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DESIGNING THE AIRPORT
TERMINAL

Richard de Neuftville, Center for Transportation Studies, Massachusetts Institute of Technology

The purpose of this paper is to provide the conceptual and analytical framework for
determining the best alternatives for providing landside capacity at airports. The basic
premise is that many current problems at airports are due to the unfortunate tendency
of airport planners to impose a single design concept on the entire terminal area. Cen-
tralized terminals are easier for transferring passengers, gate-arrival terminals are better
for short-haul commuters, transporter designs are more economical for peaks of traffic,
and so on. To determine the best design, we must examine the variations in the traffic.
Since the major differences among the alternative design concepts lie in their ability

to handle transfers and to deal with peaks of traffic, we should concentrate on deter-
mining the percentage of transfers and the variations in the level of traffic. Based on
this point of view, the paper summarizes the major distinctions in airport traffic in

the United States and around the world. The paper next examines the major questions
concerning the fundamental nature of the terminal facilities at an airport. Should the
facilities be centralized in a single major complex or decentralized into separate ter-
minals or gates as with the gate-arrival concept? Should transporters be used almost
exclusively, partially, or not at all? To what extent should the facilities be shared by
different airlines? For each question, we develop a simple analytic model to explore
the principal issues and trade-offs and to indicate the general circumstances for which
each of the major alternative design concepts is most appropriate. The results of these
analyses generally indicate which combinations of design concepts should be chosen
for airports with different mixes of traffic. The results also suggest an analytical pro-
cedure we can use to determine in detail the kind of design that is preferable for a
particular site.

The airport terminal is the facility that provides the connection
between the aircraft and the vehicles providing ground transport.
This function is difficult to perform well: The different size and
length of stay in the air and ground vehicles imply quite dissimilar
amounts of space on the airside and landside of the terminal,
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Typically, the stands for stationing the aircraft must occupy a much longer distance
than the curb needed to provide for the loading and unloading of cars, buses, or other
landside vehicles. How to balance these conflicting requirements, on opposite sides

of the same set of facilities, is the essential question of terminal design. Until re-
cently, this may not have been either a major or an important problem. But now things
are different.

It used to be that terminals and related facilities for serving passengers accounted
for only one-fourth or less of the cost of an airport. Until about 1965, most of the
money had to be spent on making runways and taxiways longer, wider, and stronger
to accommodate new generations of aircraft, especially the jets. This has changed.
Aircraft manufacturers now recognize that airport designers find it nearly impossible
to extend their runways farther or to obtain space near cities for airports with runways
more than 2 miles (3 km) long. They have consequently designed the latest generation
of aircraft—the 747 jumbo jets, the wide-bodied aircraft, and the airbuses—to operate
on existing runways. But these new aircraft, serving hundreds of passengers at a time,
require much larger terminal facilities than were needed before. Most of the money
for airports, about three-fourths in the United States, will now be spent on terminals.

Individual terminals can also be extraordinarily expensive. The new American Air-
lines building in Boston will finally cost close to $60 million or, including the value of
the money invested, amortization, and maintenance, between $5 and $10 per passenger
for the life of the structure. The new Pan American Terminal at New York (Kennedy)
Airport reputedly cost more than $140 million. An airline could go broke on terminals
alone! We should, therefore, give careful consideration to the kind of terminal we
build.

Unfortunately, airport planners have tended to think simplistically about the design
of terminals. We have a long way to go before we will really know (rather than think
we know) what solutions are best for particular problems, and we should recognize the
limitations on our ability to define the best solutions. Meanwhile, we can hope to
understand the forces that will shape this decision and to decide which concepts of de-
sign are most effective for different situations.

Terminals simultaneously facilitate a wide range of services for many users: ar-
riving passengers, transfers, commuters without bags, travelers with many, visitors,
and so on. There is no clear way to decide what is the cost of each service, let alone
to determine how greater expense will improve a particular service by itself. On log-
ical grounds, any kind of cost-effectiveness argument concerning different levels of
service that might be obtained is likely to be dubious. We may thus never have clear
guidelines for specifying in detail what levels of service a terminal ought to provide.

AVAILABLE CONCEPTS

Although the words used to describe types of terminal designs differ, they can be placed
into 3 categories that represent fundamentally different views of how a terminal should
function and whom it should serve:

1. Centralized with either finger piers or satellite subterminals,
2. Linear or gate arrival, and
3. Open apron or transporter.

