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Multifactor productivity change
In the air transportation industry

Productivity increasesin the U.S airline industry—the Nation's
primary intercity mass transportation system—have played

a significant role in the industry's cost-containment

efforts and its ability to accelerate growth

heU.S. air transportation industry isakey

I component of the U.S. economy. About
42 percent of all passenger trips with
roundtrip distances of between 1,000 and 1,999
miles are taken by plane. This percentage in-
creasesdramatically to 75 percent if the roundtrip
distance is at least 2,000 miles! Advancesin
technology that led to the development of mod-
ern jets, along with the Airline Deregulation Act
enacted by Congress in 1978, have allowed the
U.S. airlineindustry to become the primary inter-
city mass transportation system in this country.
Theair transportation industry isimportant to our
national economy, but it faces unprecedented
challenges? The economic downturn that began
in early 2001 and the terrorist attacks of Septem-
ber 11, 2001, led to reduced demand for air travel
thereby resulting in decreased profitability or
losses for many companies?® Thesetrends high-
light the importance of controlling costs in the
industry, and over thelast three decades, produc-
tivity hasplayed asignificant roleintheindustry’s
ability to control costs and to accelerate growth.
For many years, the Bureau of Labor Sta-
tistics (BLY has published a measure of labor
productivity for air transportation. Thisarticle
discusses and analyzes a new BLS measure of
multifactor productivity for the air transporta-
tion industry, coded 481 in the North Ameri-
can Industry Classification System (NAICS),
covering the period 1972 to 2001. This mea-
sure is consistent with the new definition of
the air transportation industry under NAICSin
which air couriers are no longer included in
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air transportation, but classified inNAICS4921,
couriers, instead.

Labor productivity relates output to the labor
resources used in its production. Itisanindicator
of the efficiency with which labor isbeing utilized,
an important indicator of economic progress. De-
spiteits widespread use, alabor productivity mea-
sure should not beinterpreted asrepresenting only
the contribution of labor to production. Changes
in output per hour (or productivity) reflect awide
range of influences, including changesin technol-
ogy, skill and effort of the workforce, organization
of production, economies of scale, and the amount
of capital per hour and intermediate purchases per
hour. Labor productivity isafrequently used mea-
sure of economic performance. 1t isrecognized by
researchersasanimportant tool for monitoringthe
health of the economy. Over time, growth in red
per capitaincomeand increasesinliving standards
tendtofollow growthinlabor productivity. Higher
productivity growth increasesthe competitiveness
of abusiness, industry, or nation. Moreover, labor
productivity servesasabuffer against higher labor
costs by offsetting part or al of thegrowthin com-
pensation per hour.

Whereas|abor productivity relatesthe change
in output to the change in one input—Ilabor—
multifactor productivity rel atesthe changein out-
put to the change in a combination of inputs.
Growth in multifactor productivity can be seen
as ameasure of economic progress; it measures
the increase in output over and above the gain
dueto increasesin acombination of inputs. The
combined inputs measure is a weighted average



of labor hours, capital services, and intermediate purchases.
The weights represent each input’s share in the total cost of
output. Although the amount and complexity of the datare-
quired to calculate a measure of multifactor productivity are
much greater than those for alabor productivity series, amul-
tifactor productivity measureyieldsvaluableinsightsinto ef-
ficiency beyond those derived from alabor productivity mea-
sure. For example, in air transportation, the expansion in the
stock of widebody fleet in the mid-1970s seems to be behind
the productivity increase that is unrelated to load factors?®
Similarly, because energy costs comprise alarge part of inter-
mediate purchases, “...the omission of thisinput component
would seriously degrade the true measure of productivity
trends.”® Multifactor productivity reflects many of the same
influencesasthelabor productivity measure, but by explicitly
accounting for inputs of capital and intermediate purchases,
the multifactor productivity residual reflects only changesin
overall efficiency that aredueto other unmeasured influences.

This article describes the patterns of multifactor produc-
tivity and labor productivity changeinair transportation since
1972 and the sources of labor productivity change—namely,
changes in multifactor productivity, capital intensity, and in-
termediate purchasesintensity. Itlooksbehind the aggregate
datato describe output and the use of the productivefactors—
labor, capital, and intermediates—in this industry and how
they have changed over time. The current situation in the
industry isbriefly discussed.

Overview of productivity change

Productivity trendsinair transportation and the private busi-
nesssector. Multifactor productivity intheair transportation
industry increased at an average annual rate of 2.0 percent
over the 1972-2001 period, almost triple the 0.7-percent rate
for the private business sector as awhole (see chart 1). The
labor productivity growth rates were not nearly as different,
at 2.4 percent per year for air transportation and 1.7 percent
for the private business sector. Multifactor productivity inair
transportation decelerated from a very high average annual
gain of 5.1 percent during the 1973-79 period to a 0.8-per-
cent gain from 1979 to 1990, and it rebounded back to a 2.1-
percent growth rate during the first half of the 1990s. The
growth rate in labor productivity followed a similar pattern,
dropping from an average of 5.6 percent during the first pe-
riod to 1.6 percent during the second period, and increasing
to a4.2-percent average annual growth rate during the early
1990s. This was a very different pattern of productivity
growth than that of the private business sector. Multifactor
productivity intheprivate business sector showed almost iden-
tical growth rates in the 1973-79, 1979-90, and 1990-95
periods (0.6 percent, 0.5 percent, and 0.6 percent, respec-

tively). It then accelerated to 1.3 percent from 1995 to 2000.
The 1990-2000 period, which represents a complete busi-
ness cycle, is broken into two sub-periods to highlight the
widely-noted business sector productivity speedupinthelast
half of the 1990s. The airline industry, however, did not ex-
perience a productivity speedup in either labor productivity
or multifactor productivity from the first half of the 1990s to
the second half.

A substantial part of thelabor productivity speedupinthe
private business sector during thelate 1990s can be attributed
to the effects of improvements in the use of information pro-
cessing equi pment and software (1PES) capital. Unfortunately,
the data do not permit separating out IPES capital for airlines.
The contribution of capital intensity as a whole is small for
airlines, with an increase of only 0.2 percent per year over the
entire 1972—2001 period and no growth in capital’s effect
from 1995 to 2000.

