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Airport Curbside Planning and Design

PETER B. MANDLE, E.M. WHITLOCK, AND FRANK LaMAGNA

A method of estimating airport curbside demand and procedures for adjusting
this demand for various service levels and operating conditions are discussed.
Data are presented describing the effects of passenger and vehicular activity
at the airport curb areas. Operational problems that typically occur at an air-
port curb are discussed. Factors influencing operational problems at the curb
are addressed, as well as a means of determining curb frontage requirements,
demands, and relating these to levels of service, based on observations at six
major U.S. airports. This approach affords airport planners an opportunity
to measure the degree of use of the curbside area and to correlate curbside
requirements to the effective length of curb. Volumes of originating and
terminating passengers were found to be of prime importance in forecasting
demand as contrasted to total enplanements and deplanements. The enforce-
ment level of parking regulations and corresponding vehicle dwell time was
found to strongly infl curbside capacity. Design considerations such

as roadway and sidewalk widths that affect the efficiency of the curb are
presented, and criteria are recommended.

An airport terminal building's primary function is
to facilitate the transfer of passengers and goods
between ground and airborne transportation modes.
Recognizing this, the importance of the terminal
curb areas becomes evident. The actual transfer be-
tween ground and air transport occurs at two loca-
tions: the terminal curbs and the aircraft gates.
Both areas must function properly, or the entire
air/ground linkage will not operate in balance. It
is at the curbside areas adjacent to the terminals
that all arriving and departing air passengers (ex-
cept those using nearby parking facilities) board or
alight from ground transport vehicles. Unlike gate
operations, tenant airlines share a common curbside
area at most airports and, consequently, any result-
ing problems are felt by all users.

Factors influencing operational problems at the
curb are addressed, as well as a means of determin-
ing curb frontage requirements, demands, and relat-
ing these to levels of service. This approach af-
fords airport planners an opportunity to measure the
degree of use of the curbside area and to correlate
curbside requirements to the effective length of
curb.

Observation of curb use at several major airports
and related data collected for parts of prior and
current ground transportation studies were used in
the preparation of this paper. Data were derived
from Miami International Airport, LaGuardia Airport,
Dallas/Fort Worth Airport (D/FW), Lambert-St. Louis
Field, Denver Stapleton International Airport, and,
John F. Kennedy International Airport (selected
terminals). The interrelationships of these param-
eters are presented, with emphasis on how the use
characteristics of each airport, stemming from
various studies, affect curbside operations. Alter-
native methods of balancing curb demand and supply
are presented.

CAUSES OF AIRPORT CURBSIDE CONGESTICN

Operational problems encountered at the airport curb
are caused by behavior of arriving and - departing
passengers, operational restrictions occurring in
the terminal area, and a variety of other contribut-
ing factors, such as the following:

1. 1Imbalances between the available capacity on
the airside sector and the landside areas;

2. Surges due to the arrival or departure of
passengers to and from high-capacity aircraft;

3. Uneven distribution of passenger loads along

the curbs, due to the peaking patterns of individual
airlines;

4. Activity concentrations on terminal doors,
curbside and baggage check-in locations, resulting
in imbalances in available space and demand;

5. Lack of strict enforcement of parking dura-
tion restrictions along the curb, resulting in
vehicles remaining at the curbs for longer periods
than desirable; and,

6. Perceived difficulties in recirculating from
the curb back to parking, from parking to curb or,
when unable to find a curb space, back again to the
curb.

As each airport serves passengers who have dif-
ferent demands and exhibit individual seasonal and
daily peaking patterns, the types of congestion
problems will differ from airport to airport, and
even among individual terminals. For example, Miami
International serves a larger proportion of recrea-
tional or tourist passengers than does LaGuardia,
where more air passengers are traveling on busi-
ness-related purposes. At Miami International the
passenger peaks occur at midday as they are related
to hotel check-out times, while at LaGuardia peaking
occurs at the start and end of the business day.
pDifferences observed at these airports, including
the number of bags per passenger, visitors accom-
panying air passengers, party size, and, accord-
ingly, the average dwell time at the terminal curb,
are all related to the proportion of passengers on
business or vacation trips.

AIRPORT CURBSIDE DEMAND FACTORS

Factors that influence operations of the curb can be
separated into those directly related to demand and
those that influence supply as shown in Figure 1.
Three basic groups of factors influence curbside de-
mand. These are

1. Airport Activity Levels--Volume of originat-
ing/terminating passengers during peak periods, sea-
sonal peaking characteristics, and short-term park-
ing location, availability, and cost;

2. User Characteristics--Mode of travel to and
from terminal, proportion of air passengers using
curb, number of well-wishers and greeters accompany-
ing air passengers, passenger trip purpose/arrival
time before flight, and, number of bags per passen-
ger; and

3. Vehicle Characteristics--Number of air pas-
sengers per vehicle, time vehicle remains at curb,
and proportion of buses, taxis, and other commercial
vehicles in traffic stream.

Although these characteristics all influence de-
mand for curb space, curb demand in actuality is
sensitive to fluctuations in only a few. Specifi-
cally, curb length demand changes significantly when
the average vehicular dwell time varies by as little
as 30 s, is sensitive to changes in the proportion
of vehicles and passengers using curb and vehicle
occupancy, is relatively insensitive to modal
choice, and is relatively insensitive to changes in
party size and trip purposes.

AIRPORT CURBSIDE CAPACITY :FACTORS:

Several factors determine thé' capacity of airport
curb frontage areas: . These include the following:

1. Effective Length of Curb--The length of curb



Figure 1. Elements that influence airport curbside system.

CAPACITY

EFFECTIVE
LENGTH
OF CURB

available for use, excluding nonusable space such as
areas adjacent to columns or other physical barriers.

2. Vehicle ©Length and Maneuvering Room~-The
vehicle length plus the necessary maneuvering room.
Larger, less maneuverable vehicles require more time
to enter and exit a curb space and, as they carry
more passengers, occupy these spaces for a longer
time period. The average curb space per vehicle
needed is 25 ft for an average size automobile, 20
ft for a taxi, 30 ft for a limousine, 40 ft for a
courtesy van or car rental van, and 55 ft for a
bus. Adequate travel lanes must be provided to as-
sure the continuous flow of vehicles and to enable
motorists to bypass vehicles stopped at the curb.

3. Enforcement--vVehicle dwell time is directly
related to the enforcement of curbside parking and
vehicle standing regulations. Strict enforcement
encourages reduced curbside dwell times, thereby in-
creasing curbside capacity, while lax enforcement
tends to result in longer vehicle dwell times and
necessitates a greater amount of curb space for
equivalent quality of operations.

4. Facility Locations--Motorists try to park
near terminal doorways, curbside baggage check-in
facilities and skycap services, which can disperse
vehicles along the curb frontage roadways. Similar-
ly, motorists tend to park near the signs identify-
ing their airlines rather than proceed to available
curb space located elsewhere along the curb.

Service Levels

For a given physical arrangement, the capacity is
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constant, but the service 1level (or quality of

operation) may fluctuate. At the airport terminal
curb, service levels are considered to be related to
the amount of double to triple parking (congestion)
that occurs. Level of service is generally defined
as a gqualitative measure describing user (i.e.,
motorist) satisfaction with a number of factors in-
fluencing the degree of traffic congestion (1).
Figure 2 illustrates these service levels at the
airport curbside.

Level of service A represents vehicular opera-
tions at the curb where motorists experience free
flow (no interference from other vehicles or pedes-
trians) conditions. Arriving drivers can stop im-
mediately adjacent to the curb at a location they
select. It is unrealistic to design for this ser-
vice level during peak periods at major airports.

Level of service B, like level A, describes rela-
tively free flow conditions; however, with level B,
limited double parking can be observed at primary
demand locations (baggage check-in or major entrance
and exit points) along the curb frontage. The ef-
fective curb length is equal to 1.1 times the linear
dimension of usable curb space.

Level of service C is indicative of activity ob-
served at most major airports during peak hours. It
is suggested that level C 1is appropriate for peak-
period design conditions at major airports. Level of
service C represents operating conditions where
double parking near doors is common, and some inter-—
mittent triple parking occurs. The effective curb
length for level C is eguivalent to 1.3 times the
usable curb length.
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Figure 2. Airport curbside levels of service.
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Level of service D exhibits conditions where
triple parking becomes more prominent and where
vehicle maneuverability is somewhat restricted.
Queues of vehicles form both along the curb roadway
and at the entrance to the curb frontage road. The
effective length of curb for level of service D is
equal to 1.7 times the usable curb area.

Level of service E occurs at a curb when motor-
ists experience significant delays and queues. Both
congestion and multiple parking are evident through-
out the entire terminal curb frontage area. Momen-
tary breakdowns in operation occur as the flow of
vehicles comes virtually to a halt. The effective
length of curb under these conditions is equal to at
least 2.0 times the actual linear footage of usable
curb. Where unusually wide curb frontage roadways
exist, between 50 and 60 ft (curb-to-curb width),
this value can be increased to 2.5.

Analysis Method

In the past, several criteria have been published
for determining curb frontage requirements. Among
these methods are

1. General rules of thumb relating curb space
demand to annual passengers [for example, see De-
Neufville (2)] or to peak-hour passengers [for ex-
ample, see DeNeufville (2) and Whitlock and Cleary
(3)1;

2. Procedures requiring data that describe
various curbside demand characteristics [for ex-
ample, see Parsons (4)] and mathematical models of
various forms [for example, see Tilles (5)1; and

3. Computer models that simulate curbside ve-
hicular activities [see Hall and Dare (6) for an
example of a simulation model].

SERVICE E

[=ienk] (EFFECTIVE AREA EQUAL
3 ETH TO 20 x LENGTH OF
[EnvE] CURB LOADING AREA)

—<)%>— REPRESENTS DOOR
OR CURBSIDE BAGGAGE
CHECK IN

Suggested Analysis Method

Curb frontage requirements should be calculated
solely for originating or terminating air passenger
volumes. By using data obtained during peak-period
surveys at six major airports, curb frontage needs
were ascertained, based on the number of peak hour
vehicles using the curb. A review of these data in-
dicated little variation between airports in the
various factors influencing demand. Observations at
airports throughout the United States indicate the
combined proportion of private vehicles and taxis is
relatively constant and revealed that the volume of
other traffic (commercial vehicles) varied consider-
ably. The volume of commercial vehicles had a
greater influence on curb frontage needs than fluc-
tuations in the percentage of private vehicles ver-
sus the percentage of taxis (7). For analysis pur-
poses, the following average values, which are
representative of most U.S. airports, were used:

1. Mode of arrival (private vehicles and taxis
combined), 75 percent;

2. Percentage of private vehicles and taxis
using the curb, B0 percent;

3. Vehicle occupancy, private vehicles and taxis
combined, 1.5 air passengers/vehicle;

4, Percentage of passengers (excluding transfer)
arriving at the terminal via people mover and fixed
rail, 0 percent;

5. Ratio of all other vehicles to automobiles
and taxis, 1l:5 for up to 3000 peak-hour passengers
and 1:6 for more than 4000 peak-hour passengers;

6. Vehicle dwell time (private vehicles and
taxis combined), 2.0 min.; and

7. Vehicle dwell time (all other vehicles), 2.5
min.



Figure 3. Suggested method for estimating curb
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The method presented in this paper includes a vice level. Conversely, based on a given curb
constant rate of other (non-automobile and taxi) length and volume of peak-hour air passengers, the

vehicles on the curb. The analysis also revealed
that the peak hour of curb activity depends on the
arrival and departure patterns of air passengers.
Thus, the curb frontage requirements are based on
the following formulas:

C=C, +C,
C,=(P-M/V)-F+(60/Dy) L,
C, = (P M/V)- A+ (60/D2) " L,
where

C = curb frontage needs in linear feet for all
vehicles,

Cy = curb frontage needs in linear feet for pri-
vate vehicles and taxis,

Cy = curb frontage needs in linear feet for all
other vehicles,

P = equivalent peak hour of air passengers arriv-
ing at curb (based on an assumed arrival dis-
tribution rate),

M = percentage of passengers using private
vehicles and taxis,

V = vehicle occupancy of private vehicles and
taxis (combined average),

F = percentage of private vehicles and taxis
using the curb,

D) = vehicle dwell time--private vehicles and
taxis (combined average) in minutes,

Dy = vehicle dwell time (all other vehicles) in
minutes,

Ly = average vehicle berth space (private ve-
hicle and taxis) equals 25 ft,

L, = average vehicle berth space (all other
vehicles) equals 45 ft, and

A = ratio of "other vehicles” to combined total

of automobiles and taxis.

By using the values presented in Figure 3 for
levels of service A through E, the amount of curb
frontage can be estimated based on the desired ser-

level of service of the curb frontage can be deter-
mined.

Adjustment Factors

It should be noted that the values presented in
Figure 3 are based on average values for vehicle oc-
cupancy, vehicle dwell times, proportion of vehicles
using the curb, rate of flow of other traffic (non-
private vehicles and taxis), and mode of arrival.
Should it become necessary to deviate from these
values, adjustment factors have been developed and
are presented in Table 1. These factors should be
applied to the linear footage of curb obtained in
Figure 3, For example, at D/FW Airport a fee is
charged for all vehicles entering the airport, even
if they do not park. Thus, at D/FW, the percentage
of vehicles using the curb is less than average. As
a result, it would be necessary to adjust the value
obtained from Figure 3 for this location. 1If, at a
given airport, only 60 percent of vehicles use the
curb, then by using Table 1 a factor of 0.80 should
be multiplied by values presented in Figure 3.

Similar adjustment values are presented in Table
1l for other wvariables. Thus, at locations where
private vehicle dwell times, vehicle occupancy, and
percentage of vehicles using the curb vary from
those typically experienced, adjustments can be made
by using established values (Table 1).

With the characteristics mentioned considered
constant, it is possible to estimate peak-hour en-
planing or deplaning curb length requirements, know-
ing originating or terminating passenger volumes
(i.e., excluding transfer passengers) and assuming a
given level of service. 1In planning for future curb
length requirements, it 1is important to consider
possible changes in aircraft arrivals or departures
that would alter the time or day of the peak period
or the proportion of activity occurring during the
peak period.

SOLUTION OPTIONS AND DESIGN CONSIDERATIONS

Several methods have been employed at terminal curb
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Table 1. Adjustment factors for determining curb frontage.

Variable Factor

Average vehicle occupancy (air passengers per vehicle)/
{automobiles and taxi combined)

1.0 1.35
1.1 1.25
1.2 1.18
1.3 1.10
1.4 1.05
1.5 1.00
1.6 0.95
1.7 0.90
1.8 0.88
1.9 0.85
2.0 0.80

Vehicles using curb (%)/(automobiles and taxi

combined)
60 0.80
65 0.85
70 0.90
75 0.95
80 1.00
85 1.05
90 1.10
95 1.15
100 1.18

Ratio of other vehicles versus automobiles and

taxis (peak hour)
Up to 3000 passengers
0.10:1.00 0.85
0.15:1.00 0.90
0.20:1.00 1.00
0.25:1.00 1.05
0.30:1.00 110
4000 passengers or more
0.05:1.00 0.85
0.10:1.00 0.90
0.15:1.00 1.00
0.20:1.00 1.05
0.25:1.00 1.10

Mode of arrival (%)/(automobiles and taxi

combined)
60 0.85
65 0.90
70 0.95
75 1.00
80 1.03
85 1.07
90 1.:12
95 1.15

Vehicle dwell time (min) automobiles and taxi

combined
1.5 0.85
2.0 1.00
2.5 .15
3.0 1.30
3.5 1.45

All other vchicles
1.5 0.83
2.0 0.90
2.5 1.00
3.0 1.04
8.5 1.11
4.0 1.20

Notes: Factors of 1.00 indicate those values used in determining curb
frontage requirements contained in Figure 3.
Automobiles reflecet all private vehicles acce fating air |
gers. Meeter /greeter vehicles without air passengers are included as
part of all other vehicles,

frontage areas to increase capacity of the system.
These methods, which include both physical and
operational improvements, are described here.

Physical Improvements

Provision for additional curb frontage roadways, by-
pass lanes, and multiple entry and exit points would
seem to be the simplest solution in terms of obtain-
ing additional capacity at the curb frontage. Many
airport terminal roadway facilities, however, are
fixed in terms of (a) availability of space for ex-
pansion and (b) cost implications for the provision
of additional lanes.

Other practices, such as the use of remote curbs,
park-and-ride facilities (remote parking), and down-
town satellite terminals, have also been suggested
as methods to reduce terminal curb frontage roadway
traffic. Although these methods appear to be at-~
tractive approaches, experience indicates that there
are some inherent problems. For example, a remote
curb is provided at LaGuardia Airport. The remote
curb provides an attractive environment for loading
and unloading passengers as it is protected from the
weather and can be entered directly from the ter-
minal approach road. Also, an enclosed pedestrian
bridge with moving sidewalks connects the remote
curb to the terminal building. Despite these ameni-
ties, less than 5 percent of all curbside traffic
elects to use this facility, even during periods
when the main upper-level terminal curb is operating
at capacity. The airport operator has indicated
that the major reason traffic does not use this re-
mote curb is the absence of baggage check-ins at
this location.

Downtown terminals are provided in several
cities. For example, New York City's East Side Ter-
minal provides scheduled bus transportation to the
metropolitan airports; however, this terminal has
not proved successful. The causes suggested for the
low demand for this terminal have been, again, the
lack of baggage check-in facilities (passengers must
transport their luggage from the bus to their check~
in positions), the scattered distribution of passen-
ger origins throughout the region, and operation and
maintenance costs. As many passenger trips neither
originate nor terminate in the central city, but
rather in the outlying suburbs, it is not convenient
for these passengers to use a downtown terminal.
Thus, the ability to check in baggage directly for a
flight appears to be an important factor in planning
a successful remote curb.

Operational Improvements

There are certain operational improvements that, if
implemented, may increase the capacity of the curb
frontage system. The most important of these is im-
proved enforcement of parking restrictions at the
curb. Enforcement at the curb has been shown to re-
duce vehicle dwell times and improve the efficiency
of curb use as vehicles are directed to empty spaces
by an authorized person. For example, a reduction
in the average vehicle dwell time for private
vehicles and taxis from 2.0 to 1.5 min can reduce
total curb requirements by 15 percent. The problem
of double and triple parking is also somewhat con-
trolled. Curb use may also be improved by redistri-
bution of airline industry signs on the curb front-
age roadway.

Segregation of traffic is another mechanism that
can increase curb frontage capacity. In order to
accomplish this, dual curbs have to be established
to separate public transit vehicles from private ve-
hicles on the curb frontage.

To minimize pedestrian-vehicular conflicts that
may be associated with center island curbs, several
actions have proved helpful. First, the number of
locations where passengers may cross active roadways
should be kept to a minimum. Providing pedestrian
bridges is one means of implementation, but properly
identified at-grade pedestrian crossings are more
commonly employed. To assure that passengers use
these crossings, barriers are often placed parallel
to the curb, with openings only at the crosswalks.
Second, traffic signs and, sometimes, traffic con-
trol signals are used to show motorists the location
of pedestrian crosswalks and to provide necessary
gaps in the traffic stream. In a few instances
speed bumps are used to control vehicular speeds on
curbside roadways.



