .272 while the standard deviation of the

capitd gap across planes for the median airline-year is .613.

® This elasticity of substitution between capital varieties is slightly smaller than the elasticity of
substitution between capital varieties in the machinery industries studied in Goolsbee (1999). This is
partially due to the restriction that the elasticity be the same across all model types. We also investigated
modifying the profit function to allow separate elasticities of substitution between different types of planes.
The cost was making the empirical specification much less tractable. Allowing different elasticities of
substitution between McDonnell-Douglas planes and between Boeing planes, we found that the within
group substitution elasticities were larger (around 3) but also with larger standard errors. This specification
did not change our qualitative findingsin the second stage.

12



Since the fitted values from this regresson determine the frictionless capitd stock used
throughout the paper, the accuracy of the first stage specification is important for our estimation
of adjustment costs®* To show that the equation performs well, we first look at the plane and
arline-year effectsin more detail. F tests on the plane and airline-year effects show that each set
of coefficients is jointly sgnificant a the 0.1% level. More importantly, the fixed effects
edimates gppear plausible given the specification of the profit function. Since the plane effects
measure the persistent component of the margina product of that capita variety, larger planes—
which hold more passengers per unit of capita—should have larger plane effects. Figure 2 plots
the log of the number of seats againg the estimated plane effect and shows a strong postive
relationship. Smilarly, the airline-year effects measure the rdative productivity of a given arline
in a given year. Figures 3(@) and 3(b) compare the airline year effects for the two most
successtul arlines in the sample, American and United, with two of the biggest money losers,
Eagtern and TWA.. The airline-year effects aso seem to be doing a good job picking up carrier
performance.

A second test of the specification comes from columns (2)—4) where we investigate
various modifications of the data to check robustness. In column (2), we use the data from
AVMARK and the C.A.B. on capitd assigned, rather than the ending capita of the ICAO. We
find a smilar coefficient and therefore a smilar a. Column (3) repedats the andyss using the
ending capital stock but adds taxes to the user cost and column (4) repesats the analysis only for
arlines which did not participate in a merger (5 of the 9 airlines). None of the estimated
coefficients are ggnificantly different from one another and they dl imply an dpha parameter
between 0.20 and 0.45. The average correlation among the residuasis 0.96.%

Findly, in column (5), we present a more stringent specification check by estimating
equation (7) for total hours flown rather than for capitd, as in the previous equetion. As
equation (7) dictates, the log cost variable for the hours specification does not include the price
term, only the operating cogts. Since it comes from the same profit function, the dadticity of

2 Note that the very high R values in table 2 are partially due to the differences in capital stock levels
across airlines and capital varieties and the presence of plane and airline-year fixed effects.

% We also ran a specification with used prices rather than new prices and a specification incorporating
expected future capital gains and the substitution elasticity of both were ailmost identical to those presented.
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subgtitution in the hours equation should, in principle, be the same as in the capitd equations of
columns (1)-(4). When we do this esimation, the coefficient is indeed very smilar and implies
an apha of about 0.25 which is not Sgnificantly different from any of the coefficients on capitd.
We will use resduds from column (5) when we jointly examine the capitd and utilization
decisions.

The reaults from the first stage show that the frictionless regressions fit the datawell, are
precisdly estimated, seem to give reasonable conclusons for the plane and arline-year effects,
give a Hf-consgent dadticity estimate for the hours and capitd equations, and are robust
across various specifications. For these reasons, we fed confident usng them as a basis for

determining the frictionless capital stock.

IV. Estimating the Form of the Costs of Adjustment
A. Methodology

In the second stage, we investigate adjustment costs by comparing the firm's actud
investment, which is observable, to its desired investment which comes from the firs stage
regression.”® We take a non-parameiric gpproach, dlowing the quditative nature of the
adjustment process to be different a different levels of desired investment.?* We will estimate
functions of the form

|jt+l

AL ®)
gKtjtﬂ

% \We are treating the investment decisions for each of the plane types as if they are independent of one
another. To check this assumption we ran linear regressions of the investment for plane type a onitsown
desired investment and on the desired investment of some other type b (where datawere only included for
airlines that had both types of the planes in their fleets simultaneously). If the decisions are not
independent, we would expect that investment would also depend on the desired investment of other
planes. Of the 180 different pairwise investment regressions, only 8 percent of them showed a significant
coefficient on the other plane type at the 5 percent level (14 percent at the 10 percent level). The exceptions
were mainly in cases one might expect such as investment in 737-200s al so depending on the firm’s desired
investment in 737-300s. Overall, the independence assumption does not seem too inaccurate and it greatly
simplifies the estimation.

