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INTRODUCTION

The joint National Aeronautics and Space Administration
(NASA) - Department of Transportation Civil Aeronautics Research
and Development (CARD)Study Policy Report identified terminal con-
gestion as one of the highest priority problems facing civil
aviation today. One of the components of the terminal system
which is sorely plagued by congestion problems is the access/
egress system - the network of transportation modes used by air
passengers and air cargo travelling between the airport and their
ultimate origins or destinations. According to CARDS:

"Access links to the airport are a prime cause of airport
congestion.... The traveler must build large time/safety
factors into his schedule because of the uncertainties of
road congestion."l

The CARD Policy Study further points out that attempts to
find solutions to the airport access problem are often hampered
by market/financial, attitudinal/social, and organizational
factors. For instance,

"Some congestion is associated with modal interfaces (espe-
cially for cargo) and could be reduced by multimodal sys-
tems. Most multimodal ownerships have generally been op-
posed (regulatory and legal).

"The profit potential for improved access/egress is not
clear. Who might receive such profits is also unclear (mar-
ket and financial).

"Passenger preference for travel coincides with the peak
rush hour traffic of the working force (attitudinal and
social). The air carrier and airport operator have attempt-
ed to respond to this demand by providing sufficient capac-
ity to meet these peak loads. The air carriers have suf-
fered losses because of the resulting congestion in the ter-
minal area (market and financial).

"Access/egress is normally the responsibility of State and
local governments. Because of other commitments, most of
these governments are in a difficult financial condition
(market and financial).

"Airports have become known as undesirable neighbors. Pro-
posed additions or expansions, although badly needed, usu-
ally arouse public opposition (attitudinal and social)."l

In addition to the above mentioned institutional constraints,
the CARD Study also points out that responsibilities for airport
access systems are divided among local authorities, HUD, and
several modal administrations within DOT. 1In the past, this




situation has encouraged the individual rather than integrated
management of systems elements.

The CARD study recommended federally organized demonstration
projects as one means to circumvent these economic, social and
organizational problems. It emphasizes the need for operational
demonstrations to test the effects of new methods on the opera-
tions of present systems, and market demonstrations to test the
market reaction to new methods and changes in such factors as
equipment, fares, routes, and service. The study also emphasizes
the need to collect accurate data on price, frequency, and
service elasticities, and the need to make these data available
to the operator so that he can better evaluate the requirements
for new systems. Furthermore, both types of demonstration pro-
grams will provide important data required for cost/benefit
analyses of proposed new operational systems.

However, as the CARD Report notes, demonstration projects
in the past have not always peen the careful empirical experi-
ments that they should be. These experiments would have been
more valuable were there more emphasis on the gathering of data,
especially market elasticity data. These data should have been
collected while conducting experiments involving orderly varia-
tions in price, frequency and service choices. The message is
quite clear - demonstration programs should be carefully conceived
in order to yield the maximum relevant information and experience.

"In fiscal year 1971, the Transportation Systems Center
(Tsc) was asked by the Office of the Secretary of Transportation
to initiate investigations in the general area of airport access
and capacity. The resulting study placed its focus on the
access/egress problem. As a first step in this task, a study of
past and current literature was conducted to define the charac-
teristics of the access problem and place it in its proper set-
ting. In addition, a review was made of current methodology,
especially in the area of demand forecasts and access/egress
mode preference prediction.

This report is intended to provide a summary of these ac-
tivities and a basis for a continuing effort in FY'72. The main
aims of the report are:

1. To define the unique characteristics of the access/
egress problem, and determine the degree to which this
problem deserves special attention.

2. To review present modeling, data gathering, and demon-
stration methodology for the purpose of assessing their
applicability to the access/egress analysis.



3. To propose an airport access research program.

The study focused on the access/egress problem for several
reasons:

1. Access/egress improvements are frequently hampered by
complex institutional constraints. For instance, trip
ends usually lie in different administrative and funding
jurisdictions, and therefore conflicting transportation
objectives are involved.

2. Current airport O/D survey and modeling techniques have
focused on access/egress rather than terminal process-
ing, aircraft scheduling, satellite airports or other
aspects of the airport congestion problem. The results
of these efforts are the foundation upon which adequate
systems evaluation methodologies must be built.

3. The issue of whether or not access/egress is merely a
component of the urban transportation problem or an
airport problem alone directly influences all further
pPlanning activities with respect to airport ground
access.

The problem of freight access to airports is not addressed
in this report. Freight will continue to increase in signifi-
cance as a competitor for access/egress capacity; however, the
lack of available resources forced a postponement in the study
of this aspect of the access/egress problem.

The unique characteristics of access travel and some of the
problems associated with these are discussed in this report.
Also included are the institutional settings of airport access
compared to general urban travel as determined by the CARD Study
and the Institute for Defense Analysis report,“ the required
methodology and data bases needed to estimate potential benefits,
cost, marketing/financial feasibility, impact and secondary
effects of new technology and transportation systems changes. A
review of current methodologies in the areas of modeling, surveys,
and demonstration projects applicable to the previously discussed
requirements is presented. A research plan is outlined to im-
pPlement the development of data bases and methods outlined in
the report.