Another consideration is to charge vehicles for
the use of curb frontage areas, similar to the use
of regulated airport parking facilities. This would
reduce the attractiveness of curbside areas when
compared with short-term parking facilities. This
solution would require toll facilities on all access
roads. This method is used at D/FW where all ve-
hicles entering the airport, regardless of whether
or not they use the parking facilities, are charged
a fee. There is no differentiation for short-term
parking or use of the curb, only a reduced rate for
long-term (remote) parkers.

Modification of airline schedules can reduce the
peak-period demands by spreading the amount of ac-
tivity more evenly over the entire day. Requirements
of hotels and businesses, as well as airline compe-
tition, make this an unlikely alternative, however.
Schedules have been modified at some airports to re-
quce noise levels during late night hours. Also,
air carriers currently offer reduced fares for night
coach flights, which means other users are paying a
premium. Thus, through selective airport landing
fees or other mechanisms, it 1is feasible to use
existing capacity more effectively.

Design Considerations

In the actual design of curbside areas the following
guidelines have proved helpful.

Travel lanes (11-12 ft wide) and parking and
loading lanes 10 ft wide should be used. A typical
curb frontage would require 44 ft (two 1l0-ft loading
lanes and two 12-ft travel lanes).

In heavily trafficked areas minimum clear widths
of 15 ft are desirable. Flow impediments such as
signs, curbside check-in counters, and doors act as
restrictions. Greater widths should be provided in
these areas, especially adjacent to terminal doors.

Signs should be visible from both motorists' and
pedestrians' eye levels, but should not interfere
with circulation. Thus, messages such as airline
names should be perpendicular to vehicular traffic
flow. Sign placement can aid vehicular circulation
and reduce congestion. For example, if the name of
the dominant carrier(s) is repeated near several
doors, passenger drop-offs will be distributed over
a longer section, reducing the impact on a single
point.

Especially at lower-level curbs, it is necessary
to assure that structures such as walls do not
interfere with the 1line of sight of motorists.
Closely spaced columns present a forest atmosphere,
distracting motorists and interfering with traffic
operations. Walls, especially in merging and weav-
ing areas, can also reduce sight distances and re-
duce operating efficiencies.

Areas for baggage drop off and check in should be
distributed throughout the system to reduce conges-
tion. Similar to doors, multiple facilities will
diffuse the demand over a larger area,

SUMMARY
Airport curbside planning requires careful con-

sideration of the airport passenger characteristics
and how they may affect demand. Physical features
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and external constraints on demand must be addressed
in order to balance supply and demand and provide an
adequate service level. A suggested method for es-
timating demand has been presented to airport plan-
ners in considering the needs of their terminal and
to assure this critical segment of the airport will
operate efficiently, safely, and properly. With
this method, curb space requirements can be adjusted
to reflect alternative levels of service at the ter-
minal curb. The suggested approach recognizes that
at major airports there is a little variation in
several factors influencing demand. Among these
factors are the proportion of passengers arriving in
private vehicles and taxis (75 percent), percentage
of vehicles using the curb (80 percent), proportion
of nonautomobile and taxi traffic stopping at the
curb, and average dwell time (2.5 min). Holding
these factors constant, curb space demand can be re-
lated directly to originating and terminating pas-
senger activity. BAdjustment procedures for atypical
conditions are given.
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Analysis of New Orleans Airport Ground

Transportation System
RAY A. MUNDY

The airport ground access problem is a familiar term to many large airport man-
agers. A portion of an airport ground transportation analysis conducted as part
of an overall travel and tourism study for the New Orleans, Louisiana, area is
discussed in this report. The objectives of this analysis were to (a) analyze
present ground transportation alternatives, (b) recommend curbside priority
arrangements, (c} recommend a ground transportation financing plan, and (d)
anticipate major future problems that could exist when serving large volumes
of tourists and visitors to the area. Research methods used were primarily
qualitative in nature, based on existing local consultant reports and available
general literature on various aspects of the ground transportation problem. This
report should be of general significance and interest to other airport managers
and planners due to the methodological approach taken. That is, instead of
viewing the airport access problem as one of facility design per se, it was
viewed as one of facility management. Empbhasis was placed on maximum use
of high-occupancy vehicles and a fair and equitable financing plan for all vehi-
cles that use the airport ground access system. The report recommends that all
elements of the ground access system—buses, vans, taxis, private automobiles,
rental cars, etc.—be included in such an analysis and financing plan to improve
the airport ground transportation system. This generalized management and
financial approach could be of assistance to other airports faced with an access
problem,

Airport ground transportation has typically been
overlooked in the physical design and construction
of many U.S. airports, only to become a major source
of community embarrassment as congestion and curb-
side confusion result. Visiting businesspeople and
vacationers often label a city as a nice place to
visit but impossible to get to from the airport, or
they may remember their visit primarily for the ex-
pensive cab trip taken from the airport. It is in
the community's best interest to clearly think
through the type of image it wants to portray to
visitors. Because the airport ground transportation
trip will be the visitors' first impression of their
city, major urban areas should seek to give the im-
pression of a clean, well-managed, efficient, low-
cost, high-value place to visit through their ground
transportation system.

Airport authorities or boards also have a vested
interest in the quality of their ground transport
providers. The "image" of the airport is also very
often the result of the travelers' experience at
curbside. Moreover, passengers carried by author-
ized ground transportation providers represent sub-
stantial revenue to the authority. When friends or
relatives meet or discharge passengers, they typi-
cally use airport roadway and curb space without
paying for the privilege. Such traffic adds greatly
to the curbside access problem and costs more
through the need for increased capacity while paying
none of the incremental costs. Coordinated airport
ground transportation providers, on the other hand,
significantly reduce the airport vehicular traffic
volume and pay handsome revenue to the airport for
the privilege.

Many major U.S. airports have experienced serious
ground site congestion problems. Typically, this
access problem is thought to be caused by inadequate
parking or roadway capacity. Stated another way,
the problem is perceived to be one of facility ca-
pacity. Unfortunately, the typical solution is to
build additional parking capacity and add curb lanes
to support additional traffic., The additional ca-
pacity is quickly filled by new traffic demands and
even-more-monumental traffic jams, tie-ups, and
delays result. One needs only to visit the ILos

Angeles International Airport or Miami Airport to
see the results of such expansion. In reality, it
is not the number of vehicles the airport curb fa-
cility can process, but the number of people it can
handle with the given facility. Interpreted this
way, the problem can be reformulated into one of
facility management as opposed to facility capac-
ity. Such thinking encourages more efficient and
effective airport facilities.

STUDY OBJECTIVES

This report discusses a segment of a larger travel
and tourism study performed for the New Orleans,
Louisiana, area. It sought to address present and
potential problems the area may have with respect to
its airport ground transportation alternatives and
the area's general ability to accommodate larger
amounts of tourist traffic. Specific attention was
given to the opportunity to provide self-supporting,
low-cost, efficient, and effective high-occupancy-
vehicle transportation from the New Orleans Inter-
national Airport to points in and about New Or-
leans. The objectives of the study were to

1. Analyze the present airport ground transpor-
tation alternatives at the New Orleans International
Airport and their appropriateness for business-
persons, tourists, and conventioneers;

2. Recommend curbside priority parking arrange-
ments that emphasize continued preference for high-
occupancy vehicles;

3. Recommend a ground transportation financing
plan that offers a fair and equitable rate to be
paid by airport ground transportation providers; and

4. Analyze the potential future problems con-
nected with serving larger volumes of tourists and
visitors to the WNew Orleans International Airport
expected when new hotel and convention facilities
are completed in the New Orleans area.

As will be shown, these objectives were combined
into a general strategic plan for improved airport
ground transportation at the New Orleans Interna-
tional Airport. The recommendations call for a
reassessment of current plans to build a high-rise
parking garage and a continued commitment to en-
courage low-cost, high-occupancy-vehicle curbside
priority.

CURRENT CONGESTION PROBLEMS

Current traffic problems at the New Orleans Inter-
national Airport stem from one of the pocrest air-
port roadway access systems ever encountered. Two
cardinal rules of airport roadway planning are to
avoid at-grade traffic crossovers whenever possible
and to decrease the curbside total traffic as much
as possible. The present roadway pattern deliber-
ately created an at-grade traffic crossover entering
the airport access and routing all traffic in front
of the terminal before going on to other destina-
tions, i.e., car rentals, courtesy cars, employees,
etc.

PARKING

Parking at the New Orleans International Airport was



Figure 1. Parking spaces provided in relation to enplaning passengers.
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Table 1. New Orleans International Airport parking facility revenues.

Revenues ($)

Item Long Term" Short Term®

Date
January 1980 152 988.15 111 831,62
February 1980 135 408,60 112 707.58
March 1980 146 174.52 113 023.05
April 1980 143 148.50 111 205.20
May 1980 154 098.90 121 825.11
June 1980 164 321.93 127 961.61
July 1980 158 542.99 133 162.68
August 1980 159 173.50 142 732.05
September 1980 151 428.23 111 654.60
October 1980 168 227.18 120 752.10
November 1980 150 418.87 115 084.26
December 1980 153 022,05 121 428.85
Total 1836 953.42 1 443 268.71

92.12 percent paid Lo New Orleans 1 692 201.49 1329 631.26
Aviation Board

Avg revenue per space 58.20 232,29

Avg revenue per vehicle 10.32 1.42

LNa. ol spaces = 2423: total no. of vehicles in lot (May 1979-May 1980) = 163 916.
No. of spaces = 477; total no. o) vehicles in lot (May 1979-May 1980) = 935 114,

perceived to be a major problem, and an additional
1539 parking spaces were recommended as necessary by
the year 2000. An earlier study by Lambert and As-
sociates (1) depicted parking demand to be satu-
rated; however, in comparison with other major air-
ports of similar size, New Orleans appeared to have
adequate parking spaces available (Figure 1). As
shown, New Orleans had 2900 parking spaces available
for 3.2 million total enplaning passengers. This is

well within the Federal Aviation Administration's
recommended range (2).

Further analysis indicated the revenue received
from long-term versus short-term spaces to be sig-
nificantly different (Table 1l). Short-term parking
spaces denerated $232 per month per space while
long-term spaces generated only $58 per space per
month., Given the normal costs associated with
building parking structures (Table 2), it was not
cost-effective to construct additional long-term
parking spaces if parkers were drawn from the short-
term lots.

On the other hand, additional short-term spaces,
properly constructed, could represent handsome
returns to the airport authority. Such additional
spaces could be easily obtained by using existing
spaces now dedicated to the taxi holding area and/or
those currently being used by rental car companies.

The taxicab holding area could easily be moved to
the southeast side of the airport just off the main
approach highway from New Orleans' Highway 1I-10
Connector (Figure 2). An equal or greater number of
spaces for taxicab parking could be created with the
same priority system granting two or three taxicabs
at the designated airport curb. A simple green-
light device would be used to signal cabs in the
waiting area when additional cabs are needed. Most
major airports have moved their cab holding area
away from the terminal area in order to more effec-
tively use these close-in spaces. While the taxi-
cabs pay a fee to provide service at the airport,
the fee ($200/year) should not entail them to occupy
a close-in parking space that has the potential of
generating $2784/year in revenue. Due to needed
roadway space, not all 175 spaces used currently for
the taxi holding area would be available for short-
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Table 2. Surface parking costs.

Annual Annual

Land Cost per Construction®  Amortization® Annual Taxes® Maintenance? Annual Monthly
(8/t?) Stall () (€3] (%) (%) %) $) (%)

1 330 330 66 19.80 19.80 105.60 8.80

2 660 330 99 29.70 19.80 148.50 12.38

5 1650 330 198 59.40 19.80 148.50 12.38
10 3300 330 363 108.90 19.80 491.70 40.98
15 4950 330 528 158.40 19.80 706.20 58.85
20 6600 330 693 207.90 19.80 920.70 76.73
30 9900 330 1023 306.90 19.80 1349.70 111.48
a$1/ft2. I’10 percent of land cost plus construction cost. c$12/$100 of assessed valuation at 25 percent of actual. dso.06/ft2.

Figure 2. New Orleans Airport terminal development plan.
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term parking. However, if only 100 spaces were

available, this would represent a potential revenue
of $278 400/year in additional short-term parking
fares.

Spaces currently occupied by rental car companies
for close-in parking were also candidates for con-
version to short-term parking. The new airport
terminal traffic pattern (see Figure 2) recommended
in a Peat, Marwick, and Mitchell report (1980) would
encompass some of the area now used for rental car
parking. Given the need to add parking availability
without substantially adding to the cost, there is
no reason why this valuable space should be used for

[ ronroap  WORK ELEMENT D
COMPLETED PLAN-GRADE LEVEL
ACCESS, CIRCULATION, & PARKING

TEAMINAL DEVELOPMENT PLAN
NEW ORLEANS INTERNATIONAL AMPORT
PEAT, MARWICK, MITCMELL & Co.

Smippm =S SEPTEMBER 1980

rental car agencies at an airport the size of New
Orleans International. As airports have grown and
become more crowded, logical response is to move
some nonessential functions out of the airport ter-
minal if possible. In a large number of cases, this
has meant, at first, the close-in parking for rental
car agencies and, in cases of extreme congestion,
such as at Los Angeles Airport and others, even the
rental car agency booths were moved out of the main
terminal. Such a move has a double positive effect
on ground transportation traffic in that (a) it
frees up valuable close-in parking spaces for more
revenue producing activity (short-term parking) and
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(b) it eliminates return rental car traffic inside
the terminal area.

New Orleans International Airport travelers
rented automobiles between 9 and 15 percent of the
time. Thus, a significant amount of present amount
of terminal area traffic would be eliminated if
their return lots were removed from the immediate
terminal area.

Rental car agencies paid the New Orleans Aviation
Board 10 percent of their gross for the right to do
business in the airport terminal building and park
their vehicles on airport property. Removal of
these automobiles to the remote lots currently used
for storage of rental cars and shuttling passengers
to and from the terminal building would not add sig-
nificantly to the costs and is an acceptable mode of
operation at major airports. The anticipated reduc-
tion in airport fees paid by the rental car firms
should not be expected to be more than the increased
cost of providing the shuttle service similar to
that provided for employee parking in these remote
lots. The 200 close-in short-term parking spaces
currently occupied by the rental car companies rep-
resented a potential $556 800 in annual revenue with
no additional costs once the new traffic plan had
been implemented.

It was also suggested that the Aviation Board
take a very pragmatic view toward long-term park-
ing. Currently, it is generating $66.15 per space
per month, with a current fee of $4/24 h. (It is
suspected that rates may be held at this level to
keep par with off-airport parking rates.) Given the
average number of long-term parkers of 13 659/month,
this represents an average of $10.32/parked vehicle
in 1980 and 1981 or an average stay of 2.75 days.
Pressure for more and more long-term parking will be
brought to the Aviation Board. However, a proper
balance between 1long- and short-term availability
must be maintained. Because the Aviation Board
derives more than $10/automobile in the long-term
lot, as opposed to only $l.42/automobile in the
short-term lot, there is no reason to rush into more
long-term space availability. Providing this space
may actually decrease the $232 average revenue cur-
rently derived from the short-term parking spaces.
Clearly, the 1logical approach would be to expand
short-term parking availability at present rates
(i.e., maximizing revenue per space) and provide
remote long-term parking with shuttle service that
would draw present off-airport long-term parkers-—-
not present short-term parkers.

A final note on airport parking suggested that
the present long-term rate of $4/day for close-in,
long-term parking is low in comparison with other
airports of comparable size. Immediate considera-
tion should be given to a three-tiered rate with (a)
shuttle long term at $4/day, (b) adjacent long-term
$6-8/day, and (c) existing short-term rates.

ATIRPORT GROUND TRANSPORTATION SYSTEMS

Airport ground transportation at the New Orleans
International Airport is provided by a number of
private and public transportation providers, includ-
ing taxicabs, private limousine and bus companies,
private hotels and off-terminal parking courtesy
cars, limited public transit service from the New
Orleans Public Transit Operators, and, of course,
the private automobile. A breakdown of entering
passenger vehicle mode use is shown in Table 3., As
shown, 23 percent of the airport travelers were
carried in either buses or limousines that repre-
sented only 2 percent of the traffic. Taxicabs
transported another 23 percent but represented only
10 percent of the vehicular traffic. Finally, it
should be noted that private automobiles, while
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representing 87 percent of the vehicles on the road-
way system, transported only 31 percent of the pas-
sengers for a ratio of 0.17 actual air passengers to
every private automobile entering the terminal
area. This is significantly below the national
average for airports the size of New Orleans (Table
4). Ironically, the ratio of all air passengers to
entering vehicles is exactly what it could be ex-
pected to be (0.48) or 2 vehicles entering for every
one passenger, At the New Orleans International
Airport, however, the average is being arrived at by
a much higher than average number of arriving air
passengers on bus, 1limousine, taxi, and shuttle
vehicles, and a low number of actual air passengers
arriving by private automobile. Clearly, there is
an enormous amount of airport vehicular traffic that
has no purpose in being routed through the terminal
area. The recommended traffic plan should eliminate
much of this unnecessary traffic and it should be
understood that the New Orleans International Air-
port currently has an excellent ratio of public
passenger vehicles use. Compared with airports
larger than itself, New Orleans is much more effec-
tive in high-occupancy-vehicle use (Table 4). As
shown, New Orleans International has 23 percent of
arrivals in airport 1limousine or bus. This is
matched only by Miami (25 percent), but nearly 42
percent of Miami arrivals come in private automo-
biles, while only 31 percent of New Orleans' ar-
rivals come by private automobile--the difference
being made by taxicab arrivals, 22 percent of Miami
International versus 37 percent for New Orleans
International.

Clearly, in any revamping and enlargement of the
airport ground transportation access system, this
historic good balance of airport passengers on pub-
lic transportation vehicles should be maintained and
encouraged. The present high use rate is the result
of several factors--some planned such as frequent
airport 1limousine and bus service and some not
planned--buses cannot travel any other lane on the
lower deplaning level other than the inside curb
lane that dictates to them the premium curb space.
In essence, the arriving passenger must consciously
walk by the least expensive ground transportation
modes (limousine and bus) before reaching taxicabs
and private automobiles on lanes farther out. Thus,
the curb prioritization currently provided for pub-
lic high-occupancy vehicles is crucial in any recom-
mendation for good future ground transportation
systems.

At present, the authorized ground transportation
provider--Orleans Transportation Service, Inc.--pays
the highest percentage of any mode, 23.6 percent of
revenue for the use of the highest priority curb
lane, i.e., the one closest to the terminal. This
represents the total amount of revenue of $300 000
annually to the airport (Table 5). Taxicabs are
given second level and lane priority and represent a
potential revenue of nearly $500 000/year at $200/
cab with nearly 2500 permits authorized. (Only
$110 000 has been collected, however.) It should be
pointed out that total revenues (if collected) may
be misleading. As a dollar amount pexr passenger,
the authorized 1limousine and bus provider pays
$1.18/passenger carried (23.6 percent of the $5
fare) to the airport, but taxicabs, handling 37
percent of the passengers or 1 184 000 passengers,
pay only $500 000 (if collected) or 42 cents/pas-
senger on a $14 fare to downtown, or 3 percent of
the revenue.

