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1.0 Executive Suriunary

This report provides an evaluation of the impacts of airport

quotas and peak—hour pricing on air traffic congestion and
airport system delay. It is the second of two analyses of
quotas and peak-pricing undertaken by the Federal Aviation
Administration (FAA ) in response to a 1974 request by the
Office of the Secretary of Transportation for a review of
specific policy alternatives to the Upgraded Third Generation
Air Traffic Control System (UG3RD). The first report, Airport
Quotas and Peak-Hour Pricin9: Theory and Practice, FAA
A1P?-17-~ Texamined the leading theoretI~~

l studies of peak-hour
pricing and airport quotas, comparing and contrasting theory
with the real-world situation. The potential problems of
implementation were identified and discussed.

This report computes and compares air traffic delays antici-
pated at the 25 largest air carrier airports under alternative
airport development strategy assumptions. Airport delays
anticipated under a schedule of quotas and peak—hour pricing,
for example, are compared to - projected delays, assuming air-
ports were equipped with UG3RD technological improvements and
also compared to delays associated with a peak-pricing system
implemented in concert with the UG3RD.

This analysis addresses two issues. First, would a schedule
of peak-load pricing and quotas reduce airport system delays?
Second, would a schedule of peak-pricing and quotas complement
the system improvements provided by the technological features
of the UG3RD? It is concluded, as a result of this analysis,
that, in theory, peak-hour pricing and quota alternatives would
effectively complement the technological features of the UG3RD
by relieving aircraft congestion and delay and improving the
flow of air traffic between the 25 largest air carrier airports.

While there are theoretical advantages to pricing and quota
alternatives, there are economic and institutional constraints
limiting their implementation on a widespread scale. For
example , the optimum fare schedule necessary to shift air
carrier traffic away from peak demand periods is not presently
known. Nor have all the possible issues which might confront
the FAA, airport sponsors, and the airlines been satisfac-
torily resolved. Perhaps, more importantly, a peak—pricing
strategy would represent a departure from the traditional
concept of free access to the nation ’s airspace system and
services. The realities of peak—pricing and quota alterna-
tives limit their practical value at this time.

-. ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



2.0 Introduction

The FAA is engaged in major Engineering and Development (E&D)
programs to provide new and improved air traffic control
capabilities for the 1980’s and 1990’s. When these develop-
ments are completed, implemented, and integrated with existing
facilities , the result will be the “Upgraded Third Generation
Air Traffic Control System (UG3RD) .”

The Under Secretary of Transportation, by memorandum of
March 13, 1974 , to the Assistant Secretary for Systems
Development and Technology , requested a comprehensive
technical review of the entire UG3RD program. As a result
of the Under Secretary ’s request, the FAA has been asked to
undertake economic evaluations of technical and operational
features of the UG3RD.

Technical features of the UG3RD include Aerosat, Flight
Service Station Automation, Wake Vortex Avoidance (WVAS),
Airport Surface Traffic Control, Area Navigation (RNAV),
Microwave Instrument Landing System (MLS), Discrete Address
Beacon System/Intermittent Positive Control (DABS/IPC),
and automation. 1/ In addition to these technical features,
there are numerous noncapital, or relatively low-capital ,
program alternatives that might be introduced . The question
has been raised whether or not two of these noncapital alter-
natives--peak-load landing fees and airport quotas—-would
complement technical features of the UG 3RD and improve the
flow of air traffic. The purpose of this research is to
evaluate quotas and peak-pricing, and determine the impact
these alternatives might have on congestion and delay at
major air carrier airports.

The basic concept of peak-load pricing is the use of higher
charges on aircraft (and/or passengers) during periods of
high demand to control airport congestion. Theoretically ,
users confronted with a peak-time pricing schedule will
redistribute their demand more uniformly throughout the day,
with only the highest valued users receiving service during
the peak-demand period.

0

1/ Each of these systems is described in The National
Aviation S stem, Challenges of the Dec~~~ Ahead, 1977-1986DOr, FAA, ~976. 
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There are at least two well documented examples in which
airports have imposed peak-hour charges to alleviate con-
gestion. One of these is at Heathrow Airport, where the
British Airport Authority (BAA) in 1971 imposed a peak-
period surcharge on aircraft operations in an attempt to
alleviate congestion in the airport terminals and access
roads.

Although there is some data indicating the peak—period
surcharge has shifted demand slightly, it has not resulted
in any major redistribution of traffic. It is noted,
however, that the Heathrow peak-time charge (approximately
$100) is imposed upon air carriers, which, as a group, are
less sensitive to changes in operating expenses than .are
other sectors of the aviation community. This may account
for the negligible impact of peak charges at Heathrow.

Results of the peak-pricing experiment at New York City
airports, the second of the two examples, are more pro-
nounced. In 1968, in order to alleviate congestion and
make more capacity available for air carrier operations,
the Port Authority of New York imposed a $25 fee for all
landing and take-offs during peak hours by aircraft with
less than 25 seats. The normal landing fee was $5. The
impact of the surcharge was immediate. For the three major
New York airports——Kennedy, LaGuardia, and Newark——general
aviation activity during high-activity hours dropped over
30 percent from pre surcharge levels, indicating that peak-
time landing fees can result in significant redistribution
of particular user demands (general aviation) at a given
airport and time of day.

Quotas and other administrative alternatives typically
involve some form of fiat rationing to restrict air traffic
access to congested airports. These restrictions may be
applied selectively on specific categories of aviation; they
may be in force only for certain periods of a day; and/or
apply to some, but not all, runways of an airport. Banning
of general aviation flights from an airport, or from some
part of an airport, is an example of an administrative option.
Establishment of a quota system for all users is perhaps the
most familiar of these alternatives.
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Quotas are easy to describe and comprehend. Their first—
order and short—term effects are also straightforward and
predictable: as the number of flights at an airport is
reduced (due to quota limits on the number of flights that
can be scheduled or to a ban on specific types of operations),
congestion at an airport also decreases. In fact, since the
relationship between airport demand and airport delay is
nonlinear, a carefully chosen limit on the number of opera-
tions at a severely congested airport may lead to a signi-
ficant reduction in the cost of delays, with a less than
proportionate decrease in the number of f l ights allowed .

This phenomenon is illustrated in Figure 2.1, for year 2000
air carrier forecasts at Chicago O’Hare (ORD). The two
demand curves shown in this figure represent projected air
carrier traffic levels before and after the imposition of
hypothetical quotas on operations. As explained later,
these forecasts were developed for this analysis to test the
impact of airport capacity constraints on air traffic delay.

• Figure 2.1 shows that a daily quota of 1,875 aircraft movements
represents a 15 percent reduction in the number of ORD opera—
tions which might otherwise be anticipated in the year 2000.
Delay, however , is more than proportionately reduced 53 percent,
from the pre quota level of over 44,000 minutes each day to less
than 21,000 minutes. Furthermore, the forecast indicates that
more extensive use of wide—body aircraft under quota conditions
would provide for equivalent numbers of passengers carried in
either case.

It is little wonder that quotas have been particularly
attractive to the various responsible bodies as a means
of dealing swiftly and effectively with airside congestion .
In 1969, for example, the FAA imposed hourly quotas on the
scheduling of operations at the three New York City airports,
O’Hare International in Chicago, and Washington National.
These quotas have been generally credited for relieving

- - traffic congestion at these airports. Developments since
1969 have made it possible to eliminate the quota at
3. F. Kennedy and Newark. However, the system continues to
be in effect at the other three airports.

L!UIUUP~~~ 
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The theory of these noncapital alternatives has been adequately
reviewed in the economic literature. ~/ Previous efforts have
shown convincingly that peak-time landing fees and/or quotas
at an air carrier airport can reduce air traffic delays at
that station. This was shown in Figure 2.1.

Questions have been raised, however, about the applicability
of these findings to a network of airports where capacity
constraints at one facility may induce ripple effects across
the system. These ripple effects may aggrevate traffic
congestion at other stations in the network such that total
system delay is not improved. Airport quotas at O’Hare, for
example, may force some eastbound traffic departing Los Angeles
International into the peak activity periods of that airport.
Other possibly counter productive situations can be envisioned.

This analysis looks beyond the single airport environment
and addresses the issue of peak-pricing/quotas and total

- 
- airport system delay, focusing on the network of the 25 largest

air carrier airports. The analysis answers two questions.
First, would a schedule of quotas and peak-time landing fees
at the 25 primary large hub airports relieve air traffic
congestion and reduce airport system delays? Second, would
a schedule of quotas and peak-time landing fees at the
25 primary large hub airports complement the technological
improvements of the UG3RD?

An overview of the analysis is presented in the next chapter
to acquaint the reader with the overall approach and introduce
him to the analytical models and techniques fundamental to
the study. Following this is a detailed description of the
models applied in the analysis. This chapter is intended
for the reader interested in the technical aspects of the

- models used. Next is a presentation of the approach used
during the research. Results and conclusions of the analysis
are presented in the final chapters.

2/ Refer to Peak—Load Pricing: Theory and Practice,
Odoni, A., and Vittek, 3., DOT, FAA ,~~~y 1976. 
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FIGURE 2.1
• IMPACT OF QUOTAS ON AIRPORT DELAY

FAA UG3RD EVALUATION CHICAGO O’HARE
COMPLEMENTARY POLICY STRAT EGIES TRAFFIC FORECAST
OFFIC E OF AVIATION POLICY YEAR 2000
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3.0 Overview

In order to examine the impact of peak-time pricing and quotas
on congestion and delay at major air carrier airports, an
experiment with four operational scenarios or situations
was designed, each scenario representing a different develop-
ment strategy for the national airport system. Two of the
scenarios employed peak pricing and quotas to relieve con-
gestion, the others did not. Airport system delays associated
with each scenario were computed and compared, and differences
observed were attributed to the unique features of each
scenario.

To test the impact of these scenarios on airport system delay,
a mathematical programming model was developed at the
Massachusetts Institute of Technology (MIT) Flight Transporta-
tion Laboratory to represent the network of the 23 largest

- • metropolitan air carrier centers or hubs. The analysis of
airport delays focused on the primary airport in each large
hub. As a group, these airports--listed in Appendix A—-account
for approximately 70 percent of all national passenger en-
planements and almost 40 percent of all air carrier operations. ~

.../
They also account for almost 75 percent of all air carrier airport
delays. a’

Simulating the planning and routing activities of the
United States domestic airline industry, the MIT fleet
assignment model routed aircraft through the system of
243 city pairs or markets to provide either direct or multi—
stop aircraft services to the primary large hub airports
in accordance with a set of optimization criteria. For
this analysis an airline strategy to maximize profits was
adopted in order to provide a realistic air carrier environ-
ment. That is, it was assumed the airlines would behave

• rationally to maximize net revenues on the routes they were
flying. -

C

t ~~~ ____________________________

1/ ~erminal A.rea P~recast, 1976-1986, DOT, FAA, September 1974,Table II.

2/ Airline De1~~ Data, 1970-1974, DOT, FAA , February 1975,-
~~~~~~~~ page 22.
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The fleet assignment model applied in this analysis takes
into account a wide choice of different routing possibilities
for market development by combining several route segments
into nonstop flights as warranted by the volume of passenger
demand and the economics of airline operations. The model
is sensitive to practical limitations on load factors,
aircraft capacity, and/or other constraints, such as the
availability or price of fuel.

Once the routing of aircraft among the 23 major cities was
developed, a second program was used to generate schedules
of aircraft departures between network city pairs. Using
empirically derived time of day demand preferences, a set
of departure “windows” was established for each domestic
market, forcing departures at preferred or peak times, but
allowing broader variation in departure time during off-peak
hours if necessary. Assigning departures within permissible
“windows” to minimize the aircraft fleet size, the scheduling
model produces an “Official Airline Guide” (OAG) type schedule

• for any planning period, using the fleet assignment model
frequencies, time of day traffic demand preferences, and its
own scheduling logic.

The sequential routing and scheduling process described above
was used to produce a series of OAG type time of day traffic
profiles for each of the 25 primary air carrier airports in
the 23 large hubs through the year 2000.

For all the airports in the 23 hub network, different 25-year
traffic histories were developed, one representing the average
time of day traffic profile associated with each of the four
scenarios noted earlier. Approximately equal numbers of
passengers were carried on respective markets in each
scenario. The unique provisions of each scenario, however,
resulted in different traffic patterns for each airport and
time period.

Overall airport system delays under the four scenarios were
computed and compared, and differences were attributed to
the features of each scenario. This was the fundamental
step in the analysis. The impact of the UG3RD on airport
congestion, for example, was contrasted with peak-time
pricing and quotas by comparing total system delays
accumulated under the scenario most closely resembling
each of these alternatives. Pindings and conclusions of
the report were based upon these comparisons.

/
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Several analytical model. have been introduced in this
i.ction , including a f lest assignment model, a scheduling
model, and airport delay model. Each of these will be
fully described in the following chapter. While a careful

• review of these models is recommended, the discussion which
- follows, as explained earlier, is presented primarily for

the reader seeking a better technical understanding of the
- - analysis. Other readers may wish to skim over Chapter 4

- 

and continue with the following chapter, the Approach.

-
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4.0 Description of Modeling

The process of predicting delays throughout a network of
airports can be divided into three distinct steps: (1)
the aircraft routing exercise, (2) the scheduling exercise,
and (3) delay calculations. This chapter reviews each
of these steps in detail.

4.1 Aircraft Routin~g

Aircraft routing is accomplished with a fleet assignment
model, FA-4, which assigns aircraft over the network of
cities in the manner of the US , domestic airline industry,
that is, in such a way as to maximize profits for the airlines.
In so doing, it takes into account a wide choice of different
routings, the possibility for load building by combining
several markets into multicity flights, and the opportunities
for stimulating demand by improving service levels.

The FA-4 model was originally developed to assist in the
• fleet allocation decisions of commercial airlines, and, in

fact, has been used in the scheduling process by several
carriers. Because of its “real world” characteristic response,
FA-4 has proven useful for exploring the behavior of air
transportation companies in the face of widely varying

• regulatory and ope’ational constraints. FA-4 addresses
the following problem: Given passenger demand in designated

• markets, and given the costs of certain input factors such
as fuel, vehicles, and labor, find the profit maximizing
behavior of the firm. FA-4 solves the optimum airline

• strategy in terms of markets and capacity, making trade—off s
with respect to cost, vehicle size, frequency, and routing.

4.1.1 Demand Modeling

The FA-4 model is best introduced by discussing the process
of air travel demand modeling. Each city pair market has a
demand for travel which may be expressed as a curve relating
passengers to the daily inter-city frequency of service. The
shape and magnitude of this function determine the FA-4
solution of aircraft types, frequency, and routings. The
discussion in this section explores the means by which the
demand/frequency curve is generated.

¶
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Description of the Demand Curve

A typical traffic frequency curve is illustrated in Figure 4.1.
-! This relationship assumes there is an upper limit on passenger

- demand in any city market, that is, there is an upper bound on
• demand, regardless of service frequency provided by the air-

lines. This is shown as an asymtotic demand level. At the
other extreme, it is clear that a daily frequency of zero flights
is equivalent to zero demand. No one flies when no aircraft are
scheduled.

FIGURE 4.1
DEMAND FOR AIR TRAVEL BETWEEN TWO CITIES

200
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The Treatment of Frequency

Passenger demand for air travel for this analysis can be
represented by the typical demand curve illustrated in

• Figure 4.2. Here , demand = f (frequency) .

FIGURE 4.2
A TYPICAL DEMAND CURVE

~~~~~~~~~ERS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FREQUENCY (FLIGHTS PER DAY)

It is reasoned that the first few daily departures in any market
are the most important in drawing passengers, with later fre-
guencies adding progressively smaller increments of convenience
until an upper limit of demand is reached. Sooner or later,
regardless of service frequency, no additional demand will be
generated. This reasoning explains the convex shape of the
curve.

The essential aspect of the relationship shown in Figure 4.2
is that it behaves reasonably at the extremes, and there is a
smooth curve in between. It bears repeating that at high
frequencies, additional flights are relatively unimportant
as they represent little improvement in level of service and
create negligible increases in demand . At low frequencies ,
however, additional flights are very important as they generate

ti more than a proportional increase in passengers.

12
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The Impact of Flight Distance on Demand

Range or distance also has bearing on the demand frequency
relationship. This can be expressed mathematically by the
following equation:

(4.1) DEMAND = K Ct0 + Wo/frequency)a

K is a constant of proportionality

t0 is fixed-travel time, and includes the
sum of block time, boarding time, access,
and egress time.

is a constant representing 1/2 the period
of service provided.

w0/frequency represents the average headwaybetween service flights.

a is a constant value representing the
elasticity of demand.

Equation 4.1 shows demand as function of total travel time,
the sum of fixed travel time, t , and an additional shcedule
delay, W0/frequency. Schedule ~elay is defined as the incon-venience of waiting for the next departure. It is equal to
half the average headway, or W0/frequency. As frequencies
increase, inconvenience waiting for a departure is minimized.

At long flight distances, to is a relatively large number,• and the frequency term is comparatively small. At shorter
ranges, however, the W0/frequency term dominates until fre-
quency is quite high. In other words, flight frequency is
more important for generating demand on short—haul flights
than it is on long—haul flights.

C
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Competition

When two or more airlines compete over the same route, the
effective frequency of service used to generate a passenger
demand curve may differ from a simple count of the number of
flights. In the generation of demand curves, frequency is
defined as the number of departure options available to 9

passengers in a given market. If airlines compete by scheduling J
nearly simultaneous departures, the num ber of departure options
available to passengers is less than the sum of daily departure.
In most cases, however , carriers share a market by scheduling
alternating flights, in which case the frequency is equal to the
number of total departures.

In competitive markets, passenger demand must be shared by two
or more air carriers. Both practice and theory suggest that —

the market split follows the’ S”shaped dependence on frequency
share displayed in Figure 4.3. That is, a carrier’s market
share is less than proportional to his share of flight
frequencies until he accounts for at least 50 percent of
total flights. As his flights increase beyond that point,
market share becomes more than proportional to his frequency
share.

FIGURE 4.3
MARKET SHARE VS. FREQUENCY SHARE
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Calibration from Existing Conditions

The demand model discussed in this chapter is expressed by the
equation:

(4.2) DEMAND = K (to + W0/frequency) 
a

This equation results in the geometrical shape displayed by
the curve in Figure 4.2. Of the variables in this equation,
only the existing frequency and number of passengers carried
are generally known. The fixed time to is a characteristic
of the aircraft and city pair. The term W0 is the length of
the travel day, and is halved so that W0/frequency is the
scheduled delay. The elasticity is determined empirically
from regression analysis of existing markets. The two known
parameters, frequency and passengers carried provide the one

• point necessary for calibrating the demand curve. The demand
model formulation fixes the shape of the curve, and the
existing data point determines its size.

Treatment of Multiple Stops

The demand frequency relationship developed assumes that the
expected level of service in FA-4 and the actual service used
to calibrate the demand model are the same. If nonstop jet
service was used in calibration, then nonstop jet service is

• the dimension of the frequency axis measure. However, FA-4
permits multistop routings and also allows the use of slower,
or less appealing aircraft. What is needed is a conversion
factor between different levels of service.

The market model permits this conversion to be made. In
summarizing total frequencies, multistop flights were given
a value of less than one.

Data Sources

Three pieces of data are needed to generate the single data
point for each demand curve for a single airline:

1. Competition either as a frequency share or as a
market share.

15
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2. Existing total passenger travel on all airlines.

3. Existing single airline daily frequency, number of
stops, and aircraft type. -

Frequency share competition is available from examining the
city pair in the OAG. Market share data is available from CAB
Origin—Destination Surveys of airline passenger traffic. Total
(or airline) passenger traffic is also available from the CAB
references. Existing (or total) frequency is available from
the OAG. Finally, fares are listed in the OAG, and distances
in CAB Traffic statistics.