In 2001, multifactor productivity in the air transportation
industry experienced alarge decline of 4.2 percent (seetable
1). Labor productivity also declined at a substantial 6.4-per-
cent rate, the largest decline over the period studied in this
article. Output dropped 6.6 percent, while combined inputs
fell only 2.5 percent. A recession occurred from thefirst quar-
ter to the fourth quarter of 2001, and multifactor productivity
in the private business sector declined also, although labor
productivity increased. Both labor productivity and multi-
factor productivity for airline transportation declined in pre-
vious years around recessions (1980, 1981, and 1990 or
1991)—but the 2001 declines were the largest and second
largest, respectively. Airlinesin 2001 also were strongly af-
fected by the events of September 11. Datafor 2001 from the
Air Transport Association of America(ATA) indicatethat air-
line traffic grew amodest 2.8 percent in the first quarter, with
no change during the second quarter.” After the terrorist at-
tacks, however, operations were completely shut down for 4
days® Air travel fell dramatically thereafter, resulting in de-
clines of 7.8 percent and 19.0 percent for the third and fourth
quarters, respectively.® Overall, the September 11 attacks,
along with the economic recession that began in March 2001,
caused areduction in domestic airline capacity—obtained by
multiplying the number of seatsavailablefor sale by the num-
ber of miles flown—of 3.0 percent in 2001.2° Labor produc-
tivity rebounded (up 12.2 percent) in 2002. Labor hourswere
reduced by 11.6 percent, but output fell only 0.8 percent. Data
for multifactor productivity, capital input, and intermediate
purchases input are not yet available for 2002.

Thesourcesof growthinlabor productivity. Labor productivity
growth can be decomposed into multifactor productivity growth
plusthe effects of changesin capital and intermediate purchase
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(O ElyMl | abor productivity and multifactor productivity for the private business sector

and air transportation, 1972-2001 and selected periods

Average annual Average annual
percent change percent change
6 6

Multifactor productivity Air transportation

O private business
5 — 5
4 — 4
3 — 3
2 — 2
1 — 1
0 0

1972-2001 1973-79 1979-90 1990-95 1995-2000
Average annual Average annual
percent change percent change
6 6

Labor productivity Air transportation

O Pprivate business
5 — 5
4 — 4
3 —1 3
2 — 2
1 — 1
0 Ji 0
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forairtransportation, 1972-2001

Percent changes in output per hour, multifactor productivity, and related measures

Outout Output
utpu ) . ) Output i
Year per Output Hours! Multifactor [ Combined Capital Intermediate per Enit perd unit
hour productivity inputs purchases of capital | intermediate
purchases
2.0 5.9 3.9 2.1 3.8 4.5 3.3 1.4 2.5
13 0.3 -1.0 1.3 -1.0 5.7 -3.1 -5.1 3.5
1.0 -0.7 -1.7 1.2 -1.9 5.8 -3.4 -6.1 2.8
8.9 10.1 1.1 6.9 3.0 2.7 5.2 7.2 4.6
4.7 7.4 2.6 4.2 3.1 0.3 4.2 7.1 3.1
9.5 14.0 4.1 9.5 4.1 2.4 4.4 11.4 9.2
8.8 15.8 6.4 8.0 7.2 4.3 8.8 11.0 6.4
-6.2 -3.6 2.8 —-6.0 2.6 3.2 2.3 —6.6 -5.8
-0.6 -2.2 -1.6 -0.5 -1.6 2.8 -2.2 -4.8 0.0
10.4 4.4 -5.4 7.6 -3.0 -0.2 -1.5 4.6 6.0
10.0 8.2 -1.7 6.8 1.2 -0.1 3.6 8.3 4.4
3.9 8.7 4.6 0.9 7.7 4.0 10.8 4.5 -2.0
3.6 8.9 5.1 2.1 6.6 8.0 7.4 0.8 1.4
2.0 9.9 7.8 -1.4 11.4 11.8 14.1 -1.7 -3.7
0.1 10.5 10.4 1.5 8.9 11.4 7.4 -0.8 2.9
0.6 4.6 3.9 0.3 4.2 6.8 3.8 -2.1 0.7
-2.9 1.2 4.2 -2.1 3.3 5.5 2.0 -4.1 -0.9
-2.1 3.7 5.9 0.8 2.9 5.9 -0.1 -2.1 3.8
0.9 -2.1 -2.9 -0.1 -2.0 3.1 -2.7 -5.1 0.6
4.1 6.0 1.9 3.6 2.4 -1.7 3.9 7.9 2.0
4.0 3.2 -0.8 -3.0 6.4 3.9 12.6 -0.7 -8.3
7.3 6.6 -0.6 6.5 0.1 6.6 -0.8 0.0 7.5
5.0 4.2 -0.7 4.0 0.2 1.5 0.5 2.7 3.7
3.6 6.8 3.1 3.8 2.9 2.7 2.8 4.0 3.9
12 4.4 3.2 1.1 3.3 3.0 3.5 1.4 0.9
-2.4 2.2 4.8 -1.0 3.2 4.5 1.7 -2.1 0.5
0.7 5.0 4.3 1.8 3.1 4.5 1.8 0.5 3.1
0.0 6.1 6.1 3.0 3.0 5.9 -0.2 0.2 6.3
-6.4 —6.6 -0.2 —4.2 -2.5 4.5 -5.5 -10.6 -1.1
Average annual percent change
1972-2001 ...... 2.4 4.8 2.3 2.0 2.8 4.2 2.8 0.6 1.9
1973-79 .......... 5.6 7.6 1.9 5.1 2.4 3.5 2.6 4.0 4.9
1979-90 .......... 1.6 4.8 3.2 0.8 3.9 5.3 4.2 -0.5 0.6
1990-2000 ...... 2.4 4.2 1.8 1.9 2.2 3.4 2.2 0.8 1.9
1990-95....... 4.2 3.5 -0.7 2.1 1.4 2.6 2.6 0.9 1.0
1995-2000 ... 0.6 4.9 4.3 1.7 3.1 4.1 1.9 0.8 2.9
1 Average weekly hours were assumed to be constant at 40 due to lack of adequate data.

inputs relative to labor. The influence of capital on labor pro-
ductivity isreferred to asthe“ capital effect,” whichismeasured
asthe rate of change in the capital-labor ratio multiplied by the
shareof capital costsintotal output cost. Similarly, theinfluence
of intermediate purchases on labor productivity isreferred to as
the“intermediate purchases effect,” and is measured asthe rate
of change in the intermediate purchases-labor ratio multiplied
by theintermediate purchases' shareintotal output cost.

