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Introduction 

GEOFFREY D. GOSLING 

The airport landside is commonly defined as those parts 
of the airport that do not handle aircraft. Landside plan­
ning is concerned not only with activities in the terminal 
building and at the curbside, but also with the airport 
ground transport system and the impact of the airport 
operation on its environs. Landside planning concerns 
therefore arise to some extent at every airport. It is at the 
larger airports, with their greater traffic volumes and 
greater complexity, however, that landside planning ques­
tions often become of great concern. 

Increasing levels of air traffic translate into larger vol­
umes of people and vehicles to be handled by the landside 
facilities, the capacity of which is often severely con­
strained by local site considerations or inadequate invest­
ment. The situation is often complicated by the large 
number of different organizations that must be served by 
the airport landside facilities and that frequently are re­
sponsible for constructing or operating different compo­
nents of the landside system. The many changes in the 
airline industry since deregulation have further compli­
cated the landside planning task by changing the nature 
and scale of the problems and by introducing considerable 
uncertainty into projections of future requirements. The 
rapid growth of large connecting hubs in the airline net­
work, with their high volumes of transfer traffic and very 
peaked demand patterns, has created difficult challenges 
at those airports selected by airlines to be network hubs. 

Recognizing the increasing attention being given to · 
landside problems and the need for more guidance on how 
to address them, the Federal Aviation Administration 
(FAA) sponsored a Transportation Research Board (TRB) 
study of airport landside capacity assessment techniques 
(1). As a follow-up to this study, the TRB Committee on 
Airport Landside Operations organized two sessions on 
the broader topic of landside planning techniques at the 
1988 TRB Annual Meeting. The papers in this Record 
were presented at those sessions. 

The paper by Andrew Lerner, the project director of the 
TRB study, describes the study findings and provides a 
general introduction to the current state of the art of 
landside planning. The paper discusses the landside deci­
sion-making context, describes the importance of level of 
service concepts to an understanding oflandside capacity, 
and discusses the capacity assessment process developed 
in the study as well as the pressing need for a program of 
landside research to support this process. 

Institute of Transportation Studies, 109 McLaughlin Hall, Uni­
versity of California, Berkeley, Calif. 94720. 

LEVEL OF SERVICE CONSIDERATIONS 

The motivation for developing landside level of service 
measures is twofold. First, since one of the goals oflandside 
planning is to improve, or at least maintain, the level of 
service experienced by the airport user, it is necessary to 
be able to measure level of service in order to know 
whether this goal is being achieved. Second, landside im­
provements are rarely without expense. To know whether 
a particular expenditure is justified, it is necessary to be 
able to measure the change in level of service resulting 
from it. Merely striving to meet arbitrary performance 
standards, without regard to the cost of doing so, is likely 
to lead to misallocation of resources. 

Although the need to incorporate level of service consid­
erations into landside planning is increasingly recognized 
(1), there is currently no agreement even on how to define 
level of service, let alone on how to assess the influence of 
particular projects on the resulting levels of service expe­
rienced by facility users. On the airside, aircraft delay has 
become widely accepted as the appropriate measure of the 
level of service provided by the system. (It should be noted, 
however, that the practice of aggregating aircraft-minutes 
of delay, without regard to aircraft type or nature of each 
delay, oversimplifies the problem.) The airport landside, 
on the other hand, involves so many distinct activities that 
it is extremely difficult to express level of service by a 
single measure. The range of possible measures identified 
by Brink and Maddison (2) includes some that are rela­
tively easy to quantify and others that are much harder. 

A number of attempts have been made to define a 
framework for measuring landside level of service. Apart 
from simply attempting to measure appropriately each 
aspect of level of service, such as minutes of travel time or 
walking distance in meters, these approaches have been 
based on either defined standards or user satisfaction. 

The standard-based approaches have often followed the 
practice of the Highway Capacity Manual (3) and specified 
ranges of a particular measure on a lettered scale, such as 
A to F ( 4). This approach has the attraction of seeming 
consistent with what is already done in the highway area. 
It is not clear, however, where the appropriate divisions 
between levels should lie for many of the measures of 
concern in the airport landside (e.g., walking distance, 
waiting time, or crowding) or even how to measure some 
factors, such as the availability of information. Even if 
these difficulties can be overcome, there is no assurance 
that a given level of service for one measure bears any 
meaningful relation to the same level for a different 
measure. 
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Satisfaction-based approaches, on the other hand, at­
tempt to define levels of service on the basis of judgmental 
user assessment of different conditions. It can be argued 
that this approach reflects the perceptions of the users of 
the facility. There are difficult questions, however, con­
cerning the basis from which the users came to their 
assessment and the role of expectation in influencing the 
value assigned, as well as how consistent assessments are 
over time and how transferabie they are to other situations. 
Perhaps more important, this approach provides little or 
no normative guidance for planning. Although it may be 
possible to determine the measures necessary to achieve a 
particular percentage of users rating a facility good or 
excellent, it is not so clear how to determine what per­
centage is an appropriate goal. 

Some of these difficult issues are addressed in this Rec­
ord. The paper by Norman Ashford provides a review of 
different level of service criteria in use in Europe and 
North America, and describes some recent research on a 
user satisfaction approach in the United Kingdom. The 
paper by Farooq Omer and Ata Khan presents a different 
approach to linking user perceptions of level of service to 
the Canadian standards-based criteria. 

ANALYTIC TECHNIQUES 

The wide range of problems to be addressed in landside 
planning has led to the development of a diverse set of 
analytic techniques. In general, these techniques fall into 
two categories: general purpose techniques that can be 
applied to a wide range of problems and specific techniques 
that have been developed to address a particular landside 
planning need. 

General purpose techniques include queuing theory, 
network flow analysis, choice models, demand models, 
optimization techniques, and simulation models. More 
specific techniques include aircraft gate assignment pro­
cedures and curbfront capacity models. The recent TRB 
Special Report 215 (J) provides a summary of many of 
these techniques. 

Simulation Models 

The complexity of many landside planning problems and 
the need to account for the effect of stochastic variations 
in traffic have led to fairly extensive use of simulation 
models. An early use of simulation by Baron (5) investi­
gated the effect of terminal layout and ramp use strategies 

11 • _ .1·-~ __ __ 'I." - ___ __ _____ .... _..i., • ..J; __ L~-·-
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used commercial simulation software to model the inter­
action of different landside processing activities (e.g., Mu­
mayiz and Ashford [6]). Many airport planning firms have 
developed general purpose simulation computer programs 
that can be adapted to a variety of analytical tasks, and 
the FAA has sponsored the development of similar capa­
bilities in the public domain (7). These programs typically 
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represent a facility as a network of activities, such as check­
in or baggage claim, with vehicles, passengers, and baggage 
following specified paths from node to node, where a 
service process determines the amount of time spent at 
each node. The program keeps track of delay distributions 
and other statistics of interest. Such programs often have 
graphic display capabilities that can generate distribution 
curves or histograms of selected statistics or display the 
flow pattern in the facility at any time. 

As with so many other computer analysis techniques, 
the development oflandside simulation programs that can 
be run on microcomputers has greatly increased their 
potential utility. By simulating flows in each part of the 
facility, rather than modeling every transaction and keep­
ing track of each passenger, the computational effort can 
be significantly reduced. The paper by Francis McKelvey 
describes an analytical network queuing model in which 
delays experienced by passengers at each processing activ­
ity are calculated using closed-form queuing equations. 
The volume of traffic using each processing node is deter­
mined by means of transition matrices that define the 
proportion of traffic leaving each node that proceeds to 
every other node. 

Terminal Requirements 

A key factor in planning the terminal facilities to handle a 
given level of traffic is the number and mix of gate posi­
tions required, since this constrains the terminal building 
layout and in turn affects demands on other functional 
areas. A common approach to determining gate mix re­
quirements is to develop a hypothetical future schedule 
and assign these flights to specific gates (8). Various com­
puter techniques have been developed to assist in this 
process (9-12) . 

In the fifth paper in the Record, S. Bandara and S.C. 
Wirasinghe present another approach to determining the 
number of gates required at a terminal, based on an 
analysis of the variability of the airline schedule. 

Intraairport Transportation 

As airports expand to accommodate ever larger volumes 
of traffic and distances between facilities become too far 
to walk, the problem of moving passengers and baggage 
within the airport itself becomes increasingly severe. The 
sixth paper in this Record (by McKelvey and Sproule) 
examines the influence of terminal configuration and con­
necting passenger volumes on the relative costs and travel 
,• r ''"""'- _ - ~ ~ _____ ........__..._: _ __ ... __ , ____ , __ .: __ r ___ -- ~ 11 
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buses to automated people-mover systems. 

ENVIRONMENTAL PLANNING 

The need to consider the impact of all aspects of an 
airport's operation on the surrounding communities is an 
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increasingly important aspect of airport landside planning. 
At many airports the two most pressing local concerns are 
aircraft noise and ground traffic generated by the airport. 
Well-established analytical techniques exist for both prob­
lems, but effective community participation is required to 
generate politically acceptable solutions. 

The final paper in this Record (by Dubbink) presents a 
new approach to explaining the technical complexities of 
aircraft noise in the context of a public presentation by 
making use of acoustic recordings and computer displays, 
tailored to a specific situation. 

SUMMARY 

Landside planning problems are becoming increasingly 
complex, and their solution is critical to the continued 
operation and expansion of many major airports. Al­
though a variety of analytical techniques exist, many of 
the issues that need to be addressed present a significant 
challenge to currently available tools. There is a pressing 
need to establish standard~ for analytical procedures and 
support data and to better understand the validity and 
limitations of different techniques, so that appropriate 
computer software can be made widely available and 
landside planning can be based on analysis using sound 
and well-documented techniques. 

The lack of an accepted framework for measuring land­
side level of service seriously limits effective analysis of 
alternative solutions to landside problems, since there is 
no rational basis for examining trade-offs between project 
costs and the benefits of improved operation. In view of 
the huge costs that will be involved in the future develop­
ment of many major airports, the need for improved 
landside planning techniques is of continuing concern. 
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Use of an Analytical Queuing Model for 
Airport Terminal Design 

FRANCIS X. MCKELVEY 

This paper is an examination of the application of a computer­
based model to the airport terminal design process. It includes 
a discussion of the inherent features of the modeling process 
as a framework for assessing terminal design alternatives. 
The paper examines the methodology used by the model and 
assesses the research needs for improving the model's capa­
bilities to predict terminal performance. A review of an ana­
lytical network queuing model that has been developed for 
analyzing the performance of airport terminal systems for 
capacity and delay is undertaken. This includes a presentation 
of the theoretical modeling equations, the mechanism for 
representing the structure of the passenger processing net­
work, and various measures available within the model for 
estimating the service quality associated with the terminal 
design. A simple application of the model to a terminal design 
that highlights the model's features for its use in evaluating 
and assessing the terminal design performance is included. 
The model is critically assessed relative to its capability to 
present a realistic assessment of the performance of the 
terminal system. Recommendations are made relative to the 
types of research and development that might be undertaken 
to enhance the capability of models to predict terminal per­
formance in the design process to influence and enhance 
decision making. 

This discussion of terminal planning models is confined 
to the airport area that traditionally is called the airport 
landside. The landside is the airport subsystem that in­
cludes those facilities located within the airport boundary 
that are necessary to process the inbound and outbound 
passengers. The airport operator and airlines serving an 
airport normally have specific issues that must be ad­
dressed in what may broadly be called airport landside 
planning and design. These include master plans to deter­
mine the overall facility requirements to meet changing 
airport needs, design plans to specifically lay out and size 
construction modifications to airport facilities, operating 
plans to optimize the use of existing facilities, and cost 
projections to ascertain the economic and financial viabil­
ity ofairport modifications. The specific focus of this paper 
i~ iht:; uliiizaiiuu ul u1uUt;liu~ J.JI u\..iCU.u1-e;~ Lu a,55~55 L!1c 
capability of proposed physical or operational changes in 
the airport terminal design to meet specified objectives. 

Considerable attention has been focused on the airport 
landside in recent years (1,2) because of a greater realiza-

Department of Civil and Environmental Engineering, Michigan 
State University, East Lansing, Mich. 48824-1212. 

tion of the need to balance both airside and landside 
capacity to implement effective and efficient airport sys­
tems in a rapidly changing environment. Although sophis­
ticated and relatively accurate models exist for an analysis 
of airside systems, the modeling capabilities for landside 
systems are very diverse and have had limited application 
and acceptance (3-5). The reasons for this seem clear. The 
airside is highly systemized, with strict methods of opera­
tion greatly simplifying the task of mathematical modeling. 
The landside system, on the other hand, is not as clearly 
defined and is subject to a considerable degree of variation 
in its operation; that makes mathematical modeling a 
relatively complex problem. A model's ability to simulate 
accurately the performance of a system is highly dependent 
on the complexity of the system, which is often character­
ized by the mathematical rules by which system activity is 
governed. For this reason, it is doubtful that the modeling 
of such a system will result in accurate results unless very 
strict rules are imposed upon passenger behavior and the 
service capabilities of passenger processors become highly 
automated. The analyst is therefore faced with the choice 
of either abandoning the process of modeling the landside 
system or improving upon existing modeling capabilities. 
Assuming that the first alternative is not acceptable, a 
modeling process is presented that offers the potential of 
responding in a meaningful way to the second alternative. 

OVERVIEW OF THE MODEL 

The Federal Aviation Administration's (FAA's) Airport 
Landside Model (6) presents a framework within which 
an airport landside may be analyzed with respect to capac­
ity and delay. This model is a computer-based, analytical 
queuing model utilizing closed-form mathematical equa­
tions and network analysis to study the airport landside. 
The model represents a first approximation to the analysis 
of the airport landside. Much of the model's theoretical 
basis is derived from research conducted by Pararas (3). 
Subsequent research has been performed to improve upon 
the original model (7) and to include a representation of 
intraairport transportation systems for passengers con­
necting between flights in different terminal units (8). The 
model is efficiently executable on microcomputers. 

The model is configured to analyze the average passen­
ger delay experienced at enplaning terminal facilities, de­
planing terminal facilities, and in the ground access system. 
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This paper presents the model's capabilities to assist in the 
assessment of terminal design alternatives; therefore, a 
detailed discussion of the ground access component of the 
model is not undertaken. 

The basic premise upon which the model is founded is 
that the airport terminal can be represented by a series of 
passenger processors that are linked together to form a 
sequenced network through which passengers must pass 
to enplane or deplane aircraft. The processors themselves 
are mathematically represented as queuing mechanisms in 
which a unit of demand enters the processor, service is 
performed, and the unit of demand moves to the next 
processor. The model computes the average passenger 
delay and service time at each processor in the network 
and the average travel time between processors. These 
three time elements are then added to compute the average 
passenger processing time through the network. Concep­
tually, the model is very simple and conforms quite well 
to the functional nature and operation of the airport 
terminal building. 

Modeling Equations 

Most of the passenger processors within the terminal build­
ing are modeled through the use of two closed-form math­
ematical queuing equations (7). The models are multiple­
channel queuing models with a first-in first-out (FIFO) 
queuing mechanism. Both models assume that the de­
mand is random and may be characterized by a Poisson 
arrival distribution. The first model assumes that the ser­
vice rate at a processor is random and is characterized by 
an exponential distribution, the MMK model. This type 
of model is normally used in situations where the service 
time is influenced by individual passenger characteristics. 
In design studies at Fort Lauderdale-Hollywood Interna­
tional Airport (FLL) it was found to reasonably approxi­
mate delays in situations where the passenger service time 
is relatively small, such as at security locations. 

The second model assumes that the service rate is a 
general random variable characterized by its mean and 
variance, the MMG model. This type of model is useful 
in situations where service times are similar for all passen­
gers and therefore lie within clearly defined limits. It was 
found at FLL that this model form presented reasonable 
delay approximations at processors where a discrete service 
time was required for passengers, such as at ticketing. The 
average delay for the MMK model is given by 

wMMK = Dksk+I /[ck - 1)! Ck - DS)2 

k-1 (DS)n (D )k ] 

n~o----;;/ + (k - 1)! (k - DS) 
(1) 

and for the MMG model by 

v + s 2 

WMMG = --2- WMMK (2) 

where 

D = the mean passenger arrival rate; 
S = the mean processor service time; 
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v = the variance of the mean processor service time; 
and 

k = the number of processors. 

By collecting data at various processors within the air­
port terminal, the average service time and the variance of 
the average service time at processor may be determined 
and Equation 2 used to model the terminal system. The 
preceding equations are valid only when the average de­
mand rate, D, on a processor is less than the average 
service rate, k/ S, of the processor. When the demand rate 
approaches the service rate, the delay approaches infinity 
and the processing system becomes saturated. To account 
for periods of saturation when the queues would continue 
to grow as additional demand enters the system, an addi­
tional delay term was derived using a deterministic model. 
This model assumes that the demand and service rates 
remain constant over the saturation period; therefore, the 
delay may be represented as the area that exists between 
the demand and delay curves over this period ( 6). It was 
assumed that the saturation period would be relatively 
short since additional personnel would normally be as­
signed to alleviate these queues. This delay term, Ws, is 

W _ T(D - k/S) 
s - 2k/S (3) 

where Tis the period of time over which saturation occurs. 
The average delay at the baggage claim device, Ws, is 
computed through another relationship that defines pas­
senger delay as the time difference between the arrival of 
the passenger at the claim area and the point at which the 
passenger claims all baggage. Therefore, the average delay 
at the baggage claim is given by 

Wn=Tn+Tu-TT (4) 

where 

Tn = the average time to unload baggage from the air­
craft and transport it to the claim area; 

Tu = the average time to unload baggage from the trans­
port vehicles to the claim device; and 

TT= the average time for a passenger to travel from the 
aircraft to the baggage claim device. 

When the results of Equation 4 are negative, the model 
assigns no passenger delay at the baggage claim facility. 
The first term in Equation 4, T8 , is fixed in the model 
based upon studies conducted at several airports. The 
second term is given by the relationship 

n B 
Tu=--­

n + 1 re 
(5) 
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where 

n = the average number of pieces of checked baggage 
per passenger; 

B = the total number of pieces of checked baggage on 
the flight; 

r = the baggage unloading rate from the transport ve­
hicles to the claim device; and 

c = the number of baggage devices used for the flight 
baggage. 

The last term in Equation 4 represents the time for the 
average passenger to move from the aircraft to the baggage 
claim area. This time is a function of the distance from 
the aircraft to the claim device and the speed at which a 
passenger travels to the device. The model assumes an 
average passenger walking speed of three feet per second. 

Network Representation 

As noted earlier the model considers the airport terminal 
a series of linked and sequenced passenger processors. 
Figure I illustrates a typical representation of the passenger 
movement through the enplaning network in a terminal 
building. The passenger enters the terminal building 
through the terminal doors, D, proceeds to the passenger 
check-in facilities for ticketing only, T, or ticketing and 
baggage checking, B, through the security checkpoint, X, 
and to the gate area for seat selection, S, and boarding, G. 
Each of these processors serves the passenger demand 
imposed upon it; therefore, passenger delays and waiting 
lines may occur at each. The links between these processors 
indicate the possible paths that passengers may take from 
one processor to another. The percentage of total passen­
gers at one processor proceeding directly to the next pro­
cessor and the average distance between these processors 
are also shown in Figure 1. 

In the model the various passenger paths through the 
network, as shown in Figure I, are represented by a 
transition matrix indicating the passenger splits between 
components and the travel distances between components. 
This transition matrix is computationally efficient for de­
termination of the total passenger demand on each of the 
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passenger processors. An example of the transition matrix 
for the passenger splits between the components shown in 
Figure 1 is illustrated in Table 1. A specific row of the 
transition matrix indicates the percentage of passengers at 
one component proceeding directly to the next compo­
nent. Therefore, the first row of the transition matrix 
shown in Table 1 indicates that of all the passengers 
entering the terminal through the terminal doors, D, 60 
percent proceed directly to ticketing, T; 30 percent proceed 
directly to ticketing and baggage check-in, B; and 10 
percent proceed directly to security, X. A unique feature 
of the transition matrix representation of the network is 
that the passenger demand on the system may be varied 
without reconstructing the network. This allows the ana­
lyst to determine service quality parameters for the given 
system under various levels of demand. 

In a similar manner, the distances passengers travel 
between components may also be represented by the tran­
sition matrix, as shown in Table 2. 

An example of a typical deplaning passenger network is 
shown in Figure 2. In this figure passengers arrive on 
aircraft, A, and proceed from the aircraft to the gate area, 
G, down the concourse to an escalator, E. From the 
escalator, passengers proceed either to the baggage claim 
device, B, rental car areas, R, or directly to the terminal 
doors, D. The percentage of passengers and the distances 
between the processors are also shown in Figure 2. 

AN EXAMPLE OF MODELING RESULTS 

The model may be used to evaluate the performance of 
an airport's enplaning and deplaning network. Using an 
airport enplaning about 1 million passengers annually with 
a total peak-hour passenger demand of700 passengers, the 
model was run for the enplaning passenger network shown 
in Figure 1 and the deplaning network shown in Figure 2. 
Typical values for the service rates for the various proces­
sors were used in this example. Sources may be consulted 
for reasonable estimates of facility service characteristics 
( 6, 7, 9), or original data collection may be performed to 
arrive at these values. The results of the analysis are 
displayed in Tables 3 and 4. 

As may be seen from the information in Tables 3 and 

1.00 1. 00 s 
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FIGURE 1 Typical representation of the enplaning network. 
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TABLE l TRANSITION MATRIX FOR PASSENGER 
FLOWS BETWEEN PROCESSORS FOR A TYPICAL 
ENPLANING NETWORK 

To D T B x s G 

From D 0.60 0.30 0.10 

T LOO 

B LOO 

x LOO 

s LOO 

G 

TABLE 2 TRANSITION MA TRIX FOR AVERAGE 
DISTANCE BETWEEN PROCESSORS FOR A 
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4, the model determines several performance measures for 
the individual processors and the overall performance of 
both the enplaning and deplaning networks. The average 
passenger delay time and average waiting line length dur­
ing the peak hour may be used to measure the performance 
or service quality afforded by individual processors. The 
average total passenger delay time, service time, travel 
time, and total processing time may be used as measures 
of the overall performance or service quality of the enplan­
ing and deplaning system. As noted earlier, this model's 
approach lends itself very well to changes in the service 
features of the network's processors without modification 
of the network itself. Therefore, if the performance of one 
or more processors does not meet design standards, the 
number of processors or their service features may be 
modified and the results of these modifications readily 
ascertained. Similarly, if the system does not meet design 
standards, the demand on the system may be modified to 
determine the level of demand at which unacceptable 
performance is reached. This is a measure of the capacity 
of either the processors or the system itself and indicates 
those processors most susceptible to degraded performance 
at higher levels of passenger demand. 

APPLICATIONS OF THE MODEL 

The model just described presents an interesting concep­
tual framework for the analysis of terminal building per­
formance. It is well suited for three types of applications. 
In the first, the model may be used to analyze the perfor­
mance of an existing terminal building and compare the 
results to those of problem areas observed within the 
airport. In this context, design or operational modifica­
tions may be made to the number, orientation, or service 
features of processors to alleviate congestion. It was found, 
by utilizing this model, that high levels of congestion 
experienced in the main terminal building at Palm Beach 

FIGURE 2 Typical representation of the deplaning network. 
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TABLE 3 TYPICAL MODEL OUTPUT FOR AN AIRPORT ENPLANING 
TERMINAL UNIT 

AIRLINE ENPLANING NETi'10RK 

PROC NUMBER AR.RIVALS TOTAL UTILIZ . PER PAX LINE LENGTH 

OF PER SEC SERVICE FACTOR DELAY WAITING 

SERVERS PER SEC (MIN) (PERSONS) 

DOOR 2 .0959 .200 • 48 o . o. 

EXCH 3 .0585 .050 1.17 2 . 3 . 

TIX 6 .0293 .020 1.46 6 . 2 . 

XRAY 2 .1111 .100 1.11 8 . 27 . 

SEAT 8 .1128 .178 . 63 o . o. 

GATE 8 .1128 .800 . 14 o. o . 

PEAK HOUR SUMMARY 

DELAY TIME: 10.8 

SERVICE TIME: 3.2 

TRAVEL TIME: 3.3 

TOTAL TIME: 17 .3 

International Airport (PBI) could be reduced considerably 
and the useful life of this facility extended by reallocating 
leased airline terminal space (10). 