These data sources are used as inputs to a program which
generates demand curve data points suitable for input to FA—4.

4.1.2 Mathematical Formulation

FA-4 is a linear program. Thus, the rules of the market place
and of practicality are expressed as a series of constraints 9 .

that airlines must obey. The solution procedure of FA-4 may be • -

thought of as trying out every imaginable combination of air-
craft, routes, and frequencies. Revenues and costs associated
with each combination are added up, and that combination with
the greatest excess of income over cost is selected as best.

The rules the solution must obey are the following:

1. The total cost of a system of airplane flights
is the sum of the direct operating costs for
each aircraft-route employed and the indirect
operating costs proportional to passengers and
passenger miles. Landing fees are included. - 

-

However, administrative overheads do not affect
the solution or routing decision. Overhead is
taken out of the profits, if any.

2. The total income of the system is the sum of
all the passengers carried times the fares paid.

3. No passenger is carried unless there are
sufficient seats for him on each link of his

• flight. A maximum load factor establishes
effective average aircraft capacities.

4. No more passengers are carried than the demand
indicates. The demand, as discussed in
Section 4.1.1, is limited by the level of
service. Upper bound on the passengers is the
upper bound on gross revenues in each market.

-• 16
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5. Finally, there may be a maximum number of departures
allowed at any specific airport, due either to a
physical or operational constraint.

Output from the aircraft routing exercise is a set of aircraft
• routes that are flown and the frequencies at which they are

flown. The solution represents a predicted average over the
year, and is, therefore, noninteger. That is, a route can
be flown 4.7 or 11.3 times a day, for example. For planning
purposes, all outputs can be rounded to integer values.

-
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TABLE 4.1

DEFINITI ON OF TERMS AND VARIABLES USED IN THE
MATHEMAT ICAL F~~~ULATION OF FA-4

it Total airline profit

Frequency of service on route r by aircraft v

COSTrv Cost of service Fry

Dm Total passenger traffic in city pair market m

FAREm Fare for passengers in market m

fim Subsegment i of total frequency of service in market xn

d
~m 

Slope of demand curve segment corresponding to

K Demand curve calibration constant

t0 Travel time in a market

• Freq Total frequency of service in a market

Weighting factor for frequency on route r with
respect to frequency of service in market in

Dmr Subcomponent of passenger traffic in market m.
This part of traffic uses route r.

Sv Seating capacity (wibh correction for load factor =
53 percent) for vehicle v

DEPc Total permissible departures from airport C

IOC~’ Indirect operating costs for passengers in market
in by route r

Passengers in markets in by routes r

DOCK Direct operating costs for aircraft v on route r

‘ 3 3

/
3’
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The driving function for FA-4 solutions is profit maximization.
Prof it is defined here as excess of revenues over expenses, as
shown in expression (4.3).

(4.3) = x Din FAREm E E Fry COSTrv

A description of the terms used above is presented in Table 4.]..
The equation says that profit, it , is airline revenues less costs.
Revenues are the demand in each market Dm times the fare in that
market FARE~~. The fare is reduced by indirect operating costs
associated with ticket sales, boarding, cabin service, and
baggage handling. The costs are a sum of the frequencies with
which each vehicle flies each route, Fry, times the cost for
that vehicle to fly that route. COSTrv is composed of total
block hour direct operating costs for a given vehicle on a given
route plus indirect operating costs associated with landing and
gate operations plus landing fees.

Another way to visualize total costs, COSTT, is shown in equa-
tion (4.4).

(4.4) COSTT = Z E P~ 
. (IOC~) + E E Fry (DOC~)

That is, total cost in the sum of indirect operating costs for
passengers in markets in by routes r, (IOC~), with direct

• 
operating costs for aircraft v on route r, (DOC~).

The FA-4 model is sensitive to the rise in passenger demand
• 

• 
t:-~ggered by an increase in service in a market, equation 4.5.

(4.5) Din = ~ f~j d~

This equatiçri states that the demand in market m, Din, is a
factor of f~, a bounded component of the demand frequency curvefor market in (shown in Figure 4.0), and dj~, the slope of thecorresponding segment of the demand curve.- This curve, as
noted previously, is calibrated from historical demand and

-
‘ frequency combinations.



Equation (4.6) establishes the shape of the demand frequency
curve.

(4.6) D~ = K(t0 + 6/frequency)~~~
3

Here, K is the calibration constant and to is the sum of the
flight time, access, boarding, and egress time. The term
6/frequency is the schedule inconvenience and is expressed as
the average wait time.

Two definitional equations are necessary to complete the mathe-
matical description of the model. The first merely establishes

• the total frequency in a market:

(4.7)

This equation says that the total frequencies for the purpose of
calculating the demand equals the sum of the frequencies of all
the vehicles over all the routes,

~~
E F r •

Each route frequency is weighted by a factor W~~, for each market.If the route serves the market nonstop, W~~ is unity. If it serves
the market with intermediate stops, the value of Wrm is less than
one. The weighting function is complex and depends on the absence
of historical nonstop service. If the route does not serve the

. 
market at all, Wrm is set equal to zero.

The second definitional equation expresses the total demand in
each market, Dm, as a sum of passengers using one or the other
market routes:

(4.8) 
~m~~~~~

1
~mr -

This identification is necessary so that the load factor constraint
can be written. The load factor constraint sums the seats avail-
able on each link of each route r:

:~ 
(4.9) z Fry Sv ~ 

Dmr

The capacity of each vehicle S,, times the frequency of that
vehicle on the route Fry must exceed the sum of the demands
using that link. 

20 
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Lastly, the activity at each airport is summed by summing the
1. route vehicle frequencies which use the airport. This sum may

be subject to a limit DEPc:

(4.10) E E Frvc ~ DEPc

It is this airport activity provision which allows FA—4 to test
the system impacts of quotas, peak-pricing, and/or other airport
capacity constraints.

• This completes the description of the mathematics of FA-4.

‘C

I 
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4.1.3 Data Recjuirements

FA-4 has a wide number of options for inputting data and
greater or lesser degrees of internal preprocessing are
available. The following information must be provided in
the minimum case:

1. IOC ’s: cost per aircraft departure, aircraft
miles, passenger boarding, and passenger miles.

2. Fare structure: a zero distance cost, plus a cost
per intercity mile.

3. Generalized equivalent nonstop frequency values for
one-stop and two-stop services.

4. Station data: each airport name, the maximum daily
departures, if there is a limit, and the landing
fees, if any.

5. For each aircraft type: zero distance block time,
cruise speed, seating capacity, cost per hour,
maximum daily utilization, number of aircraft
available.

6. For each route: the cities on the routes in the
order served and the aircraft forbidden on each
route (aircraft costs and times can be computed if
not input here).

7. For each city pair market: the intercity distance,
the demand curve as a series of straight line
segments input as break points and slopes, and the
maximum load factor. (Specific equivalent frequency
coefficients may be input. Fares will be computed
if not input here.)

The 23 city network evaluated by FA-4 for this analysis was
• first run for the year 1975. Demand, fare, and cost data for

the year 1974 were used for calibration. The only changes for
runs simulating later years were the demands. The 1974 dollars
were used for both costs and fares throughout.

Table 4.2 lists the aircraft costs for the two vehicles
postulated in this analysis. It was possible to introduce
intermediate vehicle sizes. However, FA-4 can artificially
create middle size aircraft by mixing service with the two
extremes. Service with one wide aircraft and two small aircraft

7 was the equivalent of three services with a 153 seat aircraft.
This approximation reduces the size of the problem without
sacrificing accuracy.

22
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TABLE 4.2

AIRCRAFT COSTS Y

NAME SMALL WIDE

Seats 80 300

Load Factor Maximum 53% 53%

Cost Per Hour $775 $2 ,214

Speed 510 mph 510 mph

Take-off and Climb Time 15 m m .  15 m m .

Landing Fee and IOC $156 $328

1/ Thes&costs~~re above 1974 reported costs because depreciationhas been replaced by a dry lease cost , which includes a return
on investment . Costs for the 80-seat vehicle exceed E-737 and
DC-9 costs because these two aircraft are short range while
the 23 city network operated long-range flights. Sources:
CAB Aircraft Performance Data , 1974 , and “Flight International, ”
January 3 , 1974.
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4 Indirect operating costs were estimated from empirical data
to be $0.025 per revenue passenger mile and $8.00 per passenger

• boarding . ~/ These figures represented long-run marginal costs,
- which include a certain amount of lover management and sales
- overheads as well as the direct handling costs. Fares were

approximated by the formula $16.80 + $0.0692/mile. This
was 5 percent over 1974 fares. ~/

4
’-

if A Multi Regression Analysis of 1OC ’s,” Simpson, P., and
Taneja , N. ,  Massachusetts Institute of Technology , Flight
Transportation Laboratory , FTL-R—67 -2.

~/ 
Derived from May 1, 1974 OAG.

1 
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4.2 Aircraft Scheduling~

The fleet assignment process described in the preceeding
section is a simulation of the procedure an airline follows
in developing its fleet plan. The fleet plan then becomes
the basis for the immediate airline schedule. Airline
scheduling is the process of compromising between the times
of departure which best serve passenger demand and the times
which allow for the best utilization of the available fleet
of aircraft. This section describes the aircraft scheduling
process.

4.2.1 Passenger Demand

For each city-pair market there are recognized preferred
passenger travel times. Passenger preferences can be
observed and represented by hour of the day, distribution
of demand , or profiles of desired departure times. As an
example of this, the time of day passenger travel preference
for eastbound and westbound markets in the 1,200 mile range
is shown in Figure 4.4. These histograms, showing the percent
of total daily passengers on 1,200 miles markets preferring to
travel at different hours in the day, were developed from an
analysis of time of day seat departure patterns scheduled in
the May 15, 1974, 0kG. Other histograms were developed for
short-haul, north-south markets, and for east and westbound
medium, long, and continental distances. In all, eight
passenger demand profiles were developed and used for this
analysis. These profiles are shown in Appendix C.

In each market profile, passengers can be grouped into equal
size segments of demand. That is, demand can be represented
by clusters or groups of equal numbers of passengers. At
peak hours of demand, groups of passengers occur more
frequently than during off-peak hours. For convenience,

• each passenger group can be equal in number to the seating
capacity of a commercial aircraft. The airline schedule

3 must provide aircraft of sufficient capacity to service
these groups of passengers at the times when they prefer to
travel.

C
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4.2.2 Fleet Scheduling

In the absence of any constraints on number of airplanes avail-
able, an airline scheduler would assign aircraft departures to
the mid-point in time of each group of passengers, or segment
of passenger demand. At peak hour of demand , the time between
aircraft departures would be short, while in off-peak hours,
time between departures would be longer.

The scheduler has a limited number of aircraft to use, however,
and must service passenger demand with the aircraft available.
To do this, he must move some flights away from the “ideal”
schedule. For example, he must move some flights to an earlier
departure, allowing them to connect at their destination with
outbound flights. Or he may delay departures to connect with
arriving aircraft.

The same scheduling strategy was used in this analysis. A
scheduling model, SKEDGEN, began with a list of nonstop routes
and associated frequencies of service. These were provided by
the fleet assignment model, FA-4. Multistop routes were sepa-
rated into their component nonstops and added to the nonstop
listing. Then, an “ideal” schedule was developed to satisfy
the demand. Aircraft were, assigned departures at the mid—point
in time of each group of passengers desiring air transportation.
Then, in the manner of an airline scheduler, SKEDGEN adjusted
departure times from ideal to minimize the number of aircraft
required.

For the schedule adjustment operation, all the arrivals and
departures at one airport were considered. Aircraft arrivals
were advanced and/or departures delayed in order to allow
single aircraft to serve on a connecting flight where two
had been required for independent operations. This was con-
tinued so long as it did not interfere with aircraft schedules
at another facility. Once the schedule at the first airport

9- was adjusted, SKEDGEN considered the arrival/departure schedule
at the next airport, and so on. The result of this fleet
minimizing heuristic was an “Official Airline Guide” (0kG)
type timetable of arrivals and departures for the entire system.
As an example, the OAG generated for Chicago, O’Hare, year 2000,
is shown in Figure 4.5.

Another key output provided by SKEDGEN, the one important for
delay calculations, was the time of day history of aircr•~ftactivities at each airport. These histories, derived from the
arrival and departure timetables, give the amount of peaking at
an airport, a fundamental characteristic in the delay computa—
tions. The time of day aircraft movements forecast at Boston
for the year 2000 are shown as an example in Figure 4.6.

- - 27
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FIGURE 4.5
FORECAST SCHEDULE OF FUGHT ARRIVALS AT CHICAGO OHARE
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FIGURE 4.8
TIME.OF•DAY AIRCRAFT MOVEMENTS AT BOSTON, YEAR 2000

TIME 
NUMBER OF ARRIVALS AND DEPARTURES

OF DAY 
— 

10 20 30 40 50

2
3
4
5
6
7 DDD000ADD
8 DDDDAAADOO DADDDA
9 DDDDAADAAD DAADDADADD DAA000DA
10 DDDAADADDD AAADAADADD DADAAAADDD A
11 OOAAADDDAD DAAADDAAAO DDDAA000AD
12 DAAAADDAAD AAADADDAA A ADDAADAADA A
13 ODADADADAD AAADDAAAAD DDAAAC~A
14 DADAAADDAA DADDDAAADA AADDDDD
15 DAAADDDDAD DADDADDAAA AAADDAADD

-
. 18 AAADAADDAA A000AAAAAA DDODA

17 DDDAADAADD AADDDDAADD DAAADDAAAD A
18 ODAA0000AA A000AAAA .AA DDDADDAC ’DA DAA
19 DDAADDDDAA DDDAAAAAAD DADAADDDAD DADAAADDDA
20 DAADDDDOAA DDDDAAAAAD DAA000ADDA A
21 AADDAADAAD AADDAAAAAD DDDA

• 22 ADDDAADAAA AAA
23 DDAADAADAA A
24 AAAA

28 OVERNIGI4T ING AIRCRA FT

A: ARRIVAL
D: DEPARTURE

C
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4.3 Delay Calculations

The estimation of average and total airside delays at major
airports is usually based either on queuing theory or on
computer supported simulation. Alternatively, an extensive
data collection program on delays at the airport of interest
can be initiated . The work described here uses a simple and
practical tool, A Handbook of Airp~rt Delays, from which
airport delays c~nbe estim~~ea using the knowledge of a fewbasic variables associated with any given airport. ~~~/

The basic quantity with which the handbook deals is that of
average total daily delays (TDDEL’s), i.e., the total delays
experienced in the course of a typical day by aircraft attenpt-
ing to use the runways of an airport. The delays referred to
here are solely those due to normal runway congestion and
do r.ot reflect problems that n~ay be due, for instance , toexceptior4al weather conditions or to other causes. No dis—
tinction i~ ma d e between delays suffered by lanc~!inq aircraft
which have to queue in the air and those suffered by departing
aircraft on the ground.

4 • 301 Th~ Handbook of Airport De1a~~

The Handbook of Airport Delays is a ccllection of data
statistics for a set of demand profiles specifically chosen
to represent observed current demand patterns at air carrier
airports. These profiles are used by computing airport d e l a y s
by matching the demand profile under observation with that
profile it most closely resembles in the Handbook of Airport

lays.

Standard profiles in the handbook were developed from traffic
patterns at the top 100 U.s. airports. !/ Two basic descrip-
tions of demand characterize the profiles developed .

1. The number of daily peak periods. This
identifies the general shape of the demand
prof i le .

3/ A }~~~d~ook~~~Tthe rstimation of Airside De1~ys at ~~j~r- 

~~~~~ rts , ae~~~ d~~Y~~~d Pee~~ r~~I~~~tu~ TASA ~~n~rac~i~or
C P.epc’rt NASA CP—2 644 , June 197~ .

4/ Profiles of Scheduled Air Carrier Air?c..rt 2peratioris —

Top 1~0 u~~.
• 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

~e~~T ~~TatTh~ ~~7niri istration , rovember l97~ , and
’

August 1974.
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2. The “peak-hour operations as a percent of
total daily operations.” This is a rough
indicator of the sharpness of the peaks and
valleys in the demand profile. .~./

Ten profiles developed were representative of the traffic
patterns observed at the top 100 airports. These profiles
are identified below.

NP 7 - no peak 7% OP 7 - one peak 7% TP 7 - two peak 7%
NP 8 - no peak 8% OP 8 - one peak 8% TP 8 - two peak 8%

Op 9 - one peak 9% TP 9 - two peak 9%
OP1O - one peak 10% TP1O — two peak 10%

The graphs of TDDEL, for each of the ten profiles plotted
against an average “hourly ” capacity , are provided in the
handbook with the computational techniques described in this
section. These ten TDDEL graphs are the core of the handbook.
The user selects one of the ten profiles most closely matching
the observed airport profile. Knowledge of the airport capacity
then allows straightforward graphical lookup from the appro—
priate TDDEL graph. For example, Figure 4.7 illustrates the
“two peak; 8 percent’1 (TP8) standard traffic profile. For
this profile, total daily delay values (TDDEL ’s) were developed
using the delay programs discussed in Section 4.3.2. These
are shown as a series of nomographs in Figure 4.8. Given an
airport with a TP8 profile, 86 operations/hour capacity, and
92 operations in the peak hour , daily delay is approximately
5,400 minutes.

4.3.2. Delay Programs

The pri~nary tool used for the computation of the TDDEL graphs
was the DELAYS set of computer programs developed at the Flight
Transportation Laboratory of MIT. A summary description of
the theoretical development is given in the technical
discussion.

• Briefly , the programs are used as follows :

1. The input information consists of the “standard ”
hourly profiles of total demand (total of demanded
landings and take—off s); the average hourly satura—
tion (or “maximum throughput”) capacity ; and the
number of runways assumed./

~~~~~~ ~‘or Ehe generalizations made to fill out the shape of
the remainder of the profile the reader is referred
to the handbook.

~~~~~~~~~~~~~ ~I~TI. -‘ ~~~
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FIGURE 4.8
AIRPORT DELA Y VALUES

TWO PEAK 8%
10,000 - SATURATION - iso

-

•

~~~1,0o0

- I I i EXAMPLE #2

/ / / p = 8 6  OPERATIONS
PEAK HOUR - 92 OPERATIONS

- EXAMPLE #1 
DELAY 5.400 MINS.

p1 66
• • PEAK HOUR - 49 OPERAT ONS

DELAY - 500 MINS.
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2. The output of the computer programs provides
estimates on various delay—related statistics.
The quantity of concern in the work under
discussion here is the (average ) TDDEL in
minutes for each of the standard profiles and
for each value of saturation capacity.

3. In order to compute the various quantities of (2),
the computer programs obtain upper bound estimates
and lower bound estimates for each quantity of
interest. A weighted average is then computed
from these two limits. The upper bound estimates
are computed from a so-called M/M/k (negative
exponential service times) queuing model, and the
lower bound from a M/D/k (deterministic service
times) queuing model (see Appendix D).

Throughout this report the weighting formula used to compute
average total daily delay is:

TDDEL = 1/3 (TDDELM/~I/k) + 2/3 (TDDELrI/D,k)

That is , the upper bound estimate of average total daily
delays receives a weight of 1/3, and lower bound receives
a weight of 2/3. The details and the validity of this
procedure are discussed in the next section .

4.3.3 Technical Discussion of Delal Models

The theoretical model presented here i~ based on the earlier
work of Koopman .!~/ and is a quite straightforward extensionof that work to the case of multiple servers (i.e., multiple
runway airports). This section provides an intuitive ex-
planation of the basic rationale, the assumptions used,
and of the limitations of the models fundamental to the
Handbook of Airport Delays. More rigorous treatment of the
theoretical questions are provided in the literature. 2/
The model considers an airport as a set of independent,
parallel servers (the runways). A schematic representation
of this system is shown in Figure 4.9.

6/ HAir ~ e~~Tha1~~~ eues tInder Time-Dependent Conditions , ”
B.O. KoopmarA , Operations Research, Vol. 20, 1972,
pages 1089—1114.