Chart 2 shows labor productivity in air transportation and
its decomposition into the capital effect, theintermediate pur-

chases effect, and multifactor productivity for the 1972—2001
period and several sub-periods. Among these three compo-
nentsof labor productivity change, thelargest contributor dur-
ing the overall 1972—2001 period was multifactor productiv-
ity, accounting for more than 80 percent (2.0 percentage
points) of the 2.4-percent average annual growth ratein labor
productivity. Theeffectsof capital andintermediate purchases
accounted for the difference, each contributing about one-hal f
of the remaining change in labor productivity—0.2 and 0.3
percentage points, respectively—over the period.
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Airline Productivity Change

\Chart YAl Sources of labor productivity growth for air transportation, 1972-2001 and selected periods
Average annual Average annual
percent change percentchange

6 6
Intermediate purchases effect
O capital effect
5 _ - 5
Multifactor productivity
4 4
3 3
2 2
1 1
0 0
-1 -1
-2 -2
1972-2001 1973-79 1979-90 1990-95 1995-2000
Note: Labor productivity may not be equal to multifactor productivity plus the effects of changes in the capital and intermediate
purchase inputs relative to labor, due to rounding.

The average annual growth rate in the capital effect re-
mained at 0.2 percent during the first two periods. It then
increased to 0.4 percent in the early 1990s but fell back to no
growth during the 1995-2000 period. The intermediate pur-
chases effect was modest in both the 1973—79 and the 1979—
90 periods, although it rose from an increase of 0.3 percent to
arise of 0.6 percent. It then jumped to an average gain of 1.6
percent per year in the early 1990s but fell by 1.1 percent in
the late 1990s.

Output

Changesin outputintheair transportation industry respond to
many factors, including Federal legislation, competition
among the airlines, and the increasing influence that regional
jetsarehavingonair travel, particularly among businesstrav-
elerswho account for 70 percent of regional jet passengers.lt
The general state of the economy also playsarole. Asevi-
denced by recent events, output also can be affected by fears
of air travel due to terrorism, health issues such as the 2002

36 Monthly Labor Review March 2005

outbreak of severe acute respiratory syndrome (SARS), and
international conflicts such asthewar in Iraq.

Output in the airline industry is comprised of passenger
services, asmeasured by passenger miles, and cargo services,
as measured by ton-miles. (See the appendix.) Passenger
milesis by far the largest component, making up more than 90
percent of total revenue, with the remainder attributableto ton-
miles. Although the output measure does not account for
changesin service quality such asflight delays and routecir-
cuitry, somerecent studies seemto indicatethat such changes
did not significantly affect output and productivity.?

Real output in the air transportation industry almost qua-
drupled over the 19722001 period, an average annual gain of
4.8 percent, compared with a 3.4-percent average annual in-
crease in the private business sector. Outputintheairlinein-
dustry exhibited a cyclical pattern, although it also has been
influenced by factorsother than the businesscycle. From 1973
to 1979, output expanded at an average of 7.6 percent per year.
This rapid growth in output, however, masks considerable
variation during the period. For example, from 1973 to 1975,



the air transportation industry struggled asthefuel crisis, and
a continuing economic recession, hit hard throughout the
economy; output actually declined 0.3 percent per year during
thissub-period.

From 1975 to 1979, an upturn in the Nation’ s economy and
industry deregulation (1978) led to a resurgence of traffic
growth, and output accelerated to an impressive average an-
nual growth of 11.8 percent per year. The industry set new
traffic recordsin 1978 and 1979, as output increased 14.0 and
15.8 percent, respectively. Under deregulation—which al-
lowed changes in routes and fares, and the formation of new
airlines—price competition, route restructuring, and new air-
line formation became driving forces in the reduction of op-
erator costs. Airlinesmade changesto increasethe efficiency
of their operations. For example, under government regula-
tion, airlines were forced to fly directly to remote or small
markets, often with nearly empty flights® Although conve-
nient for the few who lived in those areas, this proved to be
very inefficient for the carriers, given that the cost to fly a
planeis about the sasme whether itisempty or full. Therefore,
deregulation |ed to the development of widespread hub-and-
spoke networks!* This allowed the airlines to serve many
more markets than they otherwise could, with the same num-
ber of planes, if they offered only point-to-point flights.'>

Under regulation, with price competition restricted, air-
lines often engaged in competition based on the level and
quality of service. Thisresulted in overuse of labor and ma-
terials inputs¢ With the new hub-and-spoke networks, the
airlines could achieve higher load factors in the smaller mar-
kets, which could result in lower operating costs and lower
fares. “According to one respected source, deregulation was
responsible for 58 percent of the price cutsfrom 1978 to 1993
and made fares 22 percent lower than they would have been
without deregulation.” "

From 1979 to 1990, output in the air transportation indus-
try expanded at 4.8 percent per year on average. The overall
growth ratein output for this period also obscures some vari-
ability intheinterimyears, although not as pronounced asthat
during the 1973-79 period. For example, the inflation, soar-
ing fuel prices, and the general economic situation facing the
United States from 1979 to 1981 yielded output declines of
3.6 percent and 2.2 percent in 1980 and 1981, respectively. In
fact, in 1980 the industry recorded the sharpest drop in traffic
in more than 50 years of scheduled air transportation.!® In
1982, the decline in passenger traffic began to reverse, and
output managed to accelerate rapidly to an annual average of
8.0 percent from 1981 to 1986. The commercial airline indus-
try set passenger traffic records, year after year, during thelast
4 years of this period (1982 to 1986).° The demand for air
cargo services also grew significantly from 1981 to 1986, with
records set during 3 of the 5 years. In 1987, the demand for

commercial air transportation continued its growth, as new
records were set for passengers, revenues, employment, and
aircraft on order.? Overall, output posted arise of 4.9 percent
per year during the 1986-90 period.

For the overall 1990-2000 decade, output grew an average
of 4.2 percent per year, climbing by 3.5 percent during the
first half of the period (1990-95), and accelerating slightly to
4.9 percent during the second half (1995-2000). Output in
the airline industry declined in 2001. Prior to September 11,
average domestic airfares had already fallen sharply in re-
sponse to the weakening economy, reduced business travel,
and an increasing proportion of low-margin leisuretravel ers
The September 11, 2001, terrorist attacks further exacerbated
aweakened air transportation industry by forcing it to briefly
shut down its operations. The airlines cut capacity over the
last 4 months of 2001, although the month-to-month reduc-
tionsin capacity slowed from a high of 19 percent in Septem-
ber to 10 percent in December.?> Output for 2002 as a whole
declined dlightly, by 0.8 percent, from 2001.