# All regressions use the Epanechnikov (quadratic) kernel. Further details on the method as well as the
mechanism for choosing the bandwidth are described in the appendix. An explanation of kernel regression
can be found in Hardle (1990). Gross (1997) applies such methods to investment with financial market
imperfections.
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using a Nadarya-Watson kerndl estimator which puts amaost no restrictions on the shape of the
function f. Based upon the theory, this function is the inverse of the margina adjusment cost
function. The shape of the resulting function gives us direct evidence on the form of the firm's
adjustment costs.

The percent deviation of the firm’s desred leve of capitd from its actud capitd, Ki""t ,

it

represents a measure of the firm’'s desired investment. Vaues greeter or less than one imply that
if adjustment cogts were temporarily removed the firm would invest or disnvest. The fitted
vaues from equation (5) provide estimates of the frictionless capitd stock. Multiplying by a
congtant scale factor, g, and dividing by the actua capitd stock gives the desred investment
ratio.

!

o =a ep- e ) ©)

it

it :q

it

K

Other authors have made strong identifying assumptions to determine an actua vaue of
g, in some cases even dlowing it to vary by firm.” These assumptions will dearly influence the
results and can directly dter the quditative nature of the estimated adjustment cost function. We
choose not to specify q and instead present results asif g =1 with the understanding that the
scale of the horizontal axis may be off by a congtant factor. Since the airline indudry is trending
upward, it is likely that desred capitd is greater than frictionless capitd and q > 1. Regardless
of the value of g, however, since our conclusions about the existence of nonconvexities depend
only on the shape of the function, they will not change with q.
B. Theory and the Shape of the Adjustment Cost Function

Figure 4 illudrates the shape of the desired investment function, f, in equation (8) for
differert specifications of adjustment costs.® With no adjustment costs a dl, f will cross the

*

. . K . -
horizontal axis when 3 =1, with a dope equd to one. In other words, any deviation of

desired capita from actud capitd leads to an immediate increase of exactly that amount. With

% See Caballero, Engel, and Haltiwanger (1995).
% See Dixit and Pindyck (1994) and Abel and Eberly (1994), for example, for more complete descriptions.
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quadratic adjustment cogts, the relaionship will aso be linear but with a dope of less than 1.
Thisisthe partid adjustment modd, with the firm closing a congtant part of the gap between the
desired and actud capita stocks each period. This is the key assumption of the conventiona
investment literature.

Irreversibility or other large downward adjustment costs gppear as a flat portion for

gamadl vaues of K? , indicating that athough desred capitd is low, firms do not disnvest. Partid

irreversibility, i.e., a wedge between the purchase and sde price of capitd will generate a flat

“region of inaction” with zero investment around K? =12 The wedge creates an option vaue
of walting when the desired invesment ratio is near one. A smilar wedge will dso arise from
asymmetric adjustment costs for positive versus negative investment.

More generaly, arbitrary non-convexities in adjustment costs will appear as convexities
(concavities) in f for dedred capita greater (less) than actud capitd, indicating that large
absolute values of desired investment lead to proportionately larger changes in actud investment
than smadl vaues This generd pattern may arise empiricdly if the cutoff pointsin aregion of
inaction differ by firm or by capita type or amply because the smoothing of our non-parametric
esimator makes it difficult to identify a “kink” in the adjustment cost function. This pattern may
adso aise if adjustment cogs are less convex than quadratic but il imply that smal changesin
fundamentals lead to proportionately even smaller changes in investment.?® For this reason, we

are primarily concerned with evidence of non-linearity in the function f.

C. Reaults

7 Fixed costswill result in asimilar region of inaction, but the investment function will be discontinuous.
% Specifically, thiswould be the case of an adjustment cost function which isless convex than quadratic but

still convex, such as C(I):|I ""®,0<e <1. Inthis case the adjustment cost function is differentiable when

investment is 0, so formally, there will not be any lumpiness or region of inaction. Since empirically, it will be
difficult to significantly distinguish between a true region of complete inaction and a highly non-linear
response to shocks, we will simply treat this case the same as our generalized non-convex adjustment costs
case and test for the non-linearity. The economic implications are quite similar since in either case small
changes in fundamentals will lead to less than proportional changes in investment and investment will not
appear smooth since its reaction to shocks will be non-linear and the basic assumption of the standard
partial adjustment model will be violated.

16



Our basic non-parametric regresson of equation (8) is presented in figure 5 for net
investment (purchases minus retirements) using the residuds from the frictionless regresson. The
pattern is notable. Although we cannot pin down the postion of the horizonta axis because of
the scae factor, the shape of the estimated function suggests thet there is a basically flat portion
and a pogitively doped, linear portion. This implies saverd interesting things about the airlines
capital adjustment codts.