In the second type of application, the model may be 
used to examine the performance of proposed terminal 
designs in both the conceptual development and schematic 
design phase of the design process. In the recent terminal 
design study conducted at Fort Lauderdale-Hollywood 
International Airport, the model was used to examine the 
validity of the facility space allocations obtained from 
secondary sources (11-14) and the orientation of these 
facilities for the various airlines serving the airport. The 
model enabled a response in a timely manner in evaluating 
the impact of modifications to facilities proposed by the 
airport operator, the airlines, and the design team. The 
model also proved helpful in this study in determining the 
passenger volumes that would occur in different areas of 
the airport. This information was of considerable value in 
establishing the location of specific concession activities 
within the terminal complex. 

In the third type of application, the facilities, service 
r:itPs, ~nrl nPtwork TP!lTPSPnt~tion ~re r.onsidered fixed and 

the peak-hour passenger demand is increased until unac­
ceptable measures of service quality are exhibited at indi­
vidual processors or for the enplaning or deplaning net­
work as a system. Although there are no universally 
accepted measures of service quality, such metrics as queue 
length and waiting time at a processor, or overall passenger 
processing time through the network, may be considered 
valid indicators of performance. 

MIN 4365. PAX-MIN 

MIN 1300. PAX-MIN 

MIN 1360. PAX-MIN 

MIN 7025. PAX-MlN 

CRITICAL ASSESSMENT OF THE MODEL AND 
FURTHER RESEARCH NEEDS 

It is not the intent of this paper to propose that this specific 
model present the definitive procedure by which airport 
terminal buildings should be analyzed in terms of capacity, 
delay, or service quality. On the contrary, the model has 
several deficiencies that need to be addressed in future 
research. The model does, however, present an effective 
methodology through its use of a sequenced network of 
passenger processors that offers a unique and conceptually 
realistic approach to the study of the airport terminal 
system. 

The model does not explicitly consider the variation of 
demand on downstream processors that might occur be­
cause of delays at earlier processors in the sequence. The 
model assumes that the demand on each processor is the 
maximum peak-hour demand proportioned to each pro­
cessor and that this demand is independent of delays at 
previous processors. This is a deficiency in the model that 
can be addressed only by assessing the variations in down­
stream demand associated with such delavs. At both FLL 
and PBI, it was found that the demand on downstream 
processors was typically more uniform and of lesser mag­
nitude than that represented by the model, resulting in an 
overestimate of delay. It was also found, however, that the 
overstatement of such delays was not large enough to affect 
component design. 

The network through which passengers proceed is nor­
mally chosen so as to represent all of the facilities through 
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TABLE 4 TYPICAL MODEL OUTPUT FOR AN AIRPORT DEPLANING 
TERMINAL UNIT 

AIRLINE DEPLANING t~E'IWORK 

PROC: NUMBER ARRIVALS TOTAL UTILIZ. PER PAX LINE LENGTH 

OF PER SEC SERVICE FACTOR DELAY WAITING 

SERVERS PER SEC (MIN) (PERSONS) 

ARCF 6 .1128 1.000 .Ll o. o. 

GATE 6 .1128 .600 .19 o. o. 

ESCR 2 .1128 .333 .34 0. o. 

RENT 4 .0134 .013 1.01 4. 1. 

BAGS 3 .0799 .960 .08 22 . 35 . 

DOOR 2 .0959 .200 .48 0. o. 

PEAK HOUR SUMMARY 

DELAY TIME: 15. 9 MIN 6460. PAX-MIN 

SERVICE TIME: 1.1 MIN 463. PAX-MIN 

TRAVEL TIME: 4.7 

TOTAL TIME: 21. 7 

which passengers proceed for a given airline or group of 
airlines located in a particular gate complex. When de­
picted in this manner, the network considers all paths 
between processors so that parallel paths that might be 
taken to bypass peak period delays are included in the 
network. Similarly, the proportioning of demand between 
network processors should represent those percentages as­
sociated with peak period activity. 

Considerable research should be undertaken to study 
the overall functional performance of airport passenger 
processing facilities for the purpose of formulating more 
accurate mathematical relationships for describing these 
processors. The degree of variation between the operating 
procedures and the state of automation used by the various 
airlines indicates that the type of mathematical model used 
to represent a specific type of facility is subject to change. 
The limited database upon which the queuing relation· 
ships and service parameters are formulated should be 
expanded and analyzed to decrease the margin of error 
inherent in the existing modeling process. One approach 
that has been recommended is to attempt to model com­
ponent performance through regression models ( 4). An­
other would assume a generalized service distribution, a 
family of distribution functions, representing the perfor­
mance of a service mechanism in the system. The service 
mechanism could be represented by the Erlang distribution 
given in Equation 6. 

f(t) = Cx t<x-L) e-xt/S (6) 

MIN 1889. PAX-MIN 

MIN 8812. PAX-MIN 

where 

f(t) = the frequency with which service time, t, occurs; 
S = the mean service time; 
e = a constant, the base of natural logarithms; and 
x = an integer related to the Erlang parameter Cx, 

which defines the dispersion of distribution. 

The Erlang constant, Cx, is given by Equation 7. 

x~;s 

Cx = (X - I)! (7) 

The variance of the service time in the Erlang distribution 
is given by Equation 8. 

s2 
v=­

x 
(8) 

Therefore, if a component in a system is observed and 
both the average service rate and the variance of the service 
rate are computed, the integer x may be found from 
Equation 8 and this value substituted into Equation 7 to 
find the Erlang constant, C , in Equation 6. Once this xis 
known, the specific service distribution for the component 
is defined. For example, in a single server system with a 
Poisson arrival distribution and Erlang service distribu­
tion, the average waiting time at the processor, WERL, is 
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given by Equation 9. 

w; _ 1 + x DS2 

ERL - 2x (I - DS) (9) 

This equation can be reduced to Equation 2 by substituting 
the relationship for the variance of the mean service time, 
Equation 8, into Equation 9 for the quantity x. 

The characteristics of airline passengers at different air­
ports vary to a great extent, and the model does not 
adequately address this fact. Airports with a large propor­
tion of business passengers perform differently than air­
ports with a large proportion of tourist passengers. The 
facilities used by various types of passengers can differ, or 
at least the manner in which the facilities are used are 
often different. At tourist airports, most passengers are 
preticketed and have a considerable amount of baggage. 
Their knowledge of the airport is usually very limited; 
therefore, these passengers often spend more time within 
the terminal building moving between passenger proces­
sors than does a typical business traveler. 

The original model does not consider visitors who may 
accompany passengers through certain areas of the termi­
nal complex. These visitors add congestion to queuing 
areas around processors, waiting areas, and concourses; 
and they use certain processors, such as the security check­
point. Consideration of the impact of visitors on processors 
has been included in an updated version of the model (8), 
but explicit measures of congestion that are of considerable 
importance in evaluating a facility design and service 
quality afforded by a facility should also be incorporated 
into the model. 

Although not discussed in detail in this paper, the man­
ner in which the model treats ground access traffic and its 
effects on terminal area performance requires additional 
research. In its analysis of the ground access system, the 
network and the vehicular splits between processors are 
fixed within the model, and it is not possible to configure 
a particular network representation of a specific airport 
ground access system. Attention should also be directed to 
the models used to represent the performance of ground 
access system components. Considerable research has been 
performed on the ground access system that may be uti­
lized to structure the model to conform to specific airport 
requirements (15-20). Provisions do not exist within the 
model to distinguish between the location or nature of 
short-term, long-term, and remote parking facilities. Sim­
ilarly, the provision and performance features for queuing 
areas for taxis and public transit vehicles should be ad­
dressed. These features can readily be incorporated in the 
model through use of a transition matrix for the ground 
access system and the development and testing of the 
relevant component models. 

SUMMARY 

The model discussed and assessed in this paper offers 
considerable merit in terms of its structure, computational 
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technique, and network representation in addressing the 
need for a reliable and universally adaptable analytic pro­
cedure for evaluating airport terminal systems for capacity, 
delay, and service quality. Considerable refinement is nec­
essary in the formulation of several of the processor mod­
eling formulations to improve the model's ability to predict 
terminal system performance. Additional measures of per­
formance must be incorporated in the model to enable 
consideration of other factors that are important in assess­
ing service quality. The overall framework used by the 
model is adaptable to such changes, however. In general, 
the model in its present form offers an alternative to the 
application of discrete event simulation models (5) to the 
analysis of queuing in terminal building processing com­
ponents. It also improves upon the information obtained 
through the application of simple space approximation 
techniques (12-14) in sizing terminal building components 
for aggregate measures of terminal building demand. The 
model is adaptable to meeting the analytic needs of specific 
airport projects and is unique in its ability to be integrated 
into the terminal design process. The accuracy of the 
results predicted by the existing model appears to be 
reasonable, based on its limited application in terminal 
design processes and the degree to which accurate passen­
ger demand forecasts can be made. It is apparent that 
considerably more use is required before sufficiently defin­
itive statements can be made about the level of overall 
accuracy obtainable through its use. 
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Measuring Airport Landside Capacity 
ANDREW C. LEMER 

At the request of the Federal Aviation Administration (FAA), 
the Transportation Research Board (TRB) undertook to de­
velop guidelines for assessing the Iandside capacity of individ­
ual airports. A special 18-member committee, representing 
airport operators, airlines, and airport planning and design 
professionals, directed and participated in this study. This 
paper reviews the study's principal findings and recommen­
dations, presented in the final report published in September 
1987. An airport's Iandside capacity is its capability to accom­
modate passengers, visitors, air cargo, ground access vehicles, 
and parked or parking aircraft. Of these, the broad demands 
of air passengers traveling between their homes, offices, and 
other points of departure to the aircraft-or in the opposite 
direction when their aircraft arrives and they deplane-are 
most important to judging capacity at most commercial service 
airports; and they are the focus of the study. Airport passen­
gers, then, are in most cases the basis for measuring landside 
capacity. Nevertheless, at some airports employee access and 
parking, cargo operations, or aircraft servicing may become 
constraining. While airport operators, airlines, and passengers 
may often recognize when an airport's landside facilities and 
services are approaching the limits of their ability to accom­
modate additional demand, there are no generally accepted 
procedures and standards for judging airport landside capac·· 
ity. Current FAA forecasts of more than 70 percent growth 
over the next decade in the annual number of airline passen­
gers in the United States indicate that consistent bases for 
making decisions about operation and development of airport 
Iandside facilities will continue to be needed. Research to 
collect data on service conditions over the wide variety of 
airports, passenger markets, and airline operations should be 
undertaken to support development of Iandside service-level 
measures that can be used by airport operators, airlines, and 
the FAA to make consistent decisions about needs for airport 
facilities. 

The Federal Aviation Administration (FAA) forecasts that 
the number of annual commercial air carrier enplane­
ments will increase from their 1986 level of 409.6 million 
to 696.8 million by 1998, an average growth rate of more 
than 4.7 percent annually. Passenger enplanements by 
commuter and regional airlines are expected to grow even 
more rapidly-6. 7 percent annually-from their 1986 
level of 26.1 million to 56.9 million in 1998. While con­
tinuing trends toward higher aircraft passenger load factors 
and the use of aircraft with greater seating capacities may 
lead toward more modest growth in the number of aircraft 
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operations, these forecasts presage greater demands than 
ever on the nation's commercial service airports. 

To meet these demands, many airports must add new 
facilities or make better use of existing facilities, or do 
both. Airport management and local officials will be faced 
with tough decisions about airport use and expansion, 
decisions that mm~t he macte within a context of commu­
nity concerns about airport-related noise and the broader 
economic consequences of jobs and commerce related to 
good air transportation. Airlines, operating in an often 
fiercely competitive postderegulation environment, want 
to maintain their freedom to operate their systems effi­
ciently and economically. Air passengers are pleased with 
lower air fares but at the same time are increasingly vocal 
in their objections to delays and other perceived evidence 
of declining service standards. The FAA, responsible for 
assuring both the high quality of the nation's air transport 
system and free competition within the airline industry, 
must operate under broad policies intended to control 
government spending. 

NEED FOR GUIDELINES 

Regardless of their different perspectives, each of these 
groups needs an understanding of airport capacity. Relia­
ble capacity estimates are essential to making informed 
judgments about how existing facilities can be used, when 
new facilities are needed, and what it may cost to take 
action on these judgments. 

Unfortunately, airport capacity is a particularly complex 
problem, and there is no generally agreed-upon meaning 
of capacity. Even when operating at what many people 
might intuitively feel is a capacity limit, most parts of an 
airport could accommodate a few more cars or people or 
aircraft if some measure of speed, comfort, or safety were 
sacrificed. Demands fluctuate and are typically concen­
trated at certain times of day or in certain parts of the 
airport. Airport professionals have tried for years and with 
some success to come to grips with these problems (1). 

An :iir!'ort m:iy hP ilPsrrihPil in two !'llrts; mnw:iys; 

taxiways, and air traffic control systems used by aircraft 
and their pilots make up the airside. Extensive research 
and practical experience have produced widely accepted 
procedures for assessing airside capacity in terms of num­
bers of takeoffs and landings that a particular airport's 
airside can safely and effectively handle in an hour (al­
though adverse weather conditions can sharply reduce 
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these numbers). The FAA sanctions these procedures, and 
they are used throughout the United States and in many 
other countries (2). Even so, airlines responding to traveler 
preferences and competitive pressures may schedule more 
flight operations during peak hours than some airports can 
accommodate under the best of conditions. The delays 
that may result from an airport's airside capacity problems 
can spread through each airline's system, to be felt far 
beyond the one busy airport, with consequences for the 
airlines' public image as well as their corporate profits. 

No such generally accepted guidelines exist for measur­
ing capacity of an airport's landside-the aircraft gates, 
terminal buildings, baggage services, parking structures, 
and ground access facilities used by passengers and cargo 
traveling by air, and by the businesses and employees 
seeking to offer air transport services. Crowded terminal 
waiting areas, queues at check-in and baggage claim areas, 
filled parking lots, and congested roadways may be among 
the more visible symptoms that demands on the landside 
are more than the airport can accommodate. When such 
symptoms influence airlines' ability to operate effectively 
and their customers' choices about travel and business, the 
consequences of landside capacity problems may be felt 
throughout the metropolitan area an airport serves. 

The FAA requested that the Transportation Research 
Board (TRB) take a first step toward developing guidelines 
for landside capacity assessment. The TRB assigned staff 
and convened a special 18-member committee represent­
ing airport operators, airlines, and airport planning and 
design professionals to review current practice and rec­
ommend procedures for measuring an airport's landside 
capacity. The study, scheduled for approximately one 
year's duration, began in November 1985 (3). 

The committee quickly found that even among experi­
enced professionals in the field, there was often disagree­
ment as to the precise meanings of many of the terms and 
concepts that underlie landside capacity measurement. 
They also found that the diverse interests involved in an 
airport's development, operation, and use make it difficult 
to reach agreement quickly. 

Each airline schedules its own flights and chooses the 
types of aircraft to be used. However, a substantial degree 
of centralized management of airside operations is pro­
vided by the federal government's air traffic controllers. In 
many cases these controllers can act when they spot a 
capacity problem and thereby reduce or avoid serious 
consequences. Aircraft may, for example, be required to 
wait at their parked positions or on taxiways until conges­
tion in the airside system is reduced to acceptable levels. 
Yet even with this centralized management and generally 
accepted ways of measuring airside capacity, many of the 
nation's busiest airports have recurring problems of pas­
senger and aircraft delay because demand exceeds capacity 
during those periods when people want to travel. 

Efforts to adjust demands to fit capacity require greater 
cooperation among competing airlines, airport operators, 
government agencies, and the public than cap usually be 
achieved within the context of continuing and often in-
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tense political debate about free enterprise and local con­
trol. (Allocation of operations "slots" and coordination of 
competing airlines' schedules, two of the ways of that have 
been considered for avoiding excess delay, have possibly 
serious implications for the relative competitive advantage 
of the companies involved. The federal government is 
unable or reluctant to make decisions that affect local 
communities' prerogatives.) 

The landside presents an even more difficult situation: 
The airport operator's ability to respond to landside prob­
lems is often restricted by long-term airline leases on 
terminal building space. There are large numbers of small 
operaters of services who also have leases and may not all 
hold similar opinions about how they would like the 
airport to operate. Individual consumers who are the users 
of a typical airport's landside present a wide variety of 
needs and concerns related to their ages, social and eco­
nomic backgrounds, and reasons for travel. The local 
community may express mixed feelings about the airport, 
reflecting both the concerns of neighbors about aircraft 
noise and safety and the desire by the community for 
better air service and airport access. The federal govern­
ment, responsible for the safe and effective overall opera­
tion of the air transport system, has very limited authority 
to deal directly with landside concerns. 

When an airline wants to offer new or expanded service 
at an airport, federal interstate commerce laws generally 
require that the airport provide space for aircraft and 
passenger services. While a few communities have at­
tempted to restrict airport use and airline operations (John 
Wayne Airport in Orange County, California, and West­
chester County in New York are outstanding cases), air­
lines, the FAA, and these communities have avoided test­
ing the legal validity of capacity restrictions by reaching 
out-of-court settlements about facilities' expansion and 
use. (Local noise control plans, prepared under FAA­
administered programs, are considered an acceptable basis 
for limiting airline operations at an airport, an action that 
the FAA otherwise views as a probable violation of laws 
to protect interstate commerce and free enterprise.) 

Some airport operators have seen the levels of activity 
at their airports explode as airlines establish new hub-and­
spoke route structures. The revenues and jobs generated 
by such increased airline activity can be very attractive to 
the airport operator and local government, although needs 
for new facilities and complaints by the airport's neighbors 
who are exposed to increased noise may cause political 
problems. 

Reflecting on the likely continuing growth of air passen­
ger volumes and changes of airline route structures, the 
study committee quickly concluded that landside capacity 
measurement guidelines would indeed be useful. Appro­
priately crafted guidelines would give users the basis for 
measuring the landside capacity of an existing airport in a 
reliable and consistent manner so that airport operators 
and airlines could use results to discuss short-range solu­
tions to problems as well as longer-range needs for facilities 
and operating policies, and airport planners and operations 
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professionals could use them to discuss facility construc­
tion and use decisions in the public forum. Developing 
such guidelines was the goal of the study. 

LANDSIDE DECISION-MAKING CONTEXT 

The context within which an airport's landside is managed 
is complex. There are multiple decision makers: 

• the airport operator, which may operate as a quasi­
private enterprise under local or state enabling legislation 
or as a government agency; 

• the airlines; 
• the public at large, operating as individual airport 

users (travelers and businesses using air transport services), 
airport neighbors, special interest groups, and local and 
state governments; 

• the Federal Aviation Administration. 

Each of these groups has concerns that may be imme­
diate or span longer periods, extending as long as the ten­
to twenty-year horizon often used in airport master plan­
ning and system planning analyses. Such decisions as those 
regarding facilities development, terminal area leasing, and 
facilities management are made over progressively shorter 
time spans, in response to information about the airport's 
past performance and expectations about future demands. 
These decision-making groups may not always agree about 
whether an airport is performing adequately or needs new 
facilities or operating policies. 

Landside capacity measurement is necessarily a short­
term activity. Assessment is intended primarily to yield a 
snapshot view of the airport landside's performance and 
how that performance may change in response to short­
range changes in demand or operating practices. Measures 
of landside capacity are most meaningful with respect to 
periods of one to two hours, although the appropriate 
period may be as short as ten to fifteen minutes or as long 
as a day. Estimates of landside capacity with respect to 
longer periods inevitably involve assumptions about dis­
tributions of demand and operations-by time of day and 
from place to place throughout the airport-that limit the 
validity of the estimate. 

Furthermore, landside capacity depends on how facili­
ties are operated, so management action becomes an es­
sential element oflandside capacity measurement. Consid­
ering these management actions ties the capacity 
assessment process inseparably into longer-term airport 
forilitiP<: nl,..nnino A rnnrln<:inn thM hnikirlP r:oim1ritv is 
-··-·-·-·• r --~ - ..., - -------- - - -- -- - ... "' 

inadequate can imply needs for new facilities, major 
changes in operating practices for existing facilities, and 
shifts in policy regarding growth of airport activity. Rec­
ognizing these needs and their potential financial, mana­
gerial, and community impacts may spur reconsideration 
of basic goals and expectations about what "adequate" 
landside capacity means, and may lead eventually to agree­
ment among all parties that problems are well under-
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stood and that proposed solutions are reasonable. This 
is the most important end of airport landside capacity 
measurement. 

DEFINING LANDSIDE AND LANDSIDE 
CAPACITY 

The landside is a complex collection of individual func­
tional components, such as ground access, parking, check­
in, baggage claim, aircraft parking, and support systems 
(e.g., water supply, sewer, and power supply), that interact 
to serve air passengers and cargo moving between aircraft 
and origins or destinations within a large area served by 
the airport (Figure 1 ). The TRB study defined landside to 
include the apron parking areas. These areas require land 
that couid otherwise be used for terminai buildings (rather 
than taxiways and runways), and their geometry directly 
influences facilities and equipment needed for moving 
passengers and cargo between aircraft and terminal 
buildings. 

Landside capacity refers to the capability of these func­
tional components (individually and working together as 
an airport system, including staffing and other operating 
policies that determine how facilities are used) to accom­
modate demands of passengers, visitors, cargo, ground 
access visitors, and aircraft. Demand characteristics in­
clude distribution of passenger arrivals over time, modes 
of travel to and from the airport, number of bags carried 
and checked, trip purpose, and myriad other factors. In 
the face of these demands, some components may become 
bottlenecks and cause crowding, delay, or other symptoms 
of inadequate capacity. 

Because the landside and its capacity are so complex, 
the TRB study focused on passengers. Although baggage 
handling, cargo shipment, and aircraft storage and main­
tenance are important at all airports and may represent 
limits on landside capacity at some airports, the measure­
ment of their influence on capacity remains a topic for 
future research. 

Factors such as waiting time, processing time, crowding, 
and availability of passenger amenities for comfort and 
convenience are indicators of service level. Some of these 
factors are interrelated, and there may be others that are 
important at a particular airport. For example, the number 
of passengers waiting in a departure lounge depends on 
the size of the aircraft being served, when boarding begins, 
and how quickly boarding proceeds. The rate at which 
people can move from check-in counters to departure 
lmmeP.s m:oiy clP.!1P.ncl on how many !1eo!11e are in the 

corridor areas. In either case, conditions in the airport if a 
substantial fraction of the passengers are vacationers or 
elderly people may be quite different than if the travelers 
are mostly business executives or other frequent travelers. 
Conditions that may be judged acceptable for one situation 
may be completely inadequate for the other. 

There are no generally accepted standards for describing 
service levels or judging adequacy of service at U.S. air-



Lem er 15 

LANDSIDE Al RSI DE 

- - - ,---::::_-_-_-__ -_-_-_-_-_-_-_-_-_-_ _.... __ -- - - - - - - - - --, 
, - --...,.--...,.--u_t.,ilit,..ie_s,_M_u_n,..ic-ip_a_I s ... e,..rv_ic_e_s"T, L_a_n_d---..---n---'- - - - - i I 

r--

I I 
I I 

Regional 
Access 

I Ground Access Gates I 
Terminal Terminal and Taxiways 

•Roads 
eTransll 

• Roads Curb Building Aircraft and 
•Transit and Parking Parking Runways 

Airspace and 
Air Traffic 
Control • Shuttle service Positions 

I 
I 
I 

~ ____ __._R_e-si-de_n_.tla_l_a-nd-c"'"om-me-rc""'1a_ll_n-ie-re"'"s-ts_A_tl_.ec-te-d-by""'A-i-rp_o_rt..r.E-co_n_o_m ... ic""', --- ____ _ 

/ ~ Social, and Environmenlal Impact (employment, noise, etc.) 
Airport Boundary 

AIRPORT-RELATED COMMUNllY L ____ _ 

FIGURE 1 Airside and landside: functional view of the airport (3). 

ports. Further, after extensive review of published reports 
and personal experience, and despite efforts to assemble 
field observations and expert opinion, the TRB study 
committee concluded that available data are inadequate 
for development of a single set of valid and defensible 
targets suited to the varied conditions encountered at 
different airports throughout the United States. Targets for 
desired or minimally tolerable service levels may be deter­
mined case by case, with participation of relevant decision 
makers at a particular airport; such targets may then 
become part of the measurement oflandside capacity. 