Charter vans and limousines, not authorized for
general pickup at the airport by agreement with air-
port authority, are assigned a level three lane pri-
ority and charged $400/year per charter van or lim-
ousine and $1/trip. ©Parking lot courtesy vehicles
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Table 3. 1979 passenger distribution by mode of vehicle entrance per day.

Percentage Air Passenger
No. of No. of Air of Air to Vehicle

Mode Vehicles  Passengers Passengers Ratio
Passenger car 11550 11972 31 0.17
Taxicab 1 340 2 385 37 1.78
Limousine and buses 200 1 500 23 7.50
Off-airport parking 215 590 9 2.74

shuttles e . =
Total 13 305 6 447 0.48

Table 4. Average observed modal choice patterns at Miami, Denver, LaGuardia,
and New Orleans Airports.

Airport (%)

John F.
Kennedy/
American New
Mode of Arrival Miami Denver LaGuardia Airlines Orleans
Private automobile 42 56 25 46 31
Car rental bus 11 14 9 3
Taxi 22 13 46 35 37
Airport limousine 10 5 13 7 23
Bus 15 3 5 9
Other 9 2 9

Note: Data exclude transfer passengers, based on 6-h surveys conducted by Wilbur Smith
and Associates at Miami; March 17 and 18, 1978; Denver, April 20 and 21, 1978;
LaGuardia, May 24 and 25, 1978; and John F. Kennedy/American Airlines,
January 27, 1978; and data for New Orleans taken from Surface Transportation
and Parking Study, Lambert and Associates, 1979.

Table 5. New Orleans Airport vehicle traffic fees.

Rate Lane Total per
Revenue  per Assignment Year
Mode of Traffic (%) Vehicle Priority ($)
Charter limousine/bus 23.6 1 300 000
Other charter limousines 1/trip 1 400
and vans
Other charter buses 2/trip 1 600?
Taxis 3.0 2 500 000
Hotel courtesy cars/ 3 400
limousines
Off-airport parking shuttles 3 400°
Airport rental courtesy 3 400"
vehicles

Bper vehicle.

are charged $400/year plus $10 for each parking
space available at the parking lot operator's loca-
tion. Thus, an off-airport parking facility with
100 spaces might pay the Aviation Board $1000/year
for the 100 spaces and another $800 for two shuttle
vehicles. Referring to the earlier discussion on
long-term parking revenues, these 100 spaces for
long-term parking have a yearly potential of $69 600
($58/space per month times 12 months). If the off-
airport parking facility operates at similar occu-
pancy levels as does on-airport long-term parking,
then the operator would be paying only 2.6 percent
(1800 + 69 600) of revenue for the right to pro-
vide the service.

Hotel and motel courtesy vehicles are also
charged $400/vehicle used per year plus $2.50/year
per room in each hotel or motel. Assuming a 100-
room motel with a single courtesy vehicle, it would
pay $400 plus $250 or $650 for using the outermost
lane. If one-half of the motel's average room occu-
pancy (typically, 70 percent) are airport passen-
gers, this 35 percent of 100 rooms time 350 days
would mean 12 600 motel guests generated by airport
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travelers. In other words, the motel would pay 5
cents/passenger to the airport for the right to pick
up passengers on the outermost lane.

Private automobiles including rental cars pay no
per-vehicle fee to use the outer 1lane priority
unless they park their vehicles in short-term park-
ing. In summary, the present airport ground trans-
portation providers paid a wide range of fees to
pick up arriving passengers from zero to $1.18/indi-
vidual.

It should be pointed out that the majority of the
analysis concentrated on deplaning or arriving pas-
sengers to the airport. This is so for several
reasons. Initially, this is where the major airport
congestion problems have occurred. Many vehicles
vie for the limited curb space to await arriving
passengers on the lower deck near the baggage claim
areas. Enplaning passengers and traffic generally
have no such problem. Even without lane prioritiza-
tion there are seldom any traffic problems. All
arriving vehicles are permitted to drop off at
priority curb side lanes on a first-come, first-
served basis. Because people are normally just
being dropped off and no parking is permitted, there
is seldom a congestion problem. As the curb length
is expanded, as was currently being recommended in
New Orleans and other major airports, there should
be no future congestion in the enplaning level. It
should further be mentioned, however, that this
condition is highly dependent on policy enforcement
of the no parking or standing rules at curbside.
These must be maintained or a congestion problen
will definitely ensue. Also, as with many two-level
airport structures, policing arriving vehicles,
taxis, limousines, vans, etc., that drop off passen-
gers for the proper permit and use of a prioritized
lane would be expensive and hardly worth the benefit.

Finally, there is the general public's feeling
(right or wrong) that anyone should be permitted to
drop off passengers without having to pay a fee.
This popular view was apparently upheld in a local
court action, Toye Brothers v. the City of New
Or leans, where the plaintiff arqued there should be
no fee for discharging passengers at the public
airport. The case is being challenged by the Avia-
tion Board and its outcome is not yet known. There-
fore, the analysis, with its emphasis on deplaning
curb space prioritization, suggested to the Aviation
Board that it retire from the concept that all for-
hire vehicles entering the terminal area pay a fee
to do so and, instead, charge for the right to stop
and pick up passengers at one of their curb lanes,
thereby eliminating the issue of the right to dis-
charge passengers. In effect, the Aviation Board
would be saying that anyone may drop off at the
airport, but only those willing to pay a fair and
equitable fee for the privilege will be able to stop
and pick up passengers. Others may stop (including
private automobiles) when they wish to pay the mini-
mum short-term parking fee.

CURB PRIORITIZATION

It was recommended that curbside prioritization at
the newly designed facility be developed to maintain
or improve the present balance of passengers using
public transportation modes. Special emphasis
needed to be placed on the encouragement of high-
occupancy-vehicle bus and limousine service at the
airport. As previously shown, this mode represented
the highest return per passenger for the Aviation
Board ($1.18 versus 42 cents for the next highest
return--taxis), while being the least-cost mode to
the arriving passengers. The high-occupancy-vehicle
capacity was definitely needed as New Orleans was
adding significant hotel and convention capacity and
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planning to host the 1984 World's Fair., Also, it
was noted that the high level of limousine and bus
transportation being recommended in no way would
deter from the parking revenue potential at the
airport. In reality, there are two separate mar-
kets—-parking primarily aimed at local residents
going to the airport and bus and limousine transpor-
tation aimed at arriving visitors, businesspersons,
and tourists. The objective is to maximize the
potential revenue for the airport on a fair and
equitable basis for the traveling airline public.
Toward this end, a lane and fee prioritization
recommendation was made for the New Orleans Interna-
tional Airport Aviation Board.

RECOMMENDED PLAN

The newly designed deplaning roadway system con-
sisted of six lanes of traffic for both enplaning
and deplaning passengers. (As previously noted,
deplaning passengers, by far, need careful planning
tor their ground transportation. Therefore, a much
more refined analysis of enplaning passengers needs
was undertaken.) The six enplaning lanes were to be
separated by a single divider creating an inner
roadway of three lanes and an outer roadway of three
lanes. At present, there are approximately 720 ft
of curbside; however, expansion to more than 1000 ft
was planned. For purposes of this study, it was
assumed that usable curb space, i.e., that which one
could effectively wuse without constructing new
entrances to the terminal building, would be approx-
imately 800 ft. It should be noted that, at pres-
ent, only one-half of the existing inner curb space
was effectively used. Due to the curvature of the
terminal roadway, much of the ends of the valuable
curb were used for official parking. Considering
just the potential revenue from short-term parking
and not the use value of this expensive curbside
frontage, some individuals were receiving a very
expensive parking fringe benefit. The new roadway
design would eliminate most of this dead space and
make it available for high-occupancy-vehicle curb-
side use.

It was recommended that lane prioritization not
differ greatly from the present pattern. After all,
present curbside prioritization had made the New
Orleans International Airport one of the nation's
most efficient in the use of high-occupancy-vehicle
public transportation. Therefore, it was recom-
mended that future lane prioritization continue to
result in the authorized bus and limousine airport
ground transportation providers possessing the pre-
mium inner lane closest to the terminal building.
Widening of the curb width on this area would remove
any present problems of pedestrian or baggage han-
dling congestion.

Given the current revenue per rider of $1.18 or
23.6 percent of revenue, it was important also that
the authorized carriers be permitted to allow these
vehicles to remain at the priority curb until depar-
ture time.

There were two authorized <carriers--Orleans
Transportation, Inc., and Mississippi Gulf Coast.
Orleans Transportation was by far the larger of the
two carriers, offering high-frequency service to the
French Quarter and all downtown hotels. Due to the
need for smaller vehicles in the PFrench OQuarter,
Orleans Transportation required curbside parking for
both limousines and buses. Since limousines and
buses carry an estimated 23 percent of the traffic
with only 1.5 percent of the vehicles, it was recom-
mended that their spaces be located as conveniently
as possible for deplaning passengers. If possible,
new curb assignments should not attempt to confuse
existing users of these ground transportation ser-
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vices. Since most who use Mississippi Gulf expected
to find their vans located immediately to the west
side of the terminal building, it was recommended
their new curb assignment be in the same general
area. Specifically, it was recommended that Missis-
sippi Gulf Lines be reserved 40 ft on the innermost
lane. This provided space for two vehicles to enter
and leave at the western edge of the newly designed
terminal roadway between the crosswalk and the end
of the inner lane and would leave the crosswalk free
for passengers to leave and enter the terminal
area. It was recommended that Orleans Transporta-
tion, Inc., be assigned the entire curb between the
planned sidewalks, or approximately 350 f¢t. This
permitted space for several vans and buses to load
residents, as well as visitors and tourists who
could be expected to have more baggage than busi-
nesspersons. It was further recommended that the
350-ft curb area be designated as the public trans-
portation terminal area with greatly improved sign-
ing to instruct travelers as to their options and
costs. Consideration needed to be given to creating
a ground transportation booth within the terminal
area to assist passengers. There was a wall between
the major baggage claim areas that prevented a
single ground transportation information center.
Removal of this barrier would make it possible to
move the present information and ticket booth from
the outside curb area inside, thereby permitting
arriving passengers to make their ground transporta-
tion arrangements before getting their luggage. At
present, arriving passengers must obtain information
at the curbside booth after they have gathered their
luggage if they are traveling downtown to the French
Quarter. Current fees paid by the authorized ground
transportation carriers more than justified their
inner-lane priority and waiting privileges.

The remaining 350 ft of inner lane curb space was
suggested for parking lot shuttles, charters, and
other high-occupancy-vehicle users that wish to pay
for the privilege of priority curbside parking.
These vehicles would be picking up passengers by
call or advance registration and, hence, should be
able to comply with the 4-min suggested loading
time. Charter buses would be the only exception,
and these were to be made to comply with a 1l0-min
maximum loading time recommendation.

In all likelihood, it was felt there would be a
strong public attempt to open up the inner roadway
curb lane to automobile traffic on the grounds that
the new design provided for adequate traffic flow.
Unfortunately, this rationale is severely deficient
during peak loading times for deplaning passengers.
That is, the theoretical capacity of the three-lane
inner roadway would appear to he able to handle
personal automobiles if the 4-min maximum wait were
enforced. Seldom, however, will the airport operate
at an average passenger load--especially with the
introduction of newer wide-bodied aircraft and the
increasing competitive desire of airlines to get
travelers to their destinations at convenient times
that are also peak travel times. Unless personal
automobiles were kept from entering this inner road-
way, even dreater traffic tie-ups than those that
existed would be the eventual result as business and
tourism traffic grew, requiring additional policing
efforts to keep traffic moving. Also, the center
lane of the inner roadway was recommended to be kept
open at all times--never permitting double parking
or stopping to pick up passengers. Thus, it was
recommended that a solid yellow center lane 8 ft
wide be drawn on the pavement to connote its status
as a fire lane. Strict enforcement of this no
stopping or standing center lane needed to be under-
taken at all times.

The outer lane of the inner roadway was recom-
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Table 6. Recommended fee

g Lane Recommended Fee
schadula fo.r '"po':t ground Revenue Rate per Assignment Total per Structure per Vehicle
transportation vehicles. Mode of Traffic (%) Vehicle Priority Year ($) per Year ($)

Charter limousine/bus 23.6 1 300 000 No change
Other charter limousines and vans 1/trip 1 4002 1200

Other charter buses 2/trip 1 600* 1800

Taxis 3.0 2 500 000 600

Hotel courtesy cars/limousines 3 4007 1200 and 600
Off-airport parking shuttles 3 400° 1200 and 600°
Airport rental courtesy vehicles 3 400°? 1200°

8 per vehicte.

mended for the exclusive use of taxicabs. Their
current level of ridership, 37 percent, dictated a
premium position and dedication of the entire third
lane. Care was suggested to ensure that arriving
passengers were properly informed of the existing
taxi fares to common destinations for one, two, or
three individuals. Finally, access from the remote
taxi staging area recommended earlier was simplified
by the recommendation of an electronic eye that
determined whether or not vehicles were in the cab
lane at the curb. As spaces were vacated by cabs,
an electronic signal would transmit this information
to the holding area and request additional cabs. 1In
all probability, the present cab starter could not
be eliminated, however; a human ‘override control
would be necessary to handle loads at peak times.
The starter, it was felt, would also be necessary to
prevent cabbies from leaving their vehicles to so-
licit passengers in the terminal area. Such solic-
iting is a common nuisance at many airports and
should be eliminated if at all possible.

In this general plan, the major emphasis was on
permitting only high-occupancy vehicles and public
transportation (taxicabs) on the inner roadway. The
outer roadway's three lanes were recommended for
automobile traffic with pickup on the separating
curb only and strict enforcement of the 4-min wait
period. Obviously, it was in the best interest of
the Aviation Board to have as many pick-up automo-
biles as possible park in the short-term parking lot
at the $1 minimum. Therefore, parking in the outer-
most lane even for the 4-min minimum was not recom-
mended. Double parking to pick up passengers wait-
ing on the center curb would invariably take place.
Only by keeping the outermost lane free from parking
would continuous traffic flow be maintained. At
peak times, therefore, it was recommended that this
lane also be painted a solid yellow to connote its
fire lane status.

GROUND TRANSPORTATION FINANCIAL PLAN

It was recommended to the New Orleans Aviation Board
that a new ground transportation financial plan be
developed and passed by the City Council as an ordi-
nance aimed at equalizing the existing confused and
highly discriminatory structure. As shown earlier,
the least-cost mode, authorized bus and limousine,
paid the highest percentage of revenue (23.6 percent
of a $5 fare) and, by contracting obligation, agrees
to provide service on a 24-h basis to common carrier
airline passengers. Other fees ranged from 3 per-
cent of revenue (taxis) to 2.3 percent for off-
airport parking vans and less than 1 percent for
hotel and motel courtesy vehicles. Finally, the
current ruling in Toye Brothers, which prohibited
the Aviation Board from assessing a fee for loading
and unloading charter and courtesy vehicles, created
a confusing situation that must be resolved. The
right and responsibility of the Aviation Board to
regulate airport ground transportation had to be
affirmed. Such affirmation was necessary to both

bSl 200 for inner roadway curb lane; $600 for outer roadway curb lane.

CPlus $10/parking space per month.

maintain the Aviation Board's ability to generate
appropriate revenues from those who use the airport
terminal and access facilities and avoid curbside
congestion.

Recommendations for new ground transportation
financial plans include the need to develop more
short-term parking from existing spaces now dedi-
cated to taxicabs and rental cars and a general
increase in long-term parking rates. The plan also
recognized that airport parking, for the most part,
is an unrelated market to those out-of-town visi-
tors, businesspersons, tourists, relatives, etc.,
that need airport ground transportation. The empha-
sis for out-of-town visitors was to be on maximizing
a fair and equitable fee while encouraging low-cost
high-occupancy vehicle public transportation. The
current fees required by the different ground trans-
portation providers and recommendations for new fees
that would equalize the financial burden are given
in Table 6.

As shown, the contract limousine and bus provid-
ers are maintained at their current 23.6 percent of
revenue from deplaning passengers. This percentage
was arrived at through a competitive bidding process
and, although it is one of the highest in the United
States, its rate could not be changed until the end
of the current contract. This high percentage does,
however, present a ceiling for all other fees to be
paid.

‘Charter vans and limousines would be required to
pay a one-time yearly fee of $1200, and no $l-per-
trip costs to and from the airport. This recommen-
dation was made for two reasons. Initially, the
charter vans and limousines would be gaining a great
improvement in their curb prioritization from what
they now have, and the $l-per-trip charge elimina-
tion. The $1/trip is an administrative nightmare
that is probably more expensive to collect than it
is worth. Also, the $1200 fee would act to separate
smaller "fly-by-night" operators that operate a
sometime service from those who are attempting to
build a larger volume of charter business. It was
felt that the Aviation Board would have fewer
charter companies to deal with but have as much or
more service being offered by these strong charter
carriers.

Charter bus fees would also be increased by $1200
to $1800/year with no $2-per-trip charge being as-
sessed. As noted above, the per-trip charge is
administratively difficult and expensive to adminis-
ter. The increase in bus fees would also eliminate
the casual provider and develop a few strong charter
bus carriers that do business at the airport.

It should be noted that curb space is very valu-
able and, unless some mechanism such as a per-
vehicle fee is used, curbside congestion and confu-
sion can easily result. By charging significantly
higher fees for charter limousine, van, and bus, it
is felt that more-professional, high-quality service
will result and, hence, better and more public
transportation services. Also, the Aviation Board
would begin to look on these carriers as significant
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revenue generators over those being picked up by a
friend or relative and attempt to assist their
development whenever possible.

Taxicabs currently pay an airport fee of $200 and
were supposed to pay 25 cents/pick-up trip but there
were some questions as to whether the 25 cents was
ever collected. As previously noted, the taxi trip
pays a substantially smaller amount per rider for
the use of the inner roadway. Given the need to
make their payment more equitable and eliminate the
confusion over the 25-cent charge, a one-time annual
permit fee of $600 was recommended. The average cab
can easily generate between $150 and $200/day, so
the 8400 increase would be less than 0.005 of an-
ticipated revenues and should not materially affect
current cab fares. It would, however, act as a
barrier to fly-by-night firms that provide less-
than-adequate services.

Also, there appeared to be an oversight in the
city ordinance that did not specify minimum insur-
ance coverage required by taxicabs to serve the New
Orleans International Airport. Just as charter vans
or courtesy vehicles must have minimum insurance of
100/300/500, so should all taxicabs wishing to pick
up at the airport. The public liability of the Avi-
ation Board is greatly increased whenever they re-
quire a permit to provide services, If an airline
passenger is unable to sue a fly-by-night taxi op-
erator due to lack of financial assets for injuries
incurred while traveling from the airport, the Avia-
tion Board might be second in line because it had
certified the taxi operator through its permit sys-
tem. Clearly, whatever minimum public liability
insurance is required of van, limousine, and bus
operators on a per-person-accident basis should also
be required of taxi operators. Such would greatly
improve the overall gquality of taxi service and
guarantee a higher 1level of service to airline
traveling passengers as well as provide the neces-
sary protection for the Aviation Board.