7/ Op. Cit.
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FIGURE 4.9

SCHEMATIC REPRESENTATION OF THE QUEUING MODEL

Al RPORT

~~~NDINGS T RUNWAY 1

• DEMAND _ _ _ _ _ _ _ _ _ _ _

- 

- • 

~~~~~~~~~~~~~~~~~ RATE —0 1 RUNWAY 2

,1 
_ _

RUNWAY k
TAK E OFFS

SERVICE
RAT E k~p(t )
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It is assumed that the total demand at the airport--that is,
the sum of the demands for landing and for take-off s--is a
Poisson process with a time—dependent average demand rate,
given by A C t ) .  The Poisson assumption for airport demand
is consistent with actual observations at several major
airports and has been used extensively in the literature. !/
By contrast, the form of the probability law describing the
duration of a service at the runways is still a matter for
speculation. 21 The duration of the period, during which a
runway is busy with an aircraft, depends on such diverse
factors as type of operation being conducted, weather, air-
craft mix , runway configuration in use, runway surface
ccnditions, location of runway exits, air traffic control
equipment, requirements for minimum separations between
aircraft, pilot, and air traffic controllers performance,
etc. Following the example of Koopman, it is observed that
the duration of the service times must be “less random” than
the perfect randomness described by the negative exponential
probability density function and “less regular” than the
perfect regularity described by deterministic service times.

The last point is a crucial one as it drives the approach to
the problerr~: obtain upper and lower bounds on congestion-
related statistics by noting that a worst case is provided
by the negative exponential service assumption M/M/k and a
best case by the deterministic service assumption MID/k.
The rationale, of course, is that, if--for the set of para-
meter values prevalent at the airports under consideration—-
the upper and lower bounds turn out to be reasonably weighted
ccmbination of the two can be used as a good approximation
of the actual statistics desired.

8/ Models r Rui~~ y Capacity Analysis, R.M. Harris,Report I-~ITP.E, the MITRE Corporation , McLean, Virginia,
December 1972. Also, Analysis of a Capacity Conce,p,t for
Runwa1 and Final Approach Path KIr~~ace, U.S. NationalBureau ~~~~~~~~ rds, ~‘~~~rt No. NBS—T~Tll, kD—698-521,November 1969.

C

9/ An Analytic Investigation of Air Traffic in the Vicinity
6! Terminal Areas, A .R.  dd~~i peratidns~~e~~~rch Center,Massachusetts Institute of Technology, Cambridge , 1969.
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h ere, then, is the strategy to be followed: Given an
airport with k independent runways, each of which has a
time—dependent average service rate A Ct), solve iteratively,
and for the desired period of time, two systems of equations,
one describing a~i !j/M/k queuing system and the other an M/D/kqueuing system. ~.9i The actual values of interest will then
be bounded from above and below by the values obtained from
these two queuing models. This whole approach is dictated by
the fact that the differential equations describing an M/G/k
(arbitrary) queuing system--a more realistic model for the
case of interest—-are unwieldy even for the purpose of
obtaining numerical solutions.

Assumptions in the Model

To complete the description of queuing models which are
fundamental to the airport delay calculations, the assump-

- . tions which were made are identified here. The most
important of these, from a practical viewpoint, is the
assumption of the existence of a single queue of aircraft
awaiting use of the runways on a strictly first-come, first-
served basis. Thus, there is no distinction between landing
and departing aircraft. While, in practice, the average

- 
- service times (and the probability distributions) for

- 

- -
~ landings and take-offs are different, a single weighted

average service time for both kinds of operations is used .

• Another assumption is that all active runways (or, all the
parallel servers in Figure 4.9) operate independently and
are identical. In practice, runways often cannot be operated
independently , since operations at one may affect those on
another, due to airport geometry. Again , from the practical
viewpoint, this assumption is not too restrictive since depend-
encies ainoncj the servers, if they exist, can be accounted for

• by adjustinq the service rates accordingly. As an example,
consider an airport with a single runway which can handle, say,
50 a i rcraf t  movements per hour , i.e., the average service time
in 72 seconds. Suppose, now, that operations are begun at a

• second runway which intersects the first one. Then, the over-
all airport capacity might increase to, say, 80 operations per
hour, and not to 100 as it would if the two runways were

- V. independent. To eccount for this in our model, we would then
assume the existence of a single iridepend~nt server, with anaverage service time of 45 seconds, for an overall airport
capacity of 80 movements per hour.

10/ The 7k~~~fl~17D/k queuing systems are described inAppendix !).
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Obviously, the number of state-transition equations,
describing the queuing models and being iteratively solved
by the computer , must be finite. Since the number of such
equations is equal to the number of states in the queuing
model , it must be assumed that the queuing system of
Figure 48 can accommodate up to a maximum of m aircraft
(including the ones in service at the k servers). The
variable m can be selected large enough to make it highly

• unlikely that the number of aircraft in the terminal area,
at any given instant, will be equal to in.

Finally, it is assumed that successive service times are
statistically independent. This is substantially true
in reality, as little attempt is made under today’s air
traffic control regime to sequence operations in anything
but a first—come, first—served way. Successive service
times are, therefore, randomly mixed according to tI~e mix
of aircraft with little or no interdependence among them.

C
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5.0 Analytical Approach

Peak—pricing and quotas were evaluated in this analysis on
the basis of potential reductions offered in congestion and
air carrier delays at the 25 largest air carrier airports.
Delays were computed assuning a system of: (1) conventional
airport improvements, (2) peak pricing ar.d quotas, (3) U~3i~,D
improvements, and (4) peak-pricing and UG3RD. r~ifferentscenarios were developed to represent these situations.

Airline passenger enplar.ements through the year 2000 were
forecast, and the airport network model, introduced in
Chapter 4, was developed to translate these anticipated
enplanexnents into projected air carrier aircraft operations.
Delays at each airport were computed on the basis of air
carrier traffic projections.

Total airj~ort system delays were assessed for each scenaric .
• The alternatives under review, peak—pricing , quotas, and the

UG3RD, were evaluated by comparthg system delays in each
scenario .

The work program underta}.en to accomplish this analysis can
be divided into four major elements:

1. Development of scenarios

- ‘

~~ 2. rassena~r Demar~. Forecast

3. Air Traffic For~c-ast

4. Pelay Computation

Each of these elements is eiscussed in the following zectior.s.

I.

C
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5.1 Development of Scenarios

In order to test the impact of quotas and peak-load pricing
on airport system delays, a series of four operational
scenarios or situations was developed. Each scenario
defined a unique air transportation system in terms of
airport capacities and air traffic demand. Two of the
scenarios employed peak-pricing and quotas, two did not.
Each Ecenario, however, provided for equivalent numbers
of air passengers carried.

The four scenarios included;

o r~ase Case Scenario

The airport system enhanced only by conventional
capacity improvements

o Peak Pricing and Quota Scenario

Pricing and administrative options provided in
addition to conventional airport improvements

o t G3RD Scenario

Airport c~pacities were enhanced with UG3RD hardware
features ~/

o Peak-Pricing and UG3RD Scenario

Peak-pricing schedules supplementing UG3RD hardware
improvements

In the Base Case scenario, airport capacities were generally
defined by the present system. Time phased capacity
enhancements provided by conventional hardware improvements
(parallel runways, extended runways, extra taxiways, etc.)
over the period 1975-2000 were identified by the MITRE
Corporation . y Typically, a schedule of capacities, or
throughput rates, were identified for each airport in the
network at 5-year intervals through the planning period.

• if UG 3RD components are described in The National Aviation
System: Challenges of the Decade XH~ad, 1977 - 1986,

DOT, FAA, 1976.

2/ Airport capacities and improvement schedules under each
scenario are defined in the MITRE Corporation memorandum
W 43—127.7, July 31, 1975.

40
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Discussions of the subject of airport capacity often assume
a single value. Actually, airports may have numerous
capacities, each operating at different times.

In the Base Case scenario, airports were identified by up to
four capacities. At most airports, Visual Flight Rules (VFR)
capacity exceeded the capacity under Instrument Flight
Rules (IFR) conditions. This is explained by the fact that
aircraft operating in visual conditions are able to main-
tam closer separation, which means that more aircraft can
use the facilities in a given period of time. Similarly,
at most airports there is a difference in capacity when
aircraft are using the normal duty runways and the capacity
which prevails during cross-wind conditions when an alterna-
tive runway is required . Airports are generally configured
to provide maxiruxn capacity during normal wind conditions.

rj.he case of Boston ’s Logan Airport can be used as an example.
The four current Base Case capacities at Logan are shown
below:

flunway
Strateg~~~ IFR VFR

Normal 
— 

53.9 111.3

- 
• Cross—Winds 50.3 89.8

The relative percentage of times in each condition are as
follows:

- Runway All
Strategy ____ — 

IFR VFR Conditions

Normal 
_______ ____ 

8% 63% 71%

Cross—tiinds 
____ 

8% 21% 29%

All Conditions 16% 84% 100%

For each time period , each of the capacity measures shown
above and the percentage of time in that capacity condition
is figured in the analysis.
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5.2 Passenger Demand Forecast

The scenarios described in Section 5.1 were compared by
examining the capacity of each to accommodate air passenger
forecasts through the year 2000. These passenger f orecasts ,
developed by the FAA ’s Aviation Forecast Branch, are shown
in Table 5.1. For a quantitative discussion of the forecasting
methodology, the reader is referred to Appendix A in Aviation
Forecasts--Fiscal Years 1975 to 1986.

Projected air carrier passenger enplanements are derived from
econometric forecasting models. The fundamental assumptions
underlying these models are that various measures of
aviation activity are related to the level of economic
activity and that the various activity measures are
dependent on one another in a predictable way. The model
for air carrier enpianements is based upon economic data
from the years 1964 through 1973. The model relates level
of air carrier activity to the total consumption of services,

• the number of civilians employed , investment expenditure in
the aircraft industry, the price of air travel relative to
that of other modes of transportation, and purchases of
automobiles. Tests of the model show that an increase in
automobile purchases or air fares can be expected to result
in a decrease in revenue passenger enpianements, whereas
increasing the portion of the population that uses air

• carrier services , improving the level of service, or increas-
• ing the consumption of services can be expected to increase

enpianements.

C

~
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TABLE 5.1

UNITED STATES CERTIFICATE D ROUTE AIR CARRIER
DOMESTIC SCHEDVLE~~PASS!NGER TRXPFIC i,’

Fiscal Revenue Passenger Enplanements
Year (Millions)

1975 200.7
1976 215.3
1977 231.0
1978 247.8
1979 262.3

I’ 1980 276.1
1981 288.5
1982 301.7
1983 315.0

• 1984 328.9
1985 346.0
1986 355.0
1987 369.1
1988 383.9
1989 399.1
1990 • 415.1
1991 431.8
1992 448.4
1993 466.3
1994 483.7
1995 502.1
1996 520.7
1997 540.7
1998 561.5
1999 588.2

— 

2000 604.5

1/ UG3RD Baseline and Implementation Scenario. National
— Baseline Forecast . FAA Policy Development Division ,

November 20, 1975.
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It was assumed for the Base Case scenario that aircraft
were serviced , or allowed runway access on a first come,
first served basis. With no priority system , therefore,
the probability that any one type of aircraf t was f irst
in the queue for runway use was equal to the relative
percentage of use by that type (air carrier, air taxi,
military , etc.). At each airport, it was assumed that
military , commuter , air taxi , other general aviation ,
and nonscheduled operations accounted for 20 percent of
the runway demand throughout the day. ~./ This was
accomplished in the analysis by assigning 20 percent
of available airport capacity to these users.

Airport capacities in the Peak-Pricing~ and Quota Scenariowere the same as described in the Base Case throughout
the planning period. However, airports were assumed to
price non-air carrier traffic (defined here as military,
air taxi , commuter , other general aviation, an d non-
scheduled operators) out of the system whenever delays
were encountered. At most airports, this still allowed a

• variable amount of unscheduled use during VFR or off-peak
conditions.

In the Peak—Pricing and Quota Scenario, airport which
experienced significant annual average delays imposed peak-
pricing schedules to smooth air carrier demands. A 6-minute
rule was used to identif y significant annual airport delay.

-
• At 6 minutes of annual delay , an airpor t experiences

noticeable delays in all operating conditions. Dur~ngVFR operations, which typically occur approximately 85 per-
cent of the time, delays amount to slightly less than
4 minutes on the average. In IFR conditions, average delay
can approach 20 minutes per aircraf t movement, or 40 minu tes
per flight, and airlines may begin to cancel operations. For
this analysis, peak-pricing schedules were implemented by
smoothing passenger demands on flights which arrive and
depart congested airports. This had the effect of smoothing
aircraft demand. Finally , absolute daily quotas were
imposed whenever peak-time pricing was inadequate to
limit average annual delay to f minutes or less.

3/ This assumption was made in order to facilitate the
analysis. Latest figures show that general aviation ,
air taxi (commuter), and military aircraf t tra f f i c
ranges from 13 percent of all operations (in Atlanta)
to 65 percent (in Las Vegas). This traffic averages
20 percent of total at the top seven commercial airports,
and for this reason , the 20 percent estimate was chosen.
The reader is referred to FAA Air Traffic Activity,

~ CY-1974, DOT, FAA, March ~~~~ page 34. Also , The
National Aviation ~y~ tem: Challenges of the De~~~eAhead, 1977—1 986, DOT, FAA , 1976 , page 5. 

-
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Airport capacities in the UG3RD Scenario, the third of four
scenarios developed, were enhanced by time—phased implementation
of conventional improvements, as well as the technical features
of the UG 3RD . One of these features, the Wake Vortex Avoidance
System (WVAS) , is programmed to detect wake vortex dissipation,
and will allow terminal aircraft operation at lower separation
standards and higher frequencies. This adds a third dimension
to the airport capacity matrix, as shown below for Logan
Airport.

LOGAN AIRPORT CAPACITY, YEAR 2000

Wake Turbulence
No Wake Turbulence IFR VFR

66.8 : 129.~~
Normal Winds : 82.1 : 135.9

58.3 : 97.0
• Cross Winds : 58.9 

— 
: 107.0

The percentage of time in each condition is as follows:

Wake Turbulence
No Wake Turbulence IFR VFR

: 2% :
Normal Winds : 6% : 13%
_ _ _ _ _ _ _ _ _ _ _ _ _  - 

2% : 8%
Cross Winds 

— 
: 6% : 5%

In other words, each of the airports in this scenario can be
described by up to eight capacities, each one operating at
different times. The capacity estimates for all airports
evaluated are presented in Appendix E.

The fourth, and final, case is the Peak-Prici~g,~ UG3RD Scenario,
which incorporates UG3RD improvements, as well as the peak-
time pricing strategy already described. Because of the
increase in airport capacities provided by the UG3RD, and
the smoothed demand under a peak-pricing schedule, no quotas
were required in this scenario.

C
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Numerous assumptions were made regarding the general
economic climate for the planning period of this report.
These assumptions and the forecast economic var iables
for the air carrier enp ianement models relate to those
variaUes used by the Council of Economic Advisors. The
factor s c3iscussed here include forecasts of several of
these 1~~~ economic indicators. 4/

First, the Nation ’s gross national product (CNP) in
constant 1958 dollars is forecast to increase from $748 bil-
lion (-~st ) in 1975 to $1,169 billion in 1985, an average
growth rate of 4.0 percent per year . C,NP is estimated
to reach $1,870 billion by the year 2000 at an average
growth rate of 3.2 percent per year . See Figure 5.1.
Populatir-n is expected to grow at the rate of 1 percent
per year. -

Total i’ersonal consumption expenditures are expected to
increase from $533 billion (est) in constant 1958 dollars
in 197~ to $770 billion in 1985 , and ~l,20l billion in 2000.See Figure 5.2.

It is anticipated that the inflation rate will decrease
from 1C.l percent (est) in 1975 to an average of 7.1 percent
per year until 1980, then 5.5 percent per year from 1980
to 1985, and then 5 percent per year from 1985 until 2000.

Finally , real personal disposale income (RDI) is expected to
grow at. an annual average rate of 4.5 percent for the period
1975 through 1986, the rate of growth (about 5.2 percent)
increasing for the 1987 through 1990 period and slowing
(about 3.4 percent) for 1991 through 2000. The assumed
increase in RDI’s rate of growth for 1987 through 1990
is based upon the expectation of continued strong expan—
sionary fiscal policies and large catch-up wage gains
after a prolonged drop in real wages. The relatively
slower ra te of growth over the 1990 through 2000 period
is attr ibuted to expected moderation in wage demands,
constraints placed upon Government expansionary policy
due to increased tax burden , rekindled inf lationary
pressures stemming partly froi~ earlier wage gains , and
partly from energy shortages and expected capacity
bottlenecks impacting on employment.

4/ ~ro~rided bj~ UG3RD Baseline and Implementation Scenario,FM Poli cy Development Divi~T~n , November 20 , 1915.
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Passenger enplanement forecasts , once developed , were used
to derive projected passenger demands on each city pair market.
Using 1974 as a base, the growth rate of passenger enpianements
was computed at 5 year intervals through the year 2000. This
growth schedule, roughly averaging 4.5  percent annual increase ,
is shown in Table 5.2.

To establish the level of activity in 1974 , current ( 1974)
passenger demand on each city pair market was compiled from
Civil Aeronautics Board (CAB) publications. Y This passenger
demand is presented in Appendix F. Passenger forecasts were
then derived by multiplying the number of passengers on each
1974 market (Appendix F) by the growth factors shown in
Table 5.2. This provided an estimate of the passenger demand
on each city pair market for each forecast year through the
planning period.

5.3. Air Traffic Projections

- 
• Aircraft traffic projections were derived from passenger

enplanement forecasts using the airport network model
described in Chapter 4.0. Delays at each airport, then,
were computed from these air traffic projections.

Several features of the network model that should be mentioned
here. First, while there are 25 airports in the model, a
consolidation of airport in the New York Hub, JFK, LaGuardia,
and Newark , reduced the number of network cities to 23.

- -- Although New York was treated as a single travel destination
for modeling purposes, air traffic was manually divided among
the three airports so that delay levels were equalized. In
Washington , D.C., National Airport remained the destination
of all Washington traffic now serving the airport. No new
nonstop authority was assumed. Therefore, direct flights
from DEN , DFW, HNL , IAH , LAS, LAX, MCI, SEA, and SF0 did
not serve National Airport.

Nonstop and multistop markets or flights were developed to
link the 23 network cities and provide alternative routes
for meeting passenger demands. With such a large network,
a formidable number of nonstop and multistop city pair
flights could be hypothesized. A strategy was developed
to limit the alternatives to the most likely city pair
combinations.

5/ This was compiled from the May 15, 1974 , OAG and from
Tables 8 and 10 of the 1974 annual Civil Aeronautics
Board Origin and Destination Tables.
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TABLE 5.2

SCHEDULE OF PASSENGER ENPLANEMENT GROWTH

1974 Base

Year Growth Factor

1975 . 1.00~

1980 1.30

1985 1.74

1990 2.07

1995 2.51

2000 3.02

C

I
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First, all markets currently receiving nonstop service con-
tinued to receive service throughout the planning period. This
amounted to 243 direct city pair routings. Those markets served
exclusively nonstop were generally not offered other possibi-
lities, i.e., one stop or two stop service.

Multistop flights were added next. All one and two stop
markets now being serviced were offered several alternatives
in both routing and number of stops. All flights through
Chicago, for example, were provided alternative routings.
When complete, the model included 445 nonstop, one stop, and
two stop route options. These are listed in Appendix G.

With all possible city pair routings fully defined, the
airport network model was exercised to derive air carrier
flight activity from the passenger enplanement forecasts
presented in Section 5.2. Activity was described in terms
of hourly operations throughout the average day at each of

• the 25 airports in the network. Forecasts were developed
for 1985, 1990, 1995, and the year 2000. A summarization
of this daily airport activity is shown in Table 5.3.