Passenger flow through a functional component or 
group of components is limited in principle by the maxi­
mum processing rate at which the component can operate. 
In practice, however, this maximum throughput is typi­
cally sustained for only brief periods of time, because 
excess passenger demand usually produces significant pas­
senger delays, crowding, or other indications of declining 
service level that disrupt operations. Capacity is measured 
by a usually lower service volume, the number of passen­
gers who can be accommodated in a given period of time 
at a given service level, given the pattern of demand placed 
on the components. Together, service level and service 
volume represent the "snapshot" view of the airport's 
landside performance. Whether this performance repre­
sents a limit of available capacity depends on the judg­
ments of the various decision makers who are participants 
in the measurement process, and on the purpose for which 
the judgment is being made. 

Limits are usually encountered only in a part of the 
airport, and only at particular times of day. Relatively 
minor changes in staffing practices or facilities utilization 
may improve service levels and relieve such bottlenecks. 
Sometimes service levels of components that feed passen-

gers into the bottleneck component may be adjusted to 
improve the match between demands on these adjacent 
components and to improve overall service volume. For 
optimal use of facilities, all components would perform at 
similar service levels, assuming that such service levels can 
be defined in a consistent fashion for different types of 
components; usually, however, there are localized bottle­
necks that limit landside capacity. (Determining what is 
inadequate service is often difficult without reference to 
specific situations.) 

Airport operators may set service-level targets to guide 
assessment and decision making at their particular air­
ports, taking into consideration the unique combination 
of passenger demand, airline operations, and community 
interests they face. Although Canada and some European 
countries have adopted service-level targets that may be 
adaptable to some U.S. airports ( 4), substantial research is 
needed to assemble a suitable database for the range of 
domestic airports and the airline operations and air travel 
markets they serve. 

CAPACITY ASSESSMENT PROCESS 

Measures of landside capacity may be needed to address a 
variety of airport management, planning, and design prob­
lems. The purpose for which a capacity assessment is 
made will influence the level of detail and focus of the 
assessment. 

In the absence of generally accepted service-level targets, 
the process for assessing landside capacity must address 
both service levels and service volumes of landside com­
ponents (see Figure 2). Passenger demands, as well as 
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FIGURE 2 Landside capacity assessment, management, and planning process (3). 

relevant airline and airport operating policies and proce­
dures, must be known or assumed. Because service levels 
and service volumes are interdependent, and because an 
individual landside component may influence perfor­
mance of other components and the landside system as a 
whole, interaction and feedback among steps in the assess­
ment process are critical. 

The ability of individual components to accommodate 
passenger demand is the basis for measuring landside 
capacity. For an existing or proposed set of facilities and 
ooerating characteristics that comprise functional compo­
nents of the landside, the given patterns of demand deter­
mine which individual components may become bottle­
necks at particular times of day or for particular parts of 
the airport. If these patterns of demand remain steady, a 
bottleneck may represent a limit on total airport activity. 
However, new demand might still be accommodated at 
other times or in other parts of the airport. 

Assessments of individual components may be used to 
indicate capacity of the landside system as a whole, by 
calculating total service volume for the landside system 
when the capacity-constrained components are operating 
at their minimally acceptable target service levels. This 
system capacity measure is much less clearly identifiable 
than component capacity, however, because shifting the 
pattern of demand among components can improve ser­
vice levels and service volumes. Determination of capacity 
for a group of components involves iteration and feedback 
to match services levels among the individual components. 

All landside components are important to an airport's 
satisfactory operation, but not all are likely to cause pas­
senger delay and crowding or to become significant in 
determining the airport's landside capacity. Public tele­
phones, restaurants, restrooms, and newsstands are essen­
tial public amenities, yet they are seldom a basis for 
measuring capacity. The TRB study concentrated on 
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the following components as the most likely focus of most 
landside capacity assessments: 

• aircraft parking positions 
• passenger waiting area 
• passenger security screening 
• terminal circulation (primarily corridors, stairs) 
• check-in (ticket counters and baggage check) 
• terminal curb 
• ground access 
• automobile parking area 
• baggage claim 
• customs and immigration 
• passenger transfer (primarily to connecting flights) 

Community factors may influence landside perfor­
mance and capacity and must be considered in the assess­
ment process. In addition to air passengers, the community 
includes shippers and other airport users, neighboring 
residences and businesses, and state and local government. 
Airport management must work with this community, the 
airlines, and the FAA to operate and develop the airport 
to meet demand for aviation services. 

When the community appreciates the benefits of the 
airport, its members may support airport management 
efforts to promote airport development to attract new users 
and economic investment in the region. If community 
members perceive that the benefits of meeting aviation 
demand are outweighed by such concerns as airport-re­
lated noise or highway traffic or the amount of land used 
for airport activities, however, they may seek to restrict 
airport operations or limit the airport's ability to invest 
and alter its facilities. The FAA's noise exposure planning 
procedures have helped to relieve the conflict among com­
munity goals that can become a landside limit on capacity 
at some airports, but continuing unrestrained land devel­
opment around other airports threatens to lead to future 
problems. 

If the snapshot assessment of landside capacity results 
in a decision that capacity is inadequate, analysis may 
continue within a context of ongoing management and 
planning. The first line of response to apparent capacity 
limitations is to search for ways to balance service among 
components or for other short-term solutions to improve 
capacity. For example, curbside congestion may be re­
lieved temporarily by stricter enforcement of traffic regu­
lations (recognizing that some airport users may view this 
as a loss of service quality) while changes in management 
of taxi dispatching and courier service access are 
implemented. 

Serious capacity problems may require more major 
changes in facilities management or construction. Such 
actions cannot be accomplished within the short time 
frame during which capacity assessment is conducted and 
take the decision makers into the areas of Ic:mg-term plan­
ning and management. Over the longer term, local and 
national economics, airline management, and interairline 
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competition may produce changes in patterns of demand 
that seriously alter the airport's landside performance. The 
process of landside capacity measurement may then be 
repeated as part of the airport's ongoing management. 

TOOLS AND PROCEDURES OF ANALYSIS 

While many of the wide range of analytic procedures, 
mathematical models, and experience-based rules devel­
oped for airport planning and design may be adapted for 
landside capacity assessment, relatively few such tools are 
tailored specifically to answer questions about service vol­
umes and service levels. Efforts to characterize landside 
components and their interaction have frequently applied 
mathematical queuing and network flow theories, leading 
to often complex, computer-based models. The declining 
costs of computers and their increasing availability and 
sophistication seem to be encouraging the development of 
newer, more easily used models of landside operations, 
but data requirements are still extensive and expensive. 

The landside capacity analyst choosing procedures typ­
ically must strike a balance between simplicity, speed, and 
ease of use, on one hand, and more detailed and accurate 
representation of the facilities and services of interest on 
the other. Greater detail usually means greater need for 
data, more technically trained analysts, and higher costs. 
Although methods employing greater detail are generally 
presumed to yield more reliable results, this may not hold 
true for forecast data, which are inherently uncertain. 
Analytic tools and procedures are most useful when they 
help analysts and decision makers to understand better the 
sources of current problems and the possible consequences 
of selecting among alternative solutions to these problems. 

Many of the analytic tools are applied to a single com­
ponent within the landside system, and the level of so­
phistication in available tools varies substantially among 
the components the TRB study considered. Gate utiliza­
tion analyses, for example, can be relatively sophisticated 
if one of the computerized simulation models now avail­
able is used. Analyses of curbside operations and airport 
road access can use procedures adopted from TRB's High­
way Capacity Manual (4) or the Institute of Transporta­
tion Engineers. Passenger security screening, on the other 
hand, is often handled adequately with simple queuing 
models that are easily calculated by hand. A number of 
rules of thumb may be adapted from planning guidelines 
to yield quick estimates of potential landside capacity. 

The great deal of interaction among components com­
posing an airport's landside may be poorly reflected in 
capacity assessment that depends only on analyses of the 
individual components. To reflect better the landside's 
complexity, analysts have tried to develop complete sim­
ulations of the landside system as a whole. These models 
require computers and have had only limited success to 
date, although some government organizations and private 
consultants use them regularly. The advent of more pow-
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erful, microcomputer-based, general purpose simulation 
languages and spreadsheet accounting packages that are 
also easier to use may lead to the development of new 
capacity assessment tools. 

RESEARCH AND DEVELOPMENT NEEDED 

TRB's Highway Capacity Manual was frequently cited in 
the TRB landside capacity study as the model for airport 
landside capacity guidelines. However, the TRB study was 
at best only a first step toward achieving such guidelines. 
The manual is a result of three decades and millions of 
dollars of research and development effort. Much remains 
to be done to produce a similarly effective guide to meas­
uring airport landside capacity. 

Current quantitative knowledge about landside opera­
tions and service levels is poorly developed. There are few 
statistics to support comparisons of landside performance 
among airports. Airline staffing and operating practices 
are seldom available. Research is needed to fill these 
knowledge gaps. 

The TRB study highlighted four areas in which research 
could yield valuable results: 

• collecting comparable and detailed data on passenger 
behavior and facilities utilization at a representative cross 
section of U.S. airports to provide a sound basis for devel­
oping service-level measures; 

• collecting data on aircraft delay due to landside prob­
lems in a format comparable to that of data already 
collected on airside delays; 

• continuing testing, refinement, and documentation 
of the procedures and measures for landside capacity 
analysis; 

• testing and validating the overall assessment process 
presented in the TRB study. 

The Canadian Airport System Evaluation (CASE) pro­
gram (5) undertaken by Canada's Ministry of Transport 
and Communications is a model the TRB study concluded 
could be adapted to U .S. airports, despite differences in 
the two countries' regulatory and management environ­
ments of airports. Recommendations for the assessment 
process and needed research were made with this model 
in mind. The TRB study recognized, however, that there 
are major barriers to establishing a program of airport 
landside research and to adopting uniform procedures for 
landside capacity measurement, because no single agency 
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or organization is responsible for the landside aspects of 
airports in the United States. In the absence of such a 
central focus of responsibility, the FAA could take the 
research lead. 

CONCLUSION 

Establishing common bases for discussion of airport land­
side capacity and an explicit process for measuring capac­
ity represents a valuable first step toward definitive guide­
lines for capacity assessment, but much remains to be 
done. A database is needed to describe in common terms 
the operating conditions encountered at various airports 
throughout the United States. The FAA's records on air­
craft delays should be expanded to include all flight delays 
attributable to landside as well as airside causes and other 
indicators of passenger service level. The database should 
represent the full range of different airports' travel markets, 
airline operations, airport sizes, and airport system roles. 
Such a database is essential for developing generally ac­
ceptable service-level targets for landside capacity assess­
ment. If the United States' high-quality air transport sys­
tem is to be maintained and future demand met, the means 
to make rational and consistent judgments about airport 
landside capacity must be developed. 
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Level of Service Design Concept for Airport 
Passenger Terminals: A European View 

NORMAN ASHFORD 

The concept of level of service has been developed by planners 
and designers to provide some degree of sensitivity in the 
processes of design and capacity analysis for transport facili­
ties. By designating a number of service levels in lieu of a 
single capacity figure, a designer is able to evaluate the 
performance of a facility under the varying load conditions 
that might reasonably be anticipated in the life of that facility. 
Level of service analysis provides, to some degree a measure 
of the comfort and convenience experienced by system users 
when the facility is operating at the various possible levels of 
design and service volumes. Allied with cost, the level of 
service criterion is a useful input to the design or operation of 
a transport facility. 

The earliest widespread use of the concept of transporta­
tion level of service emerged in the area of highway capac­
ity analysis. The earliest forms of highway capacity analysis 
defined capacity in three ways. Basic capacity was the 
maximum number of passenger cars that could pass a 
given point on a roadway in one hour under ideal road 
and traffic conditions. Possible capacity was defined as the 
maximum number of vehicles that could pass a given 
point during one hour under prevailing road and traffic 
conditions. Practical capacity was the maximum number 
of vehicles that could pass a given point without the traffic 
density being so great as to cause unreasonable delay, 
hazard, or restriction to the driver's freedom to maneuver 
under prevailing road conditions (J). These definitions 
were irritatingly vague, and highway engineers were unable 
to judge the effect of operating significantly above or below 
what had been designated as the practical capacity of a 
facility. 

To provide better sensitivity in the processes of highway 
design and capacity analysis, the concept of level of service 
was introduced in 1965 (2). Figure 1 shows the now 
familiar, six-service-level diagram that defines the basic 
relationship between speed, volume/capacity ratio, and 
level of service. Using a methodology based on this con­
cept, the Highway Capacity Manual described a series of 
techniques that could be used to determine the levels of 
service provided by a range of facility types (rural roads, 
freeways, city streets, etc.) under varying traffic mixes and 

Department of Transportation Technology, University of Tech­
nology, Ashby Road, Loughborough, LEI I 3TU, England. 

traffic loads. The original 1965 manual has recently been 
updated (3) to conform with more recent experience and 
improved data, but the basic concept remains essentially 
unchanged. The modern Highway Capacity Manual en­
ables the highway engineer to evaluate how altering traffic 
throughput affects the level of service provided by a high­
way facility and permits the determination of the "capac­
ity" of a facility in terms of a design service volume. 

The considerable improvement of the 1965 Highway 
Capacity Manual over its predecessor led Fruin to apply a 
similar methodology to the design of pedestrian spaces ( 4). 
In this work, it was stated that the dimensional design of 
pedestrian spaces involves the application of traffic engi­
neering principles and the consideration of human con­
venience and the design environment. Fruin further noted 
that the maximum capacity of a pedestrian traffic stream 
is attained only when there is dense crowding of pedes-
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FIGURE 1 General concept of relationship 
of level of service to operating speed and 
volume/capacity ratio (not to scale). 
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trians. It was noted that such crowding results in significant 
reductions in pedestrian convenience, as normal human 
walking speeds are restricted by a lack of freedom to 
maneuver in the traffic stream. Since convenience is a 
primary consideration in the environmental design pro­
cess, Fruin suggested that pedestrian design standards 
should be based on a scale related to convenience. Using 
the six-level structure originally developed by the highway 
engineers, a set of walking design standards was proposed 
based on the relationship between pedestrian flow and the 
area provided per pedestrian. This relationship is shown 
in Figure 2. This work also provided guidelines for service 
standards for stairways and queues. Table 1 summarizes 
these findings. 

The highway capacity work was based on many thou­
sands of hours of traffic observations. The conclusion 
drawn was that level of service could be viewed as depen­
dent on ease of flow and freedom of movement. The 
criteria on which these could be evaluated were: 
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1. ability of individual drivers to choose their own 
speed; 

2. ability to overtake; and 
3. ability to maneuver in the traffic stream. 

Fruin's work was based not only on many observations 
in the terminals of the Port Authority of New York but 
also on anthropometry and ergonomics. For pedestrian 
flow, the level of service was also viewed as being depen­
dent on the ease of flow and freedom of movement. The 
criteria by which these were evaluated were rather similar 
to those used in highway capacity analysis: 

l. ability of an individual to choose walking speed; 
2. ability to overtake; and 
3. ease of cross- and reverse-flow movement. 

Success with applying the level of service concept to 
vehicle and pedestrian facilities has generated considerable 

LEVEL OF SERVICE STANDARDS FOR WALKWAYS 
Volume (P) vs. Module (M) 
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FIGURE 2 Pedestrian flow levels of service (4). 

TABLE I SUMMARY OF PEDESTRIAN SPACE STANDARDS 
(SQUARE FEET PER PERSON) (4) 

Level of Service 

A B c D E F 

Walkways 35 or 25. 35 15. 25 10. 15 5. 10 5 or less 
greater 

Stairways 20 or 15. 20 10. 15 7. 10 4-7 4 or less 
greater 

Queues 13 10. 13 7. 10 3-7 2- 3 2 or less 
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interest in the application of a somewhat similar method­
ology to terminal facilities. Evaluation and selection of 
terminal designs have been problems for a number of 
years, and no generally agreed-on procedure has evolved. 
Some evaluation methods concentrate on optimizing a 
single parameter. Simple cost-benefit analysis that ignores 
externalities would come into this category. Some authors 
have concentrated on optimizing nonmonetary parame­
ters; passenger orientation is regarded by some as the major 
functional requirement of a transportation terminal (5). 
Partial solutions to design evaluation have been recom­
mended on a basis of functional adjacencies (6, 7). These 
and other techniques, including planning balance sheets 
(8), decision effects matrices as used for the Atlanta Harts­
field design, matrix evaluation sheets (Baltimore Washing­
ton International), and the Emphasis Curve Technique 
(Hong Kong Airport), deal mainly with overall design 
evaluations. Designers and operators, however, frequently 
require an evaluation technique that provides information 
on the suitability of individual facilities or chains of indi­
vidual facilities within a system. Level of service analysis, 
analogous to that used in highway engineering, would seem 
an excellent method of providing such a measure. 

Determining the level of service provided by an airport 
terminal is not a straightforward process. A terminal must 
provide space for three different classes of passenger activ­
ity: processing, holding, and circulation/mode transfer. 

• processing: check-in, bag drop, immigration, customs, 
security, baggage claim; 

• holding: departure concourse, departure lounge, gate 
lounge, transit lounge, arrivals concourse; and 

• circulation and mode transfer: drop off/pick up, cor­
ridors, airside interface (9). 
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It is clear that each of these three functional areas is likely 
to require different techniques for evaluating level of 
service. 

Processing normally requires some form of queuing. 
Fruin's work dealt with queues, but it is not clear that the 
individuals observed using the Port Authority of New York 
terminals are similar to airport passengers. The accepta­
bility of a queue is, according to Fruin, determined by 
space provided. It is more likely that the queue process is 
more truly evaluated by the air passenger in terms of time 
spent in the queue, although there may be an interaction 
effect in terms of space provision. 

Holding areas are normally evaluated in terms of space 
provided per passenger, but here again it is likely that any 
perception of service level should consider space and time 
interactively. For example, it is entirely possible that pas­
sengers would evaluate space provision differently in a 
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main departure lounge, where waits of about an hour are 
anticipated, from the way they would evaluate it in a 
forward gate area, where much shorter waiting periods are 
normal. 

Circulation areas in airports are not really functionally 
different from circulation areas in the type of terminal that 
formed the basis of Fruin's investigations. It is likely, 
therefore, that his approach can be used for airport ter­
minals. The validity of applying his results directly to 
airport terminals is questionable, however, because the 
mix of passengers (age range) and degree of encumbrance 
with hand luggage and baggage trolleys (if available) are 
quite different. 

Like most transport facilities, airport terminals suffer 
from the problem of having to cope with very large varia­
tions in passenger flow. Unlike railway and urban rapid 
transit stations, this variation is seasonal as well as daily. 
It is also important to remember that when considering 
airport terminals, the nature of traffic is important to 

TABLE 2 ANNUAL, PEAK, AND SBR FLOW RA TES 
FOR LARNACA AIRPORT, CYPRUS 

Year 1981 1981 1983 1984 

Annual passenger volume l.053m l.222m l.363m 1.530m 

SBR 796 677 905 929 

Peale 981 904 1442 1226 

Peak SBR ratio 1.23 1.34 1.59 1.32 
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traffic peaking characteristics. In North America the pre­
dominance of domestic air traffic is quite different from 
the situation in Europe, where traffic is mainly interna­
tional, and a large proportion of it of a leisure nature. It 
has been pointed out elsewhere (10) that the form of the 
passenger volume distribution curve differs between air­
ports carrying different forms of air traffic. For example, 
more than half the total annual passenger movements at 
Almeria Airport in southern Spain occurs in a two-month 
vacation period during the summer; this degree of peaking 
is unknown in the typical North American context. Figure 
3 indicates how the normalized shape of the volume curve 
could be expected to differ among various airport func­
tional types: 

• Airport A: a high-volume airport with a large amount 
of short-haul domestic traffic (a typical U.S. hub); 

• Airport B: a medium-volume airport with baianced 
international-domestic traffic and balanced short-, 
medium-, and long-haul operations (a typical North Eu­
ropean hub); and 

• Airport C: a medium-volume airport with a high 
proportion of international traffic concentrated in a vaca­
tion season (a typical Mediterranean airport serving a 
resort area). 

Airport C carries a much higher proportion of its traffic 
during peak periods; therefore, its graph has a leftward 
skew in comparison to that for Airport B. A high-volume 
domestic airport hub, however, carries an even greater 
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volume over the entire year, decreasing the leftward skew 
to give the flatter graph form shown for Airport A. 

Because designers in general do not have the resources 
to design for the absolute peak flow, it is customary to 
choose a design criterion that will accommodate the actual 
peak without serious overload. In selecting such a measure, 
airport designers have in the past tended to fall back on 
the standard highway engineering practice of designing for 
the thirtieth highest hour. In airport practice this is called 
the standard busy rate (SBR), and its location on the 
passenger volume distribution curve is shown in Figure 4. 
American practice differs from this approach by using 
averaged conditions, such as the peak hour of the average 
day of the peak month. Experience has shown that, by 
allowing volume overload for a limited number of hours, 
an acceptable service level can be provided to passengers. 
Various European authorities favor different standards. 
Schiphol Airport Amsterdam uses the twentieth highest 
hour, while Aeroports de Paris prefers the fortieth highest 
hour. Until the early 1970s, the British Airports Authority 
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(BAA) adopted the thirtieth highest hour as its design 
standard. Subsequent experience has led them to use the 
5 percent busy hour rate (BHR), which means that 5 
percent of the total annual passenger traffic operates at 
volumes in excess of the total design level. The location of 
the 5 percent busy hour rate is shown in Figure 4. In 
practice there is little difference between these measures. 
Table 2 shows the relationship between SBR and peak 
flows for Larnaca Airport, Cyprus, for the years 1981-
1984. The Larnaca figures are also shown in conjunction 
with SBR annual volume relationships plotted for a num­
ber of British airports (both BAA and non-BAA) in Figure 
5. As could be anticipated from the vacation traffic ori­
entation of the Larnaca traffic, the SBR/annual traffic 
ratio for this Mediterranean airport exceeds the less peaky 
British airport figure and considerably exceeds the peak­
hour passenger estimates using FAA guidelines, which are 
also indicated in Figure 5. 

There is no standard method of dealing with a design 
passenger volume in terms of levels of service or design 

TABLE 3 SELECTED BAA AND IATA DESIGN AND SERVICE 
STANDARDS-DEPARTURES 

BAA Standards IA TA Standards 
Facility 

Space Standard Time Siandard Space Standard Time SLancbrd 

0.8nf per pass. 
95% of pass . o.arJ 95% of pass. 

with hold baggage per pass. 
Check-in Baggage 

0.6m2 per p:L<s. < 3 min. with ~aggage <3 min; at p~~!: 
Drop 

with cabin baggage 0.6m for visitors times EO<;C < 5 r.1i!l . 

1.0m
2 

per seated 
person 

Departure Concourse 
I.Ont per standing 

None None None person. 
Seating for I 0% of 
those present 

Departure Passport 0.6m2 per pass. 0.6m
2 

per pass. 
Control without hold 95% of pass. without hold 95% of pass. 

baggage. < 1 min. ba~ge. < 1 min. 
o.sm2per pass. 0.8n per pass. 
with hold baggage with hold baggage 

2 
95% of pass. 

Central Security 0.6m per pass, 95% of pass < 3 min; for high 
wilhout hold baggage < 3 min. security flights. 

80% < 8 min. 

1.0 - l.5nf per 
seated pass. 

2 1.2nt perst.anding 
I.Om per seated pass. 

Departure Lounge I.Om 2 per s1.111ding None 
pass. with trolley. 
I.Ont per stonding 

pass. pass. 
Seating for 60% Seating for 50% of 
presenL throughput. 

1.0m
2 

per 
0.6nf for queueing 
pass. without hold 

seated pass. bo~ge. 80% should queuo 
Gate Lounge 1.0m2per standing None 0.8 for queueing 

less than 5 min . for 
p:iss. pass. with hold 

gn.te chec!:-in. 
Seating for 60% of baggage 
those present. 1.0~ per pass. 

within gate lounge 
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service volumes, as is now well established in the sphere 
of highway engineering. Although airport operators and 
designers individually have a clear idea of what acceptable 
service levels are, these are not universally agreed on within 
the airport community; nor is the design service level set 
within a range of service levels, as has been shown to occur 
in highway design. Service levels are currently set simply 
in terms of standards that the authority attempts to meet 
either in terms of design (space standards) or in terms of 
operation (time standards). In a number of facilities, stand­
ards are set in terms of both time and space, but the 
interaction of time and space has never been examined. 