Parking lot courtesy vehicles were currently
paying only $400/year per courtesy vehicle and
$10/year for each parking space available. Given
the large amount of potential airport revenue that
is being siphoned away by such operations, a $1200/
year fee per courtesy vehicle was recommended and a
$10/month fee for each parking space available at
the operator's place of business. As new parking
space is added by the Aviation Board, it would be
necessary to protect the construction investment in
these new facilities--especially if plans for the
new high-rise parking structure were implemented.
It might be necessary to raise such fees even higher
if projected demand for these new parking spaces per
number of airline passengers currently appeared to
be adequate according to Federal Aviation Adminis-
tration guidelines.

Hotel and motel courtesy vehicles, along with
automobile rental courtesy vehicles, are typically a
major source of congestion at airport deplaning
curbs. Therefore, a two-tiered fee system was
recommended for these vehicles. For those wishing
to use the available inner roadway space for pick-
ups, their permit fee would triple to $1200. How-
ever, if only the outer roadway lanes were used,
their fee would be only $600/year per vehicle. 1In
both fee structures, however, the $2.50 charge/year
per room for assigned airport customer vehicles
would remain. The $200 increase 1in present fees
without improvement in prioritization would reflect
the need of the Aviation Board to recover some
portion of the new terminal roadway costs.

The recommended fee structure for airport ground
transportation described above should greatly im-
prove the flow of traffic from its present confused
state and be a framework for continuing the high-
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occupancy-vehicle public transportation. It should
also act as a catalyst for the present ground trans-
portation providers to use larger equipment--buses
versus vans in order to maintain the present low
fare ($5) into the City of New Orleans. The need to
provide an atmosphere where large vehicles are used
cannot be understated. As more New Orleans conven-
tion and hotel capacity is added, more peak-time
vehicles, i.e., buses, will be needed to transport
passengers from the airport and around town.
Through encouragement of frequent, high-occupancy
vehicles at the airport, these vehicles will be in
place when they are needed, thereby foregoing the
expense of having to import buses to the New Orleans
area during peak tourist times.

PEAK-TIME TOURIST PROBLEM AREAS

Most recommended plans are made for the normal op-
erating capacity of a system, including airport
ground transportation access systems. The recom-
mended curb prioritization ensures that the bulk of
premium curb space will be dedicated to high-occu-
pancy vehicles that carry more than 60 percent of
the airline passengers. However, New Orleans is a
major tourist city with unusual visitor peaks for
Mardi Gras and Superdome events, etc. Therefore,
some attention had to be given to these travel
peaks. When such peaks occur, the Aviation Board
should have a ground transportation plan able to
handle the load without confusion and needless
congestion. It was suggested that the peak-travel
plan call for an additional number of baggage han-
dlers to be assigned and prioritized parking for
high-occupancy vehicles. Although the appropriate
number of baggage handlers needed was beyond the
focus of this project, it was obvious that some
attention be given to this since the increased
number of baggage handlers vastly decreases the
amount of wait time each vehicle will experience in
loading passengers.

Two additional ground transportation recommenda-
tions were made specifically that will ease antici-
pated congestion problems. It was recommended that
the eastern half of the third lane normally reserved
for taxis would be temporarily dedicated to pick-up
areas for parking lot, rental car, and hotel or
motel courtesy vehicles and the entire inner 1lane
(number 1) be reserved for authorized buses and
limousines as well as charters. In addition, a
staging area for high-occupancy vehicles waiting on
arriving flights should be constructed away from the
terminal area adjacent to the taxi staging area.
These vehicles could then be called up by the
groundside coordinator assigned to manage airport
ground transportation during these peak times.
Given the recommended plan and fee structure, it was
felt that this would be the most efficient and
equitable method of handling peak tourist times and
yet maintain a reasonable traffic flow of the
airport.

SUMMARY

This paper addresses the major airport ground trans-
portation access problems and suggests recommenda-
tions for the New Orleans area. The major thrust
has been to suggest ways in which more high-quality,
high-occupancy-vehicle public transportation can be
provided to handle the increase in tourist and busi-
ness traffic expected in the future. BAbove all, the
approach sought to make ground transportation op-
tions financially attractive to the Airport Aviation
Board so that good operating relations will con-
tinue. The New Orleans International Airport has
one of the best U.S. experiences in high-occupancy-
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vehicle transportation. Tourists and business-~
persons from this country and others often remark
how easy it is to get into the City with the alter-
natives of bus, limousine, cab, and rental cars
readily available. It would be unfortunate if this
reputation and high-occupancy-vehicle capacity were
lost in the new airport roadway terminal system just
when an influx of new business, tourist, and visitor
traffic can be expected in the area. All should
work together to see that an even better record in
airport ground transportation is achieved here and
elsewhere.
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Time-Series Analysis of Intercity Air Travel Volume

PHILIP J. OBERHAUSEN AND FRANK 8. KOPPELMAN

This research develops a useful model from which to analyze intercity air travel
demand and to produce short-term forecasts. Traditional techniques are pre-
sented and technical issues associated with these techniques are discussed. An al-
ternative procedure developed by Box and Jenkins is then introduced. This pro-
cedure can be used to develop univariate models that account for monthly as
well as seasonal patterns in a time series of historical data. Explanatory variables
may also be added to form multivariate models. The technique involves four
stages: identification, estimation, diagnostic checking, and forecasting. The Box
and Jenkins methodology is applied to a monthly time series of visitor air travel
from mainland North America to Hawaii. A univariate model is developed with
monthly data from 1971 through 1978, and variations of the model are statisti-
cally compared. Forecasts based on the “‘best’’ univariate model are then com-
puted for 1979 and 1980 and compared with actual data. Results show that the
univariate model selected produced reasonably accurate short-term forecasts.
Some 17 of 23 forecasts are not significantly different from the actual observa-
tions. When updated, these forecasts are even more accurate. Finally, a bivariate
time-series model incorporating air fare as an explanatory variable is estimated.
It does not produce a significantly better fit of the data in this case. However,
these models are potentially useful from a management standpoint because elas-
ticities can be derived and alternative strategies analyzed. In the Hawaii air travel
market, additional research is needed to refine the underlying variable relations
and their influence on demand.

The commercial air transportation industry has expe-
rienced tremendous growth since the middle of this
century. However, current and potential carriers
are faced with decisions in the 1980s that will de-
termine their future prosperity if not survival.
Recent developments in the industry, including de-
regulation and increasing fuel prices, are forcing
carriers to make critical decisions with regard to
fare pricing, fleet expansion, route structure, and
flight scheduling. 1In the public sector, air termi-
nal authorities are faced with serious problems re-
sulting from the rapid growth of commercial and pri-
vate air transportation in their communities. From
these perspectives, decisionmakers need to under-
stand the dynamics of the public demand for air
transportation and, it is hoped, how their decisions
interact with that demand.

This research is concerned with the analysis and
forecasting of intercity air travel demand. The
particular market chosen for study is that of vis-
itor travel from mainland North America to the
Hawaiian Islands. The importance of such a study
goes beyond the frame of reference of air carrier or
airport management. The notion of transportation as

a derived demand is particularly clear in this
market, where a vacation in Hawaii is the dominant
trip purpose. From this perspective, travel demand
patterns are also of major concern to those involved
with the entire Hawaii visitor industry, including
hotel, entertainment, and other service establish-
ments.

AIR TRAVEL FORECASTING BACKGROUND

There are several ways to categorize air travel
forecasting methods. One of the more general dis-
tinctions is between purely judgmental approaches
and mathematical modeling.

Judgmental methods elicit the personal opinions
and predictions of experts in the various fields of
air transportation. A popular technique used to
obtain information in this way is the Delphi method,
where several experts respond independently to sev-
eral questions pertaining to future air travel de-
mand (1). After seeing their fellow experts' pre-
dictions and reasoning, participants are given the
opportunity to change their estimates. The inten-
tion is that some consensus will eventually be
reached and that this consensus will be a good
estimator of future demand. Problems with this
method include the determination of consensus cri-
teria and the possibility that responses will polar-
ize rather than come together.

The other general procedure used to predict air
travel is based on the use of mathematical models.
The five-step procedure used to develop these models
for prediction is well-established and it includes
the following:

1. variable specification,

2. Variable measurement,

3. Model formulation,

4, Model estimation, and

5. Policy analysis and forecasting.

One of the simplest types of air travel forecast-
ing models relates the amount of travel observed to

time. Models of this type are called trend extrapo-
lation models and only one variable, namely the
amount of travel, needs to be measured. An histor-
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Figure 1. Box and Jenkins time-series analysis procedure.
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ical time series of these data is collected and de-
mand is expressed as a function of time, such that
y = £(t), where y is observed travel and t is time
in whatever interval the data have been collected.

This model is then wused to predict future
travel. However, it assumes that the trends con-
tained in the historical data will continue, and
there is no means of accounting for changes in those
trends or the factors influencing them.

The other major form of mathematical model re-
lates the travel observed to explanatory variables
that influence demand. These are called structural
or econometric models. 1In this case, either histor-~
ical or cross-sectional data are collected and de-
mand 1s expressed as a function of the explanatory
variables that have been specified:
¥ =Xy, X2, ..., Xq) )
where y 1is observed travel and X3, X3,.... Xp
is the specified set of explanatory variables.

These models rely on the estimated relation be-
tween travel and related variables rather than on
historical trends. Thus, the demand levels pre-
dicted are conditional on the predicted future val-
ues of the explanatory variables. These models are
much more useful from a policy analysis standpoint
because they can include important decision vari-
ables such as fare, service frequency, in-flight
service, and promotion. However, these forecasts
are only as accurate as the assumptions about future
values of the explanatory variables and the func-
tional form of the demand relation.

An example of the use of econometric models for
air travel forecasting in the United States is the
methodology developed by the Fedéral Aviation Admin-
istration (FAA). A three-stage procedure is used to
predict passenger enplanements nationwide and at 25
major hubs around the country (2-4). The models
used include the following explanatory variables:

1. vYield, or airline revenue per passenger mile;
2. A price index of owning and operating a pri-
vate vehicle (considered a substitute for flying);
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3. A nationwide personal income index; and
4. The nationwide unemployment rate.

The FAA procedure incorporates projected geographic
shifts in income, which is important, and it de-
velops separate equations for originating, return-
ing, and connecting passengers.

BOX AND JENKINS APPROACH TO TIME-SERIES ANALYSIS

This research develops both a trend model and a
temporal-structural model of the demand for air
travel from mainland North America to Hawaii. These
models attempt to fit the patterns observed in a
time series of historical data. The patterns are
described by the autocorrelation of observations in
a single series such as the observed number of air
travelers in a market. Time-series analysis is used
to study the autocorrelation patterns between suc-
cessive observations in the time series and, in some
cases, patterns between successive seasonal observa-
tions.

In 1976, Box and Jenkins developed a simple pro-
cedure for identifying and modeling the autocorrela-
tion patterns within a time series (5-7). This
procedure, diagrammed in Figure 1, includes three
basic phases: (a) identification of a tentative
model, (b) estimation of model parameters, and (c)
diagnostic checking of residuals.

Identification

Identification of the tentative model is accom-
plished through observing the patterns of the auto-
correlation function (ACF) and the partial autocor-
relation function (PACF) of the series in question.
The ACF at lag one is a combined measure of correla-
tion between each value in the series and the value
one period behind it; the ACF at lag two compares
each value and the value two periods behind, etc.
An exponentially decreasing pattern observed in the
ACF is an indication of a particular type of auto-
correlation and the resulting model is referred to
as an autoregressive model. The number of autore-
gressive parameters to include in such a model is
given by the number of significant values observed
in the PACF. The ACF and PACF also indicate whether
the data include a seasonal pattern. Once identi-
fied, the tentative model structure can be written.
For example, by using monthly data, an autoregres-
sive model with a single component of autocorrela-
tion for successive values and a single seasonal
component of autocorrelation for values 12 months
apart can be represented as

(L-¢BY(1-¢12B) y, =2 2
where

series observation at time t,

autoregressive parameter indicating the re-

lationship between successive values in the

series,

%12 = autoregressive parameter indicating the sea-

sonal relation between values in the series

from year to year,

backshift operator on Y such that BPyy =
~Ytonr and

Ap = residual error between observed and fitted

values.

Yt
41

« B

Expanding on Eguation 2 we obtain
Ye=§1B'Yi+ ¢15B'2Y, - 6, 612B3Y, + o 3)

Finally, eliminating the backshift operator nota-
tion, we have



Transportation Research Record 840

Yi=01Yiat 012Yig2- 01012 s + 3 4)
Estimation

Once a tentative model has been identified, estima-
tion of the autoregressive parameters is performed.
There are several computer routines available to do
this (8,9). Parameter values are checked for sig-
nificance based on the level desired. Insignificant
parameters are an indication of a misspecified or an
overspecified model. All autoregressive parameters
should fall between -1 and +1 for the model to be
acceptable.

Diagnostic Checking

After the parameters have been estimated, the ACF
and PACF patterns of the residuals are checked to
see if there is any remaining autocorrelation unac-
counted for by the model. Significant values at the
early or seasonal lags are indicators that the model
is wunderspecified and requires additional parame-
ters. This phase will not detect an overspecifica-
tion. A goodness-of-fit measure can be computed
from the residual ACF and the null hypothesis that
the model is adequate can be tested statistically.
once the model is deemed adequate, one may proceed
with forecasting.

Model Verification

In an attempt to verify the Box-Jenkins methodology,
this research includes an additional step, which
compares the model obtained by the Box-Jenkins pro-
cedure with three alternative models and uses sta-
tistical tests to identify the best model.

The model represented by Equation 4 is basically
a sophisticated trend model that contains no explan-
atory variables. It is referred to as a univariate
model since only one time series, that representing
the behavior itself, is analyzed. However, the Box-
Jenkins philosophy allows for inclusion of explana-
tory variables in these time-series models. 1In this
study, we first develop a univariate model of air
travel from the mainland to Hawaii. This model is
statistically compared with other models and its
forecasts are validated by comparison to actual
observations. Then we incorporate an explanatory
variable that is hypothesized to influence demand.
The resulting bivariate time-series model 1is com=
pared statistically with the univariate model and
analyzed from a management policy standpoint.

UNIVARIATE ANALYSIS OF TRAVEL VOLUME

We analyzed westbound visitor travel to Hawaii from
mainland North America because this market includes
mostly domestic traffic. Those arriving from the
Far East and the South Pacific are excluded so as to

Figure 2. Plot of monthly westbound visitors
to Hawaii by air.

1971 1972 1973
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minimize international factors and facilitate sim-
pler data collection. The Hawaii Visitors Bureau
(HVB) compiles monthly information on the number of
westbound visitors destined for Hawaii. All passen-
gers on flights bound for Hawaii are asked to fill
out a questionnaire about themselves and their cur-
rent trip. These forms are then tabulated and each
year the HVB publishes its annual research report
summarizing these statistics.

For our purposes, data were collected from the
HVB annual reports for nine years from January 1971
through December 1979. Figures for the first 11
months of 1980 were subseqguently obtained through
personal correspondence,

Figure 2 is a plot of the time-series of west-
bound visitor travel to Hawaii. It exhibits an
overall increasing trend and a seasonal pattern.
The months of March and August are generally the
heaviest in any given year, while May and September
show the lowest amount of activity.

Several computer packages are available to per-
form univariate time-series analysis. One of the
most convenient is SCRUNCH/SCRTIME, which was devel-
oped at Northwestern University and used in this
research (8). The analysis is done on the data
through December 1978 so that forecasts can be com-
pared with actual observations in 1979 and 1980.

The ACF of the travel volume time series is shown
in Figure 3. The exponentially decreasing pattern
that is evident in the early lags is an indication
of an autoregressive model. The number and types of
autoregressive parameters to be 1included in the
model are found by examining Figure 4, the PACF.
Significant values at lag one and (marginally) at
lag two mean that observations in the time series
are related to previous values one and two periods
before. The "spike" at lag 12 indicates a seasonal
relation between observations 12 months apart.

The parameter estimates for this model are as
follows:

Parameter Estimate 95% Confidence Interval

61 0.377 0.140 to 0.615

%) 0.333 0.088 to 0.578

612 -0.383 -0.618 to -0.147

bo 6660.0 828.0 to 124 91
(constant)

Since all are significant at the 95 percent level,
we proceed to the third step in the process, diag-
nosis.

The ACF of the residual series generated from the
estimated model is shown in Figure 5. The model
appears to be adequate since there are no signifi-
cant residual autocorrelations through the first 30
lags. The Q-statistic reported by the estimation
program is an overall measure of the adequacy of the
model. This &tatistic can be used to test the null
hypothesis that our model provides an adequate fit

B GERETTRTTEE fsismnsvonsy fescorsanrend Fosesaiciee freesanns

1974 1975 1976 1977 1978 1979 1980
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Figure 3. ACF for visitors series.
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Figure 4, Partial PACF for visitors series,
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of the data by comparison with the chi-square dis-
tribution. In this case, the Q-statistic is 16.7,
which is well within the 95 percent confidence limit
of 38.9 for 26 degrees of freedom (DF). This means
that we fail to reject the null hypothesis and, for
now, conclude that the specified model is an ade-
quate representation of westbound visitor travel to
Hawaii from 1971 to 1978.

As an additional step, we attempted to verify the
model obtained by using the Box-Jenkins methodology
by statistically comparing it with three alternative
autoregressive models. Summary estimation results
and fit statistics of the four models are given in
Table 1. Model 1 is the simplest model, models 2
and 3 are intermediate, and model 4 is the complete
model identified above. F-ratios were computed to
test whether the models with more parametets were
significantly better than the simpler mode}/ . Fig-
ure 6 is a diagram showing the results of the sta-

Transportation Research Record 840

Figure 5. ACF for residual series.

AUTOCORRELATIONS OF LAGS 1 - 30

Q(26, 70) = 16.664 SI1G = .919
LAG CORR
1 -.025
2 -.043
3 090
4 .011
5 -.054
6 -.149
7 .024
8 .109
9 .058
10 -.015
11 .159
12 -.091
13 -,115
14 .009
15 -.011
16 -.084
17 .071
18 .041
19 -.007
20 -.046
21 -.179
22 .098
23 064
24 -.232
25 .125
26 -.021
27 -.004
28 -.068
29 -.030
30 040

-2SE +2SE

Table 1. Alternative univariate models.

Monthly Component

Seasonal Component (1-¢,8" (1-¢,B'- 9,8
(1-B'? Model = i Model = 2
Trend = 8474.0 Trend = 5816.6
¢, =0.477 48 ¢, =0.343 80
$,=0.31048
RSSQ=0.11467 x 10'" RSSQ=0.104 89 x 10'!
NOBE = 70 NOBE = 70
DF = 68 DF =67
[1-(1+¢,2)B'2+¢,,B%#] Model=3 Model = 4
Trend = 101 62.0 Trend = 6659.6
$y =0.543 62 ¢, =0.37751
12 =-0.366 68 ¢, =0.333 04
¢, =-0.382 85
RSSQ=0.100 14 x 10'! RSSQ=0.90023 x 10'°
NOBE =70 NOBE = 70
DF =67 DF = 66

Note: RSSQ =residual sum of squares, NOBE = number of effective observalions,
NPAR = number of model parameters, and DF = degrees of freedom = NOBE - NPAR.

tistical tests. Model 1 is rejected by all three
larger models, and both model 2 and model 3 are
rejected by model 4. This verification is encourag-
ing, since it indicates that the model selected by
using the Box-Jenkins procedure is the best stalis-
tical model as well.