It is noted that the 1995 and year 2000 forecasts show
two estimates of average daily airport activity levels.
Numbers in parentheses represent projected operations for

-
• the peak pricing and quota scenario, which are different

front the other three scenarios. Not only are the total
number of operations different in this scenario, but the
profiles of flight activity are different as well.
Appendix 1 compares the projected year 2000 activity
profiles for each airport in the network under Base Case
and peak pricing/quota assumptions. The profiles show a
noticeable difference in the peaking characteristics of
airport traffic in each scenario.

5.4 Delay Computation

As noted in the previous sections, implementation of the
scenarios described in Chapter 4 resulted in airport traffic
levels which were unique in terms of numbers of overall
operations, and/or the pattern of traffic activity through-
out the day, and/or the capacity available for air carrier
operations at each airport. Consequently, each scenario
established a different level of airport system delay. The
computation of anticipated delay was accomplished with the
model described in Section 43. The procedure adopted in

- 

- this analysis for applying the model and computing airport
delays is explained in the following paragraphs .
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TABLE 5.3
FORECAST AIR CARRIER DAILY OPERATIONS 1/

FAA UG3RD EVALUATION
COMPLEMENTARY POLICY STRATEGIES

• OFFICE OF AVIATION POLICY

AIRPORT 19952’ 200021’

ORD 1842 1875 2030 (1875) 2215 (1875)
BOS 815 900 1000 (1000) 1150 (1150)
SF0 843 915 995 (965) 1095 (1098)
STL 576 708 830 (825) 909 (904)
DEN 738 933 970 (975) 1065 (1035)
LAX 1133 1253 1502 (1502) 1725 (1715)
SEA 573 580 610 (600) 695 (710)
PHL 481 519 565 (565) 750 (685)
CLE - 452 470 530 (555) 585 (610)
NYC3’ 1665 1745 1885 (1885) 2200 (2160)
AlL 1100 1200 1220 (1240) 1315 (1310)
IbiSY 438 475 500 (505) 570 (560)
MSP 518 550 625 (625) 665 (665)
01W 596 650 690 (665) 785 (665)
MCI 503 555 665 (680) 810 (785)
DFW 952 962 1010 (1014) 1190 (1195)
PIT 682 700 755 (750) 786 (759)
MIA 705 750 960 (960) 1075 (1070)
HOU 515 600 681 (647) 723 (694 )

LAS 396 443 526 (491) 709 (557)
HLU4’ 470 530 643 (661) 800 (826)
WA 559 581 633 (626) 674 (656)

C

‘ DERIVED FROM FAA PASSENGER ENPLANEMENT FORECASTS

2/ ACTIVITY LEVELS IN PARENTHESES INDICATE AIR CARRIER OPERATIONS
FOR PEAK PRICING AND OUOTA SCENARIO (#2).

INCLUDES JFK , LGA . EWK
I

~~~ ~~‘ HONOLULU FORECASTS ARE INVALID—LOW CORRELATION WITH OBSERVED
ACTIVITY LEVELS
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First, the airport departure and arrivals activity profiles
developed by the network model were examined (see Section 4.2).
As explained earlier, these traffic profiles represented only
the services provided among the 23 cities. To reflect the
rest of the air carrier demand, the ratio of scheduled traffic
among the 23 cities compared to all scheduled operations was
computed for each airport. These ratios are listed in
Appendix I. .~/ The ratios were then used to expand the
predicted schedules to reflect total air carrier operations
at each respective airport. The assumption was made that
for any airport in the network markets to the top 23 cities
would grow at the same rate as other commercial traffic, and,
therefore, traffic expansion factors shown in Appendix I
remained constant throughout the planning period of the
analysis.

Next , each airport activity profile was categorized by
number of traffic peaks, and the percentage of total daily
traffic operating in the peak hour. This categorization
allowed the computation of airport delays in the manner
explained in Section 4.3.

Air carrier delays were computed for each of the two to
eight hourly capacities applicable to each airport (see
Section 5.1). Within each hourly capacity, cancellations
were assumed to occur whenever the average daily delay per
operation reached 20 minutes, equivalent to 40 minutes
average delay per scheduled departure. Sufficient can-
cellations were enforced to maintain the 20 minute maximum,
on the assumption that air carriers would not allow delays
to exceed this limit.

Finally, aircraft delays and flight cancellation rates were
weighted by the relative percentage of occurrence of each
capacity condition, and aggregated by airport . The overall
result was annual average delay and cancellation rates.
These delays are listed by airport in Appendix 3. Different
annual air carrier delays are recorded for each of the four
scenarios under evaluation.

~7 
Derived from OAG, June 1, 1975, schedules.
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-1 1

The costs of air traffic delay to the airlines and airline
passengers were computed at each airport in the network
through the year 2000. The direct operating costs (DOC)
of the airlines were derived for each aircraft type from

- - 1975 CAB statisticg . The assumption was made that passenger
time was valued at $12.50 per hour. The results, by airport
and scenario, are shown in Appendix K.

4” -

C
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6.0 Results

The preceding chapters described the models applied, as
well as the approach for the analysis of the impact of
peak—pricing and quotas on airport system delay. This
chapter presents the results of the analysis. Conclusions
drawn from these findings are presented in the final
chapter of the report.

6.1 Iir Carrier Airport Delay

Airport delays resulting from each traffic distribution
(i.e., scenario) were computed for 1975, 1985, and at
5-year intervals thereafter through the year 2000. These
delays were aggregated over all airports in the 23 city
network. Airport system totals are shown for each scenario
in Figure 6.1. Delay tables for individual airports, as well
as annual system totals throughout the planning period, are
presented in Appendix 3.

• Figure 6.1 provides the means for evaluating the comparative
advantages of airport policy alternatives. The impact of the
UG3RD on airport delay, for example, may be contrasted with
delays under a system of peak pricing and quotas by comparing
the respective curves shown in the Figure.

The costs of air traffic delays anticipated in each of the
four scenarios (see Appendix K) were aggregated for all
airports in the network and discounted to 1975 dollar values. ~/
These anticipated delay costs are shown in Table 6.1. It
is noted, for example, that a peak-load pricing schedule
implemented in concert with tJG3RD technological improvements
could eliminate almost 80 percent of the cost of air traffic
delays anticipated at the 25 largest airports through the
year 2000.

H Another measure of system capacity and/or service quality is
the rate of flight cancellations at an airport. As explained
earlier, under certain heavy traffic conditions flights were
cancelled in order to avoid situations of unrealistically
large delays. These cancellations may inconvenience air

C

1/ A 10 percent discount rate was used.
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TABLE 6.1

• DISCOUNTED COST OF AIR CARRIER DELAY IN
THE 25 AIRPORT SYS~!M~~1TROUGH THE YEAR !~oo

FAA UG 3RD EVALUATI ON
COMPLEMENTARY POLICY STRATEGIE S
OFFICE OF AVIATION POLICY

DELA Y COSTS 1/
SCENARIO ($ MILLIONS)

BASE CASE $7,107 1 - -
PEAK PRICING & QUOTAS 2,489

UG3RD 3,540 J .

PEAK PRICING & UG3RD 1,504

1/ Aircraft and Passenger Delay Discounted at
10% to 1975 Dollars

C
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travellers and/or airline operators, and may be viewed as
a disbenef it. ?~/ Each scenario has its own unique traffic
distribution and, consequently, its unique flight can-
cellation rate. The projected occurrence of flight
cancellations under the UG3RD may be contrasted with
those under peak-pricing and quotas by comparing projected
cancellation rates shown in Figure 6.2.

6.2 Traffic Forecasts

Traffic forecasts derived by the airport network model
described in this report are presented in Table 5.2. As
noted, these forecasts are based upon the passenger enpiane-
ment forecasts shown in Table 5.1. Equivalent numbers of
passengers were carried in each scenario developed for the
analysis.

It is observed that the threefold growth in air passenger demand
anticipated by the year 2000 results in a less than proportional
increase in aircraft operations. At some of the busiest air-
ports, for example, annual growth rates for passengers and
aircraft operations are 4 percent and 1. percent, respectively.
An explanation for this is that many of the larger markets are
already receiving frequent service , and much of the predicted
passenger growth is accommodated with larger aircraft instead
of increased flight frequency. in addition, there is a tendency
towards more point—to-point or direct service , eliminatinc~ ~-omeof the multistop routes. This report finds that a shift towards —

wide—body aircraft utilization and direct routing of fligLts
results in less airport activity in future years than would be
anticipated from simple assessments.

In addition to accelerating the shift towards larger aircraft
• and direct routing, the peak-pricing and quota strategy imple-

mented in this analysis resulted in the rescheduling of some
(less than 20 percent) air carrier traffic. Most commercial
operations were unaffected. The non—air carrier operators,
however , were essentially “priced” out of congested periods
of operation at the primary air carrier airports. Most of

— 
the reduction in peak-hour operations, as a result of marginal

C cost pricing, came from the non-air carrier users.

2/ It is estimated that no more than 20 percent of all airline
passengers in any forecast year were subjected to flight
cancellations. In every case, seats were made available
to these displaced travellers on an earlier or later

v.. departure. In the worst case, passengers were displaced
a maximum of 2 hours from their desired departure times.
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6.3 Validity of T r a f f i c  Models

Forecasts of airport congestion and delay are sensitive to
projected air traffic activity levels. To check the accuracy
of air traffic forecasts derived in this report, avera e  daily
air carrier operations predicted for 1975 at each airport were
compared with observed activity. The OAG provided the current
level of scheduled air carrier activity; May 15, 1974, was
selected as a representative daily schedule. ~~
Results of the comparison are shown in Table 6.2. Daily air
carrier departures, actually scheduled to the 23 city network
destinations, totaled 3,244. Table 6.2 shows the network model
forecast was 3,082, within + 5 percent of observed values. As
shown , results at individuaT cities varied from the aggregate.
On the basis of this closeness of fit, it was assumed the airport
network model would predict traffic activity patterns reasonably

- 
- 

well for all future years.

6.4 Discussion of Results

This Section iS presented as an explanation of the differences
observed in Figure 6.1 “Total Annual Air Carrier Delay , 25
Airport System , ” under each of the four operational scenarios.
Boston ’s Logan Airport, year 2000, is used as an example to
illustrate the impacts of policy alternatives and capacity
improvements on airport delay. Values shown for Logan Airport
are actual forecasts developed in this analysis.

Figure 6.3 depicts the average daily unconstrained level of
air carrier operations at Logan for the year 2000.

In the Base Case, predicted Logan capacity (throughput rate)
is 85 operations per hour shown in the Figure as C1. Y
Assuming , 20 percent of this capacity is u t i l ized  or consumed

- - by other than air carr ier users, there remains approximately
68 “operations per hour ” for the airlines, shown as capaci ty
Cl “prime.” At this capacity , given the level and profile
of the demand , average delay is approximately 10.6 minutes
per operation , or almost 4 million minutes annual ly .

C 

~3/ The record now shows that 1974 and 1975 air carrier
operations and passenger enpianements were within
3 percent and 1 percent, respectively.

4/ See discussions on airport capacity in Section 4.1. The
concept of average capacity is used here for purposes of
discussion only. In reality , there are up to eight
different capacities for Logan Airport .
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TABLE 6.2

FLEET ASSIGNMENT MODEL VALIDITY CHECK

FAA UG3RD EVALUATION COMPARISON OF INTRA NETWORK
COMPLEME NTARY POLICY STRATEGIES TRAFFIC FORECASTS WITH ACTUAL

- 

- OFFICE OF AVIATION POLICY AIRCRAFT ACTIVITY

Scheduled Air Carrier Fleet Assignment Percent
Hub Departures, Actual Data !./ Model Forecasts ai Accuracy ±

NYC 373 370 0.2%
ORD 353 369 4.5
WAS 273 233 14.7
LAX 191 219 14.7
ATL 178 165 7.3
DFW 172 144 16.3
PHL 156 98 37.2
SOS 151 146 3.3
SF0 145 165 13.8
PIT 133 77 42.1
STL 119 11]. 6.7
CLE 116 88 24.1
MIA 115 98 14.8
DEN 113 116 2.7
DTW 110 115 4.5
IAH 101 75 25.4
MSP 86 81 5.8H: LAS 75 81 8.0
MCI 71 78 9.9
MSP 67 63 6.0
TPA 65 86 32.3
SEA 55 60 9.1
HNL 26 44 69.2

TOTAL 3244 3082 + 5.0%

• 1/ Daily departures to 23 city network destinations.— Official Airline Guide (OAG), May 15, 1974.

2/ Daily departures to 23 city network destinations.
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FIGURE 6.3
FORECAST DAILY AIR CARRIER DEMAND, YEAR 2OOO~J

BOSTON, LOGAN AIRPORT
125
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If, however, all other users were priced out, or otherwise
denied airport access during congested periods,~ air carrierswould have the full capacity (C1), or 85 operations per hour,
at their disposal. Airline delay under these conditions
would decrease to 6.1 million minutes a year, an average
of 3.8 minutes per operation , and a savings of 2.3 million
minutes of annual air carrier delay over the Base Case.

Figure 6.3 shows that the UG3RD would expand saturation
capacity or throughput at Logan to 95 operations per hour
by the year 2000. This is shown as C2. Assuming 20 per-
cent of T ogan traffic is other than air carrier, approxi—
mately 7(i operations per hour (C2 “prime ”) remains available
for the airlines. This capacity would result in a 4.1 min-
ute average delay for each air carrier operation , or 1.7 inil-
lion minutes annually. A pricing schedule which displaced
all but airline users out of the peak periods, allowing
air carr iers ful l  access to total airport capacity (C2),
would lower average delay to 3.4 minutes.

If landing fees during peak hours were increased to the point
where airline schedules were smoothed , additional delay
savings could be realized over those shown in Figure 6.3.
Figure 6.4, for example , shows the forecast impact of peak-
time pricing at Logan Airport traffic for the year 2000.
Air carr ier operations have been spread more uniformly
throughout the day; and other traffic, which is typically
more sensitive to increased prices , has been displaced from
congested periods. As a result, air traffic delay , assuming
conventional airport capacity (C1), averages 3.1 minutes
per operation. With airport capacities improved through
UG3RD enhancements (C2), average delay is reduced to 2.1 min-
utes , or 880,000 minutes per year.

-: This discussion has described several techniques for reducing
airport congestion and delay using Boston ’s Logan Airport as
an example. The conventional approach is through hardware
or technological improvements which increase the overall
capacity of the airport to handle aircraft operations. An

-
~~~ alternative to this is the use of peak-pricing and/or quotas

to spread traffic more uniformly throughout all airport work-
ing hours, and to displace non-air carrier users away from
peak-time periods of operation. With UG3RD hardware improve-
ments, average air carrier delays of 4.1 minutes per operation
are forecast for the year 2000. Peak-pricing results in a
3.1 minute average delay forecast. Minimum delays, 2.1 minute
average per operation, result from a combination of UG3RD
technological enhancements and a peak-time pricing schedule.
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FIGURE 6.4
— FORECAST DAILY AIR CARRIER DEMAND, YEAR 2000 —
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Comparable results were observed at the remaining airports
in the network . This is shown in the delay and cost

- 

- of delay estimates presented in Appendices J and K . In each
case, a schedule of peak-pricing and quotas reduced air
carrier airport delays appreciably. Furthermore, this report
found nc evidence of adverse network or ripple effect induced
by airport pricing or quota limitations. That is, at no
time did the imposition of pricing or quota limitations
at an airport resulted in increased traffic congestion at
other facilities such that total system delay was not
reduced .

The purpcse of this analysis was to answer two basic
questions about peak-time pricing and airport quotas.

- 
- First, could they relieve air traffic congestion and reduce
- delays at the 25 primary air carrier airports? Second,

would peak-pricing and quotas complement the technological
impr9veneflts provided by the t.~G3RD ? These two questions

• are addressed in the concluding chapter of the report.
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7.0 Conclusions

Figures 6.1 and 6.2  represent summary results of the analysis
of pricing and administrative alternatives to the UG3RD.
Conclusions from the analysis are presented below.

First, peak-pricing and quotas were found, in theory, to be -

effective as a method of reducing air carrier congestion and
delay. In fact, there were fewer delays at primary large hub
airports under a system of pricing and administrative alterna-
tives than there were as a result of UG3RD airport capacity
improvements. This is shown in Figure 6.1 , where , at any time
in the 25-year period--1975-2000--annual system delays under a
peak—pricing and quota scenario were less than delays which
would be anticipated if UG3RD improvements were implemented.
Moreover, Figure 6.2 shows that congestion experienced in
a peak-pricing and quota scenario forced fewer cancellations
of air carrier flights than there were when airport capacities
were improved with UG3RD technological features.

Of all cases examined, minimum airport congestion and delay
was observed when UG3RD improvements were combined with a
schedule of peak-pricing and quotas. This was shown at a
single airport, as well as throughout the airport network.
It is concluded, therefore, that, in theory, peak—hour
pricing and quota alternatives would effectively complement
the technological features of the UG3RD and improve the
flow of air traffic between the primary large hub airports.

While peak—pricing and quotas may offer theoretical advantages,
they have limiting characteristics that must be reviewed. For
example, airport quotas and other purely administrative measures,
while found effective in dealing with congestion problems, tend
to be biased toward maintaining the status quo when used over a
protracted period of time. Because economic value is not fully
taken into consideration in the implementation of a quota
system, an environment can be created which: (1) protects
those with rights to time slots from being displaced by others
who may derive a higher economic value from the same time slots;
and (2) prevents the airport from obtaining through economic
mechanisms the information required to determine the need for
capacity expansion or for an improved quality of service.

Administrative limitations on the use of an airport by keeping
demand within acceptable bounds assures the relatively smooth
operation of the facility. In effect, severe congestion can be
disallowed. This state of affairs can be maintained indefinitely.

—- f  ~~~~~~ -~~ I 11J _J_ II~ T11 TTTT~



r -—-- - - ---- - - —— -—-

~~
- — -

~~~~~~

--

~~~~

-—- - - — --- — 

However, with access to the airport restricted and with
potential users unable to indicate the true value to them of
airport capacity expansion , a false sense of wellbeing can be
conveyed . In effect , by arbitrarily constraining demand,
artificial equilibrium conditions can be created which, in
the long run, may have distorting effects on the nature,
quality, and cost of the transportation service provided.
These limitations are discussed further in Airport Quotas
and Peak-Hour Pricing: Theory and Practice, FAA-AVP-77-5.

Similarly, the realities of a peak-load pricing system must
be closely examined . The theory of peak-pricing is very
persuasive. Moreover, experience has shown that a peak—
pricing schedule can shift some airport user demand patterns
at a given ai rport and time of day .

While the basic arguments which support peak-time pricing have
been thoroughly reviewed in the technical literature, in
practice, there are significant problems relating to implemen—
tation of peak-pricing schedules. For example, there is no
accurate method for determining the optimal pricing structures,
due primarily to the formidable problem of estimating elastici-
ties and cross elasticities of airport demand to usage charges.

Furthermore , while peak-load landing charges were uniformly
assessed on all airport users during congested periods, it is
noted that the relative burden was not evenly distributed .
When considered as a percentage of each flight’s value to the
aircraft operator, peak-pricing had the greatest impact on
general aviation, air taxi, commuter, and all other than air
carrier operators, many of which would find a peak-load
pricing schedule difficult or impossible to bear.

There are some institutional issues, as well, that must be
resolved before a peak-time pricing system could be widely
adopted. For example, should peak-load charges be imposed
by the FAA or the local sponsor? Could a peak-time pricing
shedule be integrated with airport pricing agreements now in
effect? Typically, airlines and airport sponsors negotiate
landing fee schedules often on a long-term basis. If neither
party favored a peak-pricing strategy , it is not clear how it
would be instituted . Perhaps, more importantly, would the
large charges needed to shift demand be politically acceptable?
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By design , peak-pricing does not consider ability to pay . This
is consistent with desired effects of a peak-pricing policy, of
course. Those continuina to use the airport will be the ones
who derive the highest benefit. However, such a pricing policy
represents a radical departure from the traditional practice of
free access to national aviation facilities and services. Not
all sectors o~ the aviation community are likely to agree with
suci a change .