In 1982, the BAA/International Air Transport Associa­
tion (IAT A) study group examined BAA standards in 
comparison with those of IA TA at that time. Some of 
these comparisons are contained in Tables 3 and 4, which 
show design standards for departing and arriving passen­
gers, respectively. In general the BAA adds additional space 
for circulation. Notwithstanding the waiting time stand­
ards that the BAA attempts to provide, it is recognized 
that during peak periods delays considerably greater than 
the standards are observed. The delays cause considerable 
queuing, which can cause extreme overcrowding. There­
fore the BAA has recently modified its design standards to 
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TABLE 5 TIME-RELATED SPACE STANDARDS 
(BAA) 

Facil ity Space to be provided for 
waiting time up to 

Check-in 10 min. 

Passenger search 5 min. 

Passport control 1 min. 

Immigration: 

UK/EEC 12 min . 

Others 30 min. 

TABLE 4 SELECTED BAA AND IATA DESIGN SERVICE STANDARDS­
ARRIVALS 

BAA Standards* IATA Standards 
FACll.ITY 

Space standards Time standards Space standards 

Immigration 0.6m2 per pass. UK/EEC 95% 0.6m2 per pass. 
< 4 min. Others 
95% < 12 min. 

Baggage reclaim I .25m2/domestic Max of 25 min. o.sm2 per domestic 
passenger. 2.0m2 from first pass. and shon haul 
per shon haul inter- out of immigration international p~s. 
muion al passenger, to last bag on unit 1.6m2 for long haul 
3 .2Sm2 per Jong passenger 
haul passenger 

Customs None None 2.0m2 per pass. 
interviewed 

Arrivals Concourse 1.0m2 per standing None 0.6m2 per standing 
person: o.sm2 per meeter; 1.0m2 per 
seared person. seated meeter. 
Seating for 20% o.sm2 per shon haul 
of people present pass. 1.6m2 per long 

I l nau1 pass. 

• Additional Standards 

Forecourts: 95% chance of finding space 

Piers· Walking di stances: < 250m unaided 
< 650m with walkway (of which 200m unaided) 

Rapid trapsit for point-to-oointjourneys over 500m 

Pier service: Loading bridges for at leas t 75% of passengers. 

Time standards 

95 % of al l poos . 
< 12 min . 80% 
of nationals < 5 mi n. 

Max of 25 min. 
from first pass. 
in hall to las L bag 
from unil. 
90% of pass. w•it 
< 20 min. for b;igg:ige 

None 

None 

_J 
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TABLE 6 SCHIPHOL AIRPORT DESIGN STANDARDS 

SPACE STANOARDS 

Waiting Lounges 2 
1m per passenger for the expected 
number of departing passengers taken 
over the average of the 20 highest peak 
hours. Provision of seating for 30 per 
cent of these passengers. 

Gate Lounges 2 
1m per passenger based on the 
capacity of the largest aircraft to be 
handled at that gate. 
Provision of seating for 50 per cent 
of these passengers. 

HANDLING TIME STANDARDS 

Overall handling time 

Check-in 

Passport control 
(departure) 

Passport control 
(arrival) 

Baggage claim 
waiting time 
(narrow body) 

Baggage claim 
waiting time 

(wide body) 

Embarking/disembarking 
passengers from aircraft 

provide space standards that are related to waiting times. 
These are shown in Table 5. Broadly, this comes to 25 
percent for concourses at departure lounges and 20 percent 
for gate rooms. The BAA design standards are such that 
under design conditions 95 percent of passengers receive 
the desired level of service. For comparative purposes, the 
design standards for the Schiphol Airport Authority are 
shown in Tables 6 and 7. From an examination of Tables 
3 through 6, it can be seen that the current approach to 
design is to set a space standard in conjunction with 
operational standards where necessary, rather than to use 
any quantification of the variation of level of service with 
the various throughputs. 

In a paper presented to the then-extant Western Euro­
pean Airports Association, the results of a survey of 
operating criteria of 20 west European airports were sum­
marized (11). The range of space provisions is shown in 
Table 8. . 

A more comprehensive level of service approach was 
suggested in 1979 in Canada (12). This method, which has 

< 30 minutes 

< 5minutes 

< 5 minutes 

< 5 minutes 

< 15 minutes 

< 20 minutes 

< 15 minutes 

subsequently been proposed by IA TA as a method of 
determining airport passenger terminal service levels, relies 
on setting different levels of space provision with respect 
to six levels of service, A to F, as shown in Table 9 (13). 
Unfortunately, the linearity of the relationships between 
space provision and service level suggests that the values 
provided by this table may not correspond with level of 
service as perceived by airport users. 

It was reservations such as these that led to the proposal 
of a perception response model for approaching level of 
service analysis (14). This work attempted to tie the pas­
sengers' perception of level of service to the time spent in 
various processes. A three-category level of service struc­
ture was proposed: A, good; B, tolerable; and C, bad. 
Initially, passengers were asked to indicate their perception 
of service level on a more refined, six-level scale, but the 
results indicated that the respondents were confused. The 
method used in the perception response model was quite 
simple. As passengers proceeded through the various air­
port processing points on both arrival and departure, they 



TABLE 7 AEROPORTS DE PARIS DESIGN STANDARDS 

DEPARTURE 

Check-in 

Departure concourse 

Departure passport 

control 

Central security 

Terminal departure 

lounge 

Departure coach­

gate 

Gate lounge 

ARRIVAL 

Immigration 

Baggage reclaim 

units 

Customs 

Space Standard 

30m2 per check-in unit 

!Om min. dimension in 

front of desk. 

3.0m2 per passenger with luggage 

l.5m2 per passenger without luggage 

l.Om2 per greeter 

No seating provision 

20m2 per check point 

unit 

l.5m2 per seated passenger 

l.Om2 per standing passenger 

Seating for between 50 and 

75 per cent of people present 

20 per cent of area for circulation. 

l.5m2 per seated passenger 

l.Om2 per standing passenger 

50 per cent of passengers seated. 

0.6m2 per queueing passenger 

0.6m2 per passenger 

Reclaim frontage of 

I .Om for every 5 passengers 

Length of 60m for B747 sized ale 

Length of 45m for A300 sized ale 

Length of 30m for B 727 sized ale. 

r --- - - - · \. ~ ;a; _ _ .. : _ __ ... r 
upu.vv -3\.;I. V] UJ.IU ... IJ~.lVU.:1 .... .. 

reclaim units as above, with 

8m min. between units and 

4m min. between unit and wall. 

lm per passenger along 

searching bench . 

. A.s for depa.T"!ure concourse above. 

Time Standard 

80 per cent of passengers 

queue < 15 minutes. 

80 per cent of passengers 

queue < 15 minutes. 

80 per cent of passengers 

queue < 15 minutes. 

Average processing time 

7 passengers per minute. 

30 per cen t of P"sse ngers 

queue <) 1~~in. 

95 per cent of passengers 

queue< 12 minutes. 

Max. of 25 minutes 

between arrival of first 

passenger in hall and 

reclaim of last bag from 

unit 



TABLE 8 SPACE PROVISIONS IN WAITING AREAS (J J) 

Area per seated passenger 

Area per standing passenger 

Average seating provided as a per cent of occupation 

at capacity: 

landside concourse - departures 

- arrivals 

airside - departure lounge 

- gate holding areas 

1.0 - 1.5m2 

1.0m2 

30-50% 

20%** 

40- 80%*** 

50- 80% 

*** Higher end of range applies where there is high transfer traffic (e.g. Kastrup and 

Frankfurt) 

** In predominantly domestic traffic airports (e.g. Hamburg) short dwell times require only 

5% seating. 

* Reported ranges from survey of twenty west European airports ( 1976). 

TABLE 9 AIR TERMINAL BUILDING SPACE STANDARDS 
(SQUARE METERS PER OCCUPANT) 

Level of Service: A 

Check-In 

Wait/Circulate 

Holdroom 

Bag Claim Area 
(Without Device) 

Pre-PIL 

Level of Service 

A 

B 

c 

D 

E 

F 

B c D E 

1.6 1.4 1.2 1.0 .8 

2.7 2.3 1.9 1.5 1.0 

1.4 1.2 1.0 .8 .6 

1.6 1.4 1.2 1.0 .8 

1.4 1.2 1.0 .8 .6 

Description 

Excellent level of service; condltlon of free flow; no delays; 
direct routes; excellent level of comfort 

High level of service; condition of stable flow; high level of 
comfon. 

Good level of service; condition of stable flow; provides 
acceptable throughput; related subsystems in balance. 

F 

Adequate level of service; condition of unstable flow; delays 
for passengers; condition acceptable for short periods of time. 

Unaccaptable level of service; condition of unstable flow; 
subsystems not in balance; represents limiting capacity of the 
system. 

System breakdown; unacceptable congestion and delays. 
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FIGURE 6 Concept of perception response model (14). 

TABLE lO LEVEL OF SERVICE OF PROCESSING TIMES 
(MINUTES) FOR BIRMINGHAM INTERNATIONAL AIRPORT, 
GREAT BRITAIN (14) 

Level of Service - A Level of Service - B Level of Service - C 
(GOOD) (TOLERABLE) (BAD) 

Ch eck In 

Charter < 11 11 - 21 > 21 

Scheduled - Long Haul < 15 15 - 25 > 25 

Scheduled - European < 7.5 7.5 - 14 > 14 

Security Check < 6.5 6.5 - 10.5 > 10.5 

Passport Control (outbound) < 6.5 6.5 - 10.5 > 10.5 

Immigration (inbound) < 6.5 6.5 - 14.5 > 14.5 

Baggage Claim < 12.5 12.5 - 22.5 > 22.5 

Customs Control < 6.5 6.5 - 11.5 > 11.5 

Leg encl 
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FIGURE 7 P-R model for charter I.T. check-in (Birmingham International Airport) (14). 

were asked to rate the service as good, tolerable, or bad. 
The response rate for each type of answer was plotted 
against the time spent in each facility. Conceptually, it was 
expected that the responses would form a diagram of the 
shape shown in Figure 6. For short processing times, the 
number of "good" responses would be high and both 
"tolerable" and "poor" would have a low response rate. 
As processing time increased, the number of "good" re­
sponses would fall, the number of "tolerable" responses 
would peak, and the number of "bad" responses would 
grow. 

Level of service A, or good, is defined as those times for 
which the "good" curve exceeds the "tolerable." Level of 
service C, or bad, is defined as those processing times for 
which the number of "bad" responses exceeds the number 
of "tolerable" ones. Level of service B, or tolerable, falls 
between these two limits. This model was calibrated at 
Birmingham, Manchester, and East Midlands airports in 
the United Kingdom. Table 10 summarizes the findings 
for Birmingham Airport, and Figures 7 and 8 show the 
observed forms of two of the curves that led to results for 
charter and scheduled long-haul check-in in the table. 

The method described by Mumayiz and Ashford (14) 
also indicated a way of defining facility capacity on the 
basis of delay experience in the process. This was done by 
modeling processing time versus flow using the SLAM 
simulation program. Figure 9 shows that if capacity is 
defined as occurring at that point where levels of service 
A and B are contingent, then for inward immigration this 
amounts to 6.5 minutes (from Table 10), yielding a facility 
capacity of approximately 400 passengers per hour. 

At the moment, the perception response model must be 
considered only prototypical, requiring considerable de­
velopment before it can be applied widely to level of service 
analysis. The work, which was carried out by the Univer­
sity of Technology at Loughborough, is deficient in a 
number of areas: 

1. The findings were obtained from a relatively small 
sample ofrespondents. For greater certainty of the validity 
of the values found in Table 10, a considerably larger 
survey would be necessary. 

2. As carried out, that is, at one airport, there was no 
possibility of investigating any interaction between space 



FIGURE 8 P-R model for scheduled long-haul check-in (Birmingham International Airport) (14). 

provision and time spent in the process. In fact, both may 
affect a passenger's perception of service level, and there 
may well be a strong interaction between the two variables. 
The most effective way of determining this would be by 
conducting passenger perception surveys at a number of 
airports. If performed internationally, the surveys would 
indicate the transferability of results from country to 
country. (There is no reason to assume that perceived 
level of service standards are necessarily the same in de­
veloped and developing countries or across other cultural 
differences.) 

3. As curremiy appiieu, foe method has suppiieu criteria 
only for airport processing areas. The same methodology 
could well be applied to holding areas. 

Properly developed, the perception response graph for 
both holding areas and processing facilities is likely to be 
a three-dimensional response surface, as indicated in Fig­
ure 10, with two principal independent variables-space 

CONCLUSIONS 

In comparison with the status of level of service analysis 
in highway engineering, in airport design it is in a rudi­
mentary state of development. Level of service standards 
have been set, but these are essentially straightforward 
design and operational criteria that provide no indication 
of sensitivity to overload conditions. To produce more 
comprehensive level of service standards, an industrywide 
approach to data gathering will be necessary to enable 
cross comparisons of design and operational standards 
across a iarge range of airpons. Especiaiiy in Europe, where 
airports see themselves as in competition with one another, 
such an effort is clearly beyond the capability of any single 
airport or airport authority. Yet individual airports and 
airport authorities have a vital role to play in developing 
a more sophisticated level of service analysis. Most airports 
that have set performance standards (such as queuing time, 
bag delivery time, and the like) have some form ofperfor-
mance monitoring procedures. If pooled and linked to 
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passenger perception of service, these procedures can form 
the basis of a much more comprehensive level of service 
construct developed on both national and international 
data. It would be extremely helpful if one of the interna­
tional bodies, such as IA TA or ICAA, could be induced to 
back a research program into terminal design standards. 
Without this, the present rather unsatisfactory status quo 
is likely to continue indefinitely. 
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Airport Landside Level of Service 
Estimation: Utility Theoretic Approach 

K. F. OMER AND A. M. KHAN 

The need for research on level of service criteria and standards 
for the design and evaluation of existing or proposed new 
Jandside facilities arises from the requirement that they reflect 
technical developments, enhanced knowledge of user prefer­
ence and behavior, the need to increase the efficiency and 
cost-effectiveness of the airport system, and the uncertainties 
of air travel demand. In air transportation, by and large, 
reliance has been placed on arbitrary standards with hidden 
assumptions. This paper reports recent research on the inter­
relationship between space/service standards, user perceived 
value or utility of level of service, and cost. A framework is 
described for the study of level of service, based on the 
principles of utility and cost-effectiveness theories. Criteria 
for design and evaluation of landside facilities are discussed, 
and recommendations for further research are made. 

Airport landside level of service and capacity have been 
topics of research interest over the past two decades or so 
(1, 2). More recently, owing to the critical nature of airport 
level of service issues, a number of studies have been 
initiated on the identification of the landside problem in 
general, and on capacity and service measures in particu­
lar. Some progress has been made in terms of defining 
service levels, based on degree of crowding and delays and 
so forth. A joint Federal Aviation Administration 
(FAA)/Transportation Research Board (TRB) study, pub­
lished recently, serves as a background document on the 
various facets of the problem as well as international 
practices and standards (3). More research is needed, how­
ever, to define level of service gradations and capacity 
standards ( 4, 5). 

A high priority placed on landside research is hardly 
surprising, given the critical need for innovative research 
on this topic. A number of agencies, which have estab­
lished criteria and standards for the design of airport 
landside facilities, have come to realize that, by and large, 
reliance has been placed on design criteria that are limited 
in terms of accounting for the demand as well as the 
supply side concerns. It is now believed that design stan­
dards developed in the past were largely arbitrary, with 
hidden assumptions. Consequently, oversized facilities 

Department of Civil Engineering, Carleton University, Ottawa, 
Ontario KIS 5B6, Canada. 

have been provided at a number of airports. Also, because 
of insufficient attention paid to strategic planning, inade­
quate understanding of user value structure, absence of 
studies on the cost-effectiveness of level of service, and 
lack of flexibility to adapt to changing traffic conditions, 
imbalances of demand and capacity have become apparent 
at some busy airports. 

The objectives of the research reported here are twofold. 
First, it is intended that the importance of the interrela­
tionship between the level of service and the cost (to users 
as well as suppliers) of facilities be highlighted, thus making 
a case for enhanced knowledge of measures for the design 
and assessment of airport landside facilities. Second, it is 
also intended that a framework be developed for estimating 
the utility (value in use) and cost-effectiveness oflevels of 
service, based on the principles of utility (value) and cost­
effectiveness theories. 

In this research, application of utility and cost-effective­
ness theories is illustrated for measuring user-perceived 
levels of service and for establishing economical design 
criteria. In contrast with previous approaches, airport ter­
minal users are not asked to distinguish, directly, in the 
form of a single question, between various gradations of 
service quality consisting of multiattributes. Instead, 
through the use of the attitudinal survey technique, users 
are asked to indicate the relative importance of level of 
service factors (e.g., waiting time, processing time, space 
availability) and to rate each level of service attri­
bute/factor through a semantic scaling method. In accor­
dance with utility theory, the weighted rates are trans­
formed to a relative value scale and then combined into a 
utility measure. From these utility values, level of service 
offered by a facility under prevailing conditions is inferred. 

Through the investigation of a facility under various 
levels of usage and the correlation of user-perceived service 
quality (i.e., value in use or utility) with objectively mea­
sured performance indicators, space and service (e.g., time 
spent in a subsystem) thresholds can be defined. Also, 
through use of the principles of cost-effectiveness, the 
economics of providing various levels of service can be 
established. In this paper, following a discussion of the 
level of service issues and framework, the utility theoretic 
approach to level of service estimation and cost-effective­
ness of level of service (and resulting facility size/designs) 
are covered. 
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LEVEL OF SERVICE ISSUES 

Historically, airport facilities have been planned and in­
vestment decisions made without much assistance from 
scientific research in refining design criteria and standards. 
The transportation profession is very familiar with the 
amount of research that went into the highway capacity 
area, which recently produced a third-generation capacity 
manual. Consequently, it is hardly surprising that in recent 
years, airports, more than any other type of transportation 
facility, have been criticized-in some cases, as examples 
of wasted resources and, in others, as a focal point of user 
discontent with the level of service. Indeed, the imbalance 
between demand and capacity at key components of air­
port terminals is a common occurrence. 

There is apparently a genuine lack of knowledge about 
user acceptance of conditions at airports, as well as about 
the cost implications of providing various levels of service. 
Furthermore, the airport planning profession has not yet 
standardized its gradations of levels of service in the man­
ner that the highway planning profession has done since 
1965. The absence of an appropriate definition of level of 
service ranges and guidelines for design and evaluation 
criteria and standards has hindered efficiency in airport 
planning and operations ( 6). 

Recent reviews of airport planning and investments in 
Canada have concluded that, in general, the level of service 
and unit cost of providing that service at airport systems 
are excessive. It was stated that a significant reduction in 
level of service could be achieved with minimum impacts 
on the air traveling public and the air carrier industry (7). 
Experience gained from Pearson (Toronto) and Dorval 
(Montreal) airports was quoted as evidence to suggest that 
some additional crowding does not lead airlines and pas­
sengers to curtail their use of airports (8). 

While the aforementioned reviews give the impression 
of past oversupply of airport facilities, there are also cases 
where a number of interest groups are concerned about 
insufficient capacity to serve the growing demand. Consid­
ering that undesirable consequences exist for oversupply 
as well as for undersupply, the search for a balance between 
demand and supply over time should be an important 
objective of airport planning. An improved knowledge of 
appropriate design criteria and standards and the means 
to deal with the uncertain nature of future demand for 
services are of paramount importance. Table l describes 
some of the possible impacts of oversupply and undersup­
ply of airport facilities. 

Clearly, given the increasingly complex nature of airport 
planning, design, and investment decision making, the 
nonscientific treatment of capacity and level of service 
subjects is hardly acceptable. In fact, as is evident from the 
previously noted reviews, an improved knowledge of the 
interrelationships of level of service, capacity, and cost (to 
facility users as well as suppliers) is essential. A number of 
associated requirements are to be met as well. These 
include refining the measures for assessing the perfor-
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mance of airport landside subsystems and dealing with the 
uncertain nature of future air travel demand. 

LEVEL OF SERVICE FRAMEWORK 

Requirements for Facility Design and Evaluation 

The landside part of the airport system consists of a 
number of interlinked subsystems that are intended to 
serve as processors, holding areas, and links (Table 2). The 
design process, in broad terms, is expected to yield cost­
effective size and configuration of facilities, to ensure 
efficient interchanges between facilities, and also to meet 
other criteria (e.g., safety and security) (9). 

In the design process shown in Figure 1, a key initial 
step is to estimate "peak traffic," which requires the fore­
casting of traffic for the design year, the design day, and 
the design hour. The prediction of profiles of aircraft and 
person/goods traffic demand is a necessary prerequisite for 
design and analysis of facilities. Given that future demand, 
especially beyond a five-year period, cannot be forecast 
with any degree of certainty, a recognition of sources of 
uncertainty and methods of coping with the uncertain 
nature of demand are required. 

An airport's landside facilities are designed to serve a 
peak-period traffic that is supposed to represent the design 
year's busy period conditions (10). It is expected that the 
various landside subsystems will have to cope with a usage 
level higher than the design peak level for a number of 
hours/periods during the year. There is little agreement 
among airport agencies, however, about the definition of, 
or the approach to, measuring the planning and design 
peak period. Methods that have been used, namely, the 
xth (e.g., 90th) percentile traffic and the nth (e.g. , 30th) 
highest hour in the year, are known to be deficient in 
capturing the true nature of the peak traffic profile (6, 11). 

Airport planners in Canada, who have used the 90th 
percentile traffic in the past, are attempting to shift to a 
more realistic measure-the highest representative peak 
hour in the composite hourly traffic profile representing 
the busiest season. The busiest season is considered the 
year's three consecutive months with the highest average 
daily passenger traffic volume. To compare the two ap­
proaches, this new criterion would yield 91 st-93rd per­
centile traffic for Pearson International Airport (Toronto) 
and would equate to 85th-88th percentile traffic at smaller 
airports (11). 

As for other agencies, the Federal Aviation Administra­
tion (FAA) of the United States has suggested flexible 
guidelines that define the design peak hour as 6.25 percent 
to 20.00 percent of the busy day's total operations. Sched­
uled airlines in the United States generally design their 
facilities for the peak hour of the average day of the peak 
month of the selected design year. The British Airports 
Authority (BAA) applies its design standards in association 
with 95th percentile traffic. The Western European Air-
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TABLE 1 POSSIBLE IMPACTS OF LANDSIDE FACILITY OVERSUPPLY AND 
UNDERSUPPL Y 

Interest 
Group" 

Users 

Carriers 

Government 
(as airport 
owner) 

Airport authority 

Airport 
concessionaires 

Negative Impacts of Oversupply 

Increased charges to pay for 
oversized facilities 

Increased charges (fees, leases) 

Reduced revenues; political 
backlash 

Reduced revenue; increased 
overhead 

Increased charges (leases, fees); 
reduced revenue 

Negative Impacts ofUndersupply 

Congestion, delays; reduced level 
of service (inconvenience, cost of 
time, discomfort) 

Cost of delay; reduced level of 
service offered; diversion of 
customers to other airports 
(carriers) and modes 

Political backlash; social loss due 
to congestion costs 

Operational problems; complaints 
from travellers and carriers; loss 
of potential customers 

Reduced level of service offered to 
customers; loss of potential 
customers 

•Other interest groups are also impacted (e.g., land developers, adjacent property owners, 
environmentalists). 

TABLE 2 ENPLANING AND DEPLANING PASSENGER SUBSYSTEMS (9) 

Sector 

Reservoir 

Processor 

Links 

Estimation of Design Year Traffic 

Enplaning 

Domestic 
Canada-U.S.A. 
International 
Ticketing queue area 
Check-in queue area 
Preclearance queue area 
Waiting (general) 
Security queue area 
Holdroom, etc. 
Ticket counter 
Check-in 
Preclearance 
Secondary examinations, 

etc. 

Deplaning 

Domestic 
Canada-U.S.A. 
International 
Primary inspection (PIL) 

queue area 
Baggage claim hall 
Secondary examination 

queue areas 
Waiting, etc. 
Primary inspections line 
Baggage claim devices 
Secondary examinations, 

etc. 

Corridors 
Escalators 
Elevators 
Doorways 
People movers, 

etc. 
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Peak Hr. I -uncertainty 
ports Authority (WEAA) applies different criteria depend­
ing upon the site. A commonly used criterion, however, is 
the 30th busy hour (9, 11, 12). 