Inputs

Labor. Employment in the air transportation industry almost
doubled from 294,600 in 1972 to 575,500 in 2001.22 During
the same time period, output almost quadrupled. Between
1973 and 1979, employment increased relatively slowly at an
average annual growth rate of 1.9 percent, although output
expanded at a rapid 7.6 percent per year. After the Airline
Deregulation Act of 1978, however, theindustry went through
a period of adjustment. By 1984, the number of scheduled
interstate carriers had increased from 36 to 123, providing a
variety of competitive optionsto air travelers and shippers
The entry of these new carriers into the industry put down-
ward pressure on fares and strongly contributed to a 3.2-per-
cent average annual employment increase from 1979 to 1990,
as output climbed 4.8 percent. During the 1990-2000 decade,
employment growth in the air transportation industry slowed
markedly to an average 1.8 percent per year. Employment
declined by a slight 0.2 percent in 2001, then dropped a sub-
stantial 11.6 percent in 2002. Part of the slowdown in the
1990swas spurred by increased customer use of Internet Web
sites for air travel planning. These Web pages have grown
increasingly more sophisticated, allowing travelers to do al-
most everything related to their travel, from checking the sta-
tus of their frequent-flyer accounts, to booking flightsand se-
lecting their own seats. With this increased Internet use by
customers, airlines have been able to reduce the number of
customer service agents needed to handle bookings and flight
information questions. In addition to being ableto book their
own flights, once travelers arrive at the airports across the
country, they can take advantage of the self-service kioskspro-
vided by the airlines, which have grown in popularity since
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their introduction in 1995. These kiosks allow the passengers
to get boarding passes for originating or connecting flights;
select seats; request to stand by for an upgrade; check bag-
gage; and changeflights, among other things® Theincreased
use of self-service kiosks has given airline carriers the flex-
ibility to lower their costs by using fewer customer service
agentsat theairports.

Although flight crew members, which include pilots and
flight attendants, are highly visible employees in the airline
industry, they comprise only about 30 percent of total employ-
ment?® The majority of employees in the industry work in
“ground occupations.” In addition to reservation and trans-
portation ticket agents and customer service representatives,
their occupations include aircraft mechanics, service techni-
cians, and baggage handlers, among others.

Capital services. The air transportation industry requires a
large amount of physical capital in order to provide services.
Because most capital equipment is financed through loans or
theissuance of stock, establishmentsin thisindustry need to
maintain healthy levels of profits and cash flowsto meet their
debt obligations or to acquire, through leases or purchases,
aircraft and other capital equipment. The capital measure con-
sists of the flow of services provided by these capital goods,
which include items such as aircraft, engines, food service
equipment, baggage handling equipment, computers, ticket
and boarding pass issuing and reading equipment, and other
ground equipment.

The air transportation industry has experienced rapid
growth since its origins dating back to the Contract Air Mail
Act of 1925, and this growth has been accompanied by growth
in the quantity and complexity of the capital stock. A number
of important technological innovations—before and during
regul ation—made airplanes safer, faster, and more efficient,
helping to attract passengers away from other means of trans-
portation such asrailroads. The 1938 Civil Aeronautics Act,
which helped maintain order in the industry, “...coupled with
the tremendous progress made on the technological side, put
theindustry firmly on the road to success.”?” Moreover, dur-
ing WWII, new technologies such as the gas turbine engine
revolutionized the air transportation industry and laid the
groundwork for atradition of continued technological change
in the decade that followed.® Thenew technologiesthat were
available entering the post-ww!11 period, coupled with the ex-
tensive engineering and flying skills developed during the
war—and the resulting productionfacilitiesthat existed—cre-
ated an increased public acceptance for air travel.?® As air
travel soared following the war, the skies got more crowded
and saf ety became aseriousissue, prompting Congressto cre-
ate the Federal Aviation Agency in 1958 (predecessor to the
Federal Aviation Administration). The new agency was in
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charge of establishing and running an air traffic control sys-
tem, as well as overseeing all other aviation safety matters.
The 1950s also saw important innovations in airport and air-
way technologies such as Instrument Landing Systems (ILS),
approach lighting systems, and the navigational aid VORTAC
(VHF Omni directional Range with Tactical Air Navigation),
which transmits a signal alowing an aircraft to determine its
bearing.® In the 1960s, all major airlines were replacing their
aging piston-engine types with jet aircraft. “Boeing 707s,
DC8s, Convair 880s and VC10s replaced the earlier DC7s,
Stratocruisers, and Constellations on the long-haul routes.

Boeing 727s, Caravelles, DC9s, BAC111s and Tridents re-
placed the piston-twin types on medium and short-haul
routes.”® Theintroduction of thesejet aircraft sharply reduced
thetime and cost of transporting passengersand freight. Ac-
cording to astudy by Robert Gordon, labor productivity inthe
commercial airlineindustry increased at an average annual rate
of 7 percent during the 1960s, which was significantly higher
than that of the U.S. economy as awhole.??

Between 1972 and 2001, the flow of services from capital
stock increased rapidly at an average annual rate of 4.2 per-
cent. Thisgrowthrateisconsistent witharapid output growth
of 4.8 percent per year. Over the same period, the cost of
capital servicesaveraged 11.5 percent of total costs (see chart
3.) The share in total costs comprised by capital may seem
low. However, airline assets have long service lives; there-
fore, replacement costs per dollar of stocks are lower than in
most other industries. In addition, some*capital” such asair-
port terminal spaceis rented and counted in intermediate pur-
chases rather than in capital, although thisis not the case for
leased aircraft, which are included in the capital input mea-
sure. By 2001, capital input had more than tripled from the
1972 level.