By using Box-Jenkins notation, the model we have
selected may be expressed as follows:

(1-B2)(1 - ¢, B" - $3BI)(1 - ¢,,B' )y = pg + 3, ()

The first term on the left side of Equation 5 is a
seasonal differencing factor, required prior to
identification due to the upward seasonal trend of
the data. Substituting the parameter estimates into
Equation 6 and expanding, we obtain

Y, =038Y, ; +0.33Y; ; +0.62Y {5 - 0.23Y 3

2
~0:20Y,. 4 +0:38 Y g ~0.14V, 55
-0.13Y,.26 + 6660 + a; (6)

Because this equation is designed to fit the time
series of data in Figure 2, it is necessarily some-
what complex. However, the important point is that
it is relatively easy to identify this model by
using the Box-Jenkins procedures.
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Figure 6. F-test results for alternative models.

19

MODEL F = 6.25 I HODEL
[ REJECT MODEL 1 |
F= 9.72. F= 10.90
REJECT MODEL 1 REJECT MODEL 2
I —
. HOgEL F = 7.42 l MODEL
- - > 4
| REJECT MODEL 3 |
Figure 7. 1978-based forecast range §
compared with actual values for 1979 -
and 1980. ) B o5 rorecast Range
g
L}
o 1976 | 1977 | 1978 [ 1979 | 1980

It can be seen from Equation 6 that the value of
the series at time "t" is positively related to
values 1, 2, 12, and 24 months before. {(The nega-
tive coefficients for lags of 13, 14, 25, and 26
months are terms that eliminate double counting of
successive period and seasonal effects.) Practi-
cally, this means that a monthly increase or de-
crease in travel tends to perpetuate itself succes-
sively for 2 months and seasonally for 2 years.

By using the univariate model selected above,
forecast ranges were computed at a 95 percent level
of confidence for each month from January 1979
through November 1980. These are plotted as the
shaded areas in Figure 7.

Ccomparing these forecast intervals to actual
experience, we see that 10 of the 12 months in 1979
were predicted within the 95 percent confidence
range, The model significantly overpredicted the
months of April and May. This is most probably
explained by the fact that United Air Lines, with a
large market share (more than 50 percent) of main-
land-to-Hawaii air travel, suffered a work stoppage
between March 31 and May 28, 1979. In 1980, the
months of January, September, October, and November
were significantly overpredicted by the model. In
fact, most months in 1980 are only narrowly within
the lower bound of the prediction range. This is
most likely explained by the recent recession that
caused the visitor industry in Hawaii to experience
a pronounced slowdown in 1980. The univariate model
developed through 1979 would not be able to predict
this change in trend. This suggests the need to
congider inclusion of descriptive variables to ac-
count for changing economic conditions.

YEAR

In practice, of course, forecasts should be up-
dated as additional data points become available.
Two sets of updated forecasts for 1979 and 1980 by
using the original model parameters were computed,
one assuming immediate updating of information and
one assuming updating with a 3-month delay. Because
the United Air Lines strike represents a particu-
larly sharp anomaly in the data for the months of
April and May 1979, the data for this period were
adjusted to the predicted volume in the absence of
the work stoppage.

The effect of updating the travel demand informa-
tion prior to forecasting a new month is to produce
more accurate forecasts. The root-mean-square error
(RMSE) is a measure of the overall deviation of a
series of forecasts from actual experience. This
measure decreased by 15 percent for updating with a
3-month delay and 32 percent when the series was
updated with a l-month delay prior to forecasting.

MULTIVARIATE ANALYSIS

We are interested in the way in which the travel
volume series may be influenced by changes in ex-
ogenous variables. We chose to examine the effect
of the price of air travel between mainland North
America and Hawaii. Round-trip coach fares between
Hawaii and four major metropolitan areas in North
America were weighted according to the volume of
Hawaii travel observed from those areas. A monthly
time series of these average coach fares was com-
puted and deflated by the consumer price index for
each period from January 1971 to December 1978.

By using the multivariate time-series analysis
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Figure 8. Forecasting results of alternative pric-
ing strategies.
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computer package called WMTS-1 (10), the average
coach fare variable is incorporated and a transfer
function model is estimated. The effect of price
changes on demand one period later is observed. The
same system of autoregressive components identified
above is used here. The estimated equation for this
bivariate model is as follows:

Y, = 0.36Y,; +0.34Y,, + 0.62Y,.,
-0.22Y,.15 - 0.21Y, 14 + 0.38Y, 54
-0.14Y, 55 - 0.13Y, 54 -90.7X, .,

+27992 +a, @

where Y 1is visitor travel from the mainland to
Hawaii and X is the average round-trip coach fare
from the mainland to Hawaii.

We notice that the autoregressive parameters for
this model are virtually identical to those in Equa-
tion 6, as we would expect. The coefficient for
average coach fare denotes the effect that a change
in fare will have on demand. In this case, the mag-
nitude and significance of the fare coefficient are
rather low. Based on these results, the price elas-
ticity of demand is approximately -0.1., 1In terms of
overall fit, the bivariate model is not signifi-
cantly better than the univariate model, suggesting
either that the Hawaii market is rather inelastic
with respect to price or that we have not captured
the true price effect with this particular measure,

In fact, we believe that a preferred measure of
cost should be an estimate of total cost for the
Hawaii vacation including air fare, the cost of
accommodations, and other 1local expenses. If air
fare 1is approximately one-third of total vacation
cost, the elasticity of demand to total cost implied
by the results reportéd here would be in the range
of -0.3.

POLICY ANALYSIS

One of the advantages of multivariate analysis is
that policymakers and air carrier management can use
the structural parameters to develop forecasts based
on alternative future scenarios. This was done by
using the bivariate model estimated above. Two al-
ternative air fare pricing policies were analyzed in
terms of their effect on forecasted travel for
1979. Air carriers have been faced with conflicting
economic pressure to both raise fares due to rising
costs of labor and fuel on the one hand, and to

1977 ’ 1978 I 1979 l
YEAR

lower fares for competitive reasons on the other.
Thus, the two alternative pricing strategies studied
were (a) a 10 percent quarterly increase in the
average coach fare for 1979 and (b) a 10 percent
quarterly decrease in the average coach fare for
1979.

Figure 8 is a plot of the forecast results for
1979 by using the two alternative pricing scenar-
ios. As we expect, a quarterly increase in fares
results in a lower predicted demand than a quarterly
decrease in fares, with the differences becoming
more pronounced as the year goes on. However, due
to the small magnitude of the fare coefficient, it
is doubtful if this difference in forecasts is large
enough to indicate significant impact of the alter-~
native pricing strategies.

In summary, these results do not indicate a
strong influence of fare alone on the demand for
travel from mainland North America to Hawaii. Pos-
sible reasons for this include the fact that many
holiday commitments are made many months in ad-
vance. In this case, fare may have a greater effect
on demand after several periods. Furthermore, if
fares to other vacation spots are increased concur-
rently, the incentive to shift to other destinations
is reduced. Also, a large percentage of visitor
travel to Hawaii is through organized tour agen-
cies. The entire cost of the trip tends to be in-
cluded in a single package, including air fare,
hotel costs, and even entertainment expenses. Con-
sequently, it is likely that demand for this type of
travel is a function of several prices together
rather than any single price component. Finally, it
is possible that the demand for travel in this
market is rather price inelastic. Many of these
trips are once~in-a-lifetime experiences, and it is
likely that other factors such as income or stage in
the family life-cycle are operative. Consequently,
these could outweigh the effect of air fare changes
in determining the number of visitors who will
travel to Hawaii.

SUMMARY AND CONCLUSIONS

To summarize our results, a univariate model of vis-
itor travel from mainland North America to Hawaii is
identified and estimated for the period from 1971
through 1978. The Box-Jenkins time-series analysis
procedure is used. The resulting model is tested
statistically against several alternative models and
found to be preferable. It is further used to fore-
cast travel from the mainland to Hawaii for 1979 and
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1980. Although 17 of the 23 forecasts are not sig-
nificantly different than the actual figures at the
95 percent level of confidence, the model tends to
overpredict in general. This problem is alleviated
substantially when the forecasts are updated each
month with additional data points for 1979 and 1980.

In an attempt to add descriptive variables to the
analysis, a bivariate time-series model is developed
by using the average coach fare from mainland North
America to Hawaii as the explanatory variable. The
magnitude and significance of the fare parameter are
low and the demand appears to be price inelastic.
Alternative fare-pricing scenarios are studied, and
their effect on forecasted demand is evident but not
pronounced.

These results indicate that the Box-Jenkins
methodology can be a useful tool in the analysis of
an extensive time series of intercity travel de-
mand. In cases where explanatory variables are
poorly understood or where these data are unavail-
able, univariate analysis can result in a model that
will produce useful short-term forecasts. Where a
structural analysis is desired, explanatory vari-
ables can be added to the autoregressive components
and transfer function models can be estimated.
These are particularly useful to management and
policy analysts who have some control over these
variables. They can develop alternative future sce-
narios and study the effect these will have on fu-
ture demand. Various elasticities of these vari-
ables with respect to demand can also be derived.

In terms of the Hawaii travel market, the bivari-
ate model is a measure of the effect that fare alone
has on demand. Research that uses a total visitor
cost index would be useful in determining an overall
cost elasticity of demand. Air carriers and other
visitor industries could then determine their impact
on this overall cost elasticity. Additional re-
search might well be directed at the joint effect of
price, economic activity, and changes in attractive-
ness of the destination market.
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Economic Justification of Air Service to

Small Communities
JOHN HULET AND GORDON P. FISHER

This study is concerned with the allocation of air service to small communities
{less than 50 000 population) at a time when the supply of that service is seri-
ously diminishing and changing in character, especially since the Airline Dereg-
ulation Act of 1978. A quantitative hodology is developed as a tool for
planning for short-haul service and establishes the minimum ridership required
to justify the provision of air service. The model underlying the criterion takes
into account two main factors: (a) the spatial separation of the community
from a major hub and (b) the level of service offered at the nearest alternate

airport and, if implemented, the local airport. The criterion equates the mone-
tarized time savings of local air service and the incremental costs to implement
the service. This paper emphasizes the description of the trade-off mechanism
between time and money by using classical cost el of ic theory.
A graphic analysis illustrates the validity of the functional shape of the disutility
concept. The ultimate product of the methodology is an optimal configuration
of local air service in terms of (a) link to be served, (b) airport investment level,
(c) type of flight equip , and (d) freq y of service.
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The provision of air service to small communities,
those with less than 50 000 population, has seri-
ously declined over the past several years as a re-
sult of changing carrier characteristics. Conver-
sion by regional carriers to jet aircraft that are
generally inappropriate to short-haul service and
the escalating price of jet fuel have been principal
causes of diminished service. The decline has been
hastened by recent airline deregulation, which has
made it easier for airlines to trim out unprofitable
operations, typically the small communities with
marginal air travel demand. The Airline Deregula-
tion Act of 1978, in recognition of this problenm,
contains provisions aimed at guaranteeing at least
"essential" air service to communities designated as
"eligible points." Difficulty in implementing these
provisions arises, of course, in the definition of
"essential" and "eligible."

This paper, based on work by Hulet (l), proposes
a rational quantitative criterion for determining
the minimum air travel demand necessary in a com-
munity in order to justify a given type and level of
air service. As a policy tool, the criterion is
useful in selecting communities that ought to be on
the air service network and, furthermore, provides a
uniform basis for equitable treatment among those
that should be included and excluded. The criterion
determines the minimum ridership necessary to sup-
port local air service by equating the monetarized
passengers' travel time savings--reflecting the
demand--and the incremental costs to supply that
service. Based on cost, the criterion essentially
establishes the break-even point between supply and
demand. It does not incorporate subjective socio-
political factors associated with the notion of es-
sentiality, but it does give a baseline solution
against which to judge the proper level of service
and any subsidy needed to maintain it.

A principal component of the criterion is the
(generic) cost to a traveler of the delay caused by
infrequent aircraft departures. A major part of
this paper consists of the development of a proposed
frequency delay function to define the disutility
cost associated with the 1level of air service
offered.

CRITERION FOR JUSTIFYING AIR SERVICE
Level of Service

A widely used measure of the level of service at an
airport is the flight frequency F at the station
(e.g., number of flights per day to all destina-
tions) or, alternatively, the time between flights,
the headway H = 1/F. Frequency is, of course, only
one component of air service quality. Another com-
ponent is the provision of adequate capacity by the
carrier., In the following analysis, it is assumed
that carriers usually respond to market demands with
the type and the amount of equipment to provide
proper capacity. Therefore, capacity is not ex-
plicitly dealt with, though it is recognized that
capacity and frequency are intertwined service vari-
ables that work in opposite direction to satisfy a
given travel demand: higher capacity versus lower
frequency. This assumption is likely true for most
major trunkline operations and reasonable as well
for commuter airlines. In major markets that 1link
important hubs, the airline industry in fact gen-
erally provides overcapacity. The assumption of
adequate aircraft capacity is even more reasonable
as airlines, in the deregulated environment of
today, concentrate on their larger and longer market
sectors to use their aircraft more efficiently.
Curtailed flights due to frequency limitations, as
an aftermath of the recent air traffic controllers'
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strike, have accentuated this trend, at least over
the short run.

various measures have been proposed to specify
quantitatively the convenience of flight schedule in
terms of the wait time associated with flight fre-
quency. The one most commonly used is half the
headway (H/2), i.e., the average time between de-
partures. This measure implicitly assumes a random
arrival of passengers at the airport, as if there
were complete lack of knowledge about scheduled de-
partures, and is not in accord with what is known
about air traveler behavior, especially at small
airports that typically offer infrequent service.
Therefore, a better 1level-of-service indicator is
sought.

An alternative approach was taken by Douglas and
Miller (2,3), which proposed a measure of service
quality related to levels of delay incurred by pas-
sengers, thus introducing the concept of schedule
delay as the total delay arising from two sources
(3, pp. 110 and 120):

Frequency delay, which is the mean absolute dif-
ference between the traveler's desired departure
time and the scheduled departure time, in recog-
nition that a departure might be scheduled at a
time not convenient to or not desired by the
traveler. As the daily frequency of flights in-
creases, a decrease of frequency delay is to be
expected.

Stochastic delay, the time lost when the trav-
eller cannot board his preferred flight and is
caused to take another, less desirable flight,
The preferred flight might be filled, for ex-
ample, because of the not uncommon airline prac-
tice of "“overbooking"™ flights to compensate for
seasonal and stochastic demand fluctuations and
"no-show" cases. This delay is a queuing phe-
nomenon. When the level of service increases as
additional flights are scheduled, the probability
of being delayed and the expected magnitude of
the delay will decrease.

Douglas and Miller simulated these delay processes.
For the frequency delay, the daily time pattern of
demand of a typical trunkline route--800 pas-
sengers/day served by at least 7 daily flights, cor-
responding with a maximum headway of about 2.5
h--was transformed into a discrete frequency distri-
bution. Then a procedure was used to schedule 'F'
flights during the day, such that each flight faced
demand of equal size, optimizing the operator's
schedule and cost. The difference between each
traveler's desired departure time and the nearest
scheduled flight was computed, and their absolute
value summed for all travelers. The mean, or aver-
age delay, for each traveler was computed. The pro-
cedure was repeated for F+l1, F+2, etc., thus gen-
erating the average or "expected" value of frequency
delays as a function of the daily flight frequency.
These observations were fitted to the function
T = 92 F_0'456, where T¢ is the expected
frequency delay per passenger (measured in minutes)
and F is the daily flight frequency. [See Douglas
(3) for the detailed treatment of the stochastic
component of delay, which, as explained later, is
not an issue here.])

Tt should not be expected that the Douglas-Miller
expression, having been calibrated for headways of
less than 2.5 h in a major air corridor, can be
extrapolated to high headways typical of the local,
short-haul market that has radically different de-
mand and flight frequency characteristics. Conse-~
quently, this paper attempts to develop a more gen-
eral schedule delay function that can apply to both
high~ and low-frequency regimes.
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Figure 1. Frequency delay versus headway for selected values of exponent a.
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Figure 2, Disutility of schedule: functional form.
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The approach taken here departs from that of
Douglas and Miller in two respects. First, for sim-
plicity, the stochastic component of schedule delay
is omitted, assuming that it will be minimized by
adjustment of the load factor to provide a cushion-
ing effect. Travel demand thus is taken as fixed.
The use of a fixed load factor--actually an average
load factor over the operating period--in lieu of
unknown stochastic values imposes some lack of re-
finement on the analysis, but it is our opinion that
the resulting imprecision is 1likely to be small,
especially in low-density markets with infrequent
flights. Moreover, the lack of data in these mar-
kets precludes reliable estimation of stochastic
variation of demand. Second, frequency delay is not
taken as an absolute time difference as used by
Douglas and Miller, but is associated with the
notion of disutility to the passenger--that is, with
the level of inconvenience corresponding with a
given flight frequency. Disutility is difficult to
quantify, so the analysis adopts wait time as its
surrogate and the operational measure of inconveni-
ence. In this context, frequency delay is a virtual
rather than actual wait time--more so for high head-
ways--and is synonymous with disutility.

A relationship between frequency delay and flight
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frequency can be postulated in the general form:
T¢ = (1/F)® = H®, where T¢ = frequency delay per pas-
senger (h), F = daily flight freguency, H = headway
(h),and a = a dimensionless exponent that is a
measure of inconvenience associated with delay im-
posed by flight frequency. This relationship is
depicted in Figure 1 for various exponent values:

a =0, implying total indifference of pas-
sengers to flight and disutility constant over
all levels of service--an unrealistic case;

0 < a < 1, marginally decreasing disutility;

a =1, linearly proportional disutility--also
unrealistic; and
a > 1, marginally increasing disutility (as

headway increases, virtual wait time increases
sharply, far exceeding actual wait time).

The Douglas-Miller expression, also shown in Figure
1, is of the second case. It is considered invalid
for large headways, although its tendency to an
upper bound is of some interest. The common assump-
tion of T¢ = H/2 is of the third case.

The other case of interest is o > 1, which is
proposed here as the form for describing the large
headway region. Infrequent flights, say once every
two days or even once a week, clearly are a source
of great inconvenience and dissatisfaction to the
passenger, who perceives his or her loss of value as
far greater than the actual time delay incurred--and
more so as headway increases. That is, the disutil-
ity the passenger experiences increases sharply as
represented by the up-trending curve. In contrast,
the Douglas-Miller curve, by tending to an upper
bound, implies increasing indifference to schedule
and decreasing marginal disutility and, therefore,
is inappropriate at high headways. 1In short, it is
deduced that the case of o <1, as proposed by
Douglas and Miller, better describes the small head-
way range, that the case of o > 1 better describes
the large headway range, and that a general disutil-
ity relationship accounting for the underlying phe-
nomenological differences of the two regimes is some
combination of the two cases.