Peak—pricing and quota alternatives offer significant potential
advantages. The realities of these options, however, limit
their practical value at this time.
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APPENDIX A

NETWORK MODEL AIRPORTS

25 PRIMARY LARGE HUB AIRPORTS

AIRPORT NAME MODEL DESIGNATION

- 

Chicago O’Hare ORD
Boston Logan BOS

- San Franc i sco International SF0
St. Louis STL
Denver Stapl eton DEN
Los Angeles International LAX
Seattle SEA
Philadel phia PHL
Cl eveland CLE
Atlanta ALT
New Orleans MSY
Minneapolis-Saint Paul MSP
Detroit Metro DET
Kansas City International MKI
Dallas-Fort Worth DFW
Honolulu HLU

-. Houston HOU
Miami MIA

- 
.- 

- 
Pittsburg PIT
Tampa TPA
Las Vegas LAS
Newark NYC

-: Kennedy NYC
LaGuard ia NYC
Nationa l WAS

~
p .

S~~j
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APPENDIX B INTENTIONALLY LEFT BLANK
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TIME OF DAY PASSENGER TRAVEL PREFERENCES

J

‘C

- I~ J~~ I ~~~~~~ ~~~~~~~~ _ _



r 
“

~~~~~~~~~~ 

- -

F

I 
‘ — ;

_ _ _ _ _  ~~
I

I- I ,.

~fl 
- LU

I
U —

U)
• LU -

c_,
-

w ‘S.

I -
o
I-.

• w r  . 
—

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I ’—
~i I~~~~~~~~~~

D

>~~~ ~~~~~~~~
‘7 S~I3DN~ SSVd 1V.LO1 ~O iN3383d

~~~u J w

U..w
U)

U )0

40

I- 
_ _ _ _ _ _

I-
LU -

- S

~~
_ _ _ _  

~~~~~~~~~~~~~~~

0 1 ~~~~~i&.

r..F

I
I [ l 5J~~ I l i i i  i i i I _ i i _i r.. 

•

I
~~ S~~ DN3SSVd 1VIOI ~O iN33~ 3d

72

_ _ _ _ _ _  -5: ET TTT~~~~



F 
— - 5-5—----. —--5 —5- —5-,-—-— —5 --—-5-,— ——S.— 

—-

~~ 

5-’  

~~~~~~~~~~~~~~~~~~~~ 

r~~~~

L

1
~~~~ IL

r~-U) LU I -
LU I C.,

C.) -

I
LU -

LU —
IL. -
LU

a. 
_

-Id )  -

2 ~ ~~ cc IS) ~~ 5-

C .
’ ~~‘~~ I— 4 SW]DN3SSVd 1V.L0.L ~O 1N33~ 3dSi LU ,. .

5-

. II. W~~~

f
J

I 

_

S

~~~~~ 

~~
_I I I I 1 I I I I __ I 1 I  CD

cc Sn C~) C~4 —

S)i3DN3SSVd iv iOl ~0 iN~383d

73

‘- S

-- ~~~~~~~~~~ ~~~~ — -.m ~~~~-~~_- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - - - - -S.-- -~~~~~~~~~~~~



~ 
~~~~~~~~~

5 - 5 - ’

~~~~~~~~~~~~~~~~~
— 

_

19 
_ _

L 

_ _ _ _ _ _ _ _ _ _ _ _ _ _
IiJ~~~ i ~ i i i i • I ~c c c  cc Sn Sn C~ (~4 .-

- - S~13DN3SSVd 1Y1O11N]3b3d
LU

_ _ _  

:~
~LU

S83DN3SSVd 1V1O11N~383d

74

.11



r’ ’  ~~~~~~~~~~~~~~~~~~~~~~~~ 
5 - ’

~~~~~~
’ ‘ “~~~‘ “ ‘ ‘ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — — --—---- - 5 - -  -

I
LU I
C.) 

-
z _ _ _ _ _

LU I
I

UI —

-~~~~~I cc
S Q.cI) 

-~~~~~
.JI~~~ I

I
>~~~ 4(

~~~~~
•L
1_L

• 2z z O I

U)~~~~~~ z -

40  i
- 

... ... J -
—

H I
- 4 I—I -

a
I-

IL -

- S 0 cc

LU 1 -

cc

I -~~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

Sn

SH~DN3SSVd 1VIOI ~0 iN33~I3d

C

75

I

-- ~~~~~
—=-- --- -



— ‘~~~~~~~~~~~~~~~~~~~
‘_5-

Peeter Kivestu and Amedeo Odoni
Massachusetts Institute of
Technology

Cambrdige , Massachusetts

APPENDIX D

The Queu~~~ System Eq~iations

This appendix lists the equations that describe the two
queuing systems applied in this analysis. First, for the
M/M/k model, we have Poisson arrivals at a time—dependent
average rate of A Ct). These arrivals are served by k
parallel servers, each operating at an average service
rate, ~(t). It is assumed that individual service times
are distributed as negative exponential random variables
with exponent equal to the value of ~i(t) at the instant t
when service is initiated. The queue capacity is equal
to rn.

S Let us define by P~ (t), i = O l ,2,...,m, the probability
that at time t there are i aircraft in the terminal area.
Then, for any t, we can write the well-known set of
Chapman-Kolmogorov equations for the derivatives P~ (t) ofthe state probabilities. Suppressing, for reasons of
conciseness, the time—dependence of the arrival and service
rates, i.e., writing A = A (t) and ~i p(t), we have:

P~ (t) = —A P0(t) + ~P1(t)

P (t) = xP11(t) — Cx + i~ )P 1(t) + Ci + l)MP~~1(t) for l~i~k—l

- 
- 

P~ (t) = xP
~~1

(t) — ( A + k~i)P~jt) + k~P.÷1(t) for k~i~m—l

P (t) = APm 1 (t) - kjjP (t)

The above m + 1 equations can be solved iteratively for any
— desired period of time ‘

~
‘, using the approximation

P (t+~t)=P.(t)+P~ (t).~t, where ~t is a time interval chosens~fficiently small to be consitent with the Poisson assump-
C tions regarding the arrival and service processes. A boundary

set of values P4 (O), i = O,l,2,...,rn , and the functions x (t)
and ~(t) for O~E~T must be provided.

/
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The M/DJ~ System ~~~zations

Turning to the corresponding system of equations for the
model in which service is assumed to be deterministic,
we define the increment of time as equal to the duration
of a single service time. We assume further that all k

— parallel servers begin and end service simultaneously.
It is then possible to write equations relating the sets
of state probabilities P~ (t) and Pi(t+1) 

- remember that
t is now being increased at discrete intervals equal to
the average service time. (Since time intervals are
normalized to lip, the demand rate must also be normalized
to p = A/p, the demand per unit of service.) These
equations are based on the fact that the probability that
exactly n aircraft will attempt to join the system between
t and t+l is eqttal to p fl . exp(-p)/ n ! due to the Poisson
law for the demand pattern.

We then have : -

P0 (t + 1) = exp (—P)q~ (t) 
- (2.1)

P1(t+ l)  = exP(_P)[~~~(t ) P
1 

+ Pk+l (t) ~~~~ + Pk+j(t)}i! ( i — l ) !

for l~i�m—k (2.2 )

P.(t + l) = exP(_P)[~k (t )  ~~
‘ + P~~~~4~~~~

( -
~~~) ~~~~~ + 

i! 
- 

(i—l) !

i+Jc-m
~~~~~ + rn (t )  p for m—k+l~

j
~m—1 (2.3 )

(i+k—m) I

P~ (t + 1) = q~ (t ) b~ + 

~k + 1(t) 
. b

~ — 1 + • • •  + Pm (t) . bk (2.4)

wnere q~,tt) = E  P1(t) and b~ = exp (-p)E ~~

_ _  _ _ _ _ _  - 

:~ ~~~~~~~~~~~~



Strictly speaking, (2) assumes that the new arrivals during
a unit of time join the queue at the end of the service unit
at which time the capacity limit, in, applies.

[ Again , beginning with a set of initial conditions P1(O ) ,
i = 0, 1, 2, ..., in, the above set of equations can be =
solved iteratively to obtain numerical answers for demand

— and service rate profiles, A(t) and p ( t )  (we have, for
conciseness, suppressed the time variable in the equations

Related Quantities

Koopman has shown that for “relatively slow varying” A (t)
and u (t) the sets of equations for the M/M/k and M/D/k
systems possess uriique periodic solutions with period T
whenever the demand and service rates are both periodic
with period T. 1/ In the case of airports, demand and
service rates can indeed be considered to be periodic
quantities with period T=24 hours. It remains, therefore,
to solve the two sets of equations numerically to obtain

• estimates of the state probilities, P1 (t ) , for all Oct<T .
The state probabilities, in turn, can be used to compute
other quantities of interest. Of those, we shall
specifically refer to:

i) The probability that all runways are busy and,
therefore, that a newly— arriving aircraft will
experience positive delay,

k
B(t) = 1 — Z P.(t) (3)

i=O ~ -

5 

ii) The expected number of aircraft in the ~~eue attime t,

In
Q(t )  = Z ( i— k ) P ~~(-t ) (4 )

i=k+l
‘S

1/ Koopman #2
C

-
~~~~~

N
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iii) The average waiting time in the queue for aircraft
- that arrive at t ime t

W (t )  = 
1 E ( i— k + l )P .  Ct)

k . ~(t) i=k 
1

This je st quantity is Only an approximation in the case
— when p (t) is a function of time . The reason is that the
- p(t), may change in the future if the waiting time is
- long.

• In all cases , two estimates of these parameters of
interest are obtained , one based on the M/M/k and the
other based on the MID/k model.

I.
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APPENDIX E

AIRPORT CAPACITY ESTIM~ITES- FAA UG3RD EVALUATION

Throughput Rates
Airport: Atlanta (ATL)

IFR Capacity VFR Capacity
System WAS Y 16% IFR 84% VFR

Year Package Use standardJCrosswind Standard/Crosswind

1975 Base Case — 107.8 107.8 129.8 129.8

1980 Base Case 107.3 107.3 129.0 129.0

UG3RD 75% 127.4 127.4 139.4 139.4

UG3RD 25% 117.1 117.1 137.6 137.6

1985 Base Case 112.8 112.8 142.6 142.6

UG3RJ) 75% 153.3 153.3 162.1 162.1
— UG3RD 25% 127.5 127.5 154.7 154.7

1990 Base Case 111.4 111.4 140.7 140.7

UG3RD 75% 152.9 152.9 161.5 161.5

UG3RD 25% 127.1 127.1 153.3 153.3

1995 Base Case 109.4 109.4 137.7 137.7

UG3RD 75% 152.4 152.4 160.7 160.7

UG3RD 25% 126.5 126.5 151.3 151.3

“
S 2000 Base Case 107.5 107.5 134.5 134.5

UG3RD 75% 152.0 152.0 160.0 160.0

UG3RD 25% 126.1 126.1 149.3 149.3

1/ Source: The MIT~~~Corporation

~/ 
Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WVAS) allows reduced,
longitudinal separation of aircraft and increased

- :- airport capacity.

80

I
~4 



__— 

7- -—-- —- -—-- ,- -- - --5— - - - - --5-- - S-5- - 5- - - - -5-_—

- 
- APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA UG3RD EVALifAT ION

Throughput Rates
Airport: Boston (SOS)

IFR Capacity VFR Capacity
— System WAS 15% IFR 85% VFR

Year Package Use 
— 

Standard/Crosswind Standard/Crosswind

1975 Base Case — 51.8 56.8 91.8 117.7

1980 Base Case 51.2 55.9 89.6 115.6

-
- 

- UG3RD 75% 55.8 73.1 101.9 125.9

UG3RD 25% 55,3 63.0 96.3 123.5

1985 Base Case 51.1 55.9 89.4 115.1

UG3RD 75% 55.7 76.2 1’)3.4 127.5

UG3RD 25% 55.3 63.3 96.3 123.3

1990 Base Case 50.8 55.5 38.4 113.9

UG3RD 75% 55.7 76.4 103.6 127.2

UG3RD 25% 55.2 63.5 95.8 122.7

1995 Base Case 50.7 55.1 87.5 113.3

UG3RD 75% 55.7 76.3 103.4 127.0

UG3RD 25% 55.2 63.4 95.3 122.3

2000 Base Case 50.3 53.9 84.8 111.3

UG3RD 75% 55.7 76.0 103.1 126.5

UG3RD 25% 55.1 63.1 93.7 121.0

~/ 
Source: The MI’~RE Corporation

~/ 
Percentage of time in alternative capacity conditions.

-
~~~~~ Wake Vortex Avoidance System (WAS) allows reduced,

longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

-~~ AIRPORT CAPACITY ESTIMATES
FAA UGTPD EVALUATION

Throughput Rates
Airport : Chicago (ORD )

IFR Capacity VVR Capacity
r System WAS .~/ 15% IFR 85% VFR

Year Pack~~~~ Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 102.0 134.5 136.9 136.9

1980 Base Case 101.5 133.1 135.0 135.0

UG3RD 75% 111.4 170.4 152.2 152.2

UG3RD 25% 110.4 149.7 147.6 147.6

1985 Base Case 101.1 131.7 133.3 133.3

U$3RD 75% 111.3 177.5 156.3 156.3

UG3RD 25% 110.3 149.5 146.7 146.7

1990 Base Case 100.4 128.8 130.1 130.1

UG3RD 75% 111.4 177.0 155.7 155.7

UG3RD 25% 110.3 148.7 144.6 144.6

1995 Base Case 100.0 126.7 127.5 127.5

UG3RD 75% 111.4 176.7 155.3 155.3

UG3RD 25% 110.2 148.2 143.1 143.1

2000 Base Case 99.8 125.0 125.2 125.2
‘S

UG3RD 75% 111.5 176.6 155.1 155.1

UG3RD 25% 110.2 148.1 141.7 141.7

a

1/ Source: The MITRE Corporation

2/ Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allowø reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 21
FAA UG3RD EVALUATION

Throughput Rates
Airport: Cleveland (CLE)

IFR Capacity VFR Capacity
System WAS Y 15% XFR 85% VFR

Year Package Use Standard]Crosswind Standard/Crosswind

1975 Base Case — 51.8 51.8 73.3 73.3

1980 Base Case 51.5 51.5 72.6 72.6

UG3RD 75% 55.7 55.7 79.7 - 79.7

UG3RD 25% 55.3 55.3 78.2 78.2

1985 Base Case 51.2 51.2 71.6 71.6

UG3RD 75% 55.6 55.6 81.2 81.2

UG3RD 25% 55.2 55.2 77.6 77.6

1990 Base Case 50.9 50.9 70,3 70.3

UG3RD 75% 55.6 55.6 80.8 80.8

UG3RD 25% 55.2 55.2 76.7 76.7

-
~~~ 1995 Base Case 50.6 50.6 69.]. 69.1

UG 3Rr) 75% 55.7 55.7 80.4 
- 80.4

- - UG3RD 25% 55 .2  - 55.2 75.8 75.8

2000 Base Case 50.3 50.3 67.5 67.5

UG3RD 75% 55.7 55.7 80.0 80.0

UG3!W 25% 55.1 55.1 74 .8 74 .8

- -C

-

~~~ ~
( Source : - Th~ MITRE Corporation -

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced, -

longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 1/
FAA UG3RD EVALUATION

Throughput Rates
Airport: Dallas/Ft. Worth (DFW)

IFR Capacity VFR Capacity
System WAS 2/ 9% IFR 91% VFR

Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 103.8 156.9 118.4 171.5

1980 Base Case 103.7 156.8 118.1 171.1

t’G3Rfl 75% 111.3 171.3 125.7 185.7

UG3RD 25% 110.7 167.3 124.3 180.9

1985 Base Case 103.3 155.6 - 117.5 169.8

UG3RD 75% 111.2 171.2 125.5 185.5

UG 3RD 25% 110.6 166.8 124.0 180.2

1990 Base Case 102.5 153.3 116.7 167.5

UG3RD 75% 111.3 171.3 125.4 185.4

UG3RD 25% 110.5 166.0 123.5 179.1

- 
- 

1995 Base Case 101.8 151.3 115.9 165.5

UG3RD 75% 111.3 171.3 125.3 185.3

UG3RD 25% 110.4 165.4 123.1 178.1

2000 Base Case 101.1 149.2 115.2 163.3

UG3RI) 75% 111.3 171.3 125.1 185.1

UCI3RD 25% 110.3 164.7 122.7 177.1

1/ SouTh~~ The MITRE Corporation

2/ Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity .
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 21
FAA U~~~ D EVALUATION

Throughput Rates
Airport: Denver (DEN)

IFR Capacity VFR Capacity
System WAS V 5% IFR 95% VFR

Year Pack~~~ Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 52.0 59.6 59.6 106.2

1980 Base Case 58.2 60.1 94.0 107.2

4- - UG 3RD 75% 73.9 74.0 103.2 119.7

UG3RD 25% 63.9 64.1 99.3 113.2

1985 Base Case 57.4 59.8 92.2 103.3

UG3RD 75% 77.0 84.7 104.2 120.9

UG3RD 25% 64.1 64.4 98.3 112.1

1990 Base Case 56.1 58.9 89.7 100.5

UG3RD 75% 76.6 83.8 103.8 120.4

UG3RD 25% 63.7 64.0 96.7 110.2

1995 Base Case 55.3 68.2 87.9 98.4

UG3RD 75% 76.3 83.1 103.5 120.1

UG 3RD 25% 63.4 63.8 95.5 108.9

2000 Base Case 54.2 57.3 85.6 94.2

UG3RD 75% 76.1 82.4 103.2 119.7

UG3RD 25% 63.1 63.6 94.1 107.3

~~ 
Source : The MITRE Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance Systen~ (WVAS ) allows reduced,
longitudinal separation of aircraft and increased
airport capacity. —
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 21
FAA UG3RD EVALUATION

Throughput Rates
— Airport: Detroit (DTW)

IFR Capacity VFR Capacity
— 

System WAS V 14% IFR 86% VFR
Year Packa~~ Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 78.9 78.9 117.2 117.2

1980 Base Case 105.9 105.9 127.6 127.6

UG3RD 75% 129.3 129.3 140.9 140.9

UG3RD 25% 118.4 118.4 137.6 137.6

1985 Base Case 105.0 105.0 126.1 126.1

UG3RD 75% 131.8 131.8 142.8 142.8

UG 3RD 25% 118.4 118.4 136.8 136.8

1990 Base Case 104.4 104.4 125.1 125.1

UG3RD 75% 131.7 131.7 142.6 142.6

UG3RD 25% 118.2 118.2 136.2 136.2
-. 1995 Base Case 103.4 103.4 123.6 123.6

UG3RD 75% 131.6 131.6 142.2 142.2

UG3RD 25% 118.1 118.1 135.3 135.3

2000 Base Case 102.5 102.5 121.9 121.9

I
. UG3RD 75% 131.7 131.7 141.9 141.9

UG~RD 25% 118.1 118.1 134.3 134.3

1/ Source: ~~hrMITRE Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES LI
:- FAA UG3RD EVALUATION

Throughput Rates
Airport: Honolulu (HNL)