Growth in capital input accelerated from a 3.5-percent av-
erage annual rise during the 1973-79 period to a 5.3-percent
average annual gain from 1979 to 1990. Thisincrease in the
growth rate of capital occurred despite afalloff inthe growth
of output, which dropped from an average increase of 7.6 per-
cent in the first period, to 4.8 percent in the latter period.
During the 1970s decade, widebody ‘Jumbo’ jets—such as
Boeing 747s, Douglas DC10s, and Lockheed L1011
Tristars—wereintroduced into service. Withtheir very large
size, thejumbo jets provided economies of scalethat allowed
for moretravelersto fly for alower cost. The Boeing 747, for
example, could seat as many as 490 passengers and reach
speeds of up to 604 miles per hour. 3 Asthe number of jumbo
jetsintheindustry increased in the mid-1970s, the productiv-
ity gains that were not related to load factors seem to have
been significantly influenced by the expansion of thisfleet of
large capacity airplanes3* The 1970s also saw the introduc-
tion of the second generation of jet airliners, such as Airbus’
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A300-600 and Boeing's 737-100 and 200, for medium and
short haul routes. The A300-600, a medium range widebody
airliner, featured a two-crew EFIS (Electronic Flight Instru-
ment Systems) cockpit, with digital avionics® During the
1980s, new aircraft were introduced with more powerful but
quieter engines. For example, the Boeing 737-300, 737-400,
and 737-500—with the CFM56 engine (made by General
Electric/Snecma)—were produced.

Other airliners that entered the industry in the 1980s in-
clude Boeing's 757 and 767, which were developed in tandem
and shareanumber of systemsand technol ogies—including a
common early-generation EFIS flightdeck that integrated the
functions of dozens of separate instrumentsto simplify cock-
pit scan, thus reducing pilot workload and fatigue. Sincetheir
introduction, the evolution of EFIS systems have allowed op-
erators to benefit from more capability, flexibility, and re-
dundancy with increased reliability.® Airbus introduced the
A310 and the A320. The A320, a short to medium range air-
liner, isthefirst plane to introduce a fly-by-wire flight control
system, under which control inputs from the pilot are signals
rather than mechanical processes® A fly-by-wire system is
built to interpret the pilot’ sintention and translate it into ac-
tion, atranglation processthat takes environmental factorsinto

account first.® The advantage of thistype of systemisthat it
is computer-controlled, making it virtually impossible to ex-
ceed certain parameters such as G limits and maximum and
minimum operating speeds.

The flow of services from the capital stock fell to an aver-
age annual rise of 3.4 percent during the 1990-2000 decade,
asoutput continued to expand by 4.2 percent per year. |1n 2001,
capital input increased 4.5 percent, while output declined 6.6
percent. The most noteworthy commercial aircraft introduced
inthe United Statesin the 1990s were thosein the Boeing 777
jetliner family. “Notable 777 design features include a unique
fuselage cross section, Boeing's first application of fly-by-
wire, an advanced technology glassflightdeck with fiveliquid
crystal displays, comparatively large scale use of composites
(10% by weight), and advanced and extremely powerful en-
gines.”% It was designed as areplacement for the early gen-
eration 747s; and although their passenger capacitiesare com-
parable, it burnsone-third lessfuel, and it features 40-percent
lower maintenance costs. The development of large turbofan
(fuel-efficient) engines during the 1990s is particularly impor-
tant for airline establishments, given that fuel representstheir
second largest expense, exceeded only by labor. The Boeing
777-300 can seat up to 550 passengersin asingle-class high-
density configuration.

A closer look at the 1990-2000 period shows that during the
first half of the decade (1990-95), capital services grew at a
moderate rate, increasing by an average of 2.6 percent per year,
while output maintained amoderate growth of 3.5 percent. Dur-
ing the 1990-91 period, the United States was experiencing a
recession, coupled with the conflict in the Persian Gulf. In 1991
alone, the air transportation industry experienced an output de-
cline of 2.1 percent, the largest in a decade, along with a 2.9-
percent drop in employment. Theindustry recorded an employ-
ment decline of 0.7 percent per year, on average, during the en-
tire 1990-95 period. The economic downturn that led to finan-
cial lossesin 4 of the 5 years between 1990 and 1995 caused the
air transportation industry to accumulate debt and to scal e back
on capital acquisitions. Theindustry wasfaced withthedifficult
task of meeting its capital needs asit tried to replace its oldest,
noisiest jets with newer environmentally-friendly technology.“
In 1995, the commercia airline industry began to recover finan-
cialy and posteditsfirst net profit after 5 yearsof losses. During
the second half of the decade (1995-2000), the growth rate in
capital servicesintheair transportationindustry reboundedtoan
annual average of 4.1 percent, as output grew rapidly at 4.9 per-
cent per year. The industry experienced net operating profits
every year during this period.

Intermediate purchases. |ntermediate purchases include the
materials, fuels, electricity, and purchased servicesused in the
production of theindustry’s output. Purchases of intermedi-
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ate materials grew by 2.8 percent per year from 1972 to 2001.
Intermediate purchases grew moderately at an average annual
rate of 2.6 percent from 1973 to 1979, then accelerated to an
average annual rise of 4.2 percent in the 1979-90 period.
Growth in intermediate purchases dropped again to 2.2 per-
cent per year during the 1990-2000 decade, however. Inter-
mediate purchases declined 5.5 percent in 2001.

From 1972 to 2001, intermediate purchase costs averaged 48
percent of thetotal cost of inputs (seechart 3), thelargest share
of the three inputs for the air transportation industry. Among
intermediates, fuel is the largest component. “The major U.S.
airlines spend more than $10 billion a year on fuel, which is
approximately 10 percent of total operating expenses.”*! Fuel
costs fluctuated greatly over the 1972—2001 period. Although
fuel’ sshareinthetotal cost of intermediate purchasesincreased
only dightly, from 30 percent in 1972 to 31 percent in 2001, the
small rise obscures enormous fluctuation in the interim years.
Fuel’ sshareinthetotal cost of intermediate purchasesrosefrom
29 percent in 1973 to 50 percent in 1979, spurred by huge in-
creasesinthecost of fuel. Thestart of theenormousincreasesin
the price of fuel coincided with OPEC' s (Organization of Petro-
leum Exporting Countries) oil embargo that began in October of
197342 By 1979, fuel made up one-half of thetotal cost of inter-
mediate purchasesintheair transportation industry, and almost
one-fourth of total input costs; these numberspeaked in 1981 at
56 percent and 31 percent, respectively, asfuel pricescontinued
to rise during the 1979-81 period.