[ This typology is described in detail by Horonjeff (13, chapter 9) and is also analyzed in
a joint report of the R. M. Parsons Company and the Air Transport Association of
America (17). Since the ATA is the representative of the major U.S. airlines, its re-
port reflects their particular interests. These cannot be presumed to be appropriate
either for other countries or even for different elements of the community within the
United States. Its report must be viewed accordingly, and its findings recognized as
being quite controversial.]
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Centralized Terminals

The characteristic feature of a centralized terminal is a common hall through which
passengers must pass. The hall contains facilities for checking passengers and for
handling their bags and also houses auxiliary services such as restaurants and stores.
Passengers connect with the aircraft along corridors. In the finger pier design, the
aircraft are located along the corridors. In the satellite design, the aircraft are placed
at the end of the corridors. Examples are shown in Figure 1. Both designs provide
essentially the same services, but satellites may allow somewhat more room for air-
craft to maneuver, depending on their location. If the airport is large, the terminal
area may include several centralized terminals. This occurs at Paris (Orly), London
(Heathrow), Chicago (O'Hare), and San Francisco airports, for example.

Centralized terminals have many advantages. Airlines and airport operators like
them because they promote intensive use of facilities and equipment and, thus, reduce
the average costs of providing check-in and baggage-handling services. Passengers
who have to transfer between flights also like centralized terminals because they are
relatively compact. Conversely, the essential disadvantage of centralized terminals
is that—at large airports—all passengers must go through a congested place and must
travel a considerable distance between the vehicles that bring them to the airport and
the aircraft. Although this distance may be covered on foot or via some form of moving
sidewalk or automatic device like the skybus in use at Tampa or Seattle-Tacoma air-
ports, it is an inconvenience, especially to commuters and others who may be in a
great hurry.

Linear Terminals

The linear or gate-arrival concept was devised to eliminate long distances between the
place of arrival and the aircraft. It allows a passenger to be driven right up to the gate
to the aircraft. The airport is linear and has roads on one side and aircraft on the other
(Figure 1). The gate-arrival design became fashionable in the late 1960s, possibly be-
cause few people had experienced, or thought about, the disadvantage of this approach.
A gate-arrival terminal naturally requires separate baggage-handling and check-in
facilities at or near each aircraft position, significantly increasing the equipment and
personnel needed to serve passengers. The maximum distance from one end to the
other is much longer in a linear terminal than in a centralized terminal, especially if
the former has aircraft on only one side of the building. The gate-arrival terminal
can thus be quite unattractive both for transferring passengers and for returning trav-
elers who wish to pick up cars they may have parked in front of some distant gate.

Open-Apron Terminal

The third concept substitutes vehicles for most of the terminal structures. These ve-
hicles, generically called transporters, carry passengers between a central terminal
and the aircraft parked on the apron. (These transporters are also called apron pas-
senger vehicles in England and mobile lounges in North America. The term mobile
lounge is really inappropriate since it is inefficient to use vehicles as lounges; they
and their drivers should be in use, moving passengers to and from aircraft, as much
as possible.) The prototype for this arrangement is Washington (Dulles) Airport, which
serves essentially all passengers with transporters (a few walk to small aircraft
through a miniscule finger pier).

The transporter reduces the amount of walking a passenger must do, but requires
a large labor force of drivers and attendants and is potentially expensive. It is also
potentially economical, since transporters can be parked and operated only when
needed so that drivers can be hired for a fraction of the time, either for a specified
shift or season. The transporter concept thus has a distinct economical advantage for
handling peaks of traffic.
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SIMPLISTIC CURRENT PRACTICE

Each of the available concepts of terminal design functions efficiently for some kinds
of traffic: Centralized terminals are easier for transferring passengers; gate-arrival
terminals are better for commuters; and open-gate terminals handle traffic peaks
more economically. Any airport is likely to have a significant proportion of more than
one of these types of traffic, and we should therefore expect that effective designs for
terminals would combine the appropriate features of all the concepts.

Airport designers, however, typically develop master plans for terminals around
only 1 of the 3 concepts and argue about which concept is best for all purposes. This
debate is remarkably dogmatic. Recent confroversies over new airports have demon-
strated a singular unwillingness to compromise or to combine design concepts. The
protracted arguments over the new Montreal (Mirabel) Airport are an example. The
architects and planners in charge decided early on that a transporter design should be
built and resisted compromise when airlines and others subsequently showed that this
plan had several drawbacks. Finally, some sort of combination of concepts was agreed
upon, but only after various airlines applied strenuous pressure. Elsewhere, for ex-
ample at Frankfurt (Main), Dallas-Fort Worth, and Washington (Dulles) airports, the
situation has been similar: Politically powerful institutions or persons have imposed
their favorite design on the users.