Criterion t Considerations 
Planning and Design 

Peak Hour Traffic 

--·-·----··-····--···-·· ····-i ---- --------------·--··--···· 

Level of -j Service Criteria _ 

Facility and 
Space Standards 

Facility Sizing and Configuration 

FIGURE 1 The design process. 

Realistically, the proportional share of peak-hour traffic 
out of average-day, peak-month/season movement cannot 
be assumed with any degree of confidence to be a constant 
(e.g., 9 to 10 percent), particularly for large airports. As 
schedules are spread throughout the day at major airports, 
this percentage logically drops. Also, experience gained 
from airport studies suggests that the characteristics of 
peaking are largely airport-specific, depending upon the 
airport's location within the network. Recent experience 
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indicates that the peaking phenomenon can be influ­
enced through policies in pricing, marketing, incen­
tives/disincentives, and especially (voluntary or imposed) 
scheduling. 

For the development of supply strategies (i.e., type, size, 
and configuration of facilities and implementation sched­
ule), level of service criteria and the associated space 
standards are required. Currently, widely recognized level 
of service criteria are not available. A more basic deficiency 
is the general absence of well-researched knowledge on 
this subject. 

Airport planners in Canada have adopted the level of 
service framework used for planning and design of highway 
and pedestrian facilities for specifying operating 
conditions at airports. Table 3 presents a description of 
the various levels of service (LOS), ranging from LOS A 
(excellent) to LOS E (capacity) and LOS F (system 
breakdown). 

In this research, level of service is defined as a measure 
that describes user-perceived operating conditions (e.g., 
the degree of congestion) at various processors, reservoirs, 
and links. The capacity of a subsystem (facility) is the 
maximum (saturation) level throughput (i.e., density or 
volume, depending on the nature of the subsystem) that 
can be served under prevailing conditions. Attempts have 
been made to study user-perceived level of service and 
behavioral aspects of landside operations ( 13). There are a 
number of reasons for adopting the LOS framework shown 
in Table 3 for the planning and design oflandside facilities. 
As the experience of the highway transportation profession 
suggests, a framework based on the concepts of "ultimate" 
and "practical" capacities is difficult to operationalize and 
inflexible, because of the absence of a continuum of level 
of service falling from ideal conditions, to saturation, and 
ultimately to jam cases. 

Another scheme, based on three levels of service, suffers 
from similar weaknesses without offering any advantages. 
It is recognized here that adopting LOS A to F docs not 
simplify the essential task of identifying the most appro­
priate performance measures and ranges of performance 
that correspond to the various levels of service. From a 

TABLE 3 LEVEL OF SERVICE (LOS) l"RAMEWORK 
(2, 6, 9) 

Level Description 

A Excellent level of sen1ice; very low density; condition 
of free flow; no delays 

B High level of service; low density; very little traffic 
interference and delay 

C Good level of service; acceptable level of density and 
delay; related subsystems in balance 

D Adequate level of service but delays incurred; high 
density; condition acceptable for short periods of 
time 

E Unacceptable level of service; represents limiting 
capacity of the facility; very high density; 
subsystems not in balance 

F Subsystem breakdown; unacceptable congestion and 
delay 
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planning and design perspective, the wider gradation of 
conditions represented by the LOS framework used for 
highway transportation has a logical appeal. 

As for implementation of the LOS framework, a knowl­
edge of the capacity oflandside facilities as well as through­
put at varying levels of service (i.e., densities, service flows) 
is required for planning and design activities. Also, infor­
mation on acceptable levels of service as well as their cost­
effectiveness is of growing interest. An important research 
finding is that the economic variable must be considered, 
given that a desired throughput level and the resulting 
quality of service are joint products with cost implications 
for airport authorities, airlines, and the traveling public. 
Economic considerations of landside planning and design 
have also been investigated in the past (14). 

Design Criteria 

In recent years, three types of criteria have become relevant 
for landside subsystem planning and design. These can be 
categorized as functional performance (i.e., operational 
effectiveness, safety and security, comfort, and conve­
nience), flexibility (i.e., change/growth), and economy (i.e., 
cost and revenue/benefit balance) (12). 

The operational effectiveness criterion is intended to 
ensure the smooth (without disruptions or other problems) 
functioning of the facility itself, as well as its interchanges 
with other facilities. The criterion's measures, which are 
diverse, relate to flow of traffic and delay. As for safety 
and security, the design of landside facilities is beginning 
to respond to these requirements. The passenger conve­
nience/comfort criterion deals with a large number of 
factors, namely, travel time, walking distance, accessibility 
to amenities, service convenience, clarity of signage, and 
passengers' opportunity for communication about orien­
tation and information (12). 

Flexibility to accommodate growth and change is an 
important criterion, given the uncertainties offuture traffic 
(in terms of numbers, user characteristics, and require­
ments) (15, 16). As noted earlier, there is a growing em­
phasis on economic factors in the provision of airport 
facilities. Therefore the criterion of economy is an impor­
tant one, given pressures to reduce the level of service and 
economic constraints for capacity expansion or facility 
modernization. Operational measures include economic 
efficiency or cost-effectiveness as the basis for investment 
decisions. The airport research community has come to 
recognize that life-cycle costs (i.e., costs of construction, 
operation, maintenance, and rehabilitation) as well as 
airline and traveler costs are to be included in design 
(capacity, level of service) and investment decisions. 

UTILITY THEORETIC APPROACH TO 
LEVEL OF SERVICE ESTIMATION 

The state of knowledge is deficient in capacity and level of 
service characteristics of landside subsystems in their pres-
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ent form or as they can be affected by technical develop­
ments. According to current practice in airport planning 
and design, an ultimate capacity and a practical capacity 
are defined where an "acceptable" level of delay is used as 
a measure for practical capacity. The conceptual practical 
weaknesses in practical capacity approach have already 
been mentioned. In addition, the acceptability (to the user) 
of the amount of delay is subjectively established by plan­
ners; without definitive field studies. 

The use of level of service framework (shown in Table 
1 ), if appropriately supported with research on estimating 
the levels of service, would be an improvement on existing 
practice in the sense that a wider classification of user 
density or volume indices could be used to specify design 
standards and trigger points for capacity expansion. Table 
4 provides a summary of performance measures for land­
side subsystems (17, 18). Criteria and standards for these 
facilities are not well developed. For apron/gates and the 
constituent parts of the terminal building, the practices 
and standards used by a number of organizations differ 
widely and are not supported by analyses. 

In all cases reviewed, single values for space standards 
are quoted. Transport Canada's recently adopted space 
standards for selected landside subsystems, shown in Table 
5, are a step in the right direction because they correspond 
to the various levels of service. The gradations are rather 
narrow, however, and were set subjectively. 
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The application of utility theory is advanced here for 
measuring the levels of service and establishing realistic 
density /capacity or volume/capacity ratios (i.e, indices) 
that correspond to the various LOS and space standards 
for landside facilities. The use of density (i.e., occupancy 
per unit area at any time) as a measure of the intensity of 
usage level is appropriate, given the nature of airport 
terminal processors. 

A user under prevailing conditions of traffic and service 
at a subsystem perceives a state of the subsystem with a 
bundle of impacts (e.g., waiting time, processing time, 
congestion). For a given subsystem, the performance meas­
ures pmi, pm2, ... , pmq are defined. Table 4 shows such 
measures. For example, for the check-in area, performance 
measures include waiting time in the queue, processing 
time at the counter, and density of space use in the check­
in area. In an attitudinal survey, users are asked to declare 
their preferences for each of the multiple performance 
measures, which can be transformed into relative weights. 

For a design study, the facility size alternatives a 1, a2 , 

... , am result from the combination of level of service 
(and associated standards) and demand state (i.e., peak 
hour/period traffic). An alternative facility size will result 
in the occurrence of exactly one outcome state o, unknown 
beforehand, in a set of outcome states 0, with elements 
0 1, 0 2 , ••• , ok. An outcome state consists of a bundle of 
impacts of various levels of performance attainment, pmg11 

TABLE 4 PERFORMANCE MEASURES FOR LANDSIDE FACILITIES: TERMINAL BUILDING AND APRON (17, 18) 

Subsystem 

Apron/Gates 

Baggage claim area 

Entrance/exit 
Boarding lounge 

Security 
Customs and immigration 
Corridors and other links 
Ticketing counter 

Activities 

Aircraft circulation; 
parking and servicing; 
transfer of passengers, 
baggage and cargo 

Processing of incoming, 
transfer, and outgoing 
baggage 

Airside processing 
Entrance processing and 

storage 
Processing and storage 
Processing and storage 
Walking and circulation 
Processing of passengers 

and baggage 

Performance Measures 

Service time, delays to aircraft, interference and congestion, 
queue length and waiting time 

Waiting time and queue length at baggage claim area, delay to 
aircraft, congestion, number of bags not transferred, number of 
outgoing bags not loaded 

Queue length, waiting time, congestion 
Queue length, waiting time, congestion 

Queue length at entrance, waiting time, congestion 
Queue length at entrance, waiting time, congestion 
Space per pedestrian, speed 
Queue length, waiting time, congestion 

TABLE 5 AIR TERMINAL BUILDING STANDARDS (SQUARE METERS PER 
OCCUPANT) 

Level of Service 

A B c D E F 

Check-in 1.6 1.4 1.2 1.0 0.8 
Wait/circulate 2.7 2.3 1.9 1.5 1.0 
Holdroom 1.4 1.2 1.0 0.8 0 .6 
Bag claim area (without 

device) 1.6 1.4 1.2 1.0 0.8 
Pre-PIL 1.4 1.2 1.0 0.8 0.6 

SOURCE: Transport Canada Standards. 
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(i.e., gth level of hth measure). Such impacts, revealed 
through an attitudinal survey of subsystem users, can be 
transformed into relative or utility numbers thrnugh the 
use of value functions. The individual or "pure" outcomes 
are combined by logical operations (by means of and, not) 
to form outcome states: 

01 = pm11 ~pmz, 

(pm13 pm23 .. ) 

where 

pm 11 is the first level of performance measure 1, 
pm21 is the first level of performance measure 2, etc. 

The value functions are allowed to undergo the follow­
ing linear transformations, which keep intact the perfor­
mance achievement structure as perceived by users of the 
subsystem: 

where 

for all pmg, g = 1, 2, ... , q 

Ug =a numerical function on the gth perfor­
mance measure, 

ug(pmgh) = the transformed value of pmgh (measured on 
a relative value scale), 

vg(pmgh) =the original value of pmgh, 
yg and bg = constants for criterion g. 

The performance measures can be weighted and then 
combined: 

where 

U(oJ) =the utility of outcome state j in relative value 
units-units measured on a scale of 0 to 1, 

Ug = a numerical function on the gth performance 
measure, 

Wg = a scale transformation parameter on Ug-a rel­
ative "weight" reflecting user preferences for 
measures of effectiveness (obtained from the 
strengths of preferences expressed as rank num­
bers). 

To allow planners and designers the opportunity to use 
their subjective judgment of the occurrence of an outcome 
state oJ, a conditional probability distribution p(oJ I a;, dJ 
can be used that expresses the planner's assessment of the 
conditional probability of the occurrence of outcome state 
Oj in 0 under the facility size alternative a; and demand 
state d, combinations. The need to express such subjective 
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judgments is clear since technical developments (e.g., ma­
chine-readable tickets/passports) and innovative proce­
dures may change the existing relationships between 
throughput and performance of a subsystem ( 19, 20). The 
p's are assigned so that all but a finite o in 0 have p = 0.0, 
and the sum of the p's equals 1.0 for the subsystem size 
alternative-demand state combination. 

For a given demand state d., the utility of an alternative 
can be computed as: 

k 

U(a;, d.) = L p(oj I a;, d,)U(oj) 
j~l 

where U(a;, d.) is the utility of size alternative i and de­
mand state i for i = 1, 2, ... , m and i = 1, 2, ... , n. 

The likelihood of the occurrence of demand states can 
now be treated as a variable. Let P(d) be the planner's 
probability of a proposition that d, is the true state of 
demand. The expected utility of an alternative a; can now 
be given as: 

U(a;) = L P(d.) · U(a;, d.) 
i=l 

From surveys of users at selected subsystems and anal­
yses performed in accordance with the preceding theory, 
user reactions to quality of service could be obtained. A 
semantic scale of 1 to 7 could be used for obtaining user 
reactions on subjective as well as objective performance 
measures. Appropriate descriptors could be used for hold­
ing areas, time (delay) for processors, and so forth. In 
addition to getting a rating for each attribute, the relative 
importance of the attributes could be obtained. Simulta­
neously, using video cameras, the density levels (i.e., num­
ber of occupants per unit area) could be developed. A 
survey and associated analysis result in a utility number 
(between 0 and i) for the subsystem under known condi­
tions. For the saturation case, the utility rating could be 
zero or nearly zero, corresponding to LOS E. The corre­
sponding density index (d/c) or volume index (v/c) would 
be 1.0, and space/service factors such as space/occupant 
and time spent in the subsystem could be found. 

Likewise, for the various conditions of traffic studied, 
ranging from low traffic to very high usage levels, plots of 
utility against space use and utility against time levels 
could be developed. These are expected to show breaks 
reflecting thresholds. From threshold levels (breaks in the 
utility curve), LOS transition from E to D and from D to 
C could be found (Figure 2). In the absence of well­
pronounced breaks, the planner and the airport authority 
can divide the utility axis into LOS ranges. 

Figure 2 shows a utility function that exhibits the prop­
erties of diminishing marginal utility (value) (16). It can 
be seen that under congested conditions (e.g., LOS E), 
reduction in delay would result in relatively large gains in 
the utility (value) of users compared to less congested 
conditions, such as those experienced during LOS B or 
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even LOS C. Also, it can be seen that there are certain 
threshold levels of delay that, when eliminated, result in 
substantial gain in utility. 

The interrelationship of the level of service, density, or 
space indices and space standards is illustrated in Figure 3 
for two selected processors. Also shown in this diagram is 
the influence of the sector (i.e., domestic vs. international) 
in terms of duration (i.e., up to 15 minutes, more than 15 
minutes) on the level of service. For instance, a subsystem 
that experiences a v/c ratio of0.75 for less than 15 minutes 
(as may be the case with domestic service) would be 
offering a level of service D. On the other hand, if duration 
exceeds 15 minutes, the LOS should be regarded as E 
(Figure 3). 

Experience in Canada suggests that larger airports in­
volve higher occupancy times because of such factors as 
airport access distance/time, reliability of access to airport 
services, airline requirements, and so forth. When applying 
LOS criteria in planning and design, in the absence of 
actual survey data, estimated v/c ratios should be consid­
ered for durations exceeding 15 minutes at a time. Subject 
to detailed studies, larger airports with a higher percentage 
of Jong-haul flights should offer more space per passenger 
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FIGURE 2 Level of service and utility: 
check-in and baggage claim. 
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than smaller airports. Of course, as can be noted in Figure 
3, any processor operating above LOS C (i.e., LOS A and 
B) should be able to operate throughout a 24-hour period 
at these levels of service. 

Finally, as noted earlier, technical developments are 
likely to increase processing rates and reduce airport oc­
cupancy times in the future . This means that space stan­
dards should be revised. For medium- and long-range 
planning, such advances should be assessed. Technological 
innovations and operational means that are likely to 
change the interrelationship of level of service and space 
or facility standards of Jandside subsystems include self­
service check-in systems, machine-readable tickets and 
passports, new methods of enhanced security and im­
proved throughput, and increased use of moving belts and 
people movers. 

COST-EFFECTIVENESS OF DESIGNS 

The optimal facility size and therefore the associated LOS 
can be established by using a number of methods for 
decision making under uncertainty. These are the expected 
value approach (based on use of the Laplace criterion of 
equal likelihood of the occurrence of demand states or 
other subjective probabilities), the Horowicz method 
(based on use of an index of optimism), the regret ap­
proach, and the criteria of minimin and minimax. These 
approaches are described in most engineering economics, 
operations research, and systems analysis textbooks. 

In the event that the planner prefers to work with cost 
matrices, the expected overall cost of an alternative can be 
found as: 

Expected C*(a;) = L P(d.) · C(a;,d.) 
t=J 

where 

P(d.) = the probability of the occurrence of demand 
state d., and 

C(a;,d,) is the cost of facility size alternative i and 
demand state i for i = 1, 2, ... , m and i = 1, 2, ... , n. 

The alternative with minimum expected social cost is the 
optimal alternative. Alternatively, the analysis could be 
carried out by working with savings of costs (i.e., benefits) 
through an incremental net value method. The level of 
service that corresponds to the optimal alternative is the 
best one for facility design. 

Figure 4 illustrates the identification of the optimum 
number of gates by minimizing the present worth of total 
costs. Expected so.cial costs were estimated under three 
demand states (i.e., growth rates). Level of service desig­
nations are noted that represent various degrees of delays 
to the airlines and passengers. As for capacity expansion 
decisions, Figure 5 shows that subjecting users to congested 
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conditions associated with LOS E prior to capacity addi­
tions would be uneconomical owing to the unacceptably 
high cost of congestion. 

CONCLUSIONS 

This paper has demonstrated that a utility theoretic ap­
proach can be used to estimate the utility or user-perceived 
value of levels of service for landside subsystems, and to 
establish corresponding density or volume indices and 
space/service standards. It has also illustrated a method­
ology for assessing the cost-effectiveness of various levels 
of service and associated facility sizes within the uncer­
tainty of future travel demand. The methodology can also 
be used to establish the most cost-effective level of service 
and optimal facility size. 

The level of service framework based on LOS A to F is 
the most appropriate one for airport landside facilities. 
The most cost-effective LOS for the design of landside 
facilities is LOS C. LOS D could be used as the trigger 
point for capacity additions. Operations at LOS E are 
uneconomical from a "social cost" viewpoint. 

The methodological framework advanced herein pro­
vides a mechanism for incorporating changes in the inter­
relationship of the level of service, density or volume 
indices, and space standards. Such changes are expected 
to occur as a result of technological developments and 
operational innovations that have the potential to change 
processing rates and throughputs of landside facilities. 
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Airport Gate Position Estimation 
Under Uncertainty 

S. BANDARA AND S.C. WIRASINGHE 

The aircraft gate requirement for a planned airport terminal 
is usually estimated using deterministic methods, although 
the relevant parameters-aircraft arrival rate, gate occupancy 
time, and aircraft separation time at a gate-are random 
quantities. An empirically determined "utilization factor" nor­
mally is used as a surrogate variable for separation time. The 
validity of the utilization factor is questionable because of its 
dependence on the number of gates available and the existing 
schedule at the airport at which it is calculated. The mean 
and variance of the gate requirement can be estimated if the 
means and variances of the aircraft arrival rate, the gate 
occupancy time, and the aircraft separation time can be esti­
mated. It is shown that the gate requirement is likely to follow 
certain probability distributions. The design gate requirement 
is then chosen to satisfy a given reliability that is defined as 
the probability that there are sufficient gates to ensure zero 
delay to aircraft seeking gates. The method is applicable under 
common and preferential gate use policies, as well as for 
estimating the required number of remote aircraft stands for 
use in overflow situations. The gate requirement at Calgary 
International Airport is analyzed for common and preferential 
gate use policies. 

The gate position requirement at an airport is an essential 
parameter in terminal planning. The passenger terminal 
and apron design is governed largely by the gate position 
requirement. It influences the configuration of the termi­
nal building and the layout of the apron area and affects 
passenger walking distances and aircraft taxi lengths. 

The number of gate positions required to accommodate 
a given number of flights will depend on the airline sched­
ules, airport operating policy, the type of gates available, 
and the efficiency with which each gate position is used. 

A number of studies have been done to investigate the 
gate position requirement, gate utilization, and the staging 
of gate position construction. Horonjeff (1) proposed a 
deterministic model to compute the required number of 
gate positions, based on the design volume for arrivals and 
departures in aircraft per hour ( C), mean gate occupancy 
time in hours (7), and a utilization factor (U). The number 
of gate positions ( G) was given by 

G= CT/U (l) 
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The aircraft arrival rate at gate positions varies with the 
hour of the day, day of the week, and month of the year. 
The gate occupancy time is dependent not only on the 
aircraft type but also on the type of operation: turnaround, 
continuing, originating, and terminating. If the aircraft 
arrival and departure times are known, the gate require­
ment can be determined exactly. However, exact schedules 
are not available in the planning stage of a terminal. Even 
if schedules are available, aircraft do not operate exactly 
on schedule. Therefore, the preceding parameters must be 
treated as random quantities. 

McKenzie et al. (2) used the probability distributions of 
the preceding two parameters and simulation techniques 
to study the effect of adding one extra gate to the existing 
ones. Steuart (3) developed a stochastic model, based on 
empirical information relating actual flight arrivals and 
departures to the schedule, to study the influence of"bank 
operation" on the gate requirement. He found that a 
uniform schedule generates the minimum requirement 
and that banking tended to increase the number of gates. 

In this paper the number of gates ( G) required to provide 
a given reliability is estimated based on the aircraft arrival 
rate at the gates (A), the gate occupancy time (7), and the 
aircraft separation (buffer) time (S), considering them as 
random quantities. 

BASIC CONSIDERATIONS 

Imagine an idealized situation in which a constant aircraft 
arrival rate at gate positions (A) and identical gate occu­
pancy times (7) exist. The gate occupancy time is mea­
sured from the aircraft's wheel stop time at the gate to the 
time of moving out from the gate. If all gates are capable 
of handling any aircraft, a lower bound for the number of 
gate positions required ( G L) is given by 

(2) 

This formulation does not account for the time separation 
required for maneuvering aircraft between a departure 
from a gate position and the next arrival; thus it underes­
timates the gate position requirement. 
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The estimated lower-bound number of gates can be 
increased either by introducing a "utilization" factor, as 
suggested by Horonjeff(J), or by adding a time period that 
represents the aircraft separation time (buffer time) at a 
gate (S) to the gate occupancy time, as suggested by 
Transport Canada ( 4). 

If the utilization factor-which represents the amount 
of time a gate position is occupied with respect to the total 
time available-is used and is determined empirically, its 
validity is questionable because of its correlation with the 
total number of gates available and the existing schedule 
at the airport where it is estimated. 

The aircraft separation time can be defined as the time 
between a departure from a gate position and the next 
arrival; it consists of the push-out or power-out time, the 
time required by departing aircraft to clear the apron area, 
and the time required by arriving aircraft to move in from 
the apron entrance to the gate position. Although the 
aircraft separation time is influenced by the apron and 
terminal layouts, it can be estimated in a manner that is 
independent of the existing schedule. Further, it will be 
shown that the gate position requirement is less sensitive 
to the aircraft separation time than to the utilization factor. 
Hence the aircraft separation time (S) is selected to modify 
Equation 2, and the modified gate position requirement is 
given by 

G =A(T+ S) (3) 

The parameters A, T, and Sare random variables. Hence 
G is a function of three random variables. Simply substi­
tuting the mean values of A, T, and S in Equation 3 will 
provide an estimate of the mean value of G. Designing a 
terminal for the mean value of G, however, will result in 
a low level of reliability (approximately 50 percent) since 
an aircraft queue will form whenever the gate requirement 
exceeds the mean gate requirement. 

STOCHASTIC MODEL 

The number of aircraft arrivals varies with the hour of the 
day, day of the week, and month of the year. The maxi­
mum number of aircraft arrivals at gates is partially gov­
erned by the airport's runway capacity. In addition, some 
of the originating flights may come from a hangar, and 
some terminating flights may not use a gate. Hence the 
aircraft arrival rate (A) is defined as the hourly aircraft 
arrivals at gate positions. 

The mean and variance of the arrival rate can be ob­
tained either from arrival patterns observed at an existing 
airport or from arrival patterns generated for the future. 
The observed values could be used for short-term planning 
situations, to check the gate requirement of an existing 
airport, and to study the effects of different gate allocation 
policies. For long-term planning, the necessary values may 
be obtained from computer-generated arrival patterns 
(2. 5) or by increasing the present mean arrival rflte m 
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proportion to the expected growth of air traffic and assum­
ing that the variance will not change with time. 