The proposed form of the disutility function is
presented in Figure 2 as a relationship between
frequency delay and headway. Conceptually, the
function combines three main elements, namely (a) a
concave portion at low headways, (b) a maximum wait
time that travelers will tolerate under normal ser-
vice conditions, and to which the concave part
tends, and (c) a convex portion at high headways.

The nature of the trip (business or leisure) also
has a bearing on the perception of the level of ser-
vice. Timing of the departure is another crucial
issue to the business person. Some of these con-
siderations are discussed here.

For very low headways, corresponding with excel-
lent service, any delay is viewed as a high level of
inconvenience, especially to travelers who closely
time their airport arrival in expectation of fre-
quent and reliable air service. This would be the
case of highly paid business executives planning
their activities on an "air-shuttle" type of opera-
tion. A delay of an hour could have disastrous
business consequences. The concave shape of the
disutility function is the only form that picks up
this high level of inconvenience as soon as the ser-
vice deteriorates (steep rise in disutility at
first).

As headway increases, the timing now becomes cru-
cial if the air service is to provide a meaningful
travel alternative to businesspersons. If the ser-
vice deteriorates beyond a certain level, travelers
will adjust their expectations to less~frequent ser-
vice: they now are the business persons who unfor-



tunately have no other alternative and the people
who travel for personal reasons (leisure, family,
etc.) and are less sensitive to either the timing or
the frequency of service. If the timing of flights
is poor, say departures 4-10 h apart, any delay will
be viewed as equally bad and will entail an equal
wait at the airport before the flight (personal
contingency time plus airport processing time). For
the captive customers facing a deteriorating quality
of air service and with no other choice, the level
of inconvenience runs high, but translates prac-
tically into the physical wait to be incurred in the
process of traveling by air. However, it is reason-
able to suppose that there is a maximum wait, say as
long as 2 h, that travelers will tolerate under
normal service conditions; this limit is determined
by the difference between air travel time--including
access, contingency, airport processing, and egress
times--and the time required for the same trip by
the next best travel alternative (e.g., automobile),
if there is one for the short-haul market being
considered (<300 miles). Thus the marginal dis-
utility of wait time (slope of Tg) gradually tends
to zero, explaining the £flat portion of the dis-
utility function. Beyond a certain level of ser-
vice, say 15-h headway or 1 flight/day, disutility
can be expected to increase sharply and convexly,
reflecting severe loss of attractiveness and con-
venience as the traveler is forced to postpone his
or her departure to another day. It is conceivable,
of course, that local air service of one flight
every other day, or even one a week, may be prefer-
able to no service at all,

For simplicity and mathematical tractability, the
subsequent analysis adopts a disutility function of
the polynomial form:

Ty = H3/600 - H2/30 + H/4 1)

where Tg equals frequency delay and H equals head-
way (h)., This curve approximates the one shown in
Figure 2, with convexity beginning at a headway of
about 15 h (1 flight/day) and a maximum acceptable
wait time under less-frequent scheduling of about 2
h. Although other forms might be adopted, Equation
1 is quite satisfactory to illustrate this method-
ology.

Benefit-Cost Criterion

The foregoing discucsion has been principally moti-
vated by a desire to include the traveler disutility
as an element of a cost tunction with the purpose of
determining minimum ridership necessary to justify
local air service. A basic formulation of a trade-
off function between time savings and cost has been
given by Dick (4). This analysis follows Dick but
differs principally in the inclusion of the dis-
utility concept, again to be able to model the large
headway regime more realistically.

The spatial setting of the problem, shown in
Figure 3, comprises a local airport at the trip
origin L, destination D, and a nearby alternative
airport A. Travelers may fly from L to D if offered
direct air service. I1f not, they may drive to
airport A and fly from there. In order to justify
economically the provision of direct air service
from L to D, the problem is framed as a balance
between travel time savings and money costs,
computed on an annual basis, for the two
alternatives of (a) provision of an airport at L and
operating flight LD and (b) driving to airport A and
operating flight AD. The notation for this analysis
is summarized in Table 1.

The benefits are the net time savings of direct
trip LD over indirect trip LAD. The LAD trip time
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has three elements, namely LA driving time, AD flight
time, and the frequency delay (disutility) at A as
described by Equation 1. Taking the headway Hj at
the local airport as a function of annual traffic X
(i.e., Hp, = 15 x 365 L/X), the annual net time
savings are

TS = PX[(Dp o - D )/V; + (Dap - Dip)/V, + HA/600
- H3/30 + Ha/4 - (2.73 x 108)(L/X)? + (9.99 x 10%)(L/X)?
- (1.37 x 103)(L/X)] ()

The annual incremental costs of providing direct
air service from L comprise the operating costs of
flight LD 1less the avoided operating costs of trip
LAD, plus the annualized costs of the airport at L
(construction and maintenance), namely:

IC = X[C (DL - Dpa) +(Co/L)(Drp - Dap)l +12+ M 3)

Direct air service LD, including its associated
airport costs, is Jjustified when benefits exceed
costs. The break-even point then is defined by

TS-I1C=0 4)

The unknown X, which satisfies this break-even point
is the minimum annual ridership required to justify
direct LD air service and the cost of an airport of
size Ip. Frequency of air service at the local
airport can be computed as the annual ridership di-
vided by the capacity of the selected flight equip-
ment. It should be noted that the required rider-
ship is smaller as the passenger disutility is
higher.

Figure 3. Geographical setting of problem. D

Vs

iy

A
Table 1. Notation used in cost-benefit analysis.
Symbol Definition
X Total number of passengers to travel from L to D per year to justily
building an airport at L
Dip Distance (air} LD (miles)
Dap Distance (air) AD (miles)
Dpa Distance (surface) LA (miles)
Dy Distance from center of city L to local airport { miles)

Number of passengers per flight = seating capacity of plane x the
planned load factor (say, 65 percent)

P Passenger time value (e.g., $10/h)

Vi Car speed (mph)

Vv, Aircraft speed (mph)

Cy Car costs, including amortization of original cost ($/mile)

C, Aircraft costs, including amortization of original cost ($/mile)
I Initial airport capital investment ($)

I Annualized airport capital investment ($): 1, =1, - CRF
CRF Capital recovery factor =i(1 + )" /(1 + )" =1

1 Annual rate of interest (%)

n Economic life of airport (years)

M Operating and maintenance costs of airport {($/year)

Fa, FL Frequency at alternate airport A, at local airport L (number ol

flights per day)
TfA’ TrL Frequency delay at A, L = disutility associated with schedule at
A, L (h)
Headway at airport A, L (h)
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Equilibrium Analysis

To gain a better insight of the trade-off mechanism
between time and money costs embedded in the formu-
lation, the following graphical representation of
the money is useful.

The time savings accruing from local ailrport
operations at L were described by Equation 2. This
equation is of the form

f(X) = P-X-(a - X3+ yX2 - 5X71)

which, plotted on a graph displaying on the abscissa
axis the yearly passenger volumes, X, and the time
savings (in dollar units) on the ordinate axis, has
the inverted S-shape shown in Figure 4. Time sav-
ings have negative values (from -« to 0) over the
range of patronage increases from 0 to Xg. This
point illustrates the fact that, below the patronage
level Xp, the f£flight freguency associated with
lower passenger volumes at the local airport (e.g.,
one flight every two weeks) is too low to realize
any time savings compared with the existing situa-
tion (drive to the nearest alternate hub). Only the
positive values of time savings are of interest in
the analysis.

The incremental costs were previously defined by
Equation 3, which is of the general form g(X) = aX +
b. The slope a represents the difference between
variable operating costs of the direct and indirect
trips. It is to be expected that, for an approxi-
mately equal flight distance from the alternate or
local community to the desired destination, the
biggest contribution in variable costs is attribut-

Figure 4. General equilibrium: time savings/cost of local airport versus yearly
traffic for selected time values.

Time Savings From Local Airport

/520/hr /$10/hr
/

/

Dollars

Incremental Costs of Local Airport

Time Savings or Cost per Passenger,

4 Humber of Passengers Per Year, X
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able to driving to alternate airport A. So the
coefficient a is always <0, that is, Dpp >
Dyp,» This relationship also 1is represented on
Figure 4. The incremental cost function exhibits
the correct slope in that the costs are distributed
over a larger number of passengers as use increases.

The equilibrium values of x} correspond with
the minimum patronage level, which justifies a given
level of investment for the local airport and direct
air service operations. As the value of passengers'
time increases, the minimum level of patronage de-
creases, which appears intuitively correct (shift
from xf to X; on the graph). From pas-
senger volume Xp onward, time savings are realized
(positive values) but incremental costs are still
greater than monetary time benefits derived from the
local airport service. The increase in ridership
from Xg to Xj is necessary to equalize bene-
fits and costs, The shaded area on Figure 4 shows a
region where the marginal benefit of providing the
local service exceeds its marginal cost.

A more traditional representation in economics
for the decision criterion between two alternatives
(in the present case, the trip EXB and the trip fﬁ)
is depicted in Figure 5. X is the threshold
value, in terms of passenger volume, to justify the
introduction of the second alternative, and AC; is
the average cost per passenger for alternative 1i.
The same analysis can be used for this specific
model and clearly illustrates the trade-off accom-
plished by the formulation between frequent and con-
venient local air service, as well as its associated
cost.

Figure 6 displays the average cost per passenger
for both alternatives (local airport and use of
alternate airport). For the 1local airport, the
costs consist of the direct monetary outlay my,
(construction of facility and flight operating ex-
penses) and the time cost t; associated with the
frequency delay, converted into dollars by the use
of the passengers' time value P. The curve my
exhibits the classical hyperbolic shape of average
fixed costs being distributed over more and more
users. As the frequency of service at the local
airport L increases, the wait related to the level
of service is expected to decrease, which explains
the decreasing time contribution being added to
mg,. For the alternate airport A, already in ex-
istence and operational, the direct money outlay
mp is a fixed amount per passenger (marginal cost

Figure 5. Economic comparison of two alternatives.
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Figure 6. Economic comparison of local and alternate airports.

Average Cost per Passenger
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assumed to be zero) whereas the time cost ta dis-
plays the same behavior as for location L, assuming
the trunkline reacts to increased traffic level by
incrgased flight frequency.

X is the equilibrium value below which the
solution of 1local air service is more expensive
(Mp, + ty, > mpy + tp) and above which the
reverse is true (mp + tp < mp + tp). .

The decomposition of the vertical segment eX
into its money (mp, mg) and time (tp, tr)
components for both alternatives reveals the compro-
mise attained at the equilibrium solution: For the
patronage X , the local airport L is cheaper in
money terms (mp, < mp) whereas the level of
frequency at the local airport will never (except in
special circumstances) rival the frequency offered
at a medium or major trunkline air service center.
This inconvenience of local operations 1s reflected
in the inequality tp > t; at equilibrium. In
other words, the formulation provides the decision-
maker with a minimum value of patronage to justify
local direct air operations, but that solution im-
plies a sacrifice: 1In most cases, a small community
can hardly expect the same level of service (flight
frequency) as that offered at the nearest trunkline
hub.

Time Savings per Passenger: A Measure of Merit

Comparison of the merit of various air service
options can be further assisted by introducing the
concept of time savings per passenger, TS (in mone-
tary terms). The average time savings per passenger
by definition are the total time savings divided by
the total ridership, at equilibrium. In referring
to Figure 4, which displays the general equilibrium
between the time-savings and the incremental-cost
curves regarding the local air service, the average
time savings for a given passenger time value (say,
$10/h on the graph) are total time benefits
(vertical segment AXI) divided by the total patron-
age (horizontal segment Oxi). TS, thus, may be
viewed as a factor of merit of the air service and
is mainly sensitive to flight frequency.

Isolation-Usage Index

From the foregoing concepts, a tool for planning and
policy purposes, called the isolation-usage index,
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has been developed that can be used to characterize
a community regarding its access to air service.
The index, in its simplest form, is merely the ratio
of the theoretical ridership X as predicted by the
benefit-cost criterion of Equation 4 (degree of
"isolation") to the actual or forecast air travel
demand of the local community (usage). 1Its value
will indicate whether the community is over- or
under-supplied with air service, or if supply and
demand are reasonably balanced. This matter, along
with an illustrative application of the methodology
to New York State communities, is covered in detail
elsewhere by Hulet and Fisher (5).

SUMMARY AND CONCLUSIONS

A disutility function, relating air passenger incon-
venience to delay imposed by flight scheduling, has
been conceptualized and employed as an element of a
benefit-cost criterion for the determination of the
minimum theoretical travel demand necessary to jus-
tify air service from a local airport. The trade-
off mechanism between time and money is described by
using classical elements of economic theory and a
graphical equilibrium analysis shows the validity of
the time savings curve as shaped by the disutility
function.

The proposed methodology is particularly useful
in planning and policymaking for short-haul, light-
density air service markets--typified by small com-
munities--and provides a uniform basis for selection
of communities that should be part of an air service
network.

If local air service from a community cannot be
theoretically justified on the basis of an objective
economic criterion as proposed herein and yet is
provided as "essential" for subjective reasons,
subsidy is usually called for. The proposed method-
ology is advantageous in making the need for and
level of subsidy more visible, as well as the cost
categories to which subsidy should be directed:
capital investment (airport, aircraft) or operating
costs (aircraft type, frequency, etc.). Thus, it
may be helpful in the optimal allocation of federal
funding for airport facilities, as in the National
Airport System Plan.

The suitability of the model to parametric varia-
tion provides a means of studying the impact of var-
ious regulatory policies regarding minimum standards
of service in terms, for example, of flight fre-
quency, aircraft capacity, and load factor. More-
over, the range of variables in which the optimal
configuration of 1local air service is specified
allows the decisionmaker to study a variety of op-
tions for matching supply and demand, as well as to
estimate the financial commitment required for each
course of action.

Reliable and realistic application of the pro-
posed methodology hinges on perfection of the con-
cept of disutility associated with flight frequency,
in particular the accurate estimate of maximum ac-
ceptable wait time and maximum acceptable headway.
It would be highly desirable to develop an experi-
mental methodology that would substantiate analyti-
cally the proposed concept suggested here. It is
our opinion that it is better to include the dis-
utility, even in its currently imperfect form, than
to omit it entirely. All things considered the
methodology provides a uniform and systematic frame-
work for the rational allocation of air service to
small communities.
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General Aviation and the Airport and Airway System:

An Analysis of Cost Allocation and Recovery

SAMUEL EWER EASTMAN

Since 1967 it has been the policy of the National Business Aircraft Association
that all beneficiaries of the nation’s airways system have an obligation to pay a
share of its costs. As airport and airway user charges are taken up in the 97th
Congress in 1981, the questions are, What is the fair share of system costs that
should be recovered from general aviation, and how much of that share was
recovered under the 1970 legislation, which has expired? This study addresses
these questions and finds that between 58 and 73 percent of general aviation’s
fair share was recovered in FY 1978 (used herein as the study year) by the taxes
enacted in 1970. This does not take into account any public (nonuser) benefit
that Congress may assign to general aviation activities. Costs of federal expendi-
tures on the airport and airway system allocable to general aviation amounted
to $368.8 million, 13.2 percent of the total system cost, based on data in a
Federal Aviation Administration cost-allocation and recovery report for FY
1978. Other allocated cost shares were $1400.5 million for air carriers, 50.3
percent of the total; $281.2 million for military and government aviation, 10.1
percent of the total; and $735.0 million for the public {(nonusers), 26.4 percent
of the total. Recovery of costs by taxes depends on federal policies that are
based on the efficient allocation of national resources, maintaining fair com-
petition among the several modes of transportation, and fair taxation. Absent
a cohesive ional portation policy, applying a consistent policy for
percentage of costs recovered for like transportation activities to the general
aviation primary use categories results in general aviation’s fair share of costs
that should be recovered to lie within the range of $126.1-$157.5 million for
the study year. A comparison, therefore, of the fair share of costs that should
be recovered from general aviation, with recovery from the taxes imposed by
the Airport and Airway Development and Revenue Acts of 1970, which
amounted to $91.5 million in the FY 1978 study year, shows that between
58.1 and 72.6 percent of general aviation's share was recovered by that tax
structure. The fourfold increase in petroleum prices since 1974 and the enact-
ment of the Airline Deregulation Act of 1978 emphasize the increasing role of
general aviation in the air taxi, executive, and business primary-use categories
as a vital and unique transportation resource in the United States.

COST ALLOCATION IN EXPERIENCE AND THEORY

Earlier proposals to tax or charge users for federal
expenditures on airports and airways finally re-
sulted in passage of the Airport and Airway Develop-
ment and Revenue Act of 1970 (1), which provided for
the taxes set forth in Table 1 (5), many of which
expired or were reduced on October 1, 1980. The
legislation provided that receipts from collection
of these taxes be paid into a trust fund to offset
certain federal expenditures on airports and air-
ways. There was an uncommitted balance in that fund
of $3225 million at the beginning of FY 1981 (2).

Experience With Cost Allocation

Four cost-allocation studies are summarized in Table

2: Three were conducted by the Federal Aviation
Administration (FAA) and predecessor orgahizations
(in 1950, 1962, and 1978) and one in 1973 by the
Office of the Secretary of the U.S. Department of
Transportation (DOT). These works show that the
annual federal costs of the airport and airway sys-
tem have grown almost fiftyfold in the 30 years from
FY 1949 to FY 1978 covered by these studies. The
share of federal airport and airway costs allocable
to general aviation varies from a low of 13 percent
of all costs to a high of 32.1 percent of all costs,
depending on the method of cost allocation used in
the study. The existence of this wide range of
costs, determined to have been attributable to gen-
eral aviation, may be used to illustrate the diffi-
culties of allocating costs (the cost-allocation
process) and to illustrate what has been learned
about that process over the years represented by
studies.

Where the costs of providing a facility or ser-
vice are uniquely and exclusively traceable to a
single user, they are said to be clearly allocable
or clearly assignable costs and may be charged en-
tirely to that user. Unfortunately, most of the
facilities and services provided by federal expendi-
tures on the airport and airway system cannot be so
uniquely traced. The system serves all users pretty
much on a first-come, first-served basis--considered
to be one of its great strengths by many in the avi-
ation community. But in such cases, the so-called
"joint" costs or "common" costs must be allocated to
the different users and user groups. This--the
first flaw in the cost-allocation process-~is a flaw
because any known way of allocating joint costs [and
there are many (3)) is necessarily arbitrary and
imperfect, although some methods are generally con-
sidered to be more fair and more reasonable than
others (4).

Thus, user costs in the two earlier studies were
allocated between general aviation [the 1961 FAA
study allocated costs only between commercial avia-
tion and military aviation (6)], air carrier, and
military aviation simply on the basis of use: so
many landings at FAA-manned tower airports, so many
enroute fix-postings, and the 1like. There are at
least two objections to the application of this
method. First, the resulting allocation of joint or
common costs to a user does not necessarily reflect
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Table 1. Summary description of aviation user tax structure, 1978-1980.
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Type of Tax

Tax Base

Rate

Through September 1980

Starting October 1980

Domestic passenger ticket tax?
International air passenger

enplanement tax

Domesti¢ air cargo waybill tax?