Fird, there is an apparent nonlinearity in the margina adjusment cost function. When
the desired capita stock is less than the actua capital stock, the firm does not reduce its capita
gtock. Thisis seemsto be evidence of some type of irrevershility, or a least of large adjustment
costs associated with disinvestment. The observed negative shocks are not large enough to
cause reductions in the capital stock on average.®

A wdl known problem with kernd estimators is the large standard error bands they
generate. We bootstrap the standard errors and show the 95 percent, pointwise confidence
bands in this figure. This bootstrapping takes desired investment asiif it were measured precisdy
when it is, in fact, the resdud from the fird stage regresson. However, since the rate of
convergence for the kernd estimator is dower than the rate of convergence for the first stage
linear regresson, asymptoticaly, the error bands around the kernel need not account for the first
sage error. That said, the precison of he fird sage esimates is likely to imply that the
correction would be smdl. To illugrate this we dso display the 95% confidence bands from
bootstrapping the entire two step procedure (sampling the origina data with replacement,
running the frictionless regresson on each sample and caculating the desired investment rétio,
and then estimating the kerndl regression on each sample). They are quite close to each other.

The shape of the function suggests non-linearity, and we cannot reject that the region of
inaction is at zero, as predicted by models with non-convex adjustment costs. However, the
imprecison of the sandard errors bands, implies that we cannot reject dternative shapes for the
form of the adjusment costs including linearity. Conducting a Chow test for a structural break at
the capital ratio of 0.8 does rgject the null of no structurad break a the 5 percent level, dthough
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without a correction for the randomness induced in the first stage. (The coefficient for desired
investment is zero for values less than 0.8 and about 0.11 for values above 0.8.).

Since our primary god, however, is not to test the location of the adjusment cost
function but rather the shape, the confidence intervas and the Chow test do not redlly answer
the question about the form of the adjustment costs. We are primarily concerned with evidence
for non-linearities in the margind adjusment cogt function. If the estimated curve from each
sample has a non-linear shape but each is shifted up or down by some amount, thiswill generate
a wide confidence interval even if there were clear evidence of non-linearity in every case. To
explicitly test whether the relationship behind figure 5 is convex. Abrevaya and Jang (1999)
provide an explicit, non-parametric test of his hypothess® If the vaue of their statistic
sgnificantly exceeds 0.5 then one can rgect the null of linearity in favor of convexity. Note this
test is conducted using the full data set and not the estimated function. For the data generating
the function in figure 5, we find the convexity dtatistic to be 0.543 with a standard error of
0.008. Thisyidds a z datigtic of 5.3, srongly rejecting the null of linearity a any conventiond
level of significance. We aso bootstrapped the entire procedure, to take into account the error
induced by the first stage estimation.®* The average statistic was 0.540 with a standard error of
0.009, corresponding to a z satistic of 4.55, again highly significant evidence of non-linearity. In
other words, the data indicate sgnificant evidence of nortlinearity in the marginad adjusment
cogt function, and the kernel estimates suggest a more specific form, namely aregion of inaction.

It is important to note that the dependent variable in figure 5 is net investment so the
notion of irreverghbility implied by the shgpe of the function is somewha different than the
conventiond notion Clearly there is not complete irreversibility of gross invesment snce we

observe firms disposing of used arplanes in existing secondary markets. Figure 6 presents a

» Abel and Eberly (1996) show how even modest price wedges can generate conditions looking very much
like complete irrevershility. Later in the paper, we will construct a more informative measure of desired
investment which will show downward adjustment following large negative shocks.

% Theintuition behind the Abrevaya and Jiang test isto examine all possible collections of three points from
the data, and count how many times the slope between the pair with the higher “x” valuesis smaller than the
slope between the pair with the lower x values. A convex function will have a higher slope, the larger the x
value of the points.
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non-parametric regresson of aircraft purchases and retirements separately on the desired
investment ratio.*”

The gross investment function in figure 6 is flat not a zero invesment (as in a gross
irreversbility model) but rather at a postive level, gpproximately equa to the level of capita
retirements. This suggedts that airline adjustment costs are function of net invesment (like in
figure 5) rather than gross investment. As we discussed above, it is intuitive to think that the
many capitd adjustment codts for arlines actualy do apply to net rather than gross investment
(i.e., sdling a plane does not require changing your route structure, o long as it is replaced with
a new plane) so this finding is not especidly surprisng. The retirements series is bascdly
congant at al levels of desired investment, perhagps consistent with regulation induced retirement
or with one-hoss-shay depreciation.