IFR Capacity VFR Capacity
System WAS V 1% IFR 99% VFR

- 
- Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 52.0 52 .0  57.0 57.0

1980 Base Case 52.6 52.6 65.1 65.1

UG3RD 75% 73.4 73.4 76.9 76.9

F UG3RD 25% 62.9 62.9  73.4 73.4

1985 Base Case 52.3  52 .3  64 .3  64 .3

UG3RD 75% 77.6 77.6 79.6  79.6

UG3RD 25% 63.0 63.0 73.1 73.1

1990 Base Case 52.1 52.1 63.8 63.8

UG3RD 75% 77.6 77.6 79.6 79.6

-~~ UG3RD 25% 63.1 63.1 72.9  72 .9

1995 Base Case 51.9 51.9 63.4 63.4

UG3RD 75% 77.6 77.6 79.6 79.6

UG3RD 25% 63 .2 63 .2  72.7 72.7

2000 Base Case 51.7 51.7 62.8 62.8
~5~

UG3RD 75% 77.7 77.7 79.7 79.7

UG3RD 25% 63.4 63.4 72.6 72.6

21 Source:~~The MITRE Corporation

V Percentage of t ime in alternative capacity conditions.
Wake Vortex Avoidance System (WAS ) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 21
FAA U~ 3flD EVALUATION

Throughput Rates
Airport: Houston ( lAM )

IFR Capacity VFR Capacity
System WAS V 15% IFR 85% VFR

Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 83.2 83.2 93.7 99.7

1980 Base Case 82.3 82.3 92.7 99.2

UG3RD 75% 97.2 97.2 103.1 105.9

UG 3RD 25% 88.4 88.4 98.5 104.3

1985 Base Case 80.5 80.5 90.7 98.2

UG3RD 75% 102.1 102.1 103.9 106.6

UG3RD 25% 87.6 87.6 97.3 103.5

-
. 1990 Base Case 79.6 79.6 89.7 97.7

UG3RD 75% 101.9 101.9 103.8 106.4

UG3RD 25% 87.3 87.3 96.7 103.1

1995 Base Case 77.3 77.3 87.1 96.4

UG3RD 75% 101.4 101.4 103.4 106.0

UG3RD 25% 86.4 86.4 95.0 101.9

2000 Base Case 76.0 76.0 85.8 95.7

UG3RD 75% 101.2 101.2 103.2 105.7

UG 3RD 25% 85.9 85.9 94.1 101.3

5;; 21 Source : The MI~~i’Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA UG3RD EVALUATION

Throughput Rates
Airport: Kansas City (MCI)

IFR Capacity VFR Capacity
System WVAS Y 10% IFR 90% VFR

Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 88.6 88.6 99.6 102.9

1980 Base Case 88.2 88.2 99.3 102.6

UG3RD 75% 97.3 97.3 104.5 107.8

UG3RD 25% 91.1 91.1 102.8 107.2

1985 Base Case 87.8 87.8 99.1 102.3

UG3RD 75% 103.6 103.6 105.3 108.2

UG3RD 25% 91.]. 91.1 102.9 107.1

• 1990 Base Case 86.0 86.0 97.0 101.3

UG3RD 75% 103.2 103.2 104.9 107.8

UG3RD 25% 90.2 90.2 101.5 106.2

1995 Base Case 84.9 84.9 95.7 100.7

UG3RD 75% 103.0 103.0 104.7 107.6

UG3RD 25% 89.6 89.6 100.6 105.7

2000 Base Case 83.3 83.3 93.9 99.8

UG3RD 75% 102.6 102.6 104.4 107.2

UG3RD 25% 88.9 88.9 994 104.9

~ ,/ Source: The MITRE Corporation

2/ Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WVAS ) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA UG3RD EVALUXTI ON

Throughput Rates
Airport: Kennedy (JFK)

IFR Capacity VFR Capacity
System WVAS Y 15% IFR 85% VFR

Year Package Use StandardL~~osswind Standard/Crosswind

1975 Base Case — 59.3 72.2 81.3 81.3

1980 Base Case 59.0 71.9 81.1 81.1

UG3RD 75% 73.3 96.7 100.6 100.6

UG 3RD 25% 68.3 85.1 91.9 91.9

1985 Base Case 58.4 71.3 80.4 80.4

UG3RD 75% 76.0 100.5 102.7 102.7

UG3RD 25% 68.1 85.1 91.6 91.6

1990 Base Case 57.4 70.2 79.1 79.1

UG3RD 75% 76.3 100.~ 102.7 102.7

UG3RD 25% 68.3 85.4 91.4 91.4 :1
1995 Base Case 57.0 69.9 78.8 78.8

UG3RD 75% 76.4 100.4 102.7 102.7

UG3RD 25% 68.6 85.5 91.3 91.3

2000 Base Case 55.8 68.8 77.6 77.6

UG3RD 75% 77.0 100.5 102.9 102.9

UG3P.D 25% 69.5 86.2 91.5 91.5

~/ 
Source: The MITRE Corporation

~/ 
Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WVAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA UG3RD EVALUATION

Throughput Rates
Airport: Las Vegas (LA S)

IFR Capacity VFR Capacity
System ~VAS 2% IFR 98% VFR

Year Packaq~ Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 80.9 80.9 91.2 91.2

1980 BAse Case 80.5 80.5 90.7 90.7
-Ii

UG 3RD 75% 97.1 97.1 102.7 102.7

UG 3RD 25% 87.6 87.6 97.3 97.3

1985 Base Case 79.6 79.6 89.7 89.7

UG3RD 75% 101.9 101.9 103.8 103.8

UG3RD 25% 87.3 87.3 96.7 96.7

1990 Base Case 78.4 78.4 88.4 88.4

UG3RD 75% 101.6 101.6 103.6 103.6

UG 3RD 25% 86.8 86.8 95.8 95.8

1995 Base Case 76.3 76.3 85.9 85.9

UG3RD 75% 101.2 101.2 103.2 103.2

UG3RD 25% 86.0 86.0 94.3 94.3

2000 Base Case 74.4 74,4 83.9 83.9

UG3RD 75% 100.9 100.9 103.0 103.0

UG3RD 25% 85.5 85.5 93.2 93.2

1/ Source: TT~i MITRE Corporation

~J Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA U~ 3PD EVALUATION

Throughput Rates
Airport: La Guardia (LGA)

IFR Capacity VFR Capacity
System WAS 15% IFR 85% VFR

Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 59.3 61.5 73.1 78.0

1980 Base Case 57.9 59.8 71.3 75.8

UG3RD 75% 62.0 74.0 75.8 81.5

UG3RD 25% 62.0 64.8 75.4 80.6

1985 Base Case 56.5 58.3 69.7 73.8

UG3RD 75% 61.4 73.9 74.6 81.9

UG3RI) 25% 61.3 64.4 74.1 79.2

• 1990 Base Case 55.3 56.9 68.2 72.0

UC-3~D 75% 60.7 73.6 73,5 81.3

UG3RD 25% 60.6 63.9 72.8 77.8

1995 Base Case 54.6 56.1 67.3 71.0

UG3RD 75% 60.3 73.5 72.8 80.9

UG3RD 25% 60.2 63.7 72.1 77.1

2000 Base Case 53.9 55.3 66.3 69.7

UG3RD 75% 59.8 73.3 71.9 80.6

UG3RD 25% 59.7 63.4 71.1 76.2

~7 Source: The MITRE Corporation

y Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WVAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA UG3RD EVALUATION

Throughput Rates
Airport: Los Angeles (LAX)

IFR Capacity VFR Capacity
System WAS 25% IFR 75% VFR

Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 106.6 106.6 167.0 167.0

1980 Base Case 106.5 106.5 166.5 166.5

UG3RD 75% 146.9 146.9 202.0 202.0

UG3RD 25% 125.9 125.9 185.7 185.7

1985 Base Case 105.6 105.6 164.2 164.2

UG3RD 75% 151.8 151.8 205.6 205.6

UG3RD 25% 125.9 125.9 184.6 184.6

1990 Base Case 104.7 104.7 161.6 161.6

UG3RD 75% 152.0 152.0 205.4 205.4

UG3RD 25% 126.0 126.0 183.6 183.6

1995 Base Case 104.0 104.0 159.4 159.4

UG3RD 75% 152.3 152.3 205.4 205.4

UG3RD 25% 126.2 126.2 182.9 182.9

2000 Base Case 84.4 84.4 131.0 131.0

UG3RD 75% 124.8 124.8 168.9 168.9

UG3RD 25% 103.3 103.3 150.5 150.5

~
j  Source: TKe MITRE Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA UG3RD EVALUATION

Throughput Rates
Airport: Miami (MIA)

IFR Capacity VFR Capacity
System WVAS V 1% IFR 99% VFR

Year Packag~ Use Standar4Lcrosswind Standard/Crosswind

1975 Base Case — 101.4 101.4 115.8 115.8

1980 Base Case 100.8 100.8 115.1 115.1

UG3RD 75% 111.4 111.4 125.0 125.0

UG3RD 25% 110.3 110.3 122.7 122.7

• 1985 Base Case 100.5 100.5 114.6 114.6

UG3RD 75% 111.4 111.4 124.9 124.9

UG3RD 25% 110.3 110.3 122.4 122.4

1990 Base Case 100.2 100.2 114.3 114.3

UG3RD 75% 111.4 111.4 124.8 124.8

UG3RD 25% 110.3 110.3 122.2 122.2

1995 Base Case 100.0 100.0 113.9 113.9

UG3RD 75% 111.4 111.4 124.7 124.7

UG3RD 25% 110.2 110.2 121.9 121.9

2000 Base Case 99.7 997 113.6 113.6
‘4

UG3RD 75% 111.5 111.5 124.5 124.5

UG3RD 25% 110.3 110.3 121.7 121.7

]f Source: ~ETMITRE Corporation

V Percentage of time in alternative capacity conditions.
j. Wake Vortex Avoidance System (WAS) allows reduced,

longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 1’
FAA UG3RD EVALUATION

Throughput Rates
Airport: Minneapolis/St. Paul (MSP)

IPR Capacity VFR Capacity
System WAS 12% IFR 88% VFR

Year Package Use StandardJCrosswind Standard/Crosswind

1975 Base Case — 57.8 57.8 59.3 118.7

1980 Base Case 56.7 56.7 58.6 117.2

UG3PD 75% 73.9 73.9 62.8 125.7

UG3RD 25% 63.6 63.6 62.0 123.9

• 1985 Base Case 55,9 55.9 58.1 116.1

UG3RD 75% 76,5 76.5 62.7 125.3

UG3RD 25% 63.6 63.6 61.6 123.2

1990 Base Case 55.1 55.1 57.7 115.5

UG3PD 75% 76.3 76.3 62.6 125.2

UG3RD 25% 63.4 63.4 61.4 122.9

1995 Base Case 54.4 54.4 57.5 114.9

UG3R1) 75% 76.1 76.1 62.5 125.0

UG3RD 25% 63.2 63.2 61.3 122.6

2000 Base Case 53.8 53.8 57.2 114.5

UG3RD 75% 76.0 76.0 62.5 124.9

UG3RD 25% 63.0 63.0 61.1 122.3

!( Source: The Mfl’RE Corporation

~/ 
Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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• APPENDIX E

AIRPORT CAPACITY ESTIMATES if
P~XThG3Rn EVALUATION

Throughput Rates
Airport: Newark (EWR)

IFR Capacity VFR Capacity
System WAS V 15% IFR 85% VFR

• Year Package Use Standard/Crosswind Standard/Crosswind

• 1975 Base Case — 51.3 56.2 58.7 78.7

1980 Base Case 51.3 56.8 58.5 79.8

UG 3RD 75% 55.7 74.1 62.7 85.5

UG3RD 25% 55.3 63.8 61.9 83.6

• 1985 Base Case 50.9 55.7 58.0 78.5

UG3RD 75% 55.6 76.4 62.6 87.3

UG3RD 25% 55.2 63.5 61.6 82.2

1990 Base Case 50.7 55.1 57.7 77.7

UG3RD 75% 55.7 76.3 62.6 86.9

UG3RD 25% 55.2 63.4 61.4 81.3

1995 Base Case 50.2 51.6 56.9 71.9

UG3RD 75% 55.8 77.1 61.9 85.8

UG3RD 25% 55.3 64.1 60.7 75.0

2000 Base Case 50.1 53.5 57.1 75.5

UG3RD 75% 55.7 75.9 62.4 85.9

UG 3RD 25% 55.1 63.0 61.1 78.9

1/ Source~ The MITRE Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES ii
FAA UC3PD EVALUATION

Throughput Rates
Airport: New Orleans (MSY)

IFR Capacity VFR Capacity
System WAS V 11% IFR 89% VER

Year Packa~~ Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 55.5 57.2 58.8 70.7

1980 Base Case 55.5 57.3 58.7 70.6

UG3RD 75% 62.8 69.8 62.8 77.1

UG3RD 25% 61.1 64.0 62.0 75.9

1985 Base Case 55.3 57.1 58.5 70.3

• UG3RD 75% 62.7 69.7 62.7 78.6

UG3RD 25% 61.0 64.0 61.9 75.7

1990 Base Case 54.5 56.1 58.1 69.1

- UG3RD 75% 62.7 69.6 62.7 78.2

UG3RD 25% . 60.7 63.7 61.7 74,9

• 1995 Base Case 53.6 55.1 57.7 67.7

H UG3RD 75% 62.6 69.4 62.6 77.8

UG3RD 25% 60.3 63.4 61.4 74.0

2000 Base Case 52.9 54.2 57.4 66.5

UG3RD 75% 62.5 69.3 62.5 77.5

UG3RD 25% 60.0 63.1 61.2 72.3

1/ Source: The MITRE Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES ii
FAA UG3RD EVALUATION

Throughput Rates
Airport: Philadelphia (PHL)

IFR Capacity VFR Capacity
System WAS V 15% IFR 85% VFR

Year Packag~ Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 57.3 57.3 73.4 73.4

1980 Base Case 57.8 57.8 73.6 73.6

UG3RD 75% 73.7 73.7 80.0 80.0

• UG3RD 25% 63.7 63.7 78.7 78.7

1985 Base Case 57.4 57.4 72.7 727

UG3RD 75% 77.0 77.0 81.5 81.5

UG3RD 25% 64.1 64.1 78.4 78.4

1990 Base Case 56.9 56.9 72.0 72.0

UG3RD 75% 76.8 76.8 81.3 81.3

UG3PI) 25% 63.9 63.9 77.8 77.8

1995 Base Case 56.1 56.1 71.0 71.0

UG3RD 75% 76.6 76.6 80.9 80.9

tJG3RD 25% 63.7 63.7 77.1 77.1

2000 Base Case 55.3 55.3 69.7 69.7

UG3RD 75% 76~3 76.3 80.6 80.6

UG3RD 25% 63.4 63.4 76.2 76.2

1/ Source: - The I1~~~ Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 1’
FAA UG3RD EVALUATION

Throughput Rates
Airport: Pittsburgh (PIT)

IFR Capacity VFR Capacity
System WAS V 17% IFR 83% VFR

Year Packag~ Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 87.9 87.9 101.4 101.4

1980 Base Case 87.5 89.0 100.8 100.8

UG3RD 75% 97.2 92 .4  104.7 104.7

UG3RD 25% 90.7 92.3 104.4 104.4

1985 Base Case 84.9 87.6 99.8 99.8

UG3RD 75% 103.0 91.7 104.2 104.2

UG3RD 25% 89.6 91.5 103.7 103.7

1990 Base Case 82.8 87.1 99.3 99.3

UG3PD 75% 102.5 91.7 104.2 104.2

UG3Rr) 25% 88.7 91.4 103.4 103.4

1995 Base Case 80.9 86.7 98.9 98.9

UG3RD 75% 102.1 91.7 104.1 104.1

UG3RD 25% 87.8 91.4 103.2 103.2

2000 Base Case 79.2 86.4 98.5 98.5

UG3RD 75% 101.8 91.8 104.0 104.0

UG3RD 25% 87.1 91.3 103.0 103.0

If Source: The MITRE Corporation

2/ Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 1”
FAA U~~~i) EVALUATION

Throughput Rates
Airport : St. Louis (STL)

IFR Capacity VER Capacity
- 

- System WAS 12% IFR 88% VFR -

Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 59.4 59.4 75.6 75.6 
*

1980 Base Case 59.0 59.0 74,9 74,9

• UG3PD 75% 74.5 74 .5  80.9 80.9

UG3RD 25% 64.5 64.5 79.9 79.9

• 1985 Base Case 58.0 58.0 73.5 73.5

UG3RD 75% 77.1 77.1 81.7 81.7

UG3RD 25% 64.3 64.3 78.9 78.9

1990 Base Case 56.9 56.9 72.0 72.0

UG3~ D 75% 76.8 76.8 81.3 81.3

UG3RD 25% 63.9 63.9 77.8 77.8

1995 Base Case 55.7 55.7 70.3 70.3

UG3RD 75% 76.4 76.4 80.8 80.8

UG3RD 25% 63.5 63..5 76.7 76.7

2000 Base Case 54.5 54.5 68.6 68.6

UG3RD 75% 76.1 76.1 80.3 80.3

UG3RD 25% 63.2 63.2 75.5 75.5

1/ Source: The MITRE Corporation

2/ Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced, 

-

longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES ~/FAA UG3RD EVALUATION

• Throughput Rates
Airport: San Francisco (SF0)

IFR Capacity VFR Capacity
System WAS V 10% IFR 90 % VFR

Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — • 52.4 54.3 76.7 76.7

-
• 1980 Base Case 52.2 54.1 76.3 76.3

UG3RD 75% 61.2 73.6 82.9 82.9

UG3RD 25% 59.0 63.1 79.8 79.8
-

• 
1985 Base Case 51.9 53.6 75.7 75.7

UG3RD 75% 61.3 78.0 86.0 86.0

• - 
UG3RD 25% 58.9 63.0 . 79.1 79.1

1990 Base Case 51.6 53.1 74.9  74 .9

• UG3RD 75% 61.3 77.8 85.7 85.7

UG3RD 25% 58.9 62.9 78.3 78.3

1995 Base Case 51.2 52.6 74.1 74.1

UG3RD 75% 61.4 77.6 85.5 85.5

UG3RD 25% 58.8 62.9 77.4 77.4

2000 Base Case 51.0 52.1 73.3 73.3

UG3RD 75% 61.4 77.6 85.4 85.4

UG3RD 25% 58.9 63.1 76.5 76.5

1/ Source : The MITRE Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS ) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES
FAA UG3RD EVALUAT ION

Throughput Rates
Airport: Seattle (SEA )

IFR Capacity VPR Capacity
System WAS V 16% IFR 84% VFR 

*

Year Packag~e Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 53,8 53.8 67.5 67.5

1980 Base Case 53.6 53.6 67.0 67.0

UG3RD 75% 73.5 73.5 77.4 77.4

UG3RD 25% 63.0 63.0 74.5 74.5

1985 Base Case 53.6 53.6 67.0 67.0

UG3RD 75% 76.0 76.0 79.9 79.9

UG3RD 25% 63.0 63.0 74.5 74.5

1990 Base Case 53.1 53.1 66.1 66.].

UG3R!) 75% 75.9 75.9 79.8 79.8

UG3RD 25% 62.9 62.9 74.0 74.0

1995 Base Case 52.7 52.7 65.3 65.3

UG 3RD 75% 75.9 75.9 79.7 79.7

UG3!W 25% 62.9  62.9  73.5 73.5

V..’ 2000 Base Case 52.2 52.2 64.2 64.2

UG3RD 75% 76.0 76.0 79.6 79.6

UG3RD 25% 63.0 63.0 73.0 73.0/

~~ 
Source: The MITRE Corporation

V Percentage of time in alternative capacity conditions.
Wake Vortex Avoidance System (WAS) allows reduced,
longitudinal separation of aircraft and increased
airport capacity.
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APPENDIX E

AIRPORT CAPACITY ESTIMATES 1”
FAA UG3RD EVALUATION

Throughput Rates
Airport : Tampa (TPA )