Aviation gasoline

Jet fuel

Aircraft registration

Aircraft weight tax
Nonturbine-powered
Turbine-powered

Aircraft sales tax
Tires
Tubes

Passenger enplanements

Fuel purchases
Fuel purchases
Aircraft

Aircraft weight
Aircraft weight

Tire weight
Tube weight

Passenger transportation charges

Cargo transportation charges

8 percent
$3/person

5 percent

7 cents/gal
7 cents/gal
$25/aircraft

2 cents/lb over 2500 lb

3.5 cents/1b

5 cents/lb
10 cents/lb

5 percent
0

.5 cents/gal

[=N=] co—~0o

5 cents/lb
9 cents/lb

ATax on the transportation of persons by air.

bTax on the transportation of property by air.

Table 2. Summary of principal airport and airway cost allocation studies, 1950-1978.

Item

1978 FAA Study
FY 1978 Forecast Data

1973 DOT Study
FY 1975 Forecast Data

1961 FAA Study
FY 1962 Data

1950 CAA Study
FY 1949 Data

Airport and airway
system costs
(millions)

Basis:

Allocation of costs (mil-
lions) and share of
total (%)

General aviation
Air carrier
Military and govern-
ment aviation
Public and other
Basis:

User tax revenues (mil-
lions) and share of
allocable costs
covered (%)

General aviation
Air carrier
Basis:

$2785

FAA annual appropriation. In-
cluded in allocation below
under “public and other™ are
public interest costs (regulation
and other government expenses
$236.2 million, nonaviation
weather expenses $28.1 million,
clearly allocable defense costs
$90.1 million and expenses as-
sociated with subsidized air
transportation service to small
communities $44.4 million) and
service benefits limited to local
users (National and Dulles Air-
port expenses $33.5 million)
amounting to $432.3 million
total. Investment costs treated
as current costs.

$368.8-3671.6 (13-24%)
$1400.5 (50%)
$281.2 (10%)

$432.3-§735.0 (16-27%)

Allocations are based on two
methods; new investment-
marginal cost method and the
requirement for minimum ser-
vice method. In the latter
method, the “cost of common
system” ($302.7 million) is sub-
tracted from general aviation
and added to public and other.

$91.5 (14-25%)

$1229.2 (88%)

Air passenger ticket tax 8 per-
cent, international enplanement
tax $3, cargo waybill tax 5 per-
cent, gasoline and jet fuel sales
tax 7¢/gal, aircraft registration
fee $25, weight tax 2¢/lb non-
turbine over 2500 1b and 3.5¢/
Ib turbine, tire and tube sales
tax S¢/Ib tire weight and 10¢/
Ib tube weight.

$1820

Included are DOT research and
development and FAA airport
and airway materiel and set-
vices; DOD enroute services
overseas and NOAA net avia-
tion weather costs. Excluded
are FAA safety regulation, Na-
tional Capital Airports and
Aviation War Risk Revolving
Fund; Coast Guard search and
rescue and operation of naviga-
tion aids; National Transporta-
tion Safety Board; joint use
DOD facilities; NASA; and CAB
subsidy and regulatory activities.
Investment costs treated: (a) as
current costs, (b) amortized
after start of base period, (c)
amortized prior to start of base
period.

$373-$536 (19.6-32.1%)
$861-$928 (47.3-51.0%)
$356-8584 (19.6-32.1%)

None shown

Ten-year system costs are allo-
cated by 10 different method-
ologies for the three different
treatments of investment costs.
Study singles out long-run mar-
ginal cost method as preferred;
that and one other method,
benefits/value of service, are
shown above to provide range.

$94 (17.5-25.2%)
$882(95.0-102.4%)
Same as 1978 FAA study.

34314

FAA annual maintenance and
operations costs including ad-
ministrative costs, depreciation
on capital investment, amorti-
zation of long range research
and development costs and in-
terest on unamortized invest-
ment in capital facilities and in
long range research and develop-
ment projects. No credit for
military standby value.

$302.4 (70.0%)
$129.0 (29.9%)

None shown

Costs of 5 groups of domestic
airway facilities are allocated on
5 different bases of use;e.g., the
sum of costs for terminal area
radars, instrument landing sys-
tems and approach lighting are
allocated on basis of instrument
approaches. No breakdown of
commercial aviation between
general aviation and air carrier
is shown.

$20.3 (6.7%)

2¢/gal tax on aviation gasoline.
Proposed adding 0.5¢/gal per
year until properly allocable
costs to civil aviation are sub-
stantially recovered.

$58.7

Annual cost of maintenance
and operation, amortization
of depreciation charges, and
interest on unamortized invest-
ment of the domestic part of
the Federal Airways System.
No credit for military standby
value.

$15.7 (26.7%)
$27.0 (46.1%)
$16.0(27.2%)

None shown

Costs of terminal aids and en-
route aids allocated on basis
of use (variously tower opera-
tions, approaches, lix poslings
and mileage).

$0.4

$8.1

For the year 1953 based on rec-
ommended new federal 1.5¢/
gal tax on all jet aviation fuel
and all aviation gasoline of 91
or greater octane rating; the
latter to exempt the smaller
type of aircralt, which are es-
sentially nonusers of Lhe air-
ways.
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the costs incurred to serve that user. For example,
the different aircraft.of the separate user groups
vary in performance (flight speed) and equipment
carried and, hence, impose different controller
workloads and system costs for the use of the sys-
tem. The 1973 DOT study attempted to take some of
these differences into account by devising and ap-
plying weights to the amount of system use made by
different users (3).

But there is a second and more fundamental objec-
tion to the measure-of-use method of allocating
joint costs, and it is that relatively little atten-
tion is paid to what each user wants and is willing
to pay for. Usually a single facility or service is
offered the user as a result of federal expenditures
on airports and airways--the user accepts the single
service or none at all (when that choice exists).
Yet a particular facility or service may have been
designed for a higher level of performance than a
particular user needs or wants.

Special Question of Public or Nonuser Cost Share

The 1973 DOT study made an extensive study of the
allocation of joint costs among users, in addition
to improvements in the units-of-use method noted
above: In all, 10 different methods were applied.
The study has been characterized as basically
flawed, however, because "it decided there was no
merit in general tax support of the system as a mat-
ter of public interest" (8,9); that is, no share of
system costs was allocated to nonusers. At that
time, a reasonable literature had begun to develop
around concepts of measuring the economic benefits
from air transportation activities such as share of
gross national product (air carrier, $10-11 billion,
about 1 percent of the U.S. total in 1971, and gen-
eral aviation, $2-3 billion) and the number of work-
ers employed in industry Jjobs [920 000 in 1971
(3,10)], the number employed in supplying the indus-
try, and the number employed in serving the people
who earn their living in the industry.

These data are useful for a number of purposes,
including estimation of the value of benefits to
users for the purpose of allocating joint or common
costs (as distinguished from methods based on mea-
sures of use and costs). But to the professional
economist, these data do not provide the basis in
our mixed public and private enterprise market sys-
tem for determining what the general public (as
distinguished from system users) should be willing
to pay for the airport and airway system supported
by expenditures of the federal government. This is
also true of similar values of gross national prod-
uct (GNP) and employment that pertain to the baking
of bread or the manufacture of steel; they do not
indicate the share of those activities that should
be borne by the public out of general tax revenues.
There must be a showing of foregone activities--
i.e., these people would not be working at all, or
as well, if they were not working in air transporta-
tion (11), or significant reductions in GNP and the
national standard of living would be precipitated by
the lack of expenditures on the airport and airway
system (l2). No estimates of public benefit based
on these principles of economic theory have been
found.

However, other nonuser benefits of air transpor-
tation have been identified (11):

The increase in capitalized value of real prop-
erty due to improved access is one benefit that
transportation users clearly do not reap. Im-
proved air transportation has allowed a number of
Americans to take winter vacations of relatively
short duration in the Caribbean, in Florida, and
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at Western ski resorts--a certain benefit. How-
ever, a major gain accrues to the owners of prop-
erty in these areas who have seen their property
values rise substantially--that is, to nonusers
of air transportation. The same comment can be
made when a new airport increases the value of
industrial and commercial property located near
it,

The gain in tax revenues to communities so situated
might also be added.

The 1973 DOT study concluded no share of FAA ex-
penditures should be allocated to nonusers. The
1978 FAA study moved in two ways to identify nonuser
federal expenditures on the airport and airway sys-
tem and to separate these from the costs allocable
to the user groups. The military ultra-high fre-
quency communication requirement was noted. It was
similarly found that certain regulation and other
government expenses, nonaviation weather expenses,
expenses associated with subsidized air transporta-
tion services to small communities and the expenses
of National and Dulles Airports, where service bene-
fits are limited to local uses, could be identified
as public expenses, not to be included in FAA ex-
penses to be allocated among the users of the system.

The 1978 FAA study took one additional step in
the identification of public interest costs. In
reaction to the 1973 DOT study, the general aviation
community had also observed that it was being over-
whelmed with facilities and services provided by the
FAA that it did not want or require (9).

In the 1978 study a separate minimum-requirements
airport and airway system was designed for each user
group~-general aviation, air carrier, and military
and government aviation--and used as the basis for
allocating costs among the users. The residual or
left-over costs (FAA expenditures less the costs of
the three separate systems added together) in the
amount of $302.7 million annually (FY 1978) were
allocated as the public share.

ALLOCATION METHODOLOGY SELECTED

Multiple and sometimes conflicting evaluation cri-
teria exist to select the method for allocating
joint and common costs. The 1978 FAA study applied
the following criteria: "economic efficiency,
equity, ability to pay, and minimizing or reducing
funding deficits. The selection is also constrained
by desirability to minimize administrative burdens,
i.e., consideration of the practical problems of
implementation” (4).

The method selected here to allocate joint and
common costs is the minimum separate requirements
method reported in the 1978 FAA study. This is con-
sistent with the cost-allocation methodology devel-
oped by the U.S. Army Corps of Engineers over the
years to allocate cost among multipurpose water
projects, the basis of which is that no single-
purpose project should be allocated a greater share
of multipurpose costs than the costs that project
would incur "going it alone" (13). Although econo-
mists admit to the arbitrary nature of the various
methods for allocating joint costs, they are in
agreement that "no group of users should have to pay
more overall than they would pay for a separate sys-
tem of their own" (14).

Conclusion

Therefore, by using the most recent data and analy-
sis available, that from the FAA 1978 study and
shown in Table 3, experience and theory suggest that
federal expenditures on the airport and airway sys-
tem should be allocated as follows: 26.4 percent to
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Table 3. Allocation of federal expenditures on airports and airways based on
FY 1978 data.

Cost Percentage
[tem (S millions) of Total
Total airport and airway system cost 2785.5 100.0
Public (nonuser) costs 735.0 26.4
General aviation (5) 368.8 13.2
Air carrier? 1400.5 50.3
Military and government aviation 2812 10.1

ncludes allocation to both direct and indirect users.

the public (nonusers), 13.2 percent to general avia-
tion, 50.3 percent to air carriers, and 10.1 percent
to military and government aviation. The general
aviation and air carrier share includes both the
direct users' share (the aircraft operators) and the
indirect users' share (the passengers and shippers
that use and, hence, directly benefit from the ser-
vice provided by the aircraft operators).

COST RECOVERY IN EXPERIENCE AND THEORY

The level of recovery of federal expenditures on a
particular element of our transportation system has
been determined from time to time through the polit-
ical process, responding largely to the goals of a
particular transitory bureaucracy then in power, to
the local interests that the legislators individ-
ually represent, and to pressure of the several
usually well-organized interest groups representing
the various industry elements affected. The overall
pattern of recovery resulting from this process has
not been uniform: The level of recovery is not the
same for all modes, the kinds of changes and taxes
levied are not the same for all users who are told
they must pay, and the kinds of federal expenditures
(maintenance, operators, and investment) on which
taxes for recovery are based varies. When full re-
covery of federal expenditures is not made, the gap
is made up by a transfer payment from general reve-
nues (15).

Basis for Recovery

The user tax concept supporting the specific tax
levies on users of the airport and airway system
enacted in 1970 (shown in Table 1), is grounded in
basic principles of efficient allocation of re-
sources, fair competition, and fair taxation
(16,17). Each merits careful consideration.

Efficient Allocation of Resources

It is an accepted principle of economic theory that
when prices or average revenues are set equal to the
marginal costs of production, the private market
system, operating in free and open competition in
the private sector, will efficiently allocate the
nation's scarce resources (18,19). This concept has
been extended to encompass the idea that "if users
of special services or facilities are not required
to pay their share of the costs, the market system
for matching demand and supply at a price reflecting
value to the purchaser and cost to the supplier will
be inoperative. The users will demand more of the
services or facilities than they would if the price
fully reflected the cost, and resources will be
shifted from more productive activities to the spe-
cial services or facilities" (16).

These concepts are not relevant to, and do not
support, taxes equivalent to full cost recovery from
general aviation users of the airport and airway
system on the grounds that economic efficiency is
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thereby enhanced through a better allocation of
scarce resources. In the first place, for the theo-
retically efficient allocation to occur, price must
be equated to marginal not average cost and "it is
no simple matter to measure marginal costs" (16).
"This test of value 1is rather crude, since total
revenues are compared with total cost, and no tests
are performed at the margin" (20).

But a much more fundamental flaw in applying the
efficiency logic from economic thinking to justify a
user tax on general aviation equivalent to full cost
recovery 1is that the desired result of efficient
allocation of the nation's scarce resources is
achieved only in competitive markets. "Competitive
behavior assures the equation of price and marginal
cost that is required if free consumer choices are
to result in the optimal allocation of resources”
(18) . The FAA provides goods and services to gen-
eral aviation as a monopolist; there is no competi-
tion and in reality no market at all in any conven-
tional sense. Under the conditions of monopoly,
average revenues or price exceeds marginal costs.
"Inefficient allocation results, and consideration
must be given to public policies that force firms to
produce at an optimal output where AR equals MC"
(21) .

The other parts of the argument, not necessarily
related to full cost recovery, are based on the ben-
efit principle, and the free-goods concept. Both
have limited applicability to cost recovery of fed-
eral expenditures on airports and airways from gen-
eral aviation users.

The benefit principle calls for the distribution
of taxes in accordance with the benefits received
from the expenditures on which the taxes are spent.
It is a sort of substitute for the market test in
the private economy; people pay for the goods and
services received in the private economy, so why not
in the public sector? "“After all, if the people who
will benefit from expenditures are not willing to
pay for them through their taxes, presumably they
are not worth the cost and should not be undertaken"
(20). The difficulty is that the general aviation
user has no choice; the airport and airway system
are there to provide safety to all users. A user
cannot decide the system or part of it is not worth
the cost and should not be undertaken unless the
user stops flying altogether. If he or she flies at
all, the user must pay all the taxes. Most of the
time you can pay the toll and use the turnpike, or
not pay the toll and take an alternate route. Here,
there is no such choice.

The other part of the argument, namely that one
will use less of a resource if one has to pay for
it, also provides only limited support for the col-
lection of user taxes from general aviation on the
grounds of enhancing the efficient use of re-
sources. The kind of taxes to which this relates--a
terminal charge at airports with FAA towers or an
enroute service fee--have heen considered time and
time again, and rejected on the grounds of safety
and administrative complexity (5). It cannot be
played both ways; on the one hand, justifying taxes
on the grounds payment will discourage use of a free
good or service, and then turning around and impos-
ing taxes that do not relate to use or nonuse of any
particular good or service that is offered.

Fair Competition

The scheduled airlines and in general aviation--the
air taxi operators, executive transportation, and
business transportation--compete with water, rail,
and highway carriers for the movement of both pas-
sengers and freight (16). For each mode of trans-
portation to bear its share of the cost of federally
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Table 4. Elements of transportation bill, by

Revenues Total
maricet, 1978. and Private Subsidy by Transportation Percentage of
Expenditures Governments Bill Total Bill Paid
Market ($ millions) ($millions) ($ millions) by Subsidy Private Share
U.S. International 9419 892 10311 8.65 0913
Freight 5693 829 6522 12.7 0.873
Water 4928 761 5689 13.4 0.866
Air 765 68 833 8.16 0918
Passenger 3726 63 3789 1.66 0.983
Air 3445 62 3507 1.7 0.982
Water 281 1 282 0.35 0.996
Intercity 159 137 8756 167 893 5.21 0.948
Freight 69 517 2962 72 479 4.09 0.959
Truck 47 272 1 667 48 939 3.41 0.966
Regulated 22 000 NA NA NA
Other 25272 NA NA NA
Rail 16 509 282 16 791 1.68 0.983
Water 2434 768 3202 24.0 0.760
Domestic ocean 1136 NA NA NA
Inland waterway 950 NA NA NA
Great Lakes 348 NA NA NA
Pipeline 2229 26 2 255 1.15 0.988
Oil 1317 NA NA NA
Gas 912 NA NA NA
Aviation 1073 219 1292 16.9 0.831
Passenger 89 620 5794 95 414 6.07 0.939
Automobile 71933 4361 76 294 572 0.943
Aviation 16 315 1115 17 430 6.40 0.936
Carriers 11581 NA NA NA
General 4734 NA NA NA
Rail 340 308 648 47.5 0.525
Bus L1016 0 1016 0.00 1.000
Water 16 10 26 38.5 0.615
Local 133 008 7532 140 540 5.36 0.946
Freight, truck 47 790 209 47 999 0.43 0.996
Passenger 85218 T 323 92 541 791 0921
Automobile 82 732 3397 86 129 3.94 0.961
Owner operated 81 150 NA NA NA
Taxi 1582 NA NA NA
Transit 2200 2038 4238 48.1 0.519
Bus 600 NA NA NA
Rail 1401 NA NA NA
Commuter 199 NA NA NA
School bus 286 1 888 2174 86.8 0.131
Miscellaneous 3973 263 4236 6.21 0.938
Boats 1754 263 2017 13.0 0.870
Recreation NA NA NA NA
Commercial fishing NA NA NA NA
Other 2219 0 2219 0.00 1.000
Total 305 537 17 443 322980 5.40 0.946

provided transport facilities is necessary to ensure
fair competition. Of the 39 million h flown in gen-
eral aviation in 1978, more than 17 million h, 44
percent of the total of all hours flown, were in
those categories where uneven federal expenditures
might give one mode a competitive advantage over
another mode. However, applying this basic princi-
ple of federal tax parity across modes to provide
competitive equity ignores the fact that more than 9
million general aviation h (more than 24 percent of
all hours) were for personal flying, not associated
with a business or profession, and not for hire
(22) . There is no basis to recover federal expendi-
tures on airports and airways from this segment of
the general aviation community on the grounds that
competitive equity among modes must be maintained
fairly.

Fair Taxation

Another rationale to support taxes on general avia-
tion to recover federal expenditures on the airport
and airway system is that the costs of special ser-
vices and facilities should be borne by those who
use them and reap the benefit, rather than by the
general taxpayer. Thus, where the persons benefited
are fully able to pay, they should do so, unless
there is some overriding justification provided by
national policy for redistributing income from the
general taxpayer to the users.