The second thing that we can say about the form of adjustment costs in figure 5 is that
conditiond on pogtive net investment, the desred investment function seems basicdly linear.
Thisis conggtent with quadratic adjustment cogts in the region of postive investment. The dope
of the linear portion is about 0.1. This is steeper (Meaning smdler adjustment costs) than in
much of the literature on q but, unfortunately, both the position of the linear portion and its dope
will be affected by the vaue of g so we can only be confident only about the genera shape of f.
Thisis dso aproblem for any attempt to quantify how much greater than 1 the shock must be to
commence positive investment. The graph indicates that the breakpoint is below 1 but a vaue of

*

g greater than one can shift that kink point to the right of K? =1 (as predicted by most non-

convex adjustment cost specifications).

Figure 7 verifies that the previous results are not due to problems in the price or cost
variables. If we smply assume that prices and costs are the same for each airline in each year,
then we can replace the price and operating expense data in the first stage regressions with fixed

plane-year effects. Usng the resduds from this regresson, we repeeat the non-parametric

% The argument about the rates of convergence for Kernel estimators does not apply to the Abrevaya and
Jiang test since it is root-n consistent. However, since the results are so similar given the accuracy of the
first stage, we do not bootstrap the later tests.
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edimation in figure 7. Although the results are somewhat noiser, the pattern remains exactly the
same—non-convexity downward and basicaly linear upward. The Abrevaya- Jang test strongly
rejected linearity.

D. Heterogeneity vs. Firm Level Data

Next we show how estimates of the adjustment costs which use only more traditiona,
firm-leve datafail to capture the nature of the actud adjustment costs. To explore this question
we look at two different mesasures of capita for each airline¥s market value and book value. We
create the market value of the entire stock of planes for eech airlinein each year by summing the
market vaues of each individud arcraft. This market vaue messure diminates dl informetion on
different capita varieties but it is dill a much better measure of capita than is typicdly avalable
sgnce we observe true market prices of capitd. We fit the first stage regression for frictionless
capitad using this market value of capital series and the average operating expenses and aircraft
prices for the airline in that year.*® Using the residuals from this regression, we repest the non-
parametric analyss on the aggregated data and the results are shown in figure 8. Even a this
level of aggregetion, dl evidence for nonconvexity has disappeared and the dope of the
esimated function is 0.085, is biased downward by about 20% compared with the linear
portion of the function in figure 5.

When we take the further step of using the conventiona perpetud-inventory method to
congruct the capital stock from COMPUSTAT accounting data, the results are even more
biased.® For this regression, we do not use any detailed data on operating costs and instead fit
the first stage with the standard user cost of capitd. When we repeat the non-parametric
andysis, shown in figure 9, there is again no evidence for ron-convexity and the estimated
function is even flatter. The dope is now only 0.05, less than hdf of the esimated vaue using
heterogeneous capital data

¥ Using Abreveya and Jiang test for convexity, we can strongly reject linearity for the gross investment
series, but as expected, cannot reject linearity for retirements.

¥ Of course we cannot include airline-year effects in either the market value or book value specifications.
Instead we include airline dummies and atime trend. The results were similar when we use fixed time effects
instead of the trend and drop the price and cost variables.

% See the appendix for amore complete description.
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In other words, looking exclusvely a firm level data, we can only find evidence of
convex adjustment costs and even these are rather serioudy biased. Since we have shown that
capitd goodsin the arline industry are not perfect subgtitutes, this result is incorrect and only the

micro-level, heterogeneous capital data can give us an accurate description.®

V. Joint Determination of Capital and Utilization
A. Utilization

Airlines have the ability to adjust their utilization rates (hours flown per day) as well as
their capitd stocks. In this section we investigate the size and type of adjusment costs thet

airlines face when we look at both of these decisions.®* We first look at hours aone. Equation

(7) provided estimates for the frictionless value of tota hours flown by plane type, ', K/ ..

Combining these estimates with the frictionless capitd regression yidds estimates of the desired

hoursratio.

*

hi,j,t _ exp(- rri],j,t)
h =dq, exp(- q,j,t). (10)

We then non-parametricaly estimate equation (11) relating the percent change in hours

to the desired hoursratio:

DR s _ S
— g" (1)

This is exactly andogous to equation (8) for capital investment. This non-parametric regression
is graphed in figure 10.

% |In order to investigate why aggregation to the firm level produced these results we performed a simple
Monte Carlo study by aggregating randomly generated data using the estimated heterogeneous capital
investment function. As the amount of aggregation increased, the non-convexity disappeared and the
estimated slope declined. Thisis a basic property of convex functions and is not surprising since, in some
sense, we are averaging over the kink point the more we aggregate. It is also consistent with previous
empirical observations. At the level of the entire economy, investment is sufficiently smooth that, until very
recently, quadratic adjustment costs were taken by researchers to be a reasonabl e approximation.