2/ IFR Capacity VFR Capacity
System WAS — 7% IFR 93% VFR

• Year Package Use Standard/Crosswind Standard/Crosswind

1975 Base Case — 82.3 82.3 117.6 117.6

1980 Base Case 80.5 80.5 116.7 116.7

UG3RD 75% 97.1 
• 

97.1 125.3 125.3

UG3PD 25% 87.6 87.6 123.5 123.5

1985 Base Case 78.8 78.8 115.9 115.9

UG3RD 75% 101.7 101.7 125.3 125.3

UG3RD 25% ‘86.9 86.9 123.1 123.1

1990 Base Case 77.3 77.3 115.3 115.3

UG 3RD 75% 101.4 101.4 125.1 125.1

-
~~~~ UG3RD 25% 86.4 86.4 122.8 122.8

1995 Base Case 76.3 76.3 114.9 114.9

UG3RD 75% 101.2 101.2 125.0 125.0

UG3RD 25% 86.0 86.0 122.6 122.6

2000 Base Case 75.0 75.0 114.5 114.5

UG3RD 75% 101.0 101.0 124.9 124.9

• UG3RD 25% 85.6 85.6 122.3 122.3

if Source: The MITRE Corporation

V Percentage of time in alternative capacity conditions.
- Wake Vortex Avoidance System (WAS) allows reduced,

longitudinal separation of aircraft and increased
airport capacity.

1 103

1-i

~H

I’ 

- •  

~~i~~: ~~~~~~~~~~~ i ~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-• -~~~~~~~~~~ - • - •~~~~~~~~~~~ •---- --- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX F

NETWORK PASSENGER TRAFFIC FOR 1974 1/

Table Description

P - City name

Q - City name

PAX - Passenger in the 10 percent sample of one way on line 090
passengers. In the case of mostly connecting services total
O-D passengers was used, this being the larger number due to
interline-line connections.

H CN - The number of competitors having at least 10% of the largest
- market share.

CI - The reciprocal of the largest market share (rounded up) If
different from CN.

DIST— Intercity distance in miles

0 Nonstop services, including night coach

1 One stop services

• 2 Two stop services

C Connecting services

FQ Number of distinguishabl e departure times

HR Number of hours from earliest to latest departure times
• (excluding night coach) rounded up (usually to an even hour)

V.. 0 Night coach nonstops
NC 1 Night coach one stop

2 NIght coach two stop •

TT Data comes from inspection of OAG May 15, 1974, schudule for June 1,
and from Table 10 and Table 8 of the 1974 Annual CAB O-D (Origin-
Destination) Tables. 4

I 
*
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APPENDIX G

AIRPORT NETWORK ROUTING OPTIONS

ALT WAS BOS BOS ORD DEN CLE MSP
ALT PHL BOS BOS STL DEN CLE PHL
ALT NYC BUS BOS MKI DEN CLE PIT
ALT PIT BUS BOS LAX HLU CLE STL
ALT STL ORD BOS DEN LAX HLU CLE SF0
ALT MSY DFW BUS SF0 HLIJ CLE WAS
ALT HOU DFW BUS ORD LAX
ALT MKI DEN BOS MKI LAX DEN LAX HLU
ALT DFW DEN • BOS PHL MIA DEN SF0 HLU
ALT STL DEN BOS WAS MIA DEN MKI PHL
ALT STL MKI DEN - BOS DEl MSP DEN STL PHL
ALT DFW LAX BOS NYC PIT DEN PIT PHL
ALT TPA MIA BOS PIT STL DEN MKI STL PIT
ALT ORD MSP BOS ORD DEN MKI PIT
ALT STL MSP BOS CLE DEN MKI PIT
ALT WAS PIT BUS DEW DEN MK I STL
ALT LAS SF0 BUS DEN DEN LAS SF0
ALT DEN SF0 BUS DEl DEN STL WAS
ALT BUS BUS HLU DEN MKI WAS
ALT ORD BOS I-IOU DEN DEl
ALT CLE BOS LAX DEN HLU
ALT DFW DEN HOU
ALT DEN BOS MIA DEN LAX

• ALT DET BOS MSP
ALT HOU BOS P1-IL DEN MIA
ALT LAX BOS PIT DEN MSP

BOS STL DEN PHL
ALT MIA BOS SF0 DEN PIT
ALT MSP BOS WAS DEN STL
ALT PHL DEN SF0
ALT PIT CLE DET MSP DEN WAS
ALT WAS CLE ORD MSP

- - ALT STL CLE ORD STL DEl SF0 HLU
• 

- ALT SF0 CLE ORD SF0 DET LAX HLU
CLE STL SF0 DET DFW HOU

SOS PIT DFW CLE MKI SF0 DET STL HOU
BOS NYC DFW CLE DFW DET LAS LAX
BOS PHL DFW CLE DEN DEl ORD LAX •BOS WAS DFW CLE DET DET DEN LAX
BOS CLE DFW CLE HOU DEl ORD MSP
BOS STL DFW CLE LAX DET CLE PIT

- BUS CLE DFN DEl HLU
BOS DEl DEN CLE MIA DEl HOU

/
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APPENDIX G (Corit’dj

DET LAX HOU PHI LAX STL PIT
HOU PIT LAX DEN STI

DET MIA HOU WAS LAX LAS STL
— DET MSP HOU STL LAX MK I STL

DEl PHL HOU SF0
DET PIT LAX MIA
DET SIL LAS DFW ALT LAX MSP

— DET -SF0 LAS NYC BUS LAX PHL
DET WAS LAS CLE BOS LAX PIT

• LAS STL BUS LAX STL
DFW STL DET - LAS ORD DEl LAX SF0
DEW ORD DET LAS LAX HLU LAX WAS
DEW MKI MSP LAS STL PIT

• DEW WAS PHL - LAS DEN PIT
- DFW PIT PHL LAS STL WAS MIA ORD MSP

DFW STL PIT LAS MKI STL MIA STL MSP
- DFW LAS SF0. LAS SF0 SEA MIA IPA MSP

• DFW DEN SF0 LAS DFW TPA MIA TPA STL
DEW ALT WAS LAS DEW MSY TPA MIA ALT STI

- 
- DFW DEN LAS DFW MSY MIA TPA SF0

DFW DEl LAS DEN MKI MIA MSY SF0
DFW HLU LAS ALT MIA DFW SF0

- - DFW HOU MIA MSP
- - LAS ORD MIA PHI

DFW MIA LAS CLE MIA PIT
DFW MSP LAS DFW MIA WAS
DFW PHL LAS DEN lilA STL
DFW PIT LAS DEl lilA SF0
DFW STL LAS HLU
DFW SF0 LAS HOU MKI STL ALT
DFW WAS LAS LAX MKI PIT BOS

• LAS MIA MKI CLE SOS
- • HLU SF0 liSP LAS MSP MKI STL CLE

HLU SF0 PIT LAS PHL MKI ORD CLE-: HLU LAX LAS PIT MKI ORD DET
HLU liSP LAS WAS MKI DFW HOU
HIU PIT LAS STL MKI ALT MIA
HLU SF0 LAS SF0 MKI TPA MIA

LAS SEA MKI WAS PHI
HOU TPA MIA LAS TPA MKI PIT PHI
HOIJ ALT PHL LAS MSY MKI STL PIT
HOU WAS PHL LAS MKI MKI ORD PIT
HOU MSY WAS LAS NYC MKI STI WAS
HOU ALT WAS MKI PHL NYC
HOU LAS SF0 LAX DFW PHI MKI ALT
HOIJ DFW SF0 LAX MKI PHL MKI BOS
HUh LAX LAX STL PHI MKI ORD

LAX DEN PHI MKI CLE
HUh lilA LAX DEN PIT MKI DFW
HUh liSP LAX ORD PIT MX! DEN
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APPENDIX G (Cont5dj

MKI DET MSY PHL ORD CLE
MKI HLU MSY PIT ORD DFW
MKI HOU MSY WAS ORD DEN
MKI LAX MSY STL ORD DEl
MKI lilA MSY SF0 ORD HLU
MX! MSP MSY MKI ORD HOU
MK I PHL MSY NYC ORD LAX
MKI PIT ORD MEM •

MKI WAS NYC ORD DEN ORD MIA
MK I STL NYC STL ORD ORD liSP
MK I SF0 NYC MKI ORD ORD PHI
MKI NYC NYC SF0 HLU URD PIT
MSP DEl PHI - NYC LAX HIU ORD STI
MSP CLE PHI NYC STL HUh ORD SF0
MSP ORD STL NYC ALT HUh ORD WAS
liSP CLE PIT NYC PIT HOU
MSP DEl PIT NYC MKI LAX PHI PIT
liSP DET CLE PIT NYC DEN LAX PHI STL
MSP PHL NYC ORD MSP PHI SF0
MSP PIT NYC DET MSP PHL WAS
liSP STI NYC PIT STI
MSP SF0 NYC ORD STI PIT CLE STL
MSP WAS NYC CLE STL PIT ORD SF0

NYC DEN SF0 PIT STL SF0
MSY PHI BOS NYC ORD SF0 PIT STL
MSY PIT BOS NYC ALT PIT SF0
MSY WAS BOS NYC BOS PIT WAS
MSY STL ORD NYC ORD SEA MKI ALT
MSY ALT CLE NYC CLE SEA STL ALT
MSY DEW DEN NYC DFW SEA ORD CLE
MSY ALT CIE DET NYC DEN SEA DEN DFW
MSY STL ORD DEl NYC DET SEA DEN DEW
MSY STL DET NYC HLU SEA ORD DET CLE
MSY DFW LAX NYC HOU SEA ORD DET
MSY STL MSP NYC LAX SEA DEN HOIJ
MSY ORD liSP SEA DFW HOU
MSY LAS SF0 NYC MIA SEA ORD PHL
MSY DEW SF0 NYC MSP SEA ORD PIT PHI
MSY STL MX! NYC PHI SEA ORD WAS
MSY ALT NYC PIT SEA MKI STL
MSY BOS NYC WAS SEA ALT
MSY URD NYC STL SEA BOS
MSY CLE NYC SF0 SEA ORD
MSY DFW SEA CLE
MSY DEN ORD LAX HLU SEA DEW
MSY DET ORD ALT lilA SEA DEN
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APPENDIX C (Cont’d.)

MSY HOU ORD STL lilA SEA DET
MSY LAX SEA HLU

• MSY lilA ORD SF0 HLU SEA HUh
MSY liSP ORD TPA lilA SEA liSP
SEA PHI
SEA PIT
SEA WAS
SEA STL
SEA SF0
SEA TPA
SEA MSY

• 
- SEA MK I

SEA NYC
SF0 WAS
STL MKI SF0
STL DEN SF0 -

STL SF0
STL WAS
TPA PHI BUS
TPA STL ORD
TPA ALT ORD
TPA MSY DEN
TPA DEW DEN
TPA MSY HOU
TPA DFW LAX
TPA ORD liSP
TPA STL liSP
TPA ALT WAS
TPA ALT
TPA BUS
TPA ORD
TPA CLE
TPA DEW
TPA DEN
TPA DET
TPA HLU
TPA HUh
TPA LAX
TPA lilA
TPA liSP
TPA PHL
TPA PIT
TPA WAS
TPA STL
TPA SF0
TPA MSY
TPA MKI

- TPA NYC
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APPENDIX I

SCHEDULED FLIGHTS TO OTHER AIRPORTS IN THE ?3 CITY NETWORK
- 

AS PERCENTAG E OF TOTAL N ETWORK OPERAT I ONS

AIRPORT PERCENTAGE

ORL~ 43
BOS 40
SF0 47
STL 50
DEN 39
LAX 45
SEA 30
PHL 52
CLE 58
NYC - 52
DCA 62
ATL 48
MSP 44
01W 55
MC! 39
DFW - 42
HLU 23
IAH 47
MIA 40
PIT 44

- • TPA 54
LAS - 

- 46

‘ ‘ S

~~urce : DAG, June 1, 1975.
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TABLE Li

COST OF AIRPORr DELAY
(MILLION S OF DOLLARS )

• AIRPORT ID: AlL
a_a

- ANNUAL COST
- _ e  0_ a s _ _ a _a

- - SCENE 1 
- 

SCENE B SCENE 3 SCENE 4
e5enaeee  e e S e a e ea eaSe aeaaa  See sac asS

5 1975 0.00 0.00 0.00 0.00
1976 .78 0.00 0.00 0.00
1977 1.55 0.00 0.00 0.00

- 1978 2.33 0.00 0.00 - 
0.00

- - 
1979 3.11 0.00 0.00 0 .00

— 1980 3.88 
- 

0.00 0.00 0.00
- 

1981 5.31 0.00 0.00 0.00
1982 6.20 0.00 0.00 0.00
1983 7.08 0.00 . 0.00 0.00

- 
- 5 1984 7.97 0.00 0.00 0.00

1985 8.85 0.00 0.00 0.00
-
- - 

1986 14.43 0.00 0~00 0.00
1 -

- 
1987 19.45 0.00 0.00 

- 
0.00

- 
• 1988 24.47 0.00 0.00 0.00

- - 1989 29.49 0.00 0.00 0.00
1990 34.51 0.00 0.00 0.00
1991 37.03 .67 1.35 0.00
1992 - 37.03 1.35 2.69 0.00
1993 37.03 2.02 4.04 0.00
1994 37.03 2.69 5.39 - 0.00

- 1995 37.03 3.37 , 6.73 0.00
1996 51.02 4.37 8.75 0.001 - ~ 
1997 61.95 5.10 10.20 0.00

6. 1998 72.88 5.83 11.66 0.00
1999 83.81 6.56 13.12 0.00

-
~ 2000 94 .74 7.29 14.58 0.00

Scenario 1 - Base Case Scenario
- Scenario 2 — Peak Pricing , Quota Scenario

-~~ Scenario 3 UG3RD Scenario
Scenario 4 Peak Pricing, UG3RD Scenario 
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TABLE I(.1

- 

- 
COST OF AIRPORT DELAY
(MILLIONS -OF DOLLARS)

- 

- AIRPORT ID: BOS
0_a

- ANNUAL COST -
• - as_Sea~~ seas

- 

SCENE 1 SCENE B SCENE 3 SCENE .4
- s e a s  a s s e s  aa a ae  a se a  aea saa o ea  anaseeso

1975 28.24 
• 

28.24 28.24 28.24
1976 29.37 25.48 27.68 25.42

- 1977 30.50 22.59 27.11- 22.59
. 1978 31.63 19.77 26.55 19.77

1979 32.76 16.94 25.98 16.94
1980 33.89 14.12 25.42 14.12
1981 42,74 13.79 30.33 - 13.79

- 1982 44.12 10.34 29.64 10.34
- - 1983 45.50 6.89 28.95 6.89

1984 46.88 3.45 28.27 3.45
- 

- -~ 1985 - . 48.26 0.00 27.58 0.00
1986 55.53 7.21 3-1.73 0.00
1987 60.58 14.42 34.62 0.00
1988 - 65.63 21.64 37.50 0.00

- 

- 1989 70.68 28.85 40.39 0.00
I 1990 75.73 36.06 

- 
43.27 0.00

1991 84.72 39.69 47.32 6.11
- 

- 1992 89.29 41.21 48.84 12.21
— - 1993 93.87 42.74 50.37 18.32

1994 98.45 46.27 51.90 24.42
1995 103.03 45.79 53.42 30.S3

- 
1996 116.16 48.20 ‘ 57.68 32.40
1997 125.64 48.99 60.06 33.19
1998 135.12 49.78 62.43 33.98

- 
-
~ 

- 1999 144.61 50.57 64.80 34.77
- - - 2000 154.09 51.36 67.17 - 35.56

- 
Scenario 1 — Base Case Scenario

- Scenario 2 — Peak Pricing, Quota Scenario
-

- • Scenario 3 — UC3RD Scenario
- Scenario 4 — Peak Pricing, UG3RD Scenario
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APPE~~~IX K

TABLE I(,i

COST OF AIRPORT DELAY
(MILLIONS OF DOLLARS)

AIRPORT ID: CLE
S_c

• 
- - ANNUAL COST

- 
- 

a

• 
SCENE 1 SCENE 2 SCENE 3 SCENE 4

SeefleSea fleCaC ‘SO 5e555 550 c a _ c e _ _ c e

1975 0.00 - 0.00 0.00 0.00
1976 .52 0.00 0.00 0.00
1977 1.04 0.00 0.00 - 0.00
1978 1.56 0.00 0.00 0.00
1979 - 2.08 0.00 0.00 0.00
1980 2.60 0.00 0.00 0.00
1981 3.46 0.00 0.00 0.00
1982 4.03 0.00 0.00 0.00
1983 4.61 0.00 0.00 0.00
1984 5.18 0.00 0.00 0.00
1985 5.76 0.00 0.00 0.00
1986 - 6.69 0.00 0.00 0.00
1987 7.30 0.00 0.00 0.00

— 1988 7.91 0.00 0.00 0.00
1989 • 8.52 0.00 0.00 0.00
1990 9.13 0.00 0.00 0.00
1991 10.76 1.27 1.27 .63
1992 - 12.03 2.53 2.53 1.27
1993 13.29 3.80 3.80 1.90
1994 14.56 5.06 5.06 2.53
1995 15.82 6.33 6.33 3.16
1996 19.52 6.73 7.40 3.36
1997 22.21 6.73 8.08 3.36
1998 24.90 6.73 8.75 3.36
1999 27.59 6.73 9.42 3.36
2000 30.28 6.73 10.09 3.36

‘S

Scenario 1 — Base Case Scenario
- ~• 

- 

Scenario 2 — Peak Pricing , Quota Scenario
Scenario 3 - t’G3RD Scenario
Scenario 4 - Peak Pricing 9 UG3RD Scenario

-148 
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A PI:NDIX K

TABLE Li

COST OF AIRPORT DELAY
(MILLIONS OF DOLLARS )

AIRPORT iD: DCA 
-

- S_c

- ANNUAL COST
- a SseneaO

SCENE 1’ SCENE B SCENE 3 SCENE 4
• a enacee naesfle S a sec e s an  asesenac

1975 20.59 20.59 20.59 20.59
1976 22.65 18.53 20.59 18.53
1977 24.71 16.47 20.5~ 16.67
1978 26.77 14.41 20.59 14.4!
1979 28.83 12.36 20.59 12.36
1980 30.89 10.30 20.59 10.30
1981 37.79 9.45 23.62 9.45
1982 40.15 7.08 23.62 7.08
1983 42.51 4.72 23.62 4.72
1984 44.87 2.36 23.62 2.36
1985 47.23 0.00 23.62 0.00
1986 55.86 1.88 29.50 0.00
1987 61.50 3.77 33.89 0.00
1988 67.15 

- 
5.65 38.28 0.00

1989 72.80 7.53 42.68 0.00
1990 78.45 9.41 - 47.07 0.00

— 

- 
1991 90.42 10.12 - 50.61 .67
1992 96.50 10.12 50.61 1.35
1993 102.57 10.12 50.61 2.02
1994 108.64 10.12 50.61 2.70
1995 114,72 10.12 50.61 3.37
1996 130.75 13.73 57.07 4.33
1997 138.70 16.62 59.96 5.06
1998 146.65 19.50 62.85 5.78
1999 154.59 22.39 65.74 6.50

‘a 2000 162.54 25.28 68.63 7.22

Scenario 1 - Base Case Scenario
Scenario 2 Peak Pricing, Quota Scenario
Scenario 3 tJG3RD Scenario

— Scenario 4 Peak Pricing, (JG3RD Scenario

-5
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APPENDIX E 
- 

-

TABLE Li

COST OF AIRPORT DELAY
(MILLIONS -OF DOLLARS)

AIRPORT ID: DEN
5- - s_a

- ANNUA L COST
- ace eana aae

• SCENE 1 SCENE 2 SCENE 3 SCENE 4
- a ass afle acceSses ~~ as anea se  as Ce cease

1975 5.34 5.34 5.34 5.34
1976 6.41 4.8k 5.07 4.81
1977 

- 
7.48 4.27 - 4.81 - 4 .27

1978 8.54 3.74 4.54 3.74
1979 9.61 3.20 4.27 3.20
1980 10.68 2.67 4.00 2.67
1981 13.71 2.49 4.36 2.49
1982 14.95 1.87 4.05 1.87
1983 16.20 1.25 3.74 1.25
1984 17.44 .62 3.43 .62

— 
- 1985 18.69 0.00 3,11 0.00

1986 34.59 2.56 6.41 0.00
1987 49.97 5.12 9.61 0.00

- 

- 
1988 - 65.34 7.69 12.81 0.00
1989 80.72 10.25 16.01 0.00
1990 96.09 12.81 19.22 0.00
1991 117.13 13.78 22.74 1.38
1992 130.91 13.78 24.80 2.76
1993 146.69 13.78 26.87 4.13
1994 158.47 13.78 28.94 5.51
1995 172.25 13.78 31.00 6.89
1996 193.87 16.45 36.49 7.15

I
’
: 

1997 208.90 18.60 40.78 7.15
1998 223.92 

- 
20.75 - 45.07 7.15

1999 238.94 22.89 49.36 7.15
2000 253.97 25.04 53.65 7.15

- a

Scenario 1 Base Case Scenario
Scenario 2 — Peak Pricing, Quota Scenario
Scenario 3 - UG 3RD Scenario
Scenario 4 Peak Pricing, UG3RD Scenario

- 
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APPENDIX X

TABLE X.1

-, COST OF AIRPORT DELAY
(MILLIONS -OF DOLLARS)

AIRPORT ID: LAX
- 

- ANNUAL COST - -
aaacaaaasoo

SCENE I SCENE 2 SCENE 3 SCENE 4

r 1975 “
~~;:;; 

eeeeOaO 