This kind of fight is unnecessary, for a diversity of needs can best be served by a
mixture of the elements that best serve each need. We should start with the premise
that the best design for an airport terminal is likely to be some hybrid of a pure con-
cept (Figure 2). A rational combination of elements, however, is difficult to achieve
for several reasons. In the United States, architects usually design airport terminals,
and they naturally think of form and external beauty. In France and Germany, airport
designers are engineers, who tend to like mathematically clever and geometric designs.
The designs for practically all new airport terminals, therefore, are remarkable for
their symmetry, elegance, and even beauty.

The users and operators of an airport terminal want it to function smoothly and ef-
ficently. They want a variety of significantly different kinds of services, such as easy
access to all aircraft and easy transfers. The diversity and complexity of their de-
sires inherently conflict with aesthetic preferences of the designers for simplicity of
concept and form; this conflict is now dominated by the designers.

Better terminals for the airlines and the travelers can be designed if we concentrate
on the functions to be served, not on the form. We may need to restrain the architec-
tural considerations to the extent they disordinately dominate the design process. [ The
current dominance of architects in the design of terminals is suggested by their respon-
sibility for the available textbook treatments of the subject (7,13, 19).] Instead, we
need to emphasize pragmatic considerations in the selection of the concept for the ter-
minal. These are largely missing. Our problem will be to determine what combina-
tion of concepts provides the most suitable design for the particular mix of traffic at
any airport. To do this, we need to understand the different kinds of traffic using air-
port terminals and their implications for the choice of design.

NATURE OF TRAFFIC

To understand a problem, we have to measure its important characteristics. Here is
where we often fail because we assume that the kind of statistics that are available are
suitable for our purposes. This is not so. The appropriate description of a situation
depends on our point of view. A professor looking at a classroom will count the num-
ber of seats, for example, while the junkman will estimate the pounds of scrap.
Various organizations collect extensive data about air travelers: Customs officials
count the number of international passengers; air traffic controllers count the number
of aircraft movements; airline companies count the number of passengers and their
destinations, and so on. These groups do not gather statistics for the benefit of ter-
minal designers, however. They collect the data for their own administrative purposes
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Figure 1. Examples of use of pure concepts for terminal design.
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and may be quite willing to accept peculiarities that are inappropriate for designers.
Air traffic controllers, for example, count training flights together with actual airline
arrivals, This practice makes sense in terms of keeping track of their work load, but
is confusing to the designer interested in the number of aircraft that need to be accom-
modated at the terminal. (Data are also often subject to systematic biases. At smaller
airports it is not uncommon, for instance, for the statistics on aircraft operations to
be distorted upward because flight controllers get higher pay when their work load in-
creases.) In designing terminals, we must therefore be careful in interpreting data
about airport traffic.

Current practice focuses on the problem of identifying the daily and hourly volumes
of future passengers and aircraft that the facilities should accommodate. The object
is to obtain reasonable approximations to the peak flows so that each of the elements
of the terminal can be sized correctly. The process develops traffic estimates, for
example, of the peak hour of the average day of the peak month. These figures are
useful for calculating the capacity of the system for handling bags, the width of the
corridors, and other dimensions. But they provide no clue about what kind of facili-
ties might prove most effective or economical, and that is the more fundamental ques-
tion. BRefore sizing a facility we need to know what it looks like. Unfortunately, cur-
rent practice does not develop the kind of information needed to address this issue.

What kind of data are most useful for choosing the right mix of concepts for a ter-
minal ? Which aspects of the traffic have the most important consequences for its per-
formance? The answer is that we should focus on the aspects that will help us decide
what kinds of terminals we want. Since the major functional differences between the
alternative design concepts lie in their ability to handle transfers and to deal with peaks
of traffic, we should concentrate on examining the variations in the level of traffic and
the percentage of transfers. Conversely, the conventional categories of traffic used
in terminal design (for example, the number of passengers on business or pleasure or
on domestic or international flights) do not tell us very much about what combination
of concepts are right to use for a terminal. At best, they provide an indirect guide.
Data on international traffic might be -most helpful for our purposes in Boston since
they would define highly peaked daily and seasonal traffic across the Atlantic, but they
would not give us much indication of what terminals might be best for London, where
much of the international traffic is steady, year-round business travel within Europe.

The relative importance of transfers at an airport is a significant factor for helping
decide among concepts for terminal design. It is also most difficult to determine.
First of all, data on the number of passengers transferring between flights are not
regularly collected by any agency. These statistics must be pieced together indirectly
or measured by sample survey; some typical results are given below for domestic, in-
terstate travelers transferring between flights in 1971.