Gate occupancy times will vary depending on the air­
craft size and the type of flight: originating, terminating, 
continuing, and turnaround. Available aircraft service fa­
cilities also have an effect on the gate occupancy time. 
None of the aforementioned factors are dependent on the 
total number of gates available. Further, McKenzie et al. 
(2) have shown that there is no significant dependence 
between aircraft arrivals in each hour of the day and the 
gate occupancy time for those arrivals. Therefore, indepen­
dently observed gate occupancy times for different sizes of 
aircraft and types of flights can be used to calculate the 
mean and variance of the gate occupancy time for a given 
aircraft mix, ifthe aircraft service facilities are assumed to 
remain unchanged. When existing conditions are not ap­
plicable, the critical path network analysis method sug­
gested by Braaksma and Shortreed ( 6) can be used to 
estimate the mean gate occupancy time. 

When excess gates are available, aircraft can stay at a 
gate position longer than required. For example, a turna­
round flight that arrives in the morning and is scheduled 
to depart in the evening can stay at a gate position if that 
gate is not required for another aircraft. Otherwise, it can 
be towed away to an off-terminal stand and reassigned to 
a gate when it is required. Therefore, if empirical data are 
used, a maximum on-gate time should be imposed to 
avoid overestimation of the gate requirement due to air­
craft with unnecessarily long on-gate times. Hence the 
actual gate requirement at a particular time can be defined 
as the minimum number of gates that would be sufficient 
to ensure zero delays to all arrivals and departures. The 
foregoing argument is valid only if the time period over 
which the data have been considered is large enough to 
accommodate any reassignment of delayed aircraft. 

The aircraft separation time depends on the aircraft 
type, type of parking (nose in, parallel), taxi-out method 
(push-out, power-out), and terminal and apron layouts. 
Strictly speaking, it is necessary to consider the terminal 
configuration and the apron layout to estimate the aircraft 
separation time accurately. Since the magnitude of the 
aircraft separation time is on the order of one-tenth the 
magnitude of the gate occupancy time, the accuracy of the 
aircraft separation time will not have a significant effect 
on the estimated mean gate position requirement. Hence 
if the taxiing speeds for different aircraft are known, the 
aircraft separation time can be calculated with respect to 
an assumed average taxi length. For short-term planning 
this quantity may be obtained by a sample survey. 

Data analysis performed on operational data from Cal­
gary International Airport shows that there is no statisti­
cally significant correlation between any of the three input 
parameters: aircraft arrival rate at the gate position (A), 
gate occupancy time (7), and aircraft separation time (S). 
McKenzie et al. (2) and Steuart (3) also have shown the 
independence between the arrival rate and the gate occu­
pancy time. Hence the three input parameters A, T, and S 
can be treated as independent random quantities with 
means _4, T, Sand variances "3 , tr}, "L re"pectively. 
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If the means and variances of the preceding parameters 
are known, estimates of the mean and variance of G can 
be obtained using moment generating functions, as given 
in Appendix A: 

- -
G = A(T+ S) (4) 

CTb = CT~(CT} + CT}) + A2(CT} + CT}) + (T + S)2 CT~ (5) 

Reliability 

If G, CTb, and the probability distribution of Gare known, 
the number of gates to be provided (g) to satisfy a chosen 
reliability {l - a) can be obtained using 

P(G :5 g) = l - a (6) 

where reliability is defined as the probability that there are 
sufficient gates to ensure zero delay to aircraft on the 
apron, in a given time period. Here the given period is the 
duration of time over which data have been considered in 
determining A and CT~. The level of service provided will 
depend on the chosen reliability and the time period over 
which the aircraft arrival rate has been considered. 

For example, if data from throughout the day for a one­
month (30-day) time period are used in determining A 
and CT~, a 95 percent reliability implies delays to some 
aircraft during l.2 hours per day on average over the 
month considered (30 x 24 x 0.05/30). Thus delays are 
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likely during each peak hour. If data for the 30 high­
acti vity hours of the year are used, a 90 percent reliability 
implies delays to some aircraft during 3 hours per year on 
average (30 x l x 0.10 / l). 

Thus the time period should be specified for the relia­
bility to be meaningful, and the level of service is depen­
dent on the expected number of hours in which delays will 
occur during the specified period. 

Probability Distribution of G 

The probability distribution of G cannot be obtained un­
less the probability distributions of A, T, and Sare known. 
The distribution of G is related to the time period over 
which data are collected. For example, ifthe data for only 
peak hours are used, the type l extreme value distribution 
of largest values will likely provide a good fit. On the other 
hand, if all the hours of a month are used, the type I 
extreme value distribution of smallest values will be likely 
to provide a good fit, since many of the hours will have 
low arrival rates. 

Data analysis performed on operational data from Van­
couver International Airport Terminal for a one-week 
period showed that it is possible to accept the hypothesis 
that G can be approximated by a type l extreme value 
distribution of smallest values except for the case of peak­
hour distribution of gates. For gate requirements based on 
peak-hour data, type l extreme value distribution oflargest 
values was more appropriate (Figure I). 
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Preferential Gate Use 

In the previous analysis, it was assumed that any gate is 
available to any aircraft. Preferential gate use is common, 
however, where certain gates are dedicated to certain air­
lines and/or aircraft types. The method of analysis pro­
posed can easily be extended to the case of preferential 
gate use if data for each airline/aircraft group, i, are 
available a priori for the arrival rate (A;), gate occupancy 
time (T;), and aircraft separation time (S;). Then the gate 
requirement, g;, for the group i is given by 

P(G; ~ g;) = 1 - a; (7) 

where a; is the reliability chosen for group i. The total gate 
requirement is then given by ~;g;. 
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APPLICATION TO CALGARY INTERNATIONAL 
AIRPORT 

Data on aircraft arrivals, gate occupancy times, and aircraft 
separation times were collected at Calgary International 
Airport on December 21, 1984, between 5 p.m. and 11 
p.m. 

At the time of data collection, Calgary International 
Airport had 23 gate positions under operation, two of 
which are off-terminal aircraft stands (Figure 2). Most of 
the gate positions have been allocated for use by specific 
airlines, but they have the exclusive right of use only for 
the connecting bridge. While the specific airline has pref­
erence over others for a particular gate, the airport manager 
has the power to assign gate positions to other airlines if 
required. The remaining gates are common gates. Six 

MOT TO ~CALE. 

FIGURE 2 Calgary terminal layout plan. 
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different categories of gates are considered, as given in 
Table 1. 

Table 2 shows the hourly aircraft arrivals at the different 
gate categories, and Table 3 shows the means and the 
variances of A, T, and S values observed at Calgary Inter­
national Airport. The mean and the variance of the gate 
position requirement calculated using values in Table 3 
and Equations 4 and 5 are given in Table 4. 

During the period of time that the data were collected, 
no aircraft was delayed on the apron because of unavaila­
bility of gate positions. Hence the actual number of gates 
occupied during that time can be used to compare the 
results obtained from the model. Table 5 shows the means 
and the variances of the actual gate requirements obtained 
from the actual number of gates that were in use during 
the period of data collection and the 95 percent probability 
interval for the mean gate requirement. Five-minute inter­
vals were considered for the preceding calculations. Fur­
ther, the maximum on gate times suggested by Transport 
Canada ( 4) were used when calculating the properties of 
gate occupancy times and estimating the gate usage. It can 
be seen from Tables 4 and 5 that all the estimated mean 
values reported in Table 4 fall within the 95 percent 
probability interval for G. 

The gate position requirement for reliabilities of 90 
percent and 95 percent, respectively, calculated based on 
the extreme value distribution of smallest values as well as 
the normal distribution, as given in Appendix B, and the 
maximum number of gates that were in actual use at a 
particular time are given in Table 6. The values within the 
parentheses show the fraction of time that the actual gate 
requirement exceeded the estimated number of gates. It 

TABLE I CALGARY INTERNATIONAL AIRPORT 
GA TE ASSIGNMENT 

Category Category Number of Gates 
Number Name Available 

I Time Air I , 2, 3 
2 Air Canada (Domestic) 11 , 12, 14, 15 
3 C.P. Air 21 
4 International & Transborder 22, 23, 24, 25 , 26, 28 
5 Military and Others 27 , 29 
6 P.W.A. 31, 32, 33, 34, 35 
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can be seen that the normal approximation tends to over­
estimate slightly the gate position requirement. 

Horonjeff(J) has suggested two ranges of the utilization 
factor: 0.6 to 0.8 and 0.5 to 0.6 for use with common and 
preferential gate use, respectively, when the arrival rate is 
not available by airline/aircraft group. If the arrival rates 
are available for each group, however, the gate requirement 
for each group can be estimated using the common gate 
use utilization factor, and the total requirement under 
preferential gate use is estimated by summing the individ­
ual group requirements. As shown in Table 7, the two 
methods do not give consistent results. 

Consider that only 13 gates are available at the Calgary 
International Airport. These gates can serve on average at 
90 percent reliability if a common gate use policy is used. 
If a preferential gate use policy is used, 14 gates are required 

TABLE 3 MEAN GATE OCCUPANCY TIMES, ARRIVAL 
RATES, AND GATE SEPARATION TIMES 

Gate Aircraft 
Occupancy Aircraft Arrival Separation 
Time Rate Time 

Gate T A s 
Category (hrs.) Ur (per hr.) UA (hrs.) Us 

All 0.69 0.52 8.50 3.78 0.09 o.oz 
I 0.41 0.36 1.14 0.98 0.04 0.01 
2 0.64 0.21 2.00 1.41 0.09 0.02 
3 0.61 0.25 0.50 0.55 0.10 0.02 
4 0.81 0.50 1.83 0.75 0.10 o.oz 
5 1.05 0.59 0.33 0.52 0.09 0.02 
6 0.59 0. 18 2.67 1.37 0.08 0.01 

TABLE 4 MEAN AND VARIAN CE 
OF GATE REQUIREMENT 

Gate Category G ub 
All 6.63 32.13 
I 0.51 0.48 
2 1.46 1.33 
3 0.36 0.18 
4 1.66 1.45 
5 0.37 0.48 
6 1.79 1.14 

TABLE2 CALGARY INTERNATIONAL AIRPORT HOURLY ARRIVAL RATE 

Gate 
December 21, 1984 (5 p.m.-11 p.m.) 

Category 5-6 p.m. 6-7 p.m. 7- 8 p.m. 8- 9 p.m. 9-10 p.m. 10-11 p.m. 

I I 3 I 0 I I 
2 0 4 I 2 3 2 
3 0 I 0 I 0 I 
4 I 2 3 2 I 2 
5 0 I 0 0 I 0 
6 I 3 2 2 3 .2 

All 3 14 7 7 9 II 
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TABLE 5 MEAN AND VARIANCE OF ACTUAL 
GATE OCCUPANCIES 

Gate 95% Probability 
Category G ub Interval for G 
All 7.18 22.28 6.09-8.27 
l 0.67 0.71 0.48-0.86 
2 1.59 l.90 l.27-1.91 
3 0.36 0.23 0.25-0.47 
4 l.72 1.27 l.46-1.98 
5 0.40 0.24 0.29-0.51 
6 l.89 2.82 l.50-2.28 

TABLE6 NUMBER OF GATES FOR GIVEN 
RELIABILITY 

Estimated No. of Gates for Given 
Reliability Actual 

g90 g95 
Maximum 
Number 

Gate Extreme Extreme of Gates 
Category Value Normal Value Normal Required 

All 13(0.11)" 14 14(0.05)" 16 15 
l 2(0.07) 2 2(0.07) 2 3 
2 3(0.15) 3 3(0.15) 4 4 
3 1(0.0) l 1(0.0) l l 
4 3(0.10) 4 4(0.0) 4 4 
5 2(0.0) 2 2(0.0) 2 l 
6 3(0.19) 4 4(0.12) 4 5 

•The values in parentheses indicate the fraction of time that the 
actual gate usage exceeded the estimated value. 

TABLE 7 GATE REQUIREMENT: HORONJEFF'S 
METHOD 

Gate 
Category 

Gate Requirement Estimate 

u =0.6 u =0.7 

Common Gate Use Policy 
All 16 14 
1 2 2 
2 4 4 
3 l l 
4 4 3 
5 2 2 
6 5 4 

T8 16 
u = 0.5 u = 0.55 

Preferential Gate Use Policy 
All 20 18 

u = 0.8 

12 
1 
3 
l 
3 
l 
4 

TI 
u = 0.6 

16 

to provide the aforementioned reliability. It can be shown 
that to provide a 99 percent reliability for common and 
preferential gate assignments, 16 and 17 gates, respectively, 
are required. For a reliability greater than 99 percent, the 
gate requirement tends to increase very rapidly for both 
extreme value and normal distributions. Hence the pre­
ceding estimates for 99 percent reliability can be consid­
ered the maximum gate requirements. Therefore a 90 
percent reliability can be provided for gates, and a 99 
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percent reliability can be provided for accommodating all 
the aircraft at a gate or an off-terminal stand, by providing 
one more gate position in addition to the 13 available 
gates and three off-terminal aircraft stands. 

SENSITIVITY ANALYSIS 

One of the reasons for selecting the aircraft separation time 
rather than a utilization factor is its relatively small influ­
ence on the gate requirement estimation for a given relia­
bility. If the aircraft separation time (S) is used for the 
estimation as shown in Equation 6, for a !J.S error in the 
estimate of S, the gate requirement estimate will change 
by an amount of A ( !J.S) if the other two parameters remain 
constant. On the other hand, if a utilization factor is used, 
as given by Horonjeff (J), for a !J.U increase in the value 
of the utilization factor U, the gate requirement estimate 
will decrease by an amount of CT(!J.U)/U2. 

It can be seen that for the first case, an error in the gate 
estimate does not depend on the value of aircraft separa­
tion time. For the second case, however, the error is 
inversely proportional to the square of the utilization 
factor. 

In general, the design hour volume ( C) will be greater 
than or equal to A, and U will be always less than 1. Since 
the mean gate occupancy time generally exceeds 0.5 hour, 
for most situations A will be less than CT/U2. 

As an example, even if C = A, the foregoing will be true 
if T = 0.5 hours and U ::s 0. 7 or if U = 0.8 and T > 0.64 
hours. Hence the gate requirement estimate is more sen­
sitive to the accuracy of U than to the accuracy of S. 
Consider a situation where the error in the estimate of S 
is as high as 20 percent or 2 min. For a unit change in the 
gate requirement estimate, A should be about 30 aircraft 
per hour. On the other hand, consider a situation where 
the design hour volume ( C) is 30 aircraft arrivals per hour 
and Tis as low as 0.5 hr. Even for a high utilization factor 
of 0.8, the estimate of gate requirement will change by 1.0, 
if the estimate of U is changed by an amount of 5 percent 
or 0.04. Thus the proper value of U is crucial for the use 
of Horonjeffs method. 

Further, the magnitudes of Sand u} are small compared 
to the means and variances of the other parameters, and 
has no major influence on the magnitude of G. Hence use 
of a constant value of S, which represents the mean aircraft 
separation time for the aircraft mix in question, may be 
sufficient for a reasonable accuracy. 

CONCLUSION 

The number of gates required at an airport in the future 
can be estimated for a given reliability during a specified 
period if the means and variances of the arrival rate, gate 
occupancy time, and aircraft separation time can be used 
as inputs. 
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APPENDIX A 

For a continuous random variable X, suppose that there 
is a positive number h such that for -h < t < h, the 
mathematical expectation E(e'x) exists. The preceding ex­
pectation is called the moment generating function 
ofx. 

(a) 

Further, it has been shown (7) that 

M' (0) = E(x) = x (b) 

and 

M" (0) = E(x2) = er;+ x2 (c) 

where x, er; are the mean and the variance of x, 
respectively. 

Let X and Y be two random variables with moment 
generating functions M(ti) and M(t 2), respectively. Let 

Z=XY (d) 

If X and Y are stochastically independent, the moment 
generation function for the joint distribution M(t1, t2) is 

(e) 

that is, 

M(ti, t2) = I: e''x f(x) dx · I: e'2 Y g(y) dy (f) 

M'(ti, t2) = I: xe''x f(x) dx - I: ye'2
Y g(y) dy (g) 

and 

(h) 

Then, 

M'(O,O) = E(Z) = E(X) · E(Y) 

and 

M"(O,O) = E(Z2) = E(X2
) • E(Y2) 

From Equation i, 

z=xy 

From Equations i, j, and c 

er; = E(Z2
) - E(Z)2 

= E(X2) · E(Y2) - E(X)2 · E(Y)2 

= (er;+ _x2) (er; + ji2) - (xy)2 
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(i) 

(j) 

(k) 

(1) 

Letting T + S = Y and A = X, the mean and the variance 
of Gare given by 

G=A(T+ S) 

and 

er~ = er~ (er}+ er}) + ./[2 (er}+ er}) 

+ (T + S) CT~ 

APPENDIXB 

(m) 

(n) 

The cumulative probability density functions of the type 
1 extreme value distribution of the largest and smallest 
values are defined as: 

F 2 (z) = 1 - exp(-e-"c2 -">) -a :S z :S a (a) 

and 

F
2 

(z) = 1 - exp(-e"cz-ul) -a :S z :S a (b) 

respectively. The a and u are two parameters that will be 
estimated from observed data such that 

- 0.577 
z=u+-­

a 

- 0.577 z=u--­
a 

and 

for largest values 
(c) 

for smallest values 

(d) 
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A reduced variate w is defined such that 

w = (z - u)a for largest values (e) 
w = -(z - u)a for smallest values 

and the cumulative distribution of largest values has been 
tabulated in terms of the reduced variate w by Benjamin 
and Cornell (8). The table can be used for both distribu­
tions, as shown in Equation f. 

Fz(z) = Fw ((z - u)a) for largest values (f) 
Fz(z) = 1 - Fw (-(z - u)a) for smallest values 

Consider the estimated gate requirement for the com­
mon gate use policy given in Table 4, where G = 6.63 and 
ub = 32.13. The number of gates required to satisfy a 
reliability of 9 5 percent, g95 , is given by 

If G is assumed to be represented by a type 1 extreme 
value distribution of smallest values, from Equation d, 

a = _7r_ = 7r = 0.226 
J6uG .J6 X )2.1 3 

and from Equation e, 

u = G + 0·
577 

= 9.18 
a 

from tables for the type 1 extreme value distribution of 
largest values, and w = -1.1 for F(w) = 0.05. From 
Equation f, 

1 - Fw (-1.1) = 0.95 = FG (ggs) 
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Therefore g95 can be obtained by solving Equation 3 for 
w=-1.1: 

w = -(g - u)a = -1.1 

I. J 
ggs = 0.

226 
+ 9.18 = 14.04 = 14 gates 

If G is assumed to be normally distributed, using normal 
tables, 

ggs = l.65uG + G 

1.65 .J32.13 + 6.63 ""- 15.98 

16 gates 
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Applications for Intraairport Transportation 
Systems 

FRANCIS X. MCKELVEY AND WILLIAM J. SPROULE 

This paper presents the results of research undertaken to 
develop planning guidelines and unit cost estimates for the 
incorporation of intraairport transportation systems into ter­
minal facilities. Procedures used for the development of cost 
estimates for the capital and operating and maintenance costs 
of such systems are outlined. Parameters are presented for 
evaluation of the unit and incremental costs of various types 
of intraairport systems being incorporated in various terminal 
applications. Techniques are presented to assess these, the 
unit and incremental costs, against the reduction in travel time 
and walking distance associated with such systems. 

The process that was used in this research (J) to develop 
application guidelines for intraairport transportation sys­
tems is shown in Figure 1. A discussion of the essential 
elements of this process and an overview of the method­
ologies employed are contained below. 

RESEARCH METHODOLOGY 

Development of Schematic Terminal Systems 

Generic terminals were developed using two basic modules 
for each of the four classical terminal concepts, namely, 
the linear, pier, satellite, and transporter. The first module 
was designed to contain eight aircraft gates for all four 
terminal concepts. It included a single terminal unit with 
the processing facilities necessary to serve the passengers 
using these gates. The second module was designed to 
contain sixteen aircraft gates for only the pier and satellite 
concepts. This module was developed to contain a single 
terminal unit containing the necessary processing facilities 
and was attached by two connectors, each with eight gates. 
Presumably the second module would accommodate twice 
the passenger demand of the first, but the terminal facilities 
would not be increased proportionately because of the 
inherent efficiencies in the latter module. As the passenger 
demand increased, modules were combined to form a 
configuration of terminal units necessary to meet the 

F. X. McKelvey, Department of Civil and Environmental Engi­
neering, Michigan State University, East Lansing, Mich. 48824-
1212. W.J . Sproule, M. M. Dillon Limited, Consulting Engineers 
and Planners, 47 Sheppard Avenue East, Toronto, Ontario M2N 
6H5, Canada. 

demand. By constructing terminal configurations in this 
fashion, it was possible to identify guidelines for intraair­
port transportation systems on the basis of passenger de­
mand levels and the terminal concepts used. An approach 
similar to using modules was used in a 1973 study (2) to 
identify applicable terminal concepts relative to passenger 
demand levels. 

Initial estimates indicated that an eight-gate module 
could accommodate approximately l million annual en­
planed passengers. Estimates of typical levels of hourly 
passenger and aircraft activity associated with this level of 
annual demand were made so that terminal area require­
ments could be calculated using commonly accepted plan­
ning guidelines (3). It was necessary to lay out each of the 
terminal modules in sufficient detail to locate activities so 
that passenger walking distances could be approximated 
and the impact of passenger circulation in the module 
could be assessed. 

For the eight-gate module, it was assumed that a single­
level terminal and single-level curb would be required, all 
gate positions would be designed to accommodate Boeing 
767 wide-bodied aircraft, aircraft would move to and from 
the gate complex in a power-in push-out mode, surface 
parking facilities would be provided, and passenger pro­
cessing facilities would be arranged in a typical manner. 
The assumptions for the sixteen-gate module were similar 
except that a two-level terminal curb and structural park­
ing were incorporated. 

An analytical queuing model developed by the FAA (4) 
was used to verify the preliminary module layouts to 
ascertain that the passenger demands placed upon them 
could be accommodated at specified design levels of pas­
senger processing time. For enplaning passengers, the av­
erage passenger processing time was not to exceed 20 
minutes; for deplaning passengers, the average passenger 
processing time was not to exceed 30 minutes. Using these 
processing time limits as the control parameters, the layout 
of passenger processing facilities in each module was mod­
ified until the criteria were satisfied. 

Terminal Module Combinations 

The basic terminal modules were then combined in two 
fundamental configurations to form larger terminal units 
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FIGURE 1 Methodology to determine appropriate intraairport transportation system. 

for processing greater passenger activity. Modules were 
placed side by side in configuration A and on opposite 
sides of the parking facility in configuration B. When 
modules are placed side by side, the distance between pier 
and satellite modules is governed by the separation criteria 
for aircraft operations on the apron and taxi lanes, the 
distance between the taxi lane and gate positions, and the 
size of the gate positions. When the linear and transporter 
modules are placed adjacent to each other, however, it is 
only the aircraft dimensions and separation criteria at the 
gates that determine the size of the modules. When mod­
ules have been placed on opposite sides of the parking 
facilities, the parking was placed in the structure to main­
tain compactness of the terminal unit. Combinations of 
up to four modules were developed for this study. Figure 
2 illustrates the difference between the two configurations 
and the results of combining the basic eight-gate modules 
into terminal units in the pier concept. Similarly, Figure 3 
illustrates the same for the basic sixteen-gate module. Note 

that the basic eight-gate module was used to construct 
terminal units consisting of from eight to thirty-two gates, 
whereas the basic sixteen-gate module was used to con­
struct terminal units consisting of from sixteen to sixty­
four gates. 

The selection of the appropriate arrangement or config­
uration of terminals at an airport is governed by many 
factors. These include the number and orientation of the 
runways, the layout of the ground access system, terminal 
area curb requirements, airline operation requirements, 
the number of transferring or connecting passengers, and 
site limitations and restrictions. An evaluation of the most 
appropriate combination of terminals for a specific case 
was beyond the scope of this study. The terminal units 
were developed in this manner only to assist in identifying 
guidelines for intraairport transportation systems. Such a 
mechanism, however, provides insights into terminal al­
ternatives to accommodate a range in passenger demand 
levels as shown in Table l. 
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Incorporation of Intraairport Transportation 

Two route alignment alternatives were developed for all 
terminal systems. The shuttle alignment is the most direct 
route between terminals, whereas the loop alignment bas­
ically follows the terminal access road alignment. Figure 4 
highlights the difference between the route alignment for 
the shuttle and loop systems for various combinations of 
terminal units for the satellite concept. 