~~~;:;; :~~;:;
;

1976 8.01 5.34 5.34 5.34
1977 10.08 4.75 4.75 4.75
1978 12.16 4.15 4.15 4.15
1979 14.24 3.56 3.56 3.56
1980 16.31 2.97 2.97 2.97
1981 22.31 2.88 2.88 2.88
1982 24.83 2.16 2.16 2.16
1983 

- 
27.35 1.46 1.44 1.44

1984 29.87 .72 - .72 .72
1985 32.39 0.00 0.00 0.00

5- 1986 42.19 0.00 0.00 0.00
1987 50.48 0.00 0.00 0.00
1988 58.77 0.00 0.00 0.00

- : 1989 67.05 0.00 0.00 0.00
1990 75.34 0.00 0.00 0.00
1991 91.26 4.68 7.80 .78
1992 104.52 9.36 ‘S 15.60 1.56
1993 117.78 14.04 23.40 2.34
1994 131.04 18.72 31.20 - 3.12

- - 1995 144.30 23.40 39.00 3.90
1996 196.85 37.73 ‘ 43.47 4.92
1997 241.96 50.85 45.93 5.74
1998 287.07 63.98 48.39 6.56
1999 

- 
332.18 ii.ir 50.85 7.38

2000 377.29 90.22 - 53.31 8.20

_; 
-

Scenario 1 Base Case Scenario
Scenario 2 — Peak Pricing, Quota Scenario
Scenario 3 — CG3RD Scenario
Scenario 4 Peak Pricing, UG 3RD -Scenario
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APPENDIX K
— 

-

TABLE K-.1

COST OF AIRPORT DELAY
(MILLIONS -OF r~OLLARS )

AIRPORT ID: MCI -

- 
Sea

- - ANNUAL COST
a en000easc

SCENE I SCENE B SCENE 3 SCENE 4
- a_ _ a  Seesa aeeeseeae aaf leacao oe ac e a ac a

1975 - 0.00 
- 0.00 0.00 0.00

1976 0.00 0.00 0.00 0.00
1977 0.00 0.00 0.00 . 0.00
1978 0.00 0.00 0.00 0.00
1979 0.00 - 0.00 0.00 0.00
1980 — 0.00 - 0.00 0.00 0.00
1981 0.00 0.00 0.00 

- 
0.00

1982 
- 

0.00 0.00 0.00 0.00
1983- - 0.00 0.00 0.00 0.00
1984 0.00 0.00 0.00 0.00
1985 0.00 0.00 0.00 0.00
1986 0.00 0.00 0.00 0.00
1987 0.00 0.00 0.00 0.00
1988 0.00 0.00 0.00 0.00
1989 0.00 0.00 0.00 0.00
1990 0.00 0.00 0.00 0.00
1991 0.00 0.00 0.00 0.00
1992 0.00 0.00 0.00 0.00
1993 0.00 0.00 0.00 0.00
1994 0.00 0.00 0.00 0.00
1995 0.00 0.00 0.00 0.00
1996 3.89 .65 1.30 0.00
1997 7.78 1.30 2.59 0.00
1998 11.67 1.95 3.89 0.00
1999 15,57 2.59 5.19 0.00
2000 19.46 3.24 6.49 0.00

S 
-

Scenario 1. — Ba~- -~ ‘ age Scenario
Scenario 2 Peak ;-: i- ~-in r~’, Quota Scenario
Scenario 3 — UG3RD Scen~~~io
Scenario 4 — Peak Pricing , UG3RD Scenario -s

- 
1~ 2 
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APPENDIX K -

TABLE K.1

COST OF AIRPORT DELAY
(MILLIONS OF DOLLARS )

5-. AIRPORT 1D HSP

- 

- ANNUAL COST

- 

aeeeaflSOOa

__ !
~~~~_ ! 

_ _ E~~
_
~ 

__
~~~~~~~~~~~~~~~~ _~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

1975 0.00 0.00 0.00 • 0.00
1976 .82 0.00 0.00 0.00
1977 1.63 0.00 0.00 

- 
0.00

1978 
- 
2.45 0.00 

- 
0.00 0.00

1979 3.27 0.00 0.00 0.00
1980 4.08 0.00 0.00 0.00
1981 5.82 - 0.00 0.00 0.00
1982 6.79 0.00 0.00 0.00
1983 7.76 0.00 0.00 - 0.00

• 1984 8.73 0.00 0.00 0.00
1985 9.70 0.00 0.00 0.00

- 
1986 12.63 0.00 1.99 0.00
1987 15.29 0.00 3.99 0.00
1988 17.95 0.00 5.98 0.00
1989 20.61 0.00 7.98 0.00

- - 

- 1990 23.27 0.00 9.97 0.00
• 1991 25.13 1.40 10.47 •70

- 

• 
- 

- 1992 25.83 2.79 ‘S ‘10.47 1.40
1993 26.52 4.19 10.47 - 2.09
1994 27.22 5.58 10.47 - 2.79

- 1995 27.92 6.98 10.47 3.49
1996 38.74 7.45 • 14.15 3.72
1997 47.68 7.45 17.13 3.72
1998 56.62 7.4S 20.11 3.72
1999 65.56 7.45 23.09 3.72
2000 74.50 7.45 26.07 3.72

Scenario 1 — Base Case Scenario
- - Scenario 2 - Peak Pricing, Quota Scenario

Scenario 3 UG3RD Scenario
Scenario 4 — Peak Pricing, UG3RD Scenario 

-
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TABLE K.].

COST OF AIRPORT DEIXI
(MILLIONS OF DOLLARS )

AIRPORT 1D MSY 
-

see

-- - _E~i 
-

- ‘ SCENE I • SCENE B SCENE 3 SCENE 4

1975 0.00 0.O~ 0.00 0:00 
P

1976 0.00 0.00 0.00 
V 

0.00
1977 0.00 0.00 0.00 

- 
0.00

1978 - 0.00 0.00 0.00 0.00
1979 0.00 0.00 0.00 0.00
1980 0.00 0.00 0.00 0.00
1981 0.00 0.00 0.00 0.00
1982 0.00 0.00 0.00 0.00
1983 0.00 0.00 0.00 0.00
1984 0.00 0.00 0.00 0.00
1985 0.00 0.00 0.00 0.00
1986 2.41 0.00 0.00 0.00
1987 4.82 0.00 0.00 0.00
1988 7.23 0.00 0.00 0.00
1989 9.64 0.00 0.00 0.00
1990 12.05 0.00 0.00 0.00
1991 12.84 .64 1.28 0.00
1992 12.84 1.28 2.57 0.00
1993 12.84 1.93 3.85 0.00
1994 12.84 2.57 5.13 0.00
1995 12.84 3.21 6.62 0.00
1996 - 

17.59 3.38 • 8.12 0.00
1997 21.64 3.38 9.47 0.00
1998 25.70 3.38 10.82 0.00
1999 29.76 3.38 12.18 0.00

- - 2000 33.82 3.38 13.53 0.00

Scenario 1 — Base Case Scenario
Scenario 2 - Peak Pricing, Quota Scenario

- 

- Scenario 3 — UG3RD Scenario —

Scenario 4 - Peak Pricing, UG3RD Scenario

- 
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APPENDIX x -

TABLE Li

COST OF AIRPORT DELAY
(MILLIONS OF DOLLARS )

AIRPORT ID: NYC
Saa

- ANNUAL COST -
a Sane aa ace

SCENE -1 SCENE 2 SCENE 3 SCENE 4
ees aaee s a  0 Se f lee a f le ece  flee Sac aeseae

1975 - 0.00 - 
0.00 0.00 . 0.00

1976 0.00 0.00 - 0.00 0.00
1977 0.00 0.00 0.00 - 0.00
1978 0.00 0.00 - 0.00 0.00
1979 0.00 0.00 0.00 0.00
1980 

- 0.00 0.00 0.00 0.00
1981 0.00 0.00 0.00 

- 
0.00

1982 0.00 0.00 0.00 0.00
1983 0.00 0.00 0.00 0.00
1984 0.00 0.00 0.00 0.00
1985 0.00 0.00 0.00 0.00
1986 8.66 0.00 0.00 0.00

- - 1987 17.32 0.00 0.00 0.00
1988 25.98 0.00 0.00 0.00
1989 34.65 0.00 0.00 0.00
1990 43.31 0.00 0.00 0.00
1991 66.58 4.16 4.16 .83
1992 87.38 8.32 8.32 1.66
1993 108.19 12.48 12.48 2.50
1994 128.99 16.66 16.64 3.33

- 1995 149.80 20.80 20.80 4.16
1996 208.26 24.55 • 34.71 5.93
1997 264.14 27.94 48.26 7.62
1998 320.01 31.32 61.80 9.31
1999 375.89 34.71. 75.35 11.01
2000 431.77 38.10 88.89 12.70

-
‘S

Scenario 1 — Base Case Scenario
5-

5- Scenario 2 — Peak Pricing , Quota Scenario
Scenario 3 - UG3RD Scenario
Scenario 4 — Peak Pricing, OG3RD Scenario

I 
- ~~~ ~~~~~~~~~~~~~~~~~~~~~~~



F - - —-- 

- -- -

-VI

APPEND IX v

TABLE K.1-

COST OF AIRPORT DELAY
(MILLIONS OF DOLLARS)

AIRPORT ID: ORD
- See

- ANNUAL COST -
e a ao aa ae e

- ae~~~~anen ee f l S e~~~ Safl fl a aeSf lca

1975 182.62 182.62 182.62 182.62
1976 187.60 171.83 172.11 - 165.74
1977 192.58 161.04 161.59 148.86
1978 197.56 150.25 151.08 131.99
1979 202.54 139.46 140.56 115.11
1980 207.52 128.67 130.05 98.23
1981 256.05 142.03 144.03 98.02
1982 262.05 129.03 131.36 ‘7.68
1983 268.05 116.02 118.69 ~7.341984 274.05 103.02 106.02 37.01
1985 280.06 90.02 93.~5 16.67
1986 308.09 110.88 122.11 1~ .04

- 
- 1987 321.42 127.03 145.97 10.53

1988 334.76 
- 
143.17 169.84 7.02

1989 348.09 159.31 193.70 3.51
1990 361.63 175.45 217.56 0.00
1991 - 409.22 200.51 271.33 9.69
1992 434.57 214.68 311.58 19.38
1993 459.91 228.84 351.83 29.07
1994 485.26 243.00 392.08 38.76
1995 510.60 257.16 ~32.33 68.45
1996 578.89 280.39 484.37 58.28
1997 618.27 289.05 511.94 65.37

1~~ 1998 657.65 297.71 539.51 72.46
1999 697.03 306.38 567.07 79.55
2000 736.41 315.04 594.64 86.64

a

Scenario 1 a Base Case Scenario
Scenar io  2 - Peak Pricing, Quota Scenario
Scenario 3 - UG3RD Scenario
Scenario 4 a Peak Pricing, UG3RD Scenario
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APPENDIX z-~

TABLE K. 1

COST OF AIRPORT DELAY
(MILLIONS OF DOLLARS)

AIRPORT 1D: PHL -

ass - -

- ANNUAL COST 
-- seaseasasfi

SCENE I SCENE 2 SCENE 3 SCENE 4
na_ f l  sea naesn e ea Oases a

1975 - 2.62 2.62 2.62 2.62
1976 - 2.89 2.36 2.36 ‘S 2.36
1977 3.15 2.10 2.10 - 2.10

• 1978 
- 

3.41 1.84 1.84 1.84
1979 3.67 1.57 1.57 1.57
1980 3.94 1.31 1.31 1.31
1981 4.76 1.19 1.19 1.19
1982 5.06 .89 .89 .89
1983 5.36 .60 .60 .60
1984 5.66 .30 .30 .30
1985 5.95 0.00 0.00 0.00
1986 7.52 0.00 0.00 0.00
1987 8.78 0.00 0.00 0.00
1988 10.03 , 0.00 0.00 0.00
1989 - 11.29 0.00 0.00 0.00
1990 1?.54 - 0.00 0.00 0.00
1991 13.91 0.00 .66 0.00
1992 14.57 0.00 1.32 0.00
1993 l~ .24 0.00 1.99 0.00
1994 15.90 0.00 2.65 0.00
1995 16.56 0.00 3.31 0.00
1996 29.29 .67 ‘ 5.99 0.00

- - 1997 41.93 1.33 8.65 0.00
1998 54.58 2.00 11.32 0.00
1999 67.23 2.66 13.98 0.00
2000 79.87 3.33 16.64 0.00

- Scenario 1 — Base Case Scenario
5- Scenario 2 - Peak Pricing, Quota Scenario

Scenario 3 - UG3RD Scenario -

Scenario 4 - Peak Pricing, UG3RD Scenario

- 
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APPENDIX K -

TABLE IC 1

COST OF AIRPORT DELAY
(MILLION S OF DOLLARS )

AIRPORT ID: SF0
- ass

- 
- ANNUAL COST -

a — anon see

• 

- 
SCENE I - SCENE B SCENE 3 SCENE 4

nsa Sef la Os w a s  eec a aa efle e oaasaeea

1975 45.52 45.52 45.52 45.52
1976 50.36 40.97 44.67 40.97
1977 55.19 36.42 43.81 - 36.42
1978 - 60.03 31.86 

- 
42.96 31.86

1979 64.87 27.31 42.11 27.31
1980 69.70 22.76 41.25 22.76
1981 89.24 21.80 48,37 21.80
1982 95.03 16.3S 47.34 16.35
1983 100.82 10.90 46.32 10.90
1984 106.61 5.45 45,30 545 -

1965 112.40 0.00 44.28 0.00
1986 144.79 6.46 54,48 0.00
1987 - 171.32 12.90 62.36 0.00
1988 197.84 19.35 70,25 0.00
1989 - 224.36 - 25.80 78.13 0.00

- 1990 250.88 32.26 86.02 0.00
1991 267.40 35.14 93.97 1.53
1992 267.40 35.91 96.26 3.06
1993 267.40 36.67 98.56 4.58
1994 267.40 37.44 100.85 - 6.11
1995 267.40 38.20 103.14 7.64

• 1996 277.83 53.18 134.15 14.29
1997 277.83 66.68 161.14 20.64
1998 277.83 80.17 188.13 26.99
1999 277.83 93.67 215.12 33.34
2000 277.83 107.16 242.11 39.69

a -

Scenario 1 - Base Case Scenario
Scenario 2 - Peak Pricing , Quota Scenario
Scenario 3 — UG3RD Sceeiario
Scenario 4 - - Peak Pricing, UG3RD Scenario
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APPENDIX K

-~~~~ TABLE K. ].

COST OF AIRPORT DELAY
(MILLIONS OF DOLLARS)

AIRPORT ID: SEA
—
\ 

ass 

- 

~~~~~~~~~~~~~~~~ 
-

- 

SCENE 1- SCENE B SCENE 3 SCENE 4
eaaf lesas eaaeaf lea  eeeeae ass saaaeasaa

1975 - 2.60 
- 

2.60 2.60 2.60
1976 2.60 2.34 - 2.34 2.34
1977 2.60 2.08 2.08 - 2.08
1978 2.60 1.82 1.82 1.82
1979 2.60 1.56 1.56 1.56
1980 2.60 1.30 1.30 1.30
1981 2.95- 1.18 1.18 1.18
1982 2,95 - •89 .89 .89
1983 2.95 .59 .59 .59
1984 2,95 .30 .30 .30
1985 2.95 0.00 0.00 0.00
1986 10.13 0.00 0.00 0.00
1987 17.10 0.00 0.00 0.00
1988 24.06 0.00 0.00 0.00

- 
- 

1989 .31.03 0.00 0.00 0.00
• - 1990 37.99 0.00 0.00 0.00

- 
1991 46,28 .68 . 2.04 .68

- - 
- 1992 51.73 1.36 4.08 1.36

1993 57.17 2.04 6.13 2.04
1994 62.62 2.72 8.17 2.72

- 
- 1995 68.06 3.40 • 10.21 3.40

1996 77.34 4.18 11.85 3,48
1997 85.01 4.88 13.24 3.48

- 1998 92.67 5.57 14.63 3.48
1999 100,34 6,27 16.03 3,48
2000 108.00 6.97 17.42 3.48

- Scenario 1 Base Case Scenario
- Scenario 2 a Peak Pricing, Quota Scenario
- Scenario 3 - tJG3RD Scenario

Scenario 4 — Peak Pricing, UG3RD Scenario

- 
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TABLE K~~.

COST OF AIRP CJ F~~ DE~~~Y
( M I L L T O ~~S C~F r-T T ?\t ~ ” )

A I R P O R T  ID :  STL
- sea 

- 

- 

:~-~ AL COST -

SCE N E 1 sCE~ -: ~ SCE~ E 3 SCE NE 4

1975 
- 

2.64 2.64 • ?. ( -
~ 2 .64

1976 2.64 2.3~ ~.90
1977 2.64 ~~~.i 1  ~. L 6  • 

~ .11
1978 2.64 1.85 3.43 1. 85
1979 2.64 1.:-8 :1.69 1,~~
1980 2.64 1.32 3.95 1.3~
1981 2.91 1.1~ 4.66 1.16
1982 2.91 .87 4.95 .87
1983 2.91 .c~-: 5.24 - .58
1984 - 2.91 .29 5.53 .29
1985 2.91 0.0~; 5.82 0.00

• 1986 17.65 0.0~ 7.91 0 . 0 0
1987 32.26 0.00 9. 74 0 .0 0
1988 46.86 0.-5-~0 11,Sh 0.00
1989 61.47 .j.00 13.39 0 .00
1990 76.07 u . O ~ 15.21 0 . 0 )
1991 94.24 1.82 15.81 1.22

- 

- 
1992 112.48 3.65 16. 42 2 .43

- -~ 1993 130.72 5.47 17.02 3.65
-

- 5-
- 

- 
1994 148.96 7.30 17 .63 4.86
1995 167.20 • - 9.1~ , 18.24 6.08
1996 204.78 12.68 29.80 6.34
1997 235.21 15.85 40.58 6.34
1998 265.65 19.0~ 51.35 6.34
1999 296.08 22.19 62.13 6.34
2000 326.51 25.36 72.91 6.34

Scenario 1 a Base Case Scenario
Scenario 2 — Peak Pr ic ing , Quo ta  S c ena ric -

-
~~ Scenario 3 - UG 3RD Scenario

Scenario 4 — Peak Pri cing , UG3 RD S c en a r -c

-16 0
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