Airport Percent
Atlanta 72
Dallas 53
Chicago 49
Philadelphia 39
Denver 36
New Orleans 32
Kansas City 32
San Francisco 31
Los Angeles 30
Miami 29
Minneapolis-St. Paul 21
Detroit 19
Boston 15

New York 15
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[ Although the number of transferring passengers has important implications for the
design of airport terminals and for the demand for airport access and should, there-
fore, be readily available to airport planners, this figure is often unknown. This is
because the number of transferring passengers, as opposed to the number of passen-
gers, is usually not generated in the ordinary course of events as a by-product of some
other necessary activity, such as financial accounting. The number of transfers gen-
erally has to be deduced from the results of special surveys. The numbers above were
obtained by comparing the total number of passengers boarding aircraft in the United
States (2_3) with the number of originating passengers as estimated by a sample sur-
vey (22). The results are only accurate for the domestic, interstate operations under
the supervision of the Civil Aeronautics Board. The estimates for San Francisco, Los
Angeles, and Dallas are thus tentative because many passengers use airlines that fly
only within the states of California and Texas. The point is that considerable subtlety
and care have to be used to obtain good estimates of transfers.]

The percentage of transfers varies greatly. Some airports, such as Chicago
(O'Hare), Atlanta, and Dallas-Fort Worth function as major interchanges, It, there-
fore, stands to reason that their terminals should emphasize convenient accessibility
among all sections, (From this perspective, the gate-arrival terminals built at the
new Dallas-Fort Worth Airport would seem to be just the wrong kind of solution for
this location, since they impede transfers. It would be interesting, but not too sur-
prising, to find that Dallas-Fort Worth had lost its importance as a transfer point
after a few years).

The importance of transfers is also difficult to determine because the persons going
from one flight to another represent only a fraction of the people effectively transfer-
ring through the terminal. This is especially true at decentralized terminals. Indeed,
many passengers may park their cars near one section of the terminal, from which
they depart, and then return, on a different airline or from a different city, to another
section. To get back to their cars, they must go through the terminal area just as if
they were transferring. We may call these people cryptotransfers. Their problems
may actually be worse than those of the passengers transferring between flights: They
have to handle their own bags, while a passenger connecting between flights can rely
on the airlines to do this.

These additional transfers may be important at some airports. Although no direct
measure exists for these cryptotransfers, circumstantial evidence suggests that they
can be numerous. After the opening of the gate-arrival terminal at Kansas City, for
example, it was noticed that many passengers avoided the parking lots near the gates
and used the more distant—but centrally located—spaces. This effect was certainly re-
inforced by the fact that the central parking was cheaper. Nonetheless, the same effect
occurs at Boston and Dallas-Fort Worth, Cryptotransfers may account for as much as
10 percent of the traffic.

The variability of the flows of traffic is the other major determinant of the choice
of terminal concepts. When the traffic fluctuates widely, we can expect that many of
the facilities needed to provide services during peak periods will be idle most of the
time. Under these circumstances, it becomes economical to turn off the cost of the
facilities when they are not required. This cannot be done with buildings, where most
of the cost is fixed in the structure. But it can be done with transporters, for which
most of the cost lies in the operating expenses of the drivers, fuel, and maintenance.
Transporters can be parked when not needed, and drivers can be hired only for a spec-
ified shift or season. The transporter concept is most economical for handling peaks
of traffic.

Figure 3 shows the number of months for which the passenger traffic exceeds any
given percentage of the month with the least traffic. The steeper the slope is, the
greater the peaks in the traffic. (These figures can be derived from annual reports
from agencies such as the British Airports Authority, Port Authority of New York and
New Jersey, and Aeroport de Paris, and Flughafen Zurich. All airports can be ex-
pected to maintain records of this sort even if, as for Los Angeles, they are not pub-
lished.) Typically, smaller airports serving vacation resorts, like Grand Junction,
Colorado, or Ibiza, Spain, have the greatest seasonal variations. Larger tourist
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attractions, like Mexico City or Miami, may have substantial peaks around the week-
ends, when holidays usually begin and end.

For New York, the strongest peaks occur in the international traffic. For a brief
2 months (the July and August vacation period), about half again as many passengers
require service as at any other time during the year. Similar variations occur around
London. But in London the major international airport, Heathrow, has the most even
pattern of traffic. This emphasizes that the conventional categories of traffic do not
really give us much information about the nature of the traffic that we can use in choos-
ing the right concept for a terminal. What happens is that the holiday traffic, which
gets routed through New York (Kennedy) Airport, goes through London (Gatwick) or
Luton Airport via charters (or 'monscheduled' carriers as they are often called in
the United States). The wide variation in holiday traffic is emphasized by Zurich fig-
ures, which are published separately, for scheduled airline service and charters (Fig-
ure 4).