Asaresult of theincreasesin fuel prices, theairlineindus-
try began to take measures such as lowering cruise speeds,
using computersto determinethe optimum fuel loads, and us-
ing flight simulators instead of aircraft to train pilots, among
other things. Inaddition, theindustry begantoinvest“...hil-
lions of dollars in new aircraft and engines that are far more
efficient thanthe model sthey replace.” By 1989, fuel’ sshare
inthetotal cost of intermediate purchases had dropped to 28
percent; it then jumped again to 34 percent in 1990, when the
Persian Gulf crisis began, and dropped to alow of 23 percent
in1998. Lately, someof the airlines have also begun to hedge
their fuel costs by entering into agreementswith their suppli-
ers or by participating in the futures market.

Travel agent commissions, which have declined in recent
years, are another type of intermediate purchase. Until re-
cently, travel agents distributed 70 percent to 80 percent of
ticketsin theair transportation industry. This proportion has
been declining, however, due to a changing operating envi-
ronment in which air carriers are reducing commissions while
Internet competition is growing** Commissions paid out by
establishmentsto travel agentsfollowed an upward trend from
1972 to 1993. Travel agent commissions rose 6.0 percent in
1993, when their share in the total cost of intermediate pur-
chases peaked at 22 percent. At one point, the airlines even
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beganto offer “override” commissionsin addition to the stan-
dard commissionrate. Overridesare bonusesover and above
the regular commission if atravel agent sends extratravelers
on aparticular airline.® For years, the airlines have been try-
ing to reduce the travel agent commission, one of the easiest
operating costs to control in the air transportation industry.
The airlines have been reducing base commissions and cap-
ping dollar amounts paid out to travel agents.*

The 1990s a so brought important devel opmentsin computer-
based technol ogy—and the I nternet in particular—which played
animportant roleintheair transportation industry’ sdistribution
process. For instance, since 1995, airlines have featured their
own Web sites on the World Wide Web. In addition to the air-
lines own Web site, there arethird-party online outletsthat spe-
cializein onlinetravel bookings. Many airlines have joined an
online travel site originally created by four carriers in 1999,
which hassignificantly increased thelevel of competitioninthe
onlinetravel industry. Thissite offerslower faresthan its com-
petitors becauseit eliminates the commissionsthat are paid out
totravel agents, which can add up to 5 percent of thefare.”

Normally, because of alack of detail onthetypes of assets
being leased, |eased capital isincluded as part of the interme-
diate purchases when measuring multifactor productivity for
other industries published by BLsS Dueto itslong history of
government regulation, however, the air transportation indus-
try has kept very reliable data on leased aircraft. Therefore,
leased aircraft for thisindustry are counted in the capital mea-
sure. Nonetheless, rentals other than aircraft |easing—which
are about 40 percent of total rentals—are another important
component of intermediate purchases in the airline industry.
Examples of rentalsthat remain in the intermediate purchases
input of the air transportation industry include ticket counter
and baggage claim spacein airports, among other things.

As of 2001, fuel, non-aircraft rentals, and total commis-
sions—97 percent of which are paid out to travel agents—
accounted for almost one-half (47.3 percent) of the total cost
of intermediate purchases. Of the total cost of intermediate
purchases, other services and outside flight equipment main-
tenanceaccounted for 19 percent and 8.3 percent, respectively,
while passenger food and maintenance materials represented
5.9 percent and 5.4 percent, respectively. Theremainder (14.1
percent) was attributable to landing fees, communication,
other materials, advertising, and insurance.

Recent technological developments

Over the last decade, new technology has been devel oped that
has the potential to greatly improve the handling of air traffic.
Satellite-based technology revolutionized navigation and air-
ground communicationsintheair transportationindustry during
the 1990s. Thedevelopment of Global Navigation Satellite Sys-



tems such as GPs (Globa Positioning System) dramatically -
tered the operations of aircraft and the air traffic control system.
GPs consists of aconstellation of 24 satellites circling the earth
in six separate orbits at an dtitude of 11,000 miles® This sys-
tem allows modern aircraft to know their location to within a
few tens of meters, and replaced Microwave Landing Systems
(MLS) asaprecision approach aid*® GPSis considered inaccu-
rate, however, and too risky to be used in take-off and landing
situations, during which 50 percent of al aircraft accidents oc-
cur. A variant of thistechnology, DGPS(differentiad GPS), “...uses
afixed ground station to compensatefor theinaccuracy of pure,
satellite-based GPS Theground stationcal cul atesthedifference
betweenitsknownlocationand wherethesatellitessay itis, and
beams a correcting signa to incoming aircraft—allowing them
toland with pinpoint accuracy.”>® Moreover, anew technology
called Automatic Dependent Surveillance-Broadcast (ADS-B) de-
veloped in the 1990s allows the Air Traffic Control system to
move closer toward freeflight. Itissaidto“... improve safety,
easecongestion and increasesituational awarenessby giving pi-
lots and controllers reliable, real-time traffic information.” In
addition to being ableto detect conflicting traffic, the usersare
able to determine the direction, the speed, and the relative alti-
tude of thetraffic, allowing them to react almost immediately to
whatever changes occur in the system.5! Although ADS-B can
provide better aircraft surveillance than radar, it is certified for
awareness only.5? It hasnot yet been certified asacollision avoid-
ance system, except in areas where there isno radar. >

Airport capacity is one of the most significant issues fac-
ingcivil aviation> Because building new airports can bemore
expensive than expanding existing facilities, more attention
has been given to the latter. In addition to adding runways
and taxiways, new technologiesin air traffic control systems
can facilitate changing departure and approach patterns. For
example, ADS-B technology allows aircraft to continuously
broadcast digital datalink signals of their GPsposition.s This
provides accessto real-timeinformation simultaneously to air
traffic controllers and flight crews>® Therefore, ADS-B tech-
nology can provide the ability to control aircraft without ra-
dar, which can simplify the air traffic control system without
compromising safety. Moreover, thistype of technology can
facilitate decreased separation between aircraft, and therefore,
moreflexibleand fuel-efficient routes. Testsshow that it could
have avery big impact on capacity, where the biggest gains
could come “...in marginal weather conditions and at night,
when the air traffic system can get bogged down as control-
lers cautiously build more space between planes.”%”

The current situation

Thanksto animprovement inthe economy and agradual recov-
ery in air travel demand, the air transportation industry has be-

gunto seesigns of arecovery, after the industry’ sworst down-
turn following the September 11, 2001, terrorist attacks. Over-
all, the mgjor airlines posted net losses of $7.4 billion in 2002
and $5.3 billion in 2003."% The major airlines, in particular,
have made significant progress. Asagroup, they havereduced
their labor and fuel costs and are slowly emerging from the ef-
fectsof therecession and thelingering aftermath of the Septem-
ber 11 attacks. For the third quarter of 2003, for example, they
increased their yield per available seat mile by lowering capac-
ity enough to offset adlight reductionin traffic, thus producing
high load factors and generating revenue. Moreover, they cut
labor costs and increased labor productivity, helping to reduce
their collective cost per available seat mile significantly.® The
future of air transportation remains uncertain, however, as air-
linescontinueto adjust totherealities of anew industry environ-
ment and once again face high fuel prices.