A recent tabulation was made for 1975 by the
National Transportation Policy Study Commission,
showing separately the revenues and private expendi-
tures on transportation and government subsidy to
transportation (23). As shown in Table 4 (23), the
government subsidy varies widely as the share of the
total transportation bill: in the extreme, from
86.6 percent in the case of school buses to 0 per-
cent for intercity passenger transportation by bus.
Virtually no one else in the transportation com-
munity operates without some subsidy from govern-
ment. The costs of intercity freight movements by
air were borne 16.9 percent by government subsidy,
the cost of intercity passenger movements by air 6.4
percent by government subsidy, and the cost of in-
tercity passenger movements by rail 47.5 percent by
government subsidy.

A recent study of taxes imposed by states and
local communities on general aviation shows a sim-
ilar deviation among taxing sources (24). Some 90
percent of the states were found to impose three or
more taxes (sales tax, fuel tax, and aircraft regis-
tration fee). Some 24 states have a special "avia-
tion fund" into which some or all of the taxes col-
lected flow, and 10 states allocate all aviation tax
receipts to general state funds. The study esti-
mated that on the order of $147 million was col-
lected by state and local governments from general
aviation users.
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Conclusion

Fair competition, fair taxation, and, to a limited
extent, economic efficiency provide the rationale to
recover some of the federal expenditures on the air-
port and airway system by taxing general aviation

Table 5. General aviation number of aircraft and hours flown, by type and
primary use, 1978.

Average
Number Percent Hours Percent Hours
of of Flown of per
Type Aircraft Total (000s) Total Aircraft
Aerial application 7418 3.75 2 066 5:25 278
(total)
Piston one-engine 6 335 1 800 284
All other piston 281 46 163
Turbine 12 1 69
Rotorcraft 785 219 279
Other 1 2 -
Air taxi (total) 7936 4.01 4423 I3 557
Piston one-engine 2770 1210 437
All other piston 3314 1 684 508
Turbine 614 683 1111
Rotorcraft 1215 828 682
Other 19 2 94
Business transport 42 809 21.6 8014 20.4 187
(total)
Piston one-engine 31 548 5613 178
All other piston 10074 2089 207
Turbine 362 155 428
Rotorcraft 641 138 215
Other 181 13 75
Executive transport 12 666 6.40 4 882 12.4 385
(total)
Piston one-engine 3214 1253 390
All other piston 4 764 ):575 331
Turbine 4166 | 784 428
Rotorcraft 487 267 549
Other 32 a 54
Industrial-specialist 2059 1.04 702 1.79 341
(total)
Piston one-engine | 388 411 296
All other piston 242 74 307
Turbine 17 S 303
Rotoreraft 402 211 525
Other 7 3 -
Instructional flying 14 742 7.45 5 009 12.75 340
(total)
Piston one-engine 13 438 4 693 349
All olher piston 533 123 230
Turbine 22 11 486
Roloreraft 269 100 373
Other 476 86 180
Personal flying (total) 96 209 48.6 9 601 24.4 100
Piston one-engine 89 847 9 040 101
All other piston 2908 352 121
Turbine 56 14 249
Rolorerafl 512 27 53
Other 2881 171 59
Rental aircraft (total) 8 189 4.14 3284 8.30 401
Piston one-engine 7419 3024 408
All olher piston 348 120 345
Turbine 35 23 663
Rotorcraft 130 73 566
Other 255 45 177
Other (total) 6 749 341 1 308 3.32 194
Piston one-engine 4 687 717 153
All other piston 700 97 139
Turbine 318 102 322
Roltoreraft 369 365 420
Other 173 18 103
Aclive (total) 198 778 100.0 39290 100.0 198
Piston one-engine 160 651 27 857 173
All other piston 23171 6 1806 267
Turbine 5610 2801 499
Rolorcralt SIS 2928 419
Other 4028 338 84
Inactive (total) 35169
Piston one-vngine 28 289
All olher piston 2 860
Twrbine 498
Rotorcrall 2305
Other 1148

“Less than 1000 h.
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users of that system. To correctly determine how
much should be recovered by taxes under the princi-
ple of fair competition requires further development
of the competitive situation between general avia-
tion and other modes of transport. To correctly
determine how much should be recovered under the
principle of fair taxation requires a more complete
explication of national transportation policy. This
is undertaken in the next two sections. Presented
first is a profile of general aviation and, second,
a review of national transportation policy as it
pertains to the issues at hand. Certainly, general
aviation should not pay less than its fair share;
nor should it be required to pay more, compara-
tively, than the other beneficiaries of federal
expenditures on transportation.

PROFILE OF GENERAL AVIATION: PAST AND TRENDS

Definition of General Aviation

General aviation is what economists would call a
"residual"--that which is left over after specific
items have been subtracted from a larger group of
items. It is all aircraft in the U.S. civil fleet
except those operated under Federal Aviation Regula-
tions Parts 121 and 127. These two parts cover the
operations of fixed-wing aircraft and rotorcraft,
respectively, that (a) have been issued a certifi-
cate of public convenience and necessity by the
Civil Aeronautics Board authorizing the performance
of scheduled air transportation over specified
routes and a limited amount of non-scheduled opera-
tions and (b) are used by large aircraft commercial
operators. The FAA has classified this diverse col-
lection of aircraft into eight categories of primary
use plus "other” (25). (Enactment, in 1980 of Part
125, Certification and Operation Rules for Certain
Large Airplanes, further codified a segment of gen-
eral aviation activity.)

General Aviation in 1978 and Trends

The number of aircraft by type and hotrs flown by
primary use in general aviation are shown for 1978
in Table 5 (22). 1In 1978 about one-hilf the air-
craft (48.6 percent) in the general aviation fleet
provided about one-quarter (24.4 percent) of the
hours flown in personal flying. On the other hand,
4 percent of the aircraft produced 11 percent of the
hours flown in air taxi, 6 percent of the aircraft
12 percent of the hours flown in executive trans-
port, and 22 percent of the aircraft 20 percent of
the hours flown in business transportation. The
highest utilization (average hours flown per air-
craft) was achieved by turbine-powered airplanes
(499 h/aircraft) and rotorcraft (419 h/aircraft) in
air taxi, business, executive, and industrial use.

An analysis of the general aviation fleet and its
use for the years 1973 through 1978 shows that the
total active aircraft count and total hours flown
grew at about the same annual rate 5.33 percent/year
and 5.63 percent/year, respectively, but that sig-
nificant deviations from these mean fleet values
occurred among the individual aircraft types (25).
The fastest growth of any type in terms of total
hours flown occurred with the turbine-powered rotor-
craft with an average annual growth rate of 55.51
percent/year (starting, however, from a small
base). Most of these rotorcraft are used commer-
cially and in business--for aerial application, air
taxi, business and executive transport, and indus-
trial-specialist use. They are highly utilized.
The 1075 turbine rotorcraft in air taxi were used
733 h in 1978 on the average (22), four times the
total fleet.
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Twin-engine turbojets and twin-engine turboprops
(1-12 seats) also experienced almost double the
average of total hours flown from 1973 through 1978,
with average annual growth rates of 11.36 percent/
year, and 10.91 percent/year, respectively. 1In con-
trast, single-engine piston airplanes experienced
very little growth over the period, whether measured
by total hours flown (0.79 percent average annual
growth) or aircraft count (2.93 percent average
annual growth) .

In general, therefore, from 1973 through 1978,
the larger, more sophisticated aircraft in the gen-
eral aviation fleet were increasing both in numbers
and total hours flown than other components of the
fleet.

Impact of Higher Fuel Prices

The steadily increasing price of petroleum fuels
since the 1973 embargo has had serious impacts on
the greatest user of these products, the transporta-
tion industry, and general aviation is no exception.

Increases in fuel prices have had the effect of
decreasing travel, as their impact has been to raise
travel costs. This impacts most heavily on discre-
tionary travel, which can be either postponed or
canceled.

The effect of increasing fuel costs of general
aviation, therefore, will be to reduce the estab-
lished growth rate in hours flown for primary uses,
but to disproportionately reduce the hours flown in
non-business and discretionary use such as personal
flying. This effect has already been felt in air-
craft sales. In January 1981, a representative of
the General Aviation Manufacturers Association re-
ported that "today, at least 90 percent of the in-
dustries' sales are for business purposes" (26).

Impact of Airline Deregulation: Airline
Deregulation Act of 1978

A basic objective of the Airline Deregulation Act of
1978 was to increase competition between the trunk,
local service, and regional certificated air car-
riers. It was thought that load factors were too
high and that there was too much service competition
and not enough price competition. Greatly simplify-
ing the Civil BReronautics Board's restrictions on
rates and routes for these carriers should raise
load factors and lower the price of airline tickets
because the competitive forces of the private market
system would then be free to operate. To a consid-
erable extent this has happened (28,29), but there
has been a side effect favorable to some general
aviation primary uses.

Higher load factors mean lower seat prices, but
it also means it is harder to get seats. This has
had its greatest impact on the on-demand business
traveler who often cannot plan a trip very much in
advance. The effect has been to stimulate general
aviation in the air taxi, business, and executive
use categories.

The legislation has had an additional favorable
impact on general aviation. The Airline Deregula-
tion Act of 1978 introduced a new policy regarding
service to small communities: "The malntenance of a
comprehensive and convenient system of continuous
scheduled airline service for small communities and
for isolated areas, with direct Federal assistance
where appropriate..." was declared to be in the pub-
lic interest (27). The legislation backed up the
policy statement by guaranteeing essential air ser-
vice to 555 eligible points, by providing a new fed-
eral subsidy program directed toward helping the
communities not the carriers, and by making fed-
erally guaranteed loans available to commuter air
carriers to purchase equipment.
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Service to small communities is what general avi-
ation is all about. 1In 1978 there were 14 746 air-
ports of record in the United States--4651 with run-
way lights, 5618 with paved runways, and 499 with
airport traffic control towers (22). The FAA has
identified 147 air traffic hubs (which enplaned 96.1
percent of all air carrier traffic) and, together,
the air carriers and commuters provide service to
but 880 airports (30).

Alr service at the great majority of airports,
mostly in small communities, is provided by general
aviation. BAs of February 1, 1981, commuter air car-
riers were being relied on exclusively to provide
essential air service to 201 small communities out-
side Alaska (31) and to provide replacement service
for trunkline and local service carriers at an addi-
tional 78 airports (29). Where plants have been
located at small towns to diversify in the national
interest or to develop particular local resources
efficiently, general aviation is most often the only
form of air transportation available.

Conclusion

General aviation is in a period of transition. The
rise in popularity of private aircraft among bus-
iness-oriented users, whether the aircraft ownership
rests in the hands of the company or an individual
within the business firm, is strong and continuing.
The great increase in fuel prices over the past few
years will contribute to this trend and against
personal flying. The Airline Deregulation Act of
1978 will stimulate further growth in air taxi,
business, and executive transportation.

CONTRIBUTION OF NATIONAL TRANSPORTATION POLICY

Statements of national transportation policy abound
(23). The most comprehensive, mandated by the Con-
gress, is the final report, National Transportation
Policies Through the Year 2000, of the National
Transportation Policy Study Commission (NTPSC),
issued in June 1979 (23).

NTPSC

The NTPSC study addressed regulation; ownership and
operations; finance, pricing, and taxation; planning
and information; and government organization, call-
ing these functional categories representations of
instruments of policy. As did the earlier Doyle
study (32), it, too, found that the United States
had no unified national transportation policy.
"Instead, there is an assortment of policies and
programs which have been developed in an ad hoc
fashion to achieve sundry goals or resolve various
issues. The sheer bulk of federal transport poli-
cies and programs (64 federal agencies that imple-
ment approximately 100 policies and programs) is
enough evidence to convince many observers of the ad
hoc nature of Federal transportation policymaking"

(23) .

“A number of specific policles were addressed and
recommendations were made by the NTPSC. On the need
for uniformity in national transportation policy,
NTPSC reported "that there is no uniform set of
policies to guide federal actions, or to improve the
performance of the private sector. Most policies or
programs are individually directed at particular
problems. Although most are well-meaning, both in-
dividually and collectively they have at times
tended to frustrate the effective functioning of
competitive markets (23).

The NTPSC was heavily oriented toward using eco-
nomic techniques to make government more efficient.
Thus, on the requirement that users and those who
benefit from federal actions should pay, it re-
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Table 6. Cost-allocation and recovery proposal for general aviation based on
1978 data.

Percent Weighted
Private of Hours Private

Primary Use and Recovery Basis Share Flown Share

Aerial application 0.957 5.25 0.0502
Local freight truck?®

Air taxi 0.525 11.3 0.0593
Intercity passenger rail®

Business transportation 0.525 20.4 0.107
Intercity passenger rail®

Executive transportation 0.936 122 0.114
Intercity passenger aviation®

[ndustrial-specialist 0.957 1.79 0.0171
Local freight truck?

Instructional flying 0.132 12:7 00168
Local passenger school bus?

Personal flying 0.00 24.4 0.0000
Recreational boating

Rental aircraft 0.525 8.36 0.0439
Intercity passenger rail®

Other 0.570 3.32 0.0189
Unweighted average of the above

Total 100.0 0.4272

Notes: Method 1: No credit for payment
Allocated costs (1978 FAA study, see Table 3) $368.8 million
Recoverable costs ($368.8 x 0.4272) 157.5
Present recovery (1978 FAA study) $ 91.5 million
Recoverable costs (%) 58.1
Method 2: Credit for payment to states

Allocated costs (1978 FAA study, see Table 3) $368.8 million
Less one-half of tax payment to states (73.5)
Adjusted allocated costs 295.3
Recoverable costs ($295.3 x 0.4272) 126.1
Present recovery (1978 FAA study) $ 91.5 million
Recoverable costs (%) 72.6
®See Table 4.

ported: "Free markets operate on the principle that
those who benefit must pay for the costs. When
government provides costly facilities, benefits, or
services, it too should assess charges that recover
costs against users and others who benefit. 1In some
cases, such as urban and rural transit and air traf-
fic control, where benefits are widespread, it may
be appropriate to assess a general tax to recover
federally incurred costs" (23).

Similarly, in the discussion on finance, pricing,
and taxation, NTPSC policies were focused on creat-
ing private "market like" efficiencies in the opera-
tion of the government. For example, it was sug-
gested that congestion tolls might be employed
during peak periods of facility use (23).

Conclusion

This review of national transportation policy makes
three suggestions that are applicable to an analysis
of general aviation cost allocation and recovery of
federal expenditures on the airport and airway sys-
tem. First, absent some well-defined benefits that
are widespread, the users and those who benefit from
federal actions should pay £or the benefits they
receive. Second, there is no uniform set of poli-
cies to guide federal action in transportation.
Third, uniformity and consistency in the application
of policy are a desirable end. A recent study
offers a suggestion to find transportation policy:
"There is a loose programmatic policy which must be
inferred from currently existing Congressional leg-
islation and agency regulations® (33).

COST ALLOCATION AND RECOVERY: AN ANALYSIS
FOR GENERAL AVIATION

The eight categories of primary use that make up
general aviation cover a wide spectrum of diverse
aviation activity. Because of this, no single tax,
or the combination of taxes imposed by the Airport
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and Airway Revenue Act of 1970 to recover part of
the federal expenditures on airports and airways
(see Table 1), can be equally fair and equitable to
each general aviation primary user. The National
Business Aircraft Association, Inc., has adopted the
following policy position (34):

Consideration of aviation user tax levels must
first establish the value to be imputed to the
air transportation system in terms of national
public benefit, and of national military-defense
benefit. Only after such determination is made
should attention be given to the remainder of
system costs to be recovered by user taxes.
Whatever specific forms user taxes may take, they
should be predicted on certain equity prin-
ciples....

systems of taxes other than the one imposed by the
Congress in 1970 have been considered on several
occasions and rejected, usually on the basis that
they are too costly to administer, or that they
would compromise the safety of the airport and air-
ways system (5).

No attempt is made here to reopen the question of
how to collect the tax. The issue addressed is how
much should be collected--what is a fair and equita-
ble overall tax burden for general aviation to
bear. The procedure is to weight by total hours
flown estimates of the private share paid for cther
activities in transportation, comparable to the
eight categories of primary use comprising general
aviation. This is in line with a national transpor-
tation policy that seeks uniformity and consistency
in charging taxpayers who receive the benefits of
goods and services provided by the government. The
weighted private share, so determined, is applied to
costs allocated to general aviation (from Table 3),
and the recoverable costs are then compared with the
estimated recovery under the tax structure enacted
in 1970. The data base used is the 1978 FAA study,
which, along with the calculations, is shown in
Table 6.

Thus, the private share for local truck from the
NTPSC report is applied to aerial application and
industrial-specialist primary general aviation
users. The comparability is the short-haul trans-
portation of goods that all of this transportation
involves. For air taxi, business transportation,
and rental aircraft, the NTPSC private share for
intercity rail passenger service is used. The com-
parability is short-haul passenger service. How-
ever, for executive transportation, the private
share for intercity passenger aviation was selected
because this general aviation primary-use category
makes up the largest share of multiengine piston and
turbine aircraft. These provide longer-haul air
passenger service comparable to that offered by the
air carriers.

Instructional flying serves two  purposes—-
education, learning to fly--and maintaining flight
proficiency as required by FAA regulation. The lat-
ter purpose is principally to enhance safety that
the FAA study determined to be a public (nonuser)
cost, so assigning the NTPSC local passenger school
bus private share to all instructional flying is
probably conservative. Personal flying was treated
the same as recreational boating, which at the pres-
ent time makes no payments for use of the navigation
aids and other services provided by the U.S. Coast
Guard, nor for the use of the inland waterway system.

Finally, there is the question of credit for the
payment of like taxes to the states. Income tax
laws typically allow the deduction, in computing net
income subject to tax, of certain types of state and
local taxes paid or incurred by the taxpayer (35).
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Accordingly, the position may be advanced that some,
if not all, of the $147 million paid by general avi-
ation users to the states should be credited to the
share of allocated costs based on federal airport
and airway expenditures. The data readily available
do not permit the detailed analysis that will be
required to determine which, if any, state taxes
paid should be so credited. However, crediting one-
half of taxes paid to the states serves to provide
an upper bound in estimating the percentage of full
recovery now paid by general aviation users. This
example 1is based on crediting state taxes against
taxable income for a taxpayer in the 50 percent tax
bracket.

Under the assumptions made and the methods ap-
plied, the costs to be recovered by federal taxes
from general aviation users range from a low of
$126.1 million to a high of $157.5 million. Compar-
ing these values with estimated revenues of $91.5
million (under the 1970 tax system) suggests that
general aviation was paying between 58 and 72.6 per-~
cent of its fair share of federal expenditures on
airports and airways in the 1978 study year; the
range was determined by whether or not credit
against general aviation's fair share of federal
expenditures is given for taxes paid to states. The
foregoing does not take into account any public
(nonuser) benefit that Congress may assign to gen-
eral aviation activities and is based on cost data
supplied by FAA.
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