% |n an earlier version of this paper we estimated the adjustment costs for a second utilization margin, the

share of seatsfilled (load factor). Not surprisingly, given the annual frequency of our data, we found almost
no adjustment costs on this margin.
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Like the case of investment, the adjustment function for hours is convex. There does
appear to be a greater dope to the function when desired hours are high than when they are
low. This indicates some type of nonconvexity in the adjusment cogt function for changes in
hours. Unlike investment, repesting an F test with two linear line segments does not detect a
gructurd bresk. Thisis not surprising given the absence of akink in the estimated function. The
Abrevaya and Jang (1999) test for convexity results in an estimated datistic of 0.516 with a
standard error of 0.008 or a z datigtic of 1.94. Therefore in this one-sided test, we can regject
linegrity at the five percent level.

The mogt interesting thing to note about the response of hours is that the dope of the
upward part is much steeper than the corresponding dope in the investment function. This
indicates that smdler costs of increasing hours cause firms to close an hours gap about four
times as fast as a capital gap. When desired hours are high, airlines close about 40% of the gap
per year, compared to only 10% for investment.

B. Total Output and Interactions across Adjustment Margins

The previous sections have documented how an airline adjudts its capital and utilization
rates in response to shocks. We will now examine interactions between the two margins by
investigating the response of tota output, hK. Does an arline that wants to increase its output

increase the number of planes in operation, the number of hours per plane, or both? In order to
: : : _ h'K’ .
explore these interactions we congtruct the desired output ratio, a and see how it is

related to firms actud output, investment, and hours decisions. Since the desired output ratio
incorporates information on both margins of adjustment, it should be a more informative sgnd
than either desired hours or desired capital aone.

We use the same methodology as in previous sections. The desired output ratio is
congtructed from the resdud of equation (7) adjusted by the scae factor, g, :

K
=g, el m ) (13)
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We then non-parametricaly estimate equation (14) to compare actua output to the desired
output retio.

*

Dh,j,t+1Ki,j,t+1 a]* Ki to

h K. f3§hi::‘: Ki:;:t 2 N (14)
This is andogous to the previous investment and hours specifications. Figure 11 shows the
estimate of equation (14).

This picture for total output is very much in line with the theoretical discusson presented
above. Asin the case of net investment, there is a clear upward doping, linear region for large
positive shocks. However, there is now aso a downward doping, linear-type region when
desired output is low. In between, the middle portion of the figure shows an gpparent regon of
inaction. The shape of the figure seems to correspond rather closaly to a mode with non-
convex adjustment costs when desired output is near actua output and quadratic adjustment
cogts conditiona on large deviaions. The Abrevaya- Jang test indicates that the upward portion
of the grgph to the right of 0.8 is Sgnificantly convex (datistic of 0.524 with a standard error of
0.01 resulting in a z statistic of 2.4). For the downward portion of the curve, dthough the point
esimate of the test suggests concavity, the standard error indicates that this difference is not
sgnificant (Satistic of 0.494 with a standard error of 0.008).

Note that the vaue of the change in output in the inaction region is approximately 3%
instead of zero as standard theory would predict. However, as mentioned before, during this
sample period airport capacity has expanded by 2.9%. As we will discuss in the next section,
one of the leading explanaions for the estimated non-convex adjustment costs is a wedge
between the purchase and sde prices of exiding gates and landing dots arisng from the hub
system and economies to density. The value of an existing gate or landing dot is carrier specific,
cregting awedge in its price. If an airline does not face this wedge if expands at the growth rate
of arport capacity, this would shift the estimated function downward by 0.029, causing the flat
region in figure 11 to be at the theoretically correct value of zero.

¥ This is analogous to previous studies which assume no adjustment costs on replacement investment and
therefore cal culate adjustment costs as a function of gross investment minus the depreciation rate.
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The size of the region of inaction is subgtantid. q,, =1 provides alower bound for the
gze of the inaction region in the upward direction, and an upper bound in the downward
direction. Desred output from a capitd variety must exceed actud output by at least 109,
before a firm increases output more than the trend growth in cgpacity. Smilarly, firms reduce
output compared to trend when output exceeds desired output by a most 40%. In the
quadratic adjustment cost regions, the estimated dope for positive shocks is approximatdly 0.2,
and for negative shocks, 0.1, indicating adjustment costs are twice as high for reductions in
output than for increases.

Equations 15 and 16 investigate how changes in output are distributed across the

investment and hours margins.
II J+L a‘] t
KJ -g= f4§ IJ ‘+>§ it (15)
Dh.
Ijt+l ? o] _+Z (16)
hjt |Jtﬂ

The specifications are smilar to previous regressons, however we use the more informative
desired output ratio instead of desired investment or hours done. In addition, we correct for the
growth in airline capacity of 2.9% in equation (15).% The results are graphed in figure 12. The
dotted line represents investment and the solid line hours.