The industry slump of the last few years has forced major
changesinair transportation. Thelow-cost carriersare continu-
ing to take market share away from the hub-and-spoke, legacy
carriers. Theroute structure of the low-cost carriers has grown
largeenoughto providealternativestotravelersinalmost all the
large markets® |n contrast, the mainline carriers, saddled by
the higher cost of their hub-and-spoke business models, have
only begun to make inroads into the restructuring of such sys-
tems. In order to effectively compete with low-cost carriers, the
legacy airlines must find away to reduce their operating costs.
I'n addition to cost-cutting negotiations with their labor unions,
some of the hub-and-spoke carriers have introduced their own
low-cost subsidiariesto compete more effectively with the low-
cost airlines. Many industry analysts are skeptical, however,
about the eff ectiveness of setting up low-fare subsidiarieswith-
out resolving some of the core problems at the major airlines!

For many years the network airlines have relied on busi-
nesstravelersto subsidize coach faresthat are set marginally
above production costs.®? Recently, there has been ashiftin
the buying behavior of businesstravelers. Because of corpo-
rate budget cutsand theincreased availability of discount fares
online, much business travel has been re-priced. Business
travelers have relied more on other means of transportation
such as alternate ground travel, charters and corporate jets,
low-fare carriers, and regional carriers®® In addition, they
haveincreased their use of communicationstechnol ogy such
ashigh-tech videoconferencing and Webcasting—priceshave
fallen and high-quality systems have continued to improve—
asan alternativeto flying.5* Theintense competitive pressures
within theindustry seem likely to continue in the near future.
It remainsto be seen how theindustry’s structurewill evolve
from theinterplay of the low-cost carriers, the legacy carriers,
and thelatter’ slow-cost spin-offs. However that evolves, gen-
erating productivity gainswill continueto beanimportant part
of theindustry’s cost-containment efforts. O
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Most of the data used to develop the measures in this article are
maintained by the Bureau of Transportation Statistics (8Ts) of the
U.S. Department of Transportation. The data are collected through
amandatory monthly census and are defined by ‘ Form 41’ carriers.?
The analysis of the airline industry is based on the passenger and
cargo operations of the scheduled and unscheduled airlines in the
United States. The BLS measure includes only the major and re-
gional carriers.? Indexes of multifactor productivity and related se-
ries are available at http://stats.bls.gov/mfp/home.htm.

Output

The output of an industry generally consists of numerous products
or services that must be combined or weighted together in some
meaningful way. For constructing measures of multifactor produc-
tivity, the preferred output index weights the difference, between
times T and T-1, in the natura logarithms of the quantities of all
products or services made in the industry with each product’ s share
inthetotal cost of production. The cost sharesare constructed asthe
arithmetic average of the share at time T and T-1. The exponentials
(antilogs) of the sums of the cost-share weighted changes are chained
together to form the index. This measure, known as a Torngvist
index, is calculated with the following formula :

S,(S* (In(Q)"- In(Q)™))

where i stands for individual products or services and T
stands for years, and where the cost share weights S are
calculated as:

S=12* ((C™ QTY/S(CT* QM) +((C™* Q™)S,(C™* Q™))

where C isthe unit cost of the product or serviceand Q isthe
quantity.

The output measurefor air transportationisaTorngvist aggregation of
domestic passenger miles, international passenger miles, domestic
freight ton-miles and internationa freight ton-miles of U.S. carriers
Air couriersare classified in NAICs 4921 and are excluded from the BLS

measure. Dataon passenger miles and freight ton-miles are taken from
the Air Carrier Traffic Statistics publication of the Office of Airline
Information, Bureau of Transportation Statistics, for dl Form 41 re-
porting carriers excluding couriers. Revenue data for the weights are
taken from Air Carrier Financial Statistics of the same source.

Laborinput

Average hours of employeesin air transportation are not available,
and a constant workweek of 40 hoursisassumed. The employment
index measures the change in aggregate employment over time. Al-
though the Current Employment Statistics program of the BLs does
collect employment datafor air transportation, it does not match the
production boundary of the output datafrom thests. Consequently,
the monthly employment statistics for ‘ Form 41’ carriers from the
BTsare used. The monthly data are averaged to create an annual
figure, and then indexed. Employees are treated as homogeneous
and additive. Hence, changesin qualitative aspects of employment
such as in the skills, education, and experience of persons consti-
tuting the aggregate, are not reflected in the labor input indexes.*

Capital

The capital input index is based on the flow of services derived
from the stock of physical assets. For most industries, capital stocks
of equipment and structures are cal cul ated from investment data by
the perpetual inventory method. For air transportation, thismethod
isfollowed for assets other than airframes and engines. However,
the perpetual inventory method was not used to measure capital
stocks of airframes and engines.

A physical count of end-of-year inventory of airframes and
engines and their purchase pricesis reported annually on Form
41 (report number B-43) to the Bureau of Transportation Statis-
tics. The availability of these data and the fact that investment
data for airframes and engines are somewhat problematic led to
the use of weighted physical counts of aircraft and engines by
type to create capital stocks for these assets. Problems with a
perpetual inventory accounting of airframes and enginesinclude
double counting of investment and premature retirement out of
the U.S. carrier fleet. Double counting of investment occurs
when aircraft are sold by the original buying carrier to another
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U.S. carrier. In this case, the original investment remainsin the
capital stocks until the end of the service life of aircraft and also
is added to the stock again when the second carrier buys the
aircraft from the first carrier. Premature retirement out of the
U.S. carrier fleet occurs when a U.S. carrier sells a plane before
the end of its service life to a foreign carrier. It remainsin the
perpetual inventory calculated capital stock of U.S. carriers.