Daily fluctuations can also be important. Some airports, such as Cleveland (Hop-
kins), are steadily busy through most of the day, while others, like Miami, evidence
sharp peaks, as shown by Figure 5 (24). Some airports are also sensitive to particu-
lar travel patterns or to time zones. New York (Kennedy) Airport, for example, is
particularly busy from 2 p.m., when the morning flights arrive from Europe, until
9 p.m., when these aircraft return. At other times the airport is virtually deserted.
The pattern of international traffic through Montreal has a similar peak, and this pro-
vides a strong justification for the use of transporters at the new Montreal (Mirabel)
Airport. (Conversely, such peaks argue against the trend to construct large terminals
dedicated to international fraffic at most North American cities. This, however, runs
counter to most civic pride.)

Lack of punctuality of the arrivals of aircraft is another factor that influences the
use of facilities and, thus, the desirability of transporters. We know that a large pro-
portion of the flights will routinely fail to arrive on time, through any of a variety of
meteorological, mechanical, and other problems. We consequently have to have equip-
ment and personnel available for serving the aircraft much longer than is needed to
perform the operations. The resulting relatively low levels of use of fixed facilities
favor the use of transporters.

Arrivals are not particularly punctual. If being on-time is defined as operating
within 15 minutes of schedule, which is the generous definition used by the United
States airlines, then more than one-third of all flights are not on-time (Figure 6). To
a certain extent, punctuality depends on the climate and deteriorates during the winter,
when bad weather causes delays, rerouting, and cancellations. But it is also a matter
of airline policy. Some airlines will deliberately hold back flights so that connections
can be conveniently made from other flights. This is especially true of Delta, for ex-
ample, which consistently has a lower percentage of its flights on time. In detail, the
arrivals and departures of aircraft typically deviate considerably from their schedules.
As shown in Figure 7 (11), flights are easily 20 minutes later on the average, and ar-
rivals spread out over more time than departures. [Data on the punctuality of U.S. air-
lines are reported by the Aviation Week and Space Technology Magazine. Edwards and
Newell (11), Baron (4, 5), McKenzie et al. (15), and Steuart (21) report on detailed
analyses of airline arrivals and departures.] It should be emphasized that the patterns
of transfers and peaks vary over time. As air traffic develops in a region and more
direct flights become available, the number of transfers at some airports may decrease
significantly, or they may increase. The introduction of aircraft with transcontinental
ranges eliminated many of the stops and transfers that used to occur in Denver, but
they also created Copenhagen's position as a gateway to transpolar flights from Europe
to western United States.

The intensity of peaks in traffic can also change noticeably. They can increase for
airports that develop greater vacation traffic and can decrease strongly for airports,
like Los Angeles, that become destinations for more routine or business trips (Figure
8). Punctuality of aircraft may also improve as the facilities for air navigation and
maintenance improve and may deteriorate as an airport becomes congested and delays
build up. No firm rules on these trends can be established. We simply need to remain



Figure 3. Variations in 1973 monthly
passenger traffic at New York and
London airports.

Figure 4. Variations in 1973 monthly
passenger traffic in Zurich.
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flexible and to design our terminals so that they can accommodate different kinds of
traffic.

NATURE OF TERMINAL FACILITIES

With these data in mind, we can now examine the major questions concerning the fun-
damental nature of terminal facilities at an airport.

1. Should the facilities be centralized in a single major complex or decentralized
into separate terminals or gates as with the gate-arrival concept?

2. Should transporters be used exclusively, as at Washington (Dulles) Airport,
partially as at most European airports, or not at all?

3. Should the facilities be shared by different airlines, as they are in Europe and
generally are not in the United States, and to what extent should they be shared?

Centralized or Decentralized

A centralized terminal facilitates transfers. It generally implies smaller distances
for persons connecting between flights. This is not to say, of course, that the dis-
tances are necessarily short: From one end to the other end at Chicago (O'Hare) Air-
port is more than 1 mile (1.6 km). Large as this is, it is less than the comparable
figure for a gate-arrival terminal: The greatest distance between gates at Dallas-Fort
Worth, an airport with far less traffic, is more like 3 miles (5 km). Use of a central
terminal also makes it possible to keep transfer passengers within a single building
and thus reduce the number of security inspections that must be made. A central ter-
minal can also provide an easy connection to a public transit system. The railroad
station for the Frankfurt (Main) Airport is right below the central terminal building
and curb, for example. But for an airport with decentralized terminals, such as New
York (Kennedy), it is essentially impossible to locate stations that would be convenient
to each unit.