Three basic types of intraairport transportation systems 
were studied for these terminal units. These were moving 

walkways, bus transit systems, and automated guideway 
transit. For each of these types of systems, differing as­
sumptions were made. 

It was assumed that moving walkways would be installed 
on a shuttle alignment and be protected from the weather. 
Therefore, where modules are placed side by side, as in 
configuration A, additional terminal facilities are required 
for both the pier and satellite concepts. For configuration 
B concepts, the moving walkway is assumed to be incor­
porated in the parking structure so that additional adjust­
ments to terminal area facilities are not required for the 
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FIGURE 3 Combinations of sixteen-gate pier modules into terminal units. 

shuttle movement across the parking area. The maximum 
length of a moving walkway is assumed to be 600 feet. 

For bus transit systems, it was assumed that the buses 
would circulate on a loop alignment on the terminal access 
road and that there would be one stop at each module. 

Automated guideway transit (AGT) systems were al­
lowed to operate on either shuttle or loop alignment. When 
they operated on a shuttle alignment, it was assumed that 
the vehicles operated in both directions and therefore no 
turnaround facilities were required. If only one vehicle was 
required for service, one guideway between stations was 

sufficient, whereas two parallel guideways would be nec­
essary if two vehicles were required. There would be one 
online station for each module, and the guideway was 
considered an elevated structure. When these systems op­
erated on a loop alignment, it was assumed that the 
vehicles operate in one direction. A system serving the 
terminal units in configuration B was assumed to be on 
an elevated structure, whereas those systems serving the 
terminal units in configuration A were assumed to be 
operating on an elevated guideway adjacent to terminals 
and at-grade on the remainder of the route. 
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FIGURE 3 continued 

TABLE I AIR PASSENGER DEMAND 
ACCOMMODATED BY VARIOUS TERMINAL 
UNITS 

Nunber of Annual Peak Hour 

Gates per Number of Enplaned Passengers 

Module Modules Passengers PMAD* 

B l 1 million 730 

a 2 2 million 1460 

a 3 3 million 2190 

8 4 million 2920 

16 1 2 million 1400 

16 ?. 4 million 2800 

16 3 6 million 4200 

16 4 8 million 5600 

PMAD = Peak Month, Average Day 

Pier (16)-4B 
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Scale in feet 
3 - number of lanes 

Cost Estimate Development 

Terminal Costs 

One aspect of cost that this study examined was the 
incremental change in the cost of the terminal area facili­
ties caused by incorporating an intraairport transportation 
system. Unit costs were developed from various sources to 
estimate both the capital costs and the operating and 
maintenance costs for the terminal buildings, terminal 
access roads, parking, and apron area. Since these unit 
costs were extracted from several sources in different years, 
all were adjusted to 1984 dollars using the Consumer Price 
Index and the Engineering News-Record Cost Index. It is 
expected that these unit costs, which are presented in the 
original research (1), represent national average figures 
subject to adjustment in specific applications. For annual 
cost calculations, the capital costs of the terminal area were 
amortized over a twenty-year period using a 10 percent 
discount rate. 
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FIGURE 4 Intraairport transportation route system alternatives, satellite terminal units. 

Intraairport Transportation System Costs 

Unit costs were identified for both capital costs and oper­
ating and maintenance costs for moving walkways, bus 
transit systems, and automated guideway transit systems 
in airport applications. The cost of capital and operating 
costs of a moving walkway unit vary widely depending on 
the type of application and the area in which it is installed 
(5). Several sources (6-8) were reviewed, and costs based 
upon a linear foot measure were deemed appropriate for 
terminal concept planning. All costs were adjusted to 1984 
dollars, as already noted. The approximate cost of install­
ing a moving walkway unit, with a width of 40 inches and 
an operating speed of 120 feet per minute, is about $2,000 
per linear foot. The annual operating and maintenance 
cost for such a unit is about $80 per linear foot. 

It was assumed that the capital cost of a bus transit 
system for intraairport transportation consisted only of the 
cost of the vehicles required for service, since these vehicles 
would use existing terminal access roads. Normally, vehi­
cle maintenance is performed off-site, and the system is 
operated on a contract basis. Costs were identified for two 
bus sizes, a conventional or standard urban diesel bus with 
a seating capacity of about 50 passengers and a minibus 

with a seating capacity of up to 25 passengers. The esti­
mated capital costs in 1984 dollars for the conventional 
bus were taken as $125,000 and for the minibus, $80,000. 
Operating costs were developed on the basis of vehicle­
miles of travel; these included such items as driver wages, 
maintenance, fuel, insurance, administration, and other 
variable costs associated with the provision of such service. 
Several sources (6-11) were reviewed to determine the 
approximate operating costs for bus operations on an 
airport site. The operating costs used in this study were 
$2.75 per vehicle-mile for the conventional bus and $2.50 
per vehicle-mile for the minibus. 

Since an automated guideway transit system requires 
the construction of an exclusive guideway and stations, 
the cost of these fixed facilities must be included as part 
of the capital cost estimate for such a system. A procedure 
developed in an Urban Mass Transportation Administra­
tion (UMTA) study (12) was used as the basis for prepa­
ration of cost estimates for the automated guideway transit 
system. Although the original procedure was prepared for 
downtown people-mover systems, it incorporated all of 
the required cost data for an airport application, and 
identified adjustments that should be considered when 
using the procedure for such an application. Data from all 
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operating automated guideway transit systems were sum­
marized in the UMT A study to develop unit costs. These 
costs were updated to 1984 dollars using the relevant cost 
indices and adjusted to include the most recent cost sum­
mary of such systems (13). Operating and maintenance 
costs for such systems were assumed to be $1. 7 5 per 
vehicle-mile based on the UMT A study and other cost 
summaries. 

The annual operating and maintenance costs of an 
automated guideway system are a function of the number 
of vehicles used in service, the service frequency or head­
way, the route distance, and the hours of system operation. 
These parameters have been estimated for each of the 
terminal modules used in this study. The annual capital 
costs have been calculated assuming a 10 percent discount 
rate and amortization periods of twenty years for moving 
walkways and automated guideway transit systems, ten 
years for conventional bus systems, and five years for 
minibus systems. Total annual costs were obtained by 
summing the annual capital, operating, and maintenance 
costs of each system. 

Factors Affecting Needs for Intraairport 
Transportation Systems 

Passenger Walking Distance and 
Travel Time Reduction 

As an initial step in identifying the potential applications 
of intraairport transportation systems, approximate walk­
ing distances for passengers were calculated for each ter­
minal unit. The distances shown have been derived using 
networks prepared for the development and testing of the 
terminal modules using the FAA queuing model (4). A 
typical distribution of passenger movement through a 
terminal unit was used. As might be expected, the lowest 
average walking distances between terminal curb and air­
craft gate are observed for the linear and transporter mod­
ules, and the longest distances occur with the pier and 
satellite modules. A comparison of these calculated walk­
ing distances with the recommended guideline of a maxi­
mum passenger walking distance of 1,000 feet, the one 
recommended by the International Civil Aviation Orga­
nization (14) and the International Air Transport Associ­
ation (15), suggests that intraterminal transportation sys­
tems be considered for inclusion in the basic eight-gate 
pier module and in both the basic eight-gate and the basic 
sixteen-gate satellite modules to reduce walking distance. 

In determining the average walking distances for con­
necting passengers, several assumptions were made: 

• that all connecting passengers transferred from one 
module to another module, 

• that there was an equal distribution of connecting 
passengers among the modules, 

• that all connecting passengers left the deplaning gate 
area of one module and proceeded through the central 
terminal area to the enplaning gate area of another module, 
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• that all connecting passengers used security in the 
module used for departure, and 

• that connecting passengers did not use baggage check­
in or claim facilities. 

In virtually all cases, the average walking distance for 
connecting passengers transferring between modules is 
greater than 1,000 feet. Therefore, intraairport transpor­
tation systems were incorporated in all these terminal units 
to reduce the walking distances and related travel times 
for connecting passengers. 

Trade-Of! Considerations Used in Evaluation 

Many factors could be included in an evaluation of the 
feasibility of incorporating intraairport transportation sys­
tems at airports, and these factors will vary from airport 
to airport to meet specific local concerns. Two factors, cost 
and convenience, were used in this study to provide a 
quantitative comparison that could then be used to iden­
tify trade-offs between system alternatives. The compara­
tive measures that were used to evaluate cost were capital 
cost, operating and maintenance cost, total annual cost 
per passenger, and the incremental cost of including an 
intraairport transportation system in a terminal design 
plan. Those used to evaluate convenience included a re­
duction in passenger walking distance and its effect on 
passenger travel time. 

RESEARCH RESULTS 

Capital Costs 

Using the unit costs and procedures presented earlier, 
estimates were made for the capital cost for each of the 
intraairport transportation systems for connecting passen­
ger levels ranging from 10 to 50 percent of enplaned 
passengers. To illustrate typical results, the capital costs 
for 20 percent connecting passengers are given in Figures 
5 and 6 for configurations A and B for each of the modules 
in both shuttle and loop alignments. 

As would be expected, the cost of all transportation 
system alternatives increases as the number of modules 
increases. The costs of transportation system alternatives 
for configuration B modules are generally less than for 
configuration A modules because of the compactness in­
herent in the former. This results in shorter walking dis­
tances for connecting passengers and shorter guideway 
requirements for automated guideway transit systems. Be­
cause of the fixed guideway and station requirements, 
automated guideway transit system alternatives are the 
most expensive and the bus alternatives are the least 
expensive. 

Similar conclusions result for other levels of connecting 
passengers, and the costs are approximately the same as 
the fixed facilities are required as a minimum cost for all 
passenger levels. The vehicle requirements vary with pas-
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FIGURE 5 Capital costs of intraairport transportation systems, terminal configuration A. 

senger levels. As a result, the capital costs of alternatives 
for higher connecting passenger levels are slightly higher, 
and the capital costs of alternatives for lower connecting 
passenger levels are somewhat lower. In many cases, how­
ever, the vehicle requirements are the same since headway 
requirements for the service govern this cost. 

At low connecting volumes, the minibus is the least 
expensive alternative; as demand increases, however, ad­
ditional buses are required and, at higher demand levels, 
the standard bus becomes the preferred alternative. When 
the demand exceeds 7 50 passengers per hour per direction 
at the maximum load point, the minibus cannot be used 
because its service capacity is exceeded. The capacity of 
conventional bus service is 1,500 passengers per hour per 
direction. Because of the greater length of fixed guideways, 
and that of routes on the terminal access roads, the capital 
costs of providing intraairport transportation service for 
the linear terminal concept are the highest. 

Operating and Maintenance Cost 

Another factor considered in assessing the cost of intraair­
port transportation system alternatives was the operating 

and maintenance costs. Estimates of annual operating and 
maintenance costs were made for each of the systems at 
connecting passenger levels varying between 10 and 50 
percent of enplaned passengers using the unit costs and 
procedures discussed earlier. Figures 7 and 8 present illus­
trative cost estimates in a format similar to that used for 
capital costs. 

The lowest annual operating and maintenance costs 
occur with automated guideway transit system alterna­
tives, while moving walkways and bus alternatives involve 
the highest costs. Similar findings were observed for other 
connecting passenger levels. 

Total Annual Costs 

Total annual costs were estimated by amortizing the cap­
ital costs and adding the annual operating and mainte­
nance costs. Two approaches have been used to compare 
annual costs. The first approach bases unit costs on annual 
cost per connecting passenger or user of the intraairport 
transportation system; the second bases them on the an­
nual cost per enplaned passenger. Annual costs were de­
veloped for connecting passenger levels varying from 10 
to 50 percent at various levels of annual demand. On the 



McKe/vey and Sproule 57 

30 2 modules 30 3 modules 30 4 modules 

.., t/) 25 
........ 
0 "' ::: rl 
.... rl 

. .., 0 
< 0 
I 

l'J ..... 
.... 0 
.., 20 
ct/) 

~ c 
0 '"' ..... 

0 rl 
rl .., ..... 

Vl :L 
0 
'-' - 1 5 

E 
c r.J 
0 .., 

. .; t/) 

.., >­
u ti} 
::l 
.... c 
.., 0 
t/) ..... 10 
c.., 
0 "' u.., 
' .... 
rl 0 

"'"' ., Ul 
. .; c 
"'l'J 
"' .... 5 
'-' E-< 

25 25 

20 20 

15 15 

10 10 

5 5 

P B S S L T Pl6 S16 PB SS L T Pl6 Sl6 P 8 S 8 L T P 16 S 16 

PB Pier, B gates 
SB Satellite, 8 gates 

L Linear 
T Transporter 

Pl6 Pier, 16 gates 
Sl6 Sate llite, 16 gates 

+ mini-bus 
• standard bus 
O mo ving walkway 
O Al.T-shuttle 
/:::,. AGT-Loop 

20 % connecting 
passengers 

FIGURE 6 Capital costs of intraairport transportation systems, terminal configuration B. 

basis of these cost studies, the expected ranges in total 
annual unit costs of five system alternatives based upon 
connecting passengers are presented in Table 2. This table 
indicates that the lowest unit costs are obtained for the 
pier configuration using the basic sixteen-gate module; the 
highest unit costs are obtained in the linear concept using 
the basic eight-gate module. By considering the connecting 
passenger demand on each of the terminal unit configu­
rations, it was found that there were wide variations in 
annual unit costs for the loop and shuttle alignment of the 
automated ground transport systems, moving walkways, 
conventional bus, and minibus. Estimated average annual 
unit cost curves are presented for each of these systems in 
the original research (1). 

Incremental Costs 

The cost of incorporating intraairport transportation sys­
tem alternatives into an airport was combined with ter­
minal area costs to ascertain the impact of such systems 
on overall terminal development costs. The average per­
centage increase or decrease in annual cost per enplaned 
passenger caused by the addition of an intraairport trans-

portation system for connecting passengers is summarized 
in Table 3 for each terminal concept and configuration. 
For this study, it was assumed that only one means of 
transfer would be provided for passengers between mod­
ules. As a result, negative values appear in this tabulation 
for cases where an intraairport transportation system that 
transfers passengers between terminal modules would have 
a lower cost than extending the terminals and providing a 
walking link. In actual terminal planning, modules that 
are located close to each other would be linked, and 
passengers may have several choices for movement within 
the terminal. 

It is apparent from the data presented in Table 3 that 
the additional annual cost per enplaned passenger for the 
incorporation of intraairport transportation systems into 
terminal units at airports is relatively small, ranging up to 
a maximum of about 23 percent in the most costly case. 

Travel Time 

The automated guideway transit alternatives are naturally 
the most expensive options examined in the study. When 
evaluating intraairport transportation systems, however, 
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trade-offs are expected to be made. Because of higher 
operating speeds, it is anticipated that automated guideway 
transit would rank high in convenience measures. One 
measure of convenience that has been considered in this 
study is travel time. This time also has an impact on 
airlines in that increased connecting passenger travel time 
affects, at least to some extent, the minimum connecting 
time for passengers. 

The average percentage increase or decrease in travel 
time with an intraairport transportation system compared 
to walking only is summarized in Table 4. The largest 
reductions in travel time are obtained by incorporating 
automated guideway transit on the shuttle alignment. This 
alignment would be similar to a direct route that a con­
necting passenger walking from arrival gate to departure 
gate would follow when automated guideway transit has 
been used to replace walking over a portion of the trip. 
Larger reductions may be achieved for the pier and satellite 
concepts by selecting an alignment that reduces the walk­
ing portion even further. Moving walkways are frequently 
used to replace walking on a direct trip. Since the operating 

speed of moving walkways is less than walking speed, 
however, the travel time from gate to gate with moving 
walkways may actually increase. Since both the bus system 
and the automated guideway transit system on a loop 
alignment follow the terminal access road, the routing is 
not as direct and the reduction in travel time is not as 
pronounced as those of the more direct routing of the 
latter system on a shuttle alignment. 

Walking Distance 

Often intraairport transportation systems have been incor­
porated in terminals to reduce the walking distances for 
connecting passengers. Average walking distances for con­
necting passengers have been determined both with and 
without an intraairport transportation system. Figures 9 
and I 0 show these results for configuration A and config­
uration B modules, respectively. It is apparent that the 
provision of such a system results in significant reductions 
in connecting passenger walking distance. 
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FIGURE 8 Operating and maintenance costs of intraairport transportation systems, terminal configuration B. 

TABLE 2 RANGE IN ANNUAL COSTS PER CONNECTING PASSENGER OF 
INTRAAIRPORT TRANSPORTATION SYSTEMS (DOLLARS) 

Intra-Airport Transportation Systan * 

Termi nal Terminal Standard Moving AGT-

Concept Configura tion Mi nibus Bus l'lalkway Shuttle 

Pier ( S) A .16-. 69 .14- . 74 .3S-2.S3 .44-2.36 

B .10-.46 .09- .49 .3S-3.7S .41-3.90 

Satellite (8) A .17-. 71 .15- .'/5 .38-2.S3 .45-2.40 

B .10-.4'/ .09- .50 .3S-3.78 .41-3.99 

Linear (8) A .23-.94 . 20-1. 01 .76-5.76 .63-6.70 

B .15-.63 .11- .67 .25-5.04 .28-4.49 

Transporter ( 8) A .16-.56 .12- .60 .38-2.83 .40-2.04 

B .10- .43 .09- .45 .38-3.78 .44-3.86 

Pier (16) A .17-.56 .10- .42 .31-2.36 .29-3.00 

B .09-.26 .05- .28 .19-2.52 .20-2.23 

Satell ite ( 16) A .20-.62 .11- .48 .38-2.S3 .34-3.73 

B .10-.32 .os- .32 .19-2.S3 .20-2.46 

ACT-

Loop 

1. 00-5. 55 

.75-4. 64 

1.02-5. 70 

.79-4. 64 

1. 58-8 .52 

1.08-6. 74 

.84-5.30 

.66-4.64 

. 72-3.31 

.45-2.59 

.73-3.S3 

.45-2. 95 

* Low end of range is for 4 modules, 50% connecting passengers; upper end of range is for 

2 modules, 10% connecting passengers. 



TABLE 3 AVERAGE PERCENTAGE INCREASE OR DECREASE IN ANNUAL 
COST PER ENPLANED PASSENGER OF TERMINAL AREA WITH ADDITION OF 
INTRAAIRPORT TRANSPORTATION SYSTEM FOR CONNECTING 
PASSENGERS 

I ntra-Ai rport Transportation System 

Terminal Termi nal Standard Moving AGT- AGT-

Concept Configuration Minibus Bus Walkway Shuttle Loop 

Pier (8) A 0.2 - 0 .2 6. 6 4. 6 12.1 

B 0. 6 0.4 6.7 6.4 9.5 

Satellite (8) A 0.1 -0.2 6.2 5.0 12.3 

B 0.5 0 . 3 6. 7 6. 4 9.7 

Linear (8) A 3.5 3.0 13. 6 13. 2 22.7 

B 1. 9 1.5 8.0 7.5 14.7 

Transporter ( 8) A 1. 9 1.6 6.5 5.4 12.5 

B 1.2 1. 0 6.5 6. 9 9.7 

Average for 8 Gate Modules 1. 3 0.9 7.7 6. 9 12.9 

Pier ( 16) A -1. 6 -1. 7 5.1 3. 2 6.0 

B -0. 6 -0.4 4.1 3.2 4.7 

Satellite (16) A -3. 6 - 3 .7 5.8 2.3 4.5 

B -1.4 -1.2 4.4 2 . 6 4.0 

Average for 16 Gate Modules -1. 8 -1.8 4.9 2. 8 4.8 

TABLE 4 AVERAGE PERCENTAGE INCREASE OR DECREASE INTRA VEL TIME WITH 
INTRAAIRPORT TRANSPORTATION SYSTEM FOR CONNECTING PASSENGERS 

Travel Time with 

Intra-Air.port Transportation System * 

Average 

Terminal Terminal Travel Time ** Standard Wiving AGT- AGT-

Concept Configuration Walking only Minibus Bus Walkway Shuttle Loop 

(minutes) 

Pier (8 ) A 11.9 -1 +l +18 -22 -9 

B 11.1 - 5 -2 +18 -17 -9 

Satellite (8) A 14. 9 -4 -2 +16 -20 -9 

B 13. 7 - 3 -1 +15 -13 -10 

Linear (8) A 11. 8 +1 +4 +62 -31 -12 

B 8.3 +16 +20 +39 -11 +6 

Transporter ( 0) A 6.5 +16 +21 +40 - 18 +2 

B 7.1 -9 -4 +33 -25 -14 

Pier (16) A 19.4 -18 -18 +19 -35 -26 

B 15.4 - 9 -8 +16 -19 - 14 

Satellite (16) A 23.4 -20 -19 +19 -38 -29 

B 17 .8 -11 -10 +14 -22 -16 

* Canpared to walking only. 

•• Travel time for connect i ng passenger, arrival gate to departure gate . 
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SUMMARY AND CONCLUSIONS 

This paper has presented research results that are of con­
siderable value to airport operators, airlines, and planners 
considering the incorporation of intraairport systems into 
airport terminals for the purpose of improving connecting 
passenger circulation. Guidelines have been presented that 
will allow for a determination of appropriate applications 
for such systems, an estimation of the benefits in terms of 
reduced passenger walking distance and travel time, and 
an estimation of the total and incremental costs of such 
systems. 

Overall, this research indicates that intraairport trans­
portation systems operating in linear concepts are the most 
costly and that those operating in pier, satellite, and trans­
porter concepts are the least costly on the basis of total 
annual costs per enplaned passenger. Bus systems have the 
lowest costs but are subject to capacity restraints at rela­
tively low passenger volumes. Minibus systems are appro­
priate for annual demands ranging up to about 1 million 
annual connecting passengers. Automated guideway 
transit systems are the most expensive to incorporate, but 
they become appropriate for airport applications when the 
annual connecting passenger volume begins to exceed 2.5 
to 3 million. 

A direct or shuttle type alignment for intraairport trans­
portation affords the greatest reductions in walking dis­
tance and travel time for connecting passengers and results 
in the lowest costs. The impact on the annual cost per 
enplaned passenger of incorporating an intraairport trans­
portation system for connecting passengers varies with the 
system, terminal concept, terminal configuration, and 
level of connecting passengers. The largest impact occurs 
with the automated guideway system operating on a loop 
alignment in a linear concept. Finally, the walking distance 
guideline becomes an important consideration in identi­
fying intraairport transportation system alternatives. 
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The issue addressed in this paper, development of planning 
guidelines and unit cost estimates for the incorporation of 
intraairport transportation systems into terminal facilities, 
is an important and challenging one. A proven set of 
guidelines is yet to be developed. The authors have made 
great efforts to include as many parameters as possible for 
evaluation purposes. What should be stressed most is the 
incorporation of the disutility associated with passenger 
walking, which has been neglected in most of the literature 
on this subject. Possibly because of the number and diver­
sity of the parameters considered, the authors have failed 
to achieve their main goal of providing a clear set of 
guidelines for planners. 

The analysis has been restricted to two basic unit ter­
minals with eight and sixteen gates and their combinations. 
Since the authors admit that the terminal facilities would 
not be increased proportionately to passenger demand 
(number of gates), it would have been more appropriate if 
the proposed method was made capable of handling any 
size unit terminal. As an example for the pier concept, a 
terminal with three piers may have a lesser average passen­
ger walking distance compared to an equal size terminal 
with two piers. On the other hand a single terminal with 
thirty-two gates may be more economical than two ter­
minals with sixteen gates each. 

The two measures that have been considered to repre­
sent the disutility associated with walking, the average 
walking distance and the change in travel time due to 
intraairport transportation system, have been calculated 
and compared mainly for connecting passengers. Average 
walking distance based on connecting passengers may not 
represent the actual walking distribution, because the walk­
ing distance for originating and terminating passengers is 
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neglected. The preceding is more significant when the 
percentage of connecting passengers is relatively small. As 
an example, for the pier concept, four modules of eight­
gate unit terminals may have a higher average walking 
distance than two modules of sixteen-gate unit terminals 
if only connecting passengers are considered. When all the 
passengers are taken into account, however, the preceding 
may not be true, especially when the percentage of con­
necting passengers is low. 

In determining the average walking distance for con­
necting passengers, the authors have assumed that all 
connecting passengers transfer from one module to an­
other. The distribution of connecting passengers among 
the modules is equal. By making these assumptions, they 
have missed the possible transfers within a terminal. This 
will be more significant when the module size increases 
while the number of modules decreases. 