To compute a weighted index of airframes and engines, the
end-of-year inventories for 44 types of planes and 34 types of
engineswere assembled from the B-43 reportsfor 1972 forward.
All operating airframes and engines are counted whether
purchased, leased, or capitalized leased. Purchase prices are
also reported in the B-43 reports and are used as weights. The
prices used were ones that were as close to original purchase
prices as possible, renormalized to base years of 1977 and 1987
with the Producer Price Index (P1) for aircraft and the ppi for
engines. The 1972-87 segment was aggregated with 1977
weights, and the 1987 forward segment was aggregated with
1987 weights. New weights will be introduced periodically into
the measure. The perpetual inventory method was used for non-
aircraft capital, which includes assets such as surface transport
vehicles, food service equipment, ramp equipment, and
maintenance buildings.

The perpetual inventory method was used to measure stocks
at the end of ayear equal to a weighted sum of all past invest-
ments, where the weights are the asset’ s efficiency relative to a
new asset. Constant-dollar capital stocks were thus calcul ated
for the non-aircraft assets. A hyperbolic age-efficiency function
was used to calculate the relative efficiency of an asset at differ-
ent ages. The hyperbolic age-efficiency function can be ex-
pressed as:

§=(L-t) / (L-(B)t)
where:

§ =therelative efficiency of at-year-old asset
L =theservicelife of the asset

t =the age of the asset

B =the parameter of efficiency decline

The parameter of efficiency decline was assumed to be 0.5. This
parameter yields afunction in which assetslose efficiency slowly at
first, then more rapidly later in life. The end-of-year stocks were
averaged at T and T-1 to represent better the value of stocksactually
in use during the year.

The value of inventories of parts and suppliesis also included
in capital stocks. This value was calculated by averaging, at
years T and T-1, the end-of-year stocks of parts and supplies
deflated by an average of theppi for fuels and theppi for aircraft
parts and equipment.

Theindexesfor aircraft and engines, non-aircraft assets, and parts
and supplies inventories were aggregated into an overall measure of
capital input using cost shares based on estimated rental prices as
weights. A perpetua inventory calculation of aircraft and engines
was performed for the purpose of calculating an internal rate of re-
turn. Rental pricesfor non-aircraft assets and for inventories of parts
and supplies were calculated as:
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RP=[(P,* R)+ (P * D) - (AT - P™)] * (1-UZ-K)/(1-U)
where:

RP = therental pricefor asset i

P = the deflator for asset typei

R = the internal rate of return

D =the depreciation rate for asset typeii

PT - P™ = the capital gain term for asset typei

(1-UZ-K)/(1-U) reflects the effect of taxation in which:
U = the corporate tax rate

Z = the present value of $1 of depreciation deductions
K = the effective investment tax credit rate

Therental prices were calculated in rates per constant dollar of pro-
ductive capital stock. Rental pricesfor non-aircraft assets and parts
and supplies inventories were multiplied by their constant-dollar
capital stocks to obtain current-dollar capital costs, which are con-
verted to cost shares for Tornqvist aggregation of the capital input
index. The capital costs of aircraft and engines were derived by sub-
tracting non-aircraft asset costsand partsand suppliesinventory costs
from total capital costs.

Intermediate purchases

The input of intermediate purchases includes the materials, fuels,
electricity, and services consumed by air carriers. Detailed cost of
materials data were available for 21 items for the years 1972-1986
and for 13 itemsfor the years 1986-2001 from the Form 41 reports.
Each item was matched as closely as possible to a Producer Price
Index (PP1). For aircraft fuels and oils, data on gallons consumed
were used. The detailed values were then deflated and the resulting
constant-dollar values were Tornqvist aggregated.

Combined inputindex

The index of combined inputs is calculated as a Torngvist aggrega
tion of theinput indexes of labor, capital, and intermediate purchases.
The cost share weights were calculated by estimating the annual
nominal dollar cost of each, summing them and dividing each input’s
cost by the total. The costs of aircraft rentals in the intermediate
purchases data were moved into capital costs because rented aircraft
are counted in the capital measure. Other rentals (for example, ticket
counter space in airports) remain in the intermediate purchases in-
put. The relative cost share weights for the three inputs are listed
below for various years.

Cost share weights

Year Labor Capital Intermediate
purchases
1975 0.5256 0.0368 0.4376
1980............... .3848 .0769 .5383
1985.............. 3604 1234 5162
1990............... 3621 .1305 5074
1995............... 3596 .1502 .4903
2000............... 3693 1459 4848



Footnotes to the appendix

t“Form 41" reports containinformation onlarge certificated U.S. air
carriers, defined asthose that hold a certificate issued under section 401 of
the Federal Aviation Act of 1958 and that generate operating revenuesthat
exceed $1 billion.

2The commuter airlinesdo not file“Form 41, whichisthe source of
capital data. Thus, they are excluded from thesLsmeasure. Seethe Web
site www.r spa.gov for thedefinition of Form 41, whichisthebasisfor the
dataset usedinthisarticle.

3 A figurefor passenger milesiscomputed by multiplying the number of
passengers by the number of milesflown. Similarly, afigurefor revenue-

ton milesis computed by multiplying the number of freight and mail tons
being transported by the number of milesflown.

*Theeffectsof changesinworkers' characteristicsarenot reflectedin
the labor input indexes. See Labor Composition and U.S. Productivity
Growth, 1948-90, Bulletin 2426 (Bureau of L abor Statistics, December
1993). Thebulletin usesdataon worker heterogeneity in the examination of
productivity growth in the private business and private nonfarm business
sectors. However, reliable dataon workers' traitsare not available at the
industry level, and hours must be treated as homogeneous and additivein
theindustry labor productivity measures.

Fax-on-demand

Users of data from the Bureau of Labor Statistics can request a fax of news re-
leases, historical data, and technical information 24 hours a day, 7 days a week,

from the Bureau’ s fax-on-demand system.

Users can receive newsrel eases of major economic indicators (see scheduleon
back cover) at 8:45 am. on the morning the data are released. The number to

obtain data from the national officeis:

(202) 691-6325
Useatouch-tonetelephone and follow the voiceinstructionsfor entering docu-
ment codes and your fax telephone number. The fax-on-demand catal og, contain-
ing alist of available documents and codes, can be obtained by entering code
1000. Y ou may reguest up to four documents with each call. Faxes are sent imme-
diately following the request. If your fax lineis busy, the system attemptsto send
the requested material four times before disconnecting.
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