Unlike the previous invesment and hours results, usng the more informetive desired
output ratio now seems to indicate regions of podtive and negative adjustment for both
investment and hours. Estimated adjustment codts for investment are substantialy larger than for
hours. If we interpret the point estimates as indicating regions of inaction, the width of the
inaction region for investment is approximately four times as large for hours. For both hours and
investment, in the quadratic adjustment cost regions, increases in capitd or hours seem less
costly than reductions but the dopes are not significantly different.

* The correction is employed for investment and not for hours because hours are stationary while capital
can trend in the long run. If the correction were used in the initial resultsin figure 5, the flat region shifts
from 0.01 to-0.02.
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C. What are the Sources of Adjustment Costsin the Airline Industry?

If we want to go father than just estimating the form of the adjustment codts facing
arlines and actually atempt to conclude something about what the source of those costs might
be, we must find candidates that are consistent with the observed evidence. The observed
patterns of arline adjusment in this paper, while not specificaly proving any one source of
adjustment codts, can rule out some types of adjustment costs.

Fird, any cods tha enter into the plane fixed effects cannot explain the shapes of the
edimated rdationships. This includes anything that increases the cost of buying a plane by some
fixed amount such as yearly maintenance, additiond safety equipment, and the like. Second, any
fixed costs associated with buying the firg of some type of arcraft such as establishing
maintenance facilities and parts networks for the new plane type cannot explain the observed
costsin our data. The fact that every airline has a zero stock of severd types of aircraft indicates
that such costs may be important but our results condition on positive capital stock.

The two key characterigtics of the adjustment costs estimated are: one, the adjustment
costs are on net rather than gross investment (because investment and retirements are both
positive and gpproximately equa when the desired investment ratio is less than one) and two,
the adjustment seem to entail aregion of inaction.

The net versus gross investment didtinction rules out many potentiad sources of
adjusment cogts. Costs associated with the direct expenses of ingaling an arplane (the one
time codts of reconfiguring the cockpit, painting the plane, etc.) would imply that there are
adjustment costs associated with each purchase or sae of capital—costs on gross invesment.
Net adjustment costs dso rules out production lags at Boeing or other aggregate convexities as
the source of the adjustment costs estimated here. If arlines were rationed on the supply side,
they should not have postive investment approximately equa to the rate of retirements when
their desred investment ratio isless than one,

A region of inaction can arise for two reasons® A first source would be asymmetric
adjustment codts, i.e, if the linear portions of the adjustment cost curve have different dopes,

thiswill lead to aregion of inaction. The dopes of the two regionsin our results are close to one
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another and with the standard error bounds being what they are, we are unable to provide a
direct test for the impact of this factor. Thisis, therefore a possible explanation but intuitively we
prefer the second.

The second explanation is a difference between the purchase and sde price of capitd.
Although it is true that there are differences between sde and purchase prices of arplanes, this
type of partid irrevershility in gross investment, however, would lead the region of inaction to
be at zero investment not &t the rate of aircraft retirements.*® We have argued that the barrier is
not likely to from gross invesment in the planes but rather in net investment because of the gates
or routes.

To generate aregion of inaction in the adjustment cost function for net investment, an
exiding route, gate, or landing dot must be worth more to the existing owner than to another
arline. Network externdities and the benefit of the hub system provide a natura explanation of
this phenomenon. Important work on the arline industry has argued that fares are higher and
margina cods are lower for carriers with a hub in a particular city then for non-hub carriers®
Berry, Carndl, and Spiller (1997) find that markups are between 30% and 60% higher (due to
both higher prices and lower costs) for flights from a hub than flights not from a hub. If we think
of this a wedge between the value of aroute to an incumbent and the vaue to a new entrant, the
magnitude can comfortably explain the region of inaction in our estimates and are an intuitive

explanation of the estimated form of adjustment cods.

VI. Conclusion

In this paper we have set out to drectly esimate the form of the micro-levd margind
adjusment cods of investment facing arlines by gathering data on cepitd & a previoudy
unavailable level of detail. Information on heterogeneous capita goods dong with prices and
costs for each variety alow usto control for unobservable changesto airline profitability as well

¥ Seethe discussionsin Dixit and Pindyck (1994) or Hamermesh and Pfann (1996).

“0 The difference in prices between new and used versions of the same model are quite large but this is
misleading. The issue is whether the identical plane has a different value for current user than for the
potential buyer. The price difference between very late model used aircraft and the identical new counterpart
averages around 10 percent in the data from the Airliner Price Guide (1993).