When defining the cost components for comparison 
purposes, the authors have clearly shown that the cost of 
the intraairport transportation system correlates with the 
percentage of connecting passengers by presenting the cost 
values on a per connecting passenger basis. Later, they 
neglect this fact, and the total cost of the system is com­
pared on a per enplaned passenger basis. The preceding 
comparison may not be realistic as the number of con­
necting passengers has been defined as a percentage of the 
total enplanements (annual demand). Consider two differ­
ent situations with an equal annual demand, D, and Pl 
and JY2 percent connecting passengers. Let Pl < n, and 
it is decided to provide an intraairport transportation 
system that costs Xl and X2 dollars, respectively, where 
XI < X2. If the terminal cost, C, is assumed to be the 
same, the situation with P 1 percent connecting passengers 
will have a lesser total cost per enplaned passenger. It is 
necessary, however, to consider the possibility that the cost 
of the intraairport transportation system per connecting 
passenger for the second case (lOO*X2/(JY2*D)) is less than 
that for the first case (lOO*Xl/(Pl*D)). As the terminal 
facility is used by all the passengers and the intraairport 
transportation system is used by only the connecting pas­
sengers, it would have been more appropriate if the total 
of terminal cost per enplaned passenger and intraairport 
transportation system cost per connecting passenger were 
considered instead of the total cost per enplaned passenger. 
This will allow the planners to choose for a higher-cost 
alternative when the percentage of connecting passengers 
is high. 
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AUTHORS' CLOSURE 

Bandara has made a good point about the consideration 
of the disutility associated with passenger walking. How­
ever, the two measure of disutility considered walking 
distance and travel time, are the most predominant mea­
sures of disutility normally considered in passenger ter­
minal planning. It is difficult to consider other disutility 
measures, such as the value of time, without a distinct 
consideration of the type of market being served, for 
example, business versus tourist. In the case of the research 
reported in this paper the results were not determined for 
a single type of airport but were generalized to provide 
some guidance to airport planners in a variety of situations. 
It is true that such a generalization may not result in 
findings that are applicable to a specific airport design, but 
it does provide a framework from which consideration of 
intraairport transportation systems might be initiated for 
a specific airport application. The study was limited in its 
scope to the consideration of only eight- and sixteen-gate 
modules because ofresource constraints. It is expected that 
by presenting the relevant information associated with 
these data points, a determination of the approximate 
ranges in cost and utility might be possible. Since the cost 
data used in the study were average costs obtained from a 
variety of automated ground transportation and airport 
studies, it is possible that a given airport study may obtain 
different results owing to the specific costs associated with 
the project. It is reasonable, however, to expect that the 
overall ranges in costs and utility should not be signifi­
cantly different from those obtained in this study. It should 
be emphasized that the paper presents a summary of the 
findings of the original research and does not contain all 
of the information found in that study. For example, 
Bandara indicates the potential variability of the results 
for differing percentages of connecting passengers and the 
fact that the paper presents annual costs in light of a cost 
per connecting passenger. The original research addresses 
both of these items in that varying percentages of con­
necting passengers were utilized in the analysis and the 
annual costs were also obtained on the basis of a cost per 
enplaned passenger. This research was not intended to 
stand alone as the definitive study of the incorporation of 
intraairport transportation systems but was meant to con­
tribute to existing knowledge of such systems. 
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Use of Acoustic Examples in Airport Noise 
Planning and Decision Making 
DA YID DUBBINK 

A general understanding of noise measurement metrics is a 
critical element in applying land use/noise exposure criteria 
such as those contained in the Federal Aviation Administra­
tion's (FAA s) Airport Noise Compatibility Planning Pro­
gram, FAR Part 150 or the miJitary' Al Z program. The 
author has developed a presentation system that. blends com­
puter-based training techniques with digital recording tech­
nology. An interactive presentation package has been created 
(for the FAA's Department of Environment and Energy) that 
treats the multiple elements of a.n airport land use/noise 
management program. Acoustic examples illustrate such con­
cept as differences between stage D and stage Ill aircraft, 
effects of fligbt tracl<, and profile changes and alternate levels 
of building insulation. The presentation describes the system 
and its features. It then considers the political context of noise 
management deci ions and bow the introduction of specific 
noise examples might affect the decision proces . Alt11ough 
experience witl1 the system is not yet extensive, h\'O effects 
have been observed. First, it appears that acoustic examples 
act to broaden the range of noise management strategies under 
public consideration. Second, because the system can produce 
site-specific noise data it encourages personal questions about 
noise e.xposure from individual citizens. Although these foa­
tures enrich the planning process and in rea e public under­
standing they arc not politically neu ral. The paper note that 
the broadening of strategies can also complicate decisions and 
that t11e personalization of noise impact can harpen re-
ponses. Generally, the system has been succes ful in increas­

ing community understand ing of noise issues and the effec­
tiveness of alternate noise management strategic . 

This paper looks at a new technique for presenting infor­
mation about noise in the airport environment. It uses 
acoustical examples to explore noise management ques­
tions. After briefly considering the ways in which acoustic 
examples have previously been used in decision settings, 
focus is placed on the features of the new system. With 
the technology explained, consideration is given to how 
such a system can affect the decision environment. 

Noise problems exist at many airports in the United 
States. More than a third have adopted policies that restrict 
operations in ways that are intended to reduce aircraft 
noise to adjacent communities. The Federal A vialion Ad­
ministration (FAA) and Congress have developed a process 
of airport planning that assigns significant responsibilities 

David Dubbink Associates, 223 E. Rosewood Court, Ontario, 
Calif. 91764. 

to local decision makers. Although the FAA cannot ap­
prove local programs that create an "undue burden on 
interstate or foreign commerce," it has sanctioned plans 
that include restrictions on operations of noisy aircraft. 
Such local regulations affect the whole national system of 
airports and air travel, since restrictions on a type of 
aircraft at one airport affect all airports served from that 
location, as well as the way airlines assign available aircraft 
over their route system (J). 

Planning at the local level can be an intensely political 
and controversial process. In the case of airport planning, 
the already difficult process of rational plan making is 
complicated by the complex mix of elements involved in 
airport noise management and by the unwieldy metrics of 
noise measurement that most people do not really under­
stand. These two issues, coupled with the national reliance 
on a multiplicity of local planning efforts, make the uni­
form and effective presentation of noise planning data a 
topic of great importance. 

ACOUSTIC EXAMPLES 

One obvious path to presenting easily understood infor­
mation about aircraft noise is to use acoustic examples. 
There is an extensive but mostly unreported history of the 
use of such examples in public hearing settings. Engineers 
and planners with the responsibility for presenting infor­
mation about noise usually include examples of some sort 
so that laymen can gain some perspective on what is being 
discussed. Practically every acoustic report on noise in­
tended for nontechnical readers includes a table listing the 
decibels associated with a collection of familiar sounds. 
The reader uses memory and imagination to relate the 
tables to whatever noise management issues are under 
discussion. However, good acoustic memory is rare. Only 
2 percent of the population have "perfect pitch " and such 
tables probably have little authentic ability to convey noise 
information. 

More ambitious presenters have taken to the field, plac­
ing ob ervers near an airport at what is estimated to be a 
noise exposure contour line, awaiting overflying planes, 
verifying the noise exposure level with sound level meters. 
This approach is not only unpredictable and awkward, it 
is also not portable and nonrepeatabl and is Jimited in 
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its ability to describe noise remedies, such as noise abate­
ment flight procedures, quieter aircraft, or soundproofing. 

Other presenters have opted for the use of recorded 
sounds. This has the advantages of controllability and 
convenience. Modern recordings can be quite realistic, 
particularly wide-tape format, high-fidelity, or PCM digital 
recordings. The problem is that recordings sound "differ­
ent" out of context, and the duration of a presentation 
requires an unusually patient and receptive audience. 

Videos and movies have been produced for the specific 
purpose of informing the public about noise control meth­
ods. The New Jersey Highway Department has produced 
an excellent video explaining the capabilities of roadway 
noise barriers. The production of a movie or video is 
technically demanding, time-consuming, and expensive. 
Because such programs tend to be generalized and not 
problem-specific, an audience may become impatient 
when they are used in presentations. Several agencies that 
have sponsored films and videos for use at public hearings 
have reported that they seldom use them because of this 
problem. 

INTERACTIVE SOUND INFORMATION 
SYSTEM 

This discussion reports on experience with a new technique 
for presenting noise information to decision makers and 
concerned citizens. The concept borrows from interactive 
computer training methods and digital recording technol­
ogy. The system, the Interactive Sound Information Sys­
tem (SIS), has been used for making presentations about 
issues such as highway noise, noise barrier construction, 
outdoor loudspeakers, and the features of local ordinances 
proposed for controlling noise. The system uses mostly 
standard computer and sound reproduction equipment; 
however, the software and some essential hardware are 
proprietary and unique to the ISIS package. 

The FAA's Office of Environment and Energy has spon­
~ored production of a presentation package based on the 
ISIS concept that is designed for use in airport noise/land 
use management programs. The FAA has purchased sev­
eral complete packages that are to be made available to 
local planners for use in planning work. The FAA actively 
encourages and requires community involvement as a 
feature of all sponsored programs. Public Jaw requires this, 
and it is carried imo numerous department policies orders, 
and advisory circulars (2): 

Public hearings, public information sessions, coordina­
tion meetings and other communications conducted for 
the purpose of ensuring that the planniDg study receives 
input and is fully coordinated with the public, and with 
interested parties (i.e., planning agencies community or­
ganizations, affected jurisdictions, airport users) are ex­
tremely important and es ential activities in a planning 
study. 

The FAA sees the ISIS package as a mechanism for 
communicating technical information about airport noise 
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to itizens and decision-making groups. The program was 
designed for consultation with federal officials and local 
airport planners around the country. The programming 
has been structured to reflect the presentation require­
ments of this group. 

The system is intended to be a presentation maker's 
tool, as an aid in addressing individuals small groups or 
larger audiences. It uses acoustic examples (recorded digi­
tally) to illustrate a variety of points related to airport noise 
management. A microcomputer randomly accesses the 
sounds and plays them back at precisely set volumes. 
Sounds are correct to the nearest 0.75 db (at a reference 
point in terms of sound pressure level [SPL]). Images on 
the computer's screen dramatize presentation points and 
control the direction of a presentation. Selections among 
program options are made using a "mouse." 

The FAA Program 

The FAA asked for a program that included both novice 
and expert levels. The novice mode is a turn-the-switch 
operation with a preset presentation. The expert mode 
allows for custom programming. It is organized in a simple 
loop structure with all presentation segments acces ed 
from a central menu that shows all available program 
options (Figure 1). On termination, all options return to 
the same menu. The menu options can be selected in any 
order. Several features of this initial menu deserve men­
tion. It has the graphic quality of a slide rather than a 
computer program. The text i in neat Helvetica type in 
color and drop-shadowed on a gray background. Through­
out the program graphics have been designed to provide 
visual suppoi.:t and reinforcement to the acoustic points 
being made. A deliberate decision was made however, to 
make very limited use of animation to avoid any resem­
blance to computer games. 

It should also be noted that the divisions of this menu 
are not just a programming convenience. There is a not­
so-hidden agenda here. The menu presents airport noise 
management issues as a collection of elements: aircraft, 

FIGURE 1 Central menu of program options. 
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flight operations, land use compatibility and sound insu­
lation. The idea is to offer a framework for plan making 
that includes the full action agenda offered with this menu. 
As is discussed later, community debate on airport noise 
problems is often more limited than this. 

Calibration Sequence 

The calibration sequence has been given greater graphic 
attention, more than is normally associated with the cali­
bration of a technical instrument (Figure 2). In earlier 
versions of the ISIS package, the programming of this 
segment was more pedestrian. It was found that the audi­
ence for a presentation was intensely interested in how 
closely the sounds produced by the system match the levels 
illustrated on the screen. With the system's 0.75 db reso­
lution, a near-perfect match is normal. In a typical presen­
tation, noise meters are provided to listeners so they can 
verify the accuracy of the ystem . 

The boxes on the calibration screen ("ON," "OFF," 
"SWITCH," etc.) can all be selected using the mouse 
pointer. When the left sid selected i "ON," a tone of75 
db is heard. When the "ADJUST" feature is selected, the 
pointer can be used to alter the volume level by dragging 
the bar shown on the center scale to the desired decibel 
level. An independently controllable tone is manipulated 
from the right side of the screen, and sounds are produced 
from the corresponding left and right stereo speakers of 
the sound system. 

The setup can also be useful for presenting acoustic 
fundamentals (e.g., demonstrating the perceptual "dou­
bling" of sound that takes place with 10-db changes, or 
that the limit of perceived differences in SPL is around 3 
db). 

Sound Library Sequence 

The library sequence is the ISIS counterpart of that tradi­
tional page, found in so many consultant reports and texts, 

FIGURE 2 Calibration sequence. 
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that lists the sound exposure levels of a collection of 
familiar sounds. The difference here is that you can hear 
a!lY of these sounds individually or in pairs. The sound 
library includes a collection of environmental unds as 
well as field recordings of the takeoffs and landings of U1e 
nation's most prevalent aircraft (Figure 3). The figure 
shows several screens from the collection of possible im­
ages. The underlying image represents a listing of com­
mercial aircraft with two selected. The overlay shows 
images of the selected aircraft and associated peak sound 
(4, •• ) during takeoff. The sound level presented are based 
on predictions produced by the FAA's Integrated Noise 
Model (INM). 

Any sound pair could be selected, but primary use of 
the segment is to demonstrate U1e differences between 
stage ll and stage IO aircraft. The differences among air­
craft can be dramatic. Most sequences include imilar 
control boxes. In terms of general program design, it 
should be noted that the ISIS system makes heavy use of 
sounds presented as pairs. This reflects the psychoacoustic 
concept that sounds are perceived in relative rather than 
absolute terms. Perceived loudness is determined by con­
text. As a result, people hearing the program at different 
distances from the equipment report similar experiences 
during these comparison sequences even though the sound 
pressure levels they hear are quite different from those 
heard at other room locations. 

Distance Effects Sequence 

The distance effects segment deals with flight-track and 
profile issues. The segment is quite simple in terms of its 
underlying structure. There is an index map that permits 
selections of local area maps (Figure 4). The underlying 
map is the index map, and the overlay shows a local area 
detail map. The numbered boxes in the detail maps are 
used to access recordings of aircraft flyovers as they might 
be heard at each location. Again, volumes used are based 
on predictions made through the grid report feature of the 
INM. Up to 81 locations can be coded into the maps. 

Any sort of map or diagram can be inserted into the 
space above the controller boxes. The examples show maps 
originally produced by a commercial mapping system 
called LANDTRA K. Images can also be digitized from 
photos or through the use of a scanner. The presentation 
package includes a procedure for placing the boxes on the 
screens as well as for setting the volumes corresponding to 
each location. The presenter can choose from recordings 
of direct overflights, near distance, and remote aircraft 
flyovers. 

Day/Night Levels Sequence 

Day/night sound exposures are urnulative, twenty-four­
how· composites where nighttime ounds are weighted 
with a 10-db penalty (Figure 5). This is a nationally 
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FIGURE 3 Sound library sequence: underlay shows the options; overlay shows how selections are presented. 

recognized and useful standard for measuring airport noise 
but one that is exceptionally difficult to explain, particu­
larly when it is presented as contour lines on a map. The 
underlying image shows daily flight operations for aircraft 
that are representative of operations at an airport. 

Aircraft can be highlighted with the pointer. If the box 
labeled "Listen" is selected from the options arranged 
along the bottom of the screen, a picture of the highlighted 
plane will appear and a takeoff (or landing) will be heard, 
as shown in the overlay image. By selecting the "Edit" box, 
the numbers of day or night operations can be changed 
for any aircraft and, with these, the cumulative Ldn· The 
"Info" box produces a plane picture accompanied by some 
lines of text describing the aircraft's size and performance. 

The control box labeled "Screen" swaps the entire page 
of listed aircraft with an alternate list of planes and oper­
ations. This feature permits a presenter to step quickly 
between alternate scenarios of flight operations. The fea­
ture is used to illustrate such concepts as differences be­
tween present and future airport use patterns. While it is 
not possible to hear Ldn. the sequence does permit an 
audience to hear individual noise events and, by adding 

them to and subtracting them from the airport mix, to see 
how the events affect Ldn· 

Insulation Sequence 

This sequence illustrates how sounds are heard outdoors 
and indoors at various levels of reduction reflectiqg acous­
tic insulation (Figure 6). The noise reduction levels shown 
correspond to FAA recommendations for noise-compati­
ble land uses in different noise exposure areas. 

This segment has a special comparative feature, a "TV" 
with an adjustable volume control. The TV volume can 
be adjusted to whatever the user thinks is a comfortable 
listening level, and the sounds of a flyover can be produced, 
attenuated to correspond to the specified level of sound 
insulation. 

Other Details 

The Definition Sequence is a collection of graphic screens 
designed to illustrate technical concepts and themes. The 
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FIGURE 4 Distance effects sequence: underlay shows the key map; overlay shows one of the selectable detailed maps. 

computer used is an IBM-compatible machine. The dis­
play is in a high-resolution, EGA mode and can b shown 
on a monitor or projected onto a screen. The program and 
graphics are stored on the system's hard disk. Sounds are 
recorded on a conventional compact disc being read by a 
CD-ROM drive. The sounds in the library were digitally 
recorded and digitally mastered. As mentioned, users can 
customize their presentations. The presentation sequences 
follow a "script" that approximates conventional English. 
Thus it is not necessary to change the program code to 
modify the pictures, numbers, and text that make up a 
presentation. 

SYSTEM EFFECTS ON THE DECISION 
ENVIRONMENT 

Credibility 

The system has the power to command total credibility. 
Even fellow professionals, well seasoned in the difficult 
business of extracting sensible information from com­
puters, seem disposed to accept the truth of the system's 
pronouncements. In presentations the calibration se-

quence is used to establish the correctness of the match 
between screen display and reproduced sounds. This dem­
onstration, combined with the general mystique of com­
puters and the popular belief that, being emotionless, they 
cannot lie, produces a willingness to accept as truth the 
information the system produces. The sounds and visual 
displays change simultaneously, and the drop-shadowed 
Helvetica text is boldly assertive. The images have the 
substantial quality of pages in a reference text. 

Interest 

The program has commanded total attention wherever it 
has been used. Some part of this has to do with its complete 
novelty, part to the program content, and part to the 
nature of an interactive session with a computer-moder­
ated presentation system. A person entering a meeting 
room where a presentation will be made sees the unfamil­
iar but recognizable equipment: some impressive audio 
equipment and a computer with a monitor (or several) 
positioned to be seen. Yellow tape marks some seats or 
areas on the floor (where sound will be produced at vol­
umes corresponding to those shown on the screen). The 
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FIGURE 5 Day/night levels sequence: underlay shows aircraft mix and Ld• at an airport; overlay image shows the screen 
with an aircraft selected for editing. 

FIGURE 6 Insulation sequence; noise level reduction 
selections are arranged at the center. 

council or comm1ss10n may be moved to these special 
seats just before a presentation. 

A well-organized, computer-moderated presentation is 
far more interesting than equally competent programs 
using slides or an overhead projector. A presentation has 
a live performance quality, in contrast to the predefined 

unfolding of a slide or video program. The screen responds 
to instructions. Elements can be delivered in any order at 
any speed. A presenter can answer ' what ir' questions, 
with appropriate displays and sounds seemingly created 
on the spot. With proper planning, the distance or insula­
tion sequences can be used to give highly personalized 
reports on exactly what would be heard at specified loca­
tions. This feature of the system, the ability to personalize 
reports on noise exposure, has political significance, as is 
discussed in the next section. 

SYSTEM EFFECTS ON THE DECISION PROCESS 

The political environment surrounding airport noise man­
agement issues is undeniably rich and complex. Typically 
it involves economic trade-offs contests between city and 
suburb personalities, and egos, as well as groups using 
"airport noise" as a means of building their power base. 
Factual information about airport noise, however pre­
sented, can be only one element of the decision environ­
ment, facts about noise are weighed along with other facts 
such things a facts about the likelihood of lawsuit , facts 
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about how decisions could affect voters in the next elec­
tions, or facts about the preferences of influential groups. 

The ISIS system includes some novel components that 
make it more than just another way of organizing a 
technical presentation. Two ISIS package features could 
work changes in the larger political setting for airport noise 
management decisions. These have to do with extending 
the agenda for decision making and what might be termed 
the individualization of issues. 

In considering the ISIS package in the context of noise 
issue politics, it would be helpful to detour momentarily 
and consider the basics of community political organiza­
tion as they have been presented by the dean of community 
organizers, the late Saul Alinsky. Alinsky's writings are 
noteworthy because of both their broad acceptance and 
their outspoken directness (3). "An organizer must stir up 
dissatisfaction and discontent: provide a channel into 
which people can angrily plow their frustrations." He 
suggested ten fundamental rules for organizers. These in­
clude two of special interest to technical presenters: the 
need to find issues that can be reduced to simple, easily 
understood demands and issues that involve broadly 
shared self-interest within a community. It is of interest 
that Alinsky viewed the issues as only a means to an end­
the end being creation of an organized political force. 
Although Alinsky aimed his efforts at organizing depressed 
urban neighborhoods, his concepts can easily be applied 
in any setting and certainly apply to some noise protest 
movements. 

The effect of issue simplification is apparent in the 
national pattern of airport noise controversies where policy 
contentions so typically focus on single issues or concepts. 
Proposals have been made for passenger enplanement 
caps, restrictions on particular aircraft, nighttime curfews, 
reductions in flight operations, redirection of flights to 
other airports, relocation of flight tracks, and changes in 
takeoff and landing procedures. While a robust noise 
management program could include all of these features, 
however, noise protest movements typically focus on the 
advocacy of single policies. This is so much the case that 
a listing of strategies immediately brings to mind a corre­
sponding list of airports where these policies have achieved 
political dominance. As Alinsky observed, issues must be 
reduced to simple, easily understood demands if they are 
to be useful as a motivating force. 

The initial menu of the ISIS system that lists multiple 
strategies for noise management is a quiet declaration that 
the management program ought to be comprehensive and 
consider multiple aspects of problems. It invites more 
comprehensive approaches, more subtle and complex so­
lutions. Although this is comfortable for technical special­
ists, it works against interest groups that would build 
coalitions around simple, easily defined issues and solu­
tions. In composing one custom ISIS presentation, the 
authors were asked to produce an opening menu showing 
fewer available options. The requester suggested that it 
was "too late" to look at some of the alternatives. 

The system's ability to produce highly individualized 
reports of noise impact also has political significance. 
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Community organizers of the Alinsky mode recognize self­
interest as the dynamo energizing any protest movement. 
The ISIS system has the unique capability of being able to 
inform persons directly how much their self-interest might 
be affected by a noise source or a proposed solution 
alternative. The map distance sequence can give acoustic 
examples of sounds at specific locations, and the insulation 
sequence allows adjustment according to personal tastes. 
In a series of public hearings where citizens were given an 
opportunity to hear the noise that a controversial project 
would produce as it would sound from their property, 
those who were least affected dropped out of the political 
process. Although there is attrition in any lengthy hearing 
sequence, it could well be that individualized presentations 
can accelerate this. It is also possible that, as the differential 
impacts of alternate policies become better understood, it 
will be more difficult to create a consensus around partic­
ular solutions. 

CONCLUSION 

The ISIS package, as developed for the FAA, meets its 
basic objectives of informing people about airport noise 
and the acoustic consequences of various noise manage­
ment strategies. It invites a comprehensive approach to 
airport noise management, and its interactive features 
permit a decision-making group to experiment with policy 
alternatives and sample the results. 

With its ability to produce understandable, believable, 
and defensible approximations of sounds as they would be 
heard at specific locations under specified conditions, ISIS 
responds to the basic questions that bring people to public 
hearings about airport noise. It can demonstrate how a 
particular decision can affect an individual's self-interest. 
In doing this, it can clarify who in the affected communi­
ties will feel the greatest impact from decision alternatives. 
The features of the system have the potential to exert an 
important influence on the decision process. 

Although experience with the ISIS package in airport 
management decisions is still quite limited, it is expected 
that the system's political impact on the decision process 
will approximate initial experiences. Undoubtedly, the 
political system will work its own influences on the ISIS 
package and the presentation scripts. The authors look 
forward to learning more about how acoustical examples 
can benefit the decision process. 
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