A central terminal also creates congestion. This is both good and bad. It is good
because traffic is heavy enough to support restaurants, shops, and other passenger
conveniences. At gate-arrival terminals, where this density does not exist, passen-
gers can hardly get anything to eat, for operators cannot afford to maintain the equip-
ment and staff required to provide food service for the few persons who pass by a few
gates. Conversely, however, the congestion at centralized terminals can delay and
confuse traffic and is exactly the kind of inconvenience gate-arrival terminals are de-
signed to overcome. Qualitatively, gate-arrival terminals are most convenient for
commuting passengers who are going directly to some destination and who have little
concern for transfers or for special shops and services; they probably want to proceed
as quickly as possible to their flight.

From an economic point of view, the better configuration depends on the trade-off
between the extra costs of providing more facilities with more personnel at decentral-
ized terminals and the savings that occur by avoiding the costs of congestion in a cen-
tralized terminal. The extra costs of operating a gate-arrival facility can be quite
high. This design requires separate check-in counters for every few gates and pre-
vents staff from being used for many flights at once. Braniff and TWA each estimated,
for example, that they needed 15 percent more staff to serve their new gate-arrival
facilities at Kansas City. The special costs of a central terminal can be higher, how-
ever.

The complexity and the cost of the equipment required to sort bags and cargo in a
large terminal are the most powerful economic incentives for decentralization. Com-
plicated mechanisms may have to be provided to sort this traffic through the confusion
of a central hall serving dozens of destinations. Strong diseconomies of scale exist in
this process: Costs increase exponentially faster than the size of the terminal. Spe-
cifically, a recent study estimated that, for cargo facilities,
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Total costs = constant x (size)*:*°

This disadvantage of large size exists even in the presence of significant economies of
scale in the construction of buildings, thus emphasizing the tremendous cost of sorting
packages. [Diseconomies of scale exist whenever costs increase faster than size, that
is, when the exponent on the size factor is greater than 1.0 (9).] Figure 9 (8) illus-
trates this. Trading off the extra costs of gate-arrival terminals and the diseconomies
of sorting processes in a central facility, one finds that gate-arrival terminals are
marginally less expensive for many large cargo operations.

The situation is less clear for passenger terminals. Whether or when diseconomies
of scale exist for these facilities is not known. But because we can rely on passengers
to try to find their own way, minimal equipment will be needed to help them, and it is
almost certain that the diseconomies of scale will be less for passenger facilities than
for cargo terminals. This means that gate-arrival terminals probably lose their mar-
ginal economic advantage and that central terminals may be less expensive for passen-
gers.

A hybrid terminal may be best for many situations. To meet the conflicting desires
of different passengers for ease of access and of transfer and to keep costs within
bounds may be most effectively done by including both the centralized and gate-arrival
concepts in an overall design for a terminal. The gate-arrival section can serve heavy
commuter traffic to a few destinations, and the finger piers can serve the remainder
of the passengers. In practice, this is the formula that has successfully evolved at
New York (La Guardia) Airport, where the shuttle passengers to Boston and Washington
have their own gates. A similar design is planned for the new terminal at Calgary:
There, the gate-arrival facilities will serve the commuter traffic to the provincial
capital at Edmonton (Figure 2).

Transporters

Transporters become better than constructed gates when the rate of use for the facili-
ties becomes relatively low. When equipment is used for only a few hours a day or a
few months a year, it becomes relatively expensive per passenger, for the same fixed
costs get prorated over fewer people. Constructed facilities are especially sensitive
to this effect since almost all of their costs consist of the fixed amortization of the
capital invested. The cost per passenger served does not increase so rapidly, how-
ever, when one uses transporters. Some of their costs can be avoided when use is
low: Fuel and maintenance costs drop, and drivers need not be hired.

A schematic comparison of the relative costs of transporters and of constructed
gates appears in Figure 10. Whatever the relative cost may be at full utilization, the
exponentially rising cost per passenger of constructed gates makes it practically inevi-
table that transporters provide the cheaper alternative at the lowest rates of utilization.

Detailed analyses in the United States and England indicate that it is economically
efficient to use transporters for a sizable fraction of the gates at a major airport.

[ The major public reference on this is the study by de Neufville et al. (10). Its con-
clusions are supported by numerous private studies, including those of the British
Airports Authority.] Although the results depend both on local costs and variability

of the traffic, serving about one-third of the aircraft positions with transporters typ-
ically appears to be best. Because these should be the gates with the lowest rates of
utilization, they will only serve a small fraction—about 10 percent or less—of the total
number of passengers through the terminal. Relatively few would thus have to face the
delays of using transporters.