“! See Borenstein (1989, 1991), Breuckner, Dyer, and Spiller (1992) and Breuckner and Spiller (1994).
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as unobserved components of capitd. In a two step procedure, we first estimate the desired
sock of capitad for each aircraft type and then look a the investment response to the gap
between the desired and actua capital stocks.

The results from using such detailed data provide sgnificant evidence of non-linearities
in the margind adjusment cost function. Kernd estimates point to the Airlines having a Szable
region d inaction when adjusting their capitd stocks. Desired output mugt differ from actud
output by between 10% and 40% before investment takes place. Conditional on investing,
however, adjustment costs seem basicaly quadratic. The adjustment cost function for utilization
follows a amilar pattern with a much smdler inaction region and much smdler implied quadratic
adjusment costs. When we aggregate the data even to the firm level, we lose dl evidence of
non-convexities and our estimates of the adjustment costs are biased upward. The apparent
importance of the region of inaction for these firms provides empirical support to the expanding
literature which examines the theory of investment under nonconvex adjustment costs.
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Data Appendix

1. Airline Daa

The data on arcrait come from the Internationd Civil Aviation Organization's Fleet
Satistics from 1978-1995. For each airline in each year the data track the number of planes at
the gtart of the year, the number acquired, the number disposed of and the number at the end of
the year. In years in which the beginning capitd stock did not match the ending of the previous
year, we checked the data usng Moody's Transportation Manual and the Jet Airliner
Production List.

To match our various data sets, to have meaningful numbers of each type of arcraft,
and to make the estimation managesable, we condensed the aircraft into 16 types¥a 707s, 727-
100s, 727-200s, 737-200s, 737-300s, 747s, 757s, 767s, DC-10s, DC8-5, DC8-6s, DC9-
1s, DC9-3s, DC9-5s, MD-80s and L-1011s. More detailed models within each category were
combined. For some airlines the data are reported combining two types planes—727-100s and
-200s, for example—as if they were dl 727-200s. In those cases we were forced to treat them
al as 727-200s. We excluded propdler aircraft and aircraft which lacked either price or cost
datafor the entire sample as wdl as planes which were not owned by more than two airlines for
at least three years. In terms of the mgjor jet types, this only ruled out Airbus planes.

The data on operating costs for 1978-1985 come from the Civil Aviation Board's
Aircraft Operating Cost and Performance Report and for 1985-1994 come from
AVMARK’s Quarterly Aircraft Operating Costs and Satistics. These data present the
average codts for every type of arcraft for every carrier in each year. We use cash operating
expenses which includes fud, maintenance, labor and insurance but not accounting depreciation.
It is measured in dollars per hour and we turn it into real dollars using the GDP deflator. To get
it into the same units as the user cost we multiply the costs times the average hours flown per
plane-year (3400) and get a cost per plane-year in millions. These operating cost data also
provide the total revenue block hours flown (tota hours flown in dl planes of that type) and a
measure of the total arcraft in operation. We corrected obvious outliers in the hours series
which usudly involved smply a miplaced decima point on the part of the publication.

The cost datais kept at afiner level of detail than the fleet data s we create aweighted
average of the operating expenses where the weights are the total revenue block hours for the
plane type. This was necessary in some cases for arlines where costs are listed for domestic
and nternationd operations of the same plane (like the 747), in some cases dightly different
models of the same basic plane are listed separatdy and in a few cases the smal number of
planes forced us to combine smilar planes into one category (737-300s and 737-400s). In
some year's, there was cost data for atype of plane for a given airline but no record in the fleet
data of them owning the plane and vice versa. We checked the annud reports and the Jet
Airliner Production List to determine the truth. If te cost data were missing, we use the
average for that plane type in that year for other arlines. If the fleet data were missng we
located them from the other sources.

There were afew large mergers in our sample. In generd we treated smal mergers as
gandard investments, facing the same adjustment costs as other purchases. In four cases,
however, the mergerdacquistions basicdly doubled the size of the carriers in one year: Delta
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purchasng Western, Northwest buying Republic, USAIr buying Pledmont and Continentd
acquiring Peopl€e' s Express and merging with Tower Air and Texas Airways. For the first three
mergers we trested the planes in question as if they were part of the mgor airline from the
beginning of the sample. For Continenta, since each of the mergers adone was not especialy
large and since they purchased new planes in addition to the planes they acquired in that year,
we treated the acquisitions as norma investment. Our results were not sengtive to the merger
choices. Astheresultsin the paper show, we caculated the same e agticities of substitution even
exduding dl the merging arlines.