With regard to costs, the desirability of transporters depends on anything that in-
fluences the relative costs of capital. High interest rates make transporters more at-
tractive, for example. But high inflation, which increases the cost of salaries and fuel
and reduces the real cost of construction, favors constructed facilities.

Transporters are particularly useful as an addition to existing facilities in special
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Figure 7. Typicai variations in punctuality
for arrivals and departures of aircraft.

|, ——DEPARTURES

PERCENT OF OPERATICNS

20 ) 100
MINUTES FROM SCHEDULED TIME

Figure 9. Diseconomies of scale in
cargo terminals.

TOTAL
COST o « i

iol- € 1645 A
= N ASSUMED COST
o /0¥ CARGO
< EQUIPMENT IN
< AR CARGO
- TERMINALS
i
8
o

95 CaNSTRVCTION

Co- 1368079
(4} . —
] B0 300

AREA (m? x 107 )

Figure 8. Variation in peaks of
passenger traffic at Los Angeles
International Airport.

170,

160

X
= 150 -1
Z
o
=
—
5140 =
g 1965
.
[T
O 130 -1
-
<
w
53
33 120 “
a
o
o= =
| 1 I | 1
2 4 6 8 10 12

MONTHS FOR WHICH TRAFFIC EXCEEDS
PERCENT OF BASE

Figure 10. Relative costs and use of fixed
and mobile gates.

ES
Q

w
(=}
I

TRANSPORTER

{30 % FIXED COSTS—
AT 100 % WTIL.)

RELATIVE COSTS FOR HYPOTHETICAL SITUATION
L
2

l. TRANSPORTER
CHEAPER
ke 5
@ FIXED GATE
(75% CAPITAL COSTS
AT 100% UTILIZATION)
- | 1 1
2D 50 75 100

UTILIZATION (%)

Table 1. Existing and planned hybrid designs for airport terminals.

Hybrid Terminals

Concepts Blended In Fact
Finger pier and transporter
Gate-arrival and transporter

use gate-arrival
Finger pier and pate-arrival

Atlanta—Eastern and Delta use transporters
Montreal (Mirabel)—Air Canada, others will

New York (La Guardia)—Eastern's shuttle
terminal functions as gate-arrival

By Design

will be gate-arrival

London (Heathrow), Paris (Orly-West)
Paris (de Gaulle)—Ajr France terminal

Calgary—commuter scrvice to Edmonton
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circumstances that make constructed facilities particularly expensive or impossible
to obtain. United Airlines currently estimates, for example, that transporters are
desirable whenever the costs of constructed facilities exceed $3 million per gate.
Because transporters can be acquired rapidly, they can also provide service to growth
in traffic that occurs before constructed facilities are ready, as they have done at
Toronto and New York (Kennedy).

Traffic patterns that lead to low rates of equipment use also favor transporters.
They are thus especially advantageous for situations where there are significant peaks
in traffic, either daily or seasonal. Likewise, they are relatively economical for air-
ports at which arrivals typically deviate substantially from schedule. This frequently
happens at facilities serving long-haul traffic, where small percentage changes in
flight time translate into long delays.

Overall, a hybrid design including transporters is particularly appropriate when
there are marked fluctuations in traffic or when expansion of constructed facilities is
difficult. Some examples of this are given in Table 1. The transporters have proved
to be effective in accommodating summer peaks of traffic, and are deliberately part of
the plan at London (Heathrow) Airport and the prospective Air France terminal at Paris
(de Gaulle) Airport. They also economically provide for rush-hour traffic on a daily
basis and are used for this purpose at Paris (Orly-West) Airport, which is principally
a domestic terminal, and at Montreal (Mirabel) Airport. The original plan at Montreal
(Mirabel), incidentally, was to use transporters exclusively, but the domestic airlines
appear to have persuaded the authorities to permit some use of transporters to meet
immediate needs that cannot be filled by construction.

Shared Facilities

The size and cost of the facilities required can be reduced by arrangements to share
their use among several airlines. This practice is commonplace in Europe and essen-
tially everywhere else except in the United States. An airport authority typically op-
erates the gates and other ground services for the benefit of everyone. Similar pro-
cedures for the nonexclusive use of gates by airlines exist in the United States at
Honolulu and for various international terminals, such as the International Arrivals
Building at New York (Kennedy) Airport. Many airlines in the United States also con-
tract with other airlines to share the use of gates otherwise used exclusively by a
single airline.

The advantage of shared use is that it allows more flights to be squeezed into any
given number of gates. Essentially, the larger the number of operations to be served,
the greater is the opportunity to manipulate the operations so that we can achieve
higher use. This advantage is counterbalanced to some extent, however, by the dif-
ficulty of maintaining coordination among airlines, the expense of making equipment
competitive, and the airlines' possible loss of image in competitive markets.

As indicated previously, the deviations from schedule that inevitably occur force
us to provide more facilities than we would need if all went well. When a flight does
not leave on time, an extra position may have to be provided to accommodate an ar-
rival, Overall, this phenomenon may force us to install eagily half again as many
gates as would be needed if aircraft actually were able to perform on schedule. In
practice, this number is estimated through a detailed examination of the activities
anticipated at an airport. The essential features of the phenomenon are captured in
the following approximate formula:

1
Gates required = (gates needed by scheédule) + 2(gates needed by schedule) /

This is crude, but does emphasize that the extra slack that must be made available de-
creases, as a fraction of the total, for larger airlines or operating units. This is il-
lustrated by operations at San Francisco. Figure 11 (6) shows that the largest airline
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Figure 11. Scheduled use rate for gates at
San Francisco.
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This behavior means that we can

achieve considerable savings by combining several small operations into one common
service shared by all. For example, if 4 airlines have a scheduled need for 5 gates
each, they would require about 80 percent extra if acting separately, but only about
45 percent if acting together. A total saving of 35 percent would theoretically be
possible for that case. Only relatively small savings might exist if we combine
large operations. Joint use between 2 airlines requiring 40 gates each would lead to
only a 10 percent reduction in facilities, an advantage that could easily be eliminated
by other factors.

Further savings can be achieved through shared use when the airlines serve mar-
kets whose traffic peaks at different times. The effect depends on the degree of over-
lap between their needs. Figure 11 shows how demands of 2 major airlines can com-
plement each other: At San Francisco the airline serving the eastern United States fea-
tures many early departures to make for reasonable times of arrival in New York and
elsewhere, but the airline going north-south needs the most gates after noon. To give
some idea of what can be done, about a 15 percent reduction in gates at Paris (Orly-
West) Airport was attained by effective sharing for airlines with different traffic pat-
terns.

The major argument against some amount of joint use of facilities is not one of fact,
since it is generally agreed that this approach can be economical, but one of principle.
Airlines that compete against each other feel that they must be visible if they are to be
successful. This implies that they want their own facilities. In Europe and many other
places, this argument has little force because the airlines rarely compete. Quite the
contrary, they are generally tied together by the so-called pooling agreements, accord-
ing to which they pool their revenues
and share them according to predeter-
mined formulas, Outside of the United
States, consequently, terminals are
usually designed for shared use.

Since airlines compete vigorously
in the United States, they are unlikely
to agree willingly to share gates and
other major facilities. But there may
be exceptions. A number of locations

Figure 12. Passengers processed in 1974 by each
airline at Atlanta.
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feature many small operations which,

in fact, are hardly in competition. Such
appears to be the case in Atlanta, for
example, as shown by Figure 12. This
is the kind of situation for which shared
use ought to be considered, even in the
United States.
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PROCEDURE FOR CHOICE

The overall conclusion of this discussion is that we should plan to design terminals
around combinations of centralized, decentralized, and transporter concepts. Argu-
ments about which of these concepts is best—or should be adopted—are sterile if not
vacuous. It is almost inevitable that a hybrid terminal of some degree is most suit-
able.

As a first step in determining what kind of combination makes sense for a particular
site, we should lry to gather the kind of data that will be helpful in deciding this issue.
We should particularly attempt to define, especially since it is often not readily avail-
able, the pattern of variations in the traffic and the intensity of transfers, both between
flights and for picking up cars and similar purposes.

Next, we should try to identify the approximate degree of hybridization that is most
suitable for this location. To do this, we can apply the simple analytic models sug-
gested in the preceding sections. We can first estimate the diseconomies of scale of
central terminals, if any, and compare them with the costs of decentralization. Next,
we can compare the local costs of transporters and fixed facilities and, by associating
these data with information about the variability of the traffic, determine the proportion
of transporters that appears reasonable. We can also use the formula provided to es-
timate whether the savings obtained through joint use of facilities are worthwhile,
These analyses will certainly be crude, but they can be helpful in screening out the
most desirable configurations.

Finally, we can use detailed analyses to investigate specific variations of the gen-
eral configuration that appears best. At this point we can use the many factors that
have been developed for sizing the specific dimensions that are necessary to service
the kind of traffic that is expected. This is the level at which most terminal design
has been carried out and is described in detail in standard references.
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