The prices of the planes come from the AVMARK Newsletter from 1978-1994 and
from The Airliner Price Guide, summer edition, 1994. The Guide givesthe average sale price
for every type of airplane sold in our sample from 1978-1995. The Newsl etter gives esimates
of the usad value of a standard model of each type of aircraft in each year. Since some aircraft
cease being produced in the middle of our sample and we do not know whether arlines are
buying new or used planes, we factored dl prices up to a “smulated new” price when new
prices were not available. To do so we used the following procedure. Since 5 of our 16 planes
are 0ld new in dl 17 years of our sample, we fit a regresson of the red price of these five
planes on plane dummies and a time trend to get ared price trend for new aircraft (neglecting
the quality change in the same modd over time). We then apply thistrend sarting in the last year
of the redl price datafor models which cease being produced part way through our sample. For
the DC-8s and the 707s in our sample, there are no new prices observed but we do observe,
for savera planes, the new and used price for the same aircraft in the same year and averaging
those, the estimated used vaue of a plane is about 40% of its new equivaent. In 1978 we scde
up the used price of the DC-8s and 707s to a smulated new price and then gpply the same
downward trend in real prices discussed above. We do not use the decline in used prices as
that aso takes into account depreciation caused from using the plane. Calculating the prices in
dternate ways did not change our results.

The data on the capitd stock using accounting data from COMPUSTAT sets the
capital stock to the book value of property, plant, and equipment in the year before the sample
garts and then gpplies a perpetua inventory method with a depreciation rate of 10% over the
sample. In other words, we assume that 10% of the capital stock depreciates per year and that
capitd expenditures are added to the capital stock in each year.

2. Bandwidth Sdection for Kernedl Regressons

To gandardize the bandwidth sdlection on the different samples we use a smple plug-in
rule which Slverman (1986) shows to be valid for density estimation and modify it for an
Epanechnikov kernel. For a uni-modd digtribution, the optima bandwidth is goproximately
b=2347*s * n"’® where s isthe standard deviation of the independert variable and nisthe
number of observations. To prevent over-smoothing due to outliers, we cap any percent
changes to investment or hours a 250% for this caculation (this is not relevant for the ranges
considered in the paper). For consistency, we only display figures in the range where the dengity
is greater than or equal to 0.3. This keeps us from concluding something about the shape based
on a very smal number of observations. For the regresson of the change in hours on desired
hours (Figure 8) we used a dightly larger bandwidth to smooth out high frequency variation.
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This does not change any results.



TABLE 1: CAPITAL STOCK BY TYPE AT START OF SELECTED YEARS

1979 1982 1985 1988 1991
707 76 0 0 0 0
727-100 |57 53 37 39 40
727-200 |79 55 125 125 125
_ 737-200 |0 0 0 21 12
American  737.300 |0 0 0 8 8
747 11 4 0 2 2
757 0 0 0 0 26
767 0 0 10 29 45
DC10 28 28 51 60 59
MD-80 |0 0 31 118 212
727-100 |88 50 50 49 24
727-200 |65 104 104 104 104
_ 737-200 |59 49 49 89 74
United 737-300 |0 0 0 0 105
747 18 9 18 26 39
757 0 0 0 0 24
767 0 0 19 19 19
DC10 37 31 53 56 54
DC8-5 31 26 11 0 0
DC8-6 39 23 30 29 19
707 85 81 0 0 0
727-100 |35 4 26 2 11
727-200 |39 56 56 56 55
TWA 747 1 18 19 18 17
767 0 0 10 11 11
DC9-10 |14 7 7 7 0
DC9-30 |0 0 0 33 41
DC9-50 |0 0 0 0 0
MD-80 |O 0 0 15 30
L1011 30 R 33 33 R

Source: |.C.A.O., Fleet Satistics 1978-1995
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Table 2: Estimates of Frictionless Capitd Stock and Eladticity of Subgtitution

) ) ©) (4) (5)
No
mergers
Capita --> Ending | Assgned | Ending | Ending Hours
INn(COSTS) -1.502 | -1.842 -1.252
(.3688) | (.3797) (.5278)
IN(COSTYS) -1.319
with taxes (.3736)
INn(COSTS) -1.324
only operding (.2822)
Dummies
Plane Type Yes Yes Yes Yes Yes
Airline-Y ear Yes Yes Yes Yes Yes
n 815 790 815 428 815
R2 97 .97 97 97 97

Notes: The dependent variable in columns (1)-(4) is the log of the capita stock for an airline-
plane-year as defined at the top of the column and in the text. The dependent varigble in (5) is
the log of tota hours flown by arline-plane-year. Standard errors are in parentheses. The
In(COSTYS) varidble is the log of arcraft operating costs plus the renta price of cgpitd for one
year, defined as the user cogt in the text. The cost variable adds taxes in column (3) and the
removes the rentd price in column (5). Column (4) excludes firms that participated in a merger.
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FIGURE 4:
Implied Shape for Various Adjustment Costs
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