SUMMARY AND CONCLUSION

The CARD study showed that ground access/egress at the major
metropolitan airport is becoming an increasing prpblem. Since
most access/egress trips are intra-metropolitan area trips, the
guestion naturally arises as to whether the airport access prob-
lem is just part of the general urban transportation problem, oOr
if it is a distinct problem that requires attention on its own
merit. Airport access systems must be fairly extensive in order
to collect and distribute passengers having widely dispersed ori-
gins and destinations. It is thus unlikely that major capital
investments can be justified either economically or politically
unless the systems serve the interurban market in addition to
airport access travel. On the other hand, the trip-making char-
acteristics of air passengers, and the visitors who accompany
them, make airport access travel a clearly distinguishable form
of urban travel, A large percentage of the air passengers are
non-residents and are less likely to have access to private cars
than residents. Air passengers fly infrequently; thus there is
less familiarity and routine associated with the airport access
trips than with most other urban travel such as work, school and
shopping trips. Air passengers usually have baggage and may well
try to keep walking to a minimum. These factors can affect modal
choice and modal flexibility.

Airport access trips also distinguish themselves from
general urban trips because of the unique features of the trip
at the airport end. A major airport may have a central terminal
complex or a number of variously configured separate terminals.
some of these configurations require some form of intra-airport
transportation (IAT) system for access to the more distant
parking lots, rental car lots, Or mass transit systems who have
a single airport terminal. It can be expected that these inter-
face problems and excessive walking distances are factors that
determine modal choice.

Due to these unique features of airport access travel and
the general impact of air travel on the urban economy, the air-
port access problem warrants separate consideration in the anal-
ysis and planning phase of an improvement program. This is true
even though the implemental solution for major capital expendi-
ture projects will have to be developed within the framework of
the metropolitan regions' requirements for urban transportation.

The uniqueness of airport access travel extends beyond trav-
el characteristics into the institutional framework, at least as
far as the "on-airport" portion of the trip is concerned. Here
improvements are not only subject to the decision making of
local urban governmental authorities and planning bodies, but
also to those associated with the airport, i.e., the airport



authority. This authority in turn must serve its primary consti-
tuency, the airlines and concessionnaires, who may have more
limited objectives than overall airport access improvements.

Fragmented authority is perhaps the primary factor con-
straining the development of improved airport access. Local
authorities tend to evaluate airport access in competitive terms,
or from the standpoint of direct political impact, i.e., the num-
ber of resident air travelers. When confronted with alternatives,
these decision makers tend toward solutions that meet immediate
needs or require least local investment, even if these solutions
do not promise the best long-range impact.

The CARD study points toward demonstration projects as a
method to circumvent at least temporarily the major institution-
al constraints that confront airport access. This study also
views demonstrations as a means for furnishing accurate data
about new systems and system alternatives, both with respect to
operational and market feasibility. The data can then be used
to overcome decisions that are entirely swayed by the present
institutional frame rather than the short and long-range impact.

Demonstrations themselves are not enough; they must be ac-
companied by careful data taking and evaluation so the results
of the demonstration become generally apparent and can be gener-
alized to other airports.

To overcome the many obstacles to improve airport access,
DOT requires extensive data bases and integrated methods to pro-
pose convincingly alternative solutions and establish the feasi-
bility of any proposed system change. To establish the extent
to which such methodologies and data bases are available, a re-
view was made of the applicability of existing models and the
existing airport access surveys. The methodology review focused
on models that analyzed the mode choice factors characterizing
demand, the planning of satellite terminals, the understanding
of specific subsystem operations, and the evaluation and impact
of integrated transportation systems.,

The review concluded that the (modal choice) models which
are most sensitive to travel behavior have been developed for
the urban work trip. While these models are applicable to the
airport employee access problem, they do not consider the impor-
tant modal choice factors in air passenger behavior, such as bag-
gage and duration of total roundtrip journey (which is directly
proportional to the parking costs residents incur if they use
the park-and-fly mode). Modal choice models for intercity travel
which considers access to the intercity modes treat this access
as a general impedance factor and do not distinguish between ac-
cess modes. Thus, these models can be used to estimate the ac-




cess traffic volume, but not the mode choice of this traffic.
The same comment also applies to the models developed for
Satellite Terminals. While general airport access is a major
parameter for these models, the models do not have to deal with
modal choice in airport access. Finally, the mode choice mo-
dels developed specifically for airport access were either
generally unsuccessful or are still unproven. These models,
however, present the basis on which further methodology and ex-
perimentation should be built.

Numerous models exist for analyzing airport terminal flow,
intra-airport flow and posting, and baggage handling. These
models are useful for establishing individual system sensitivi-
ties and determining system effects due to temporal changes in
flow patterns. These flow patterns have direct effect on the
airport ground access problem to the extent that these patterns
influence the tripmakers decision process.

Models designed for the integrated evolution of transporta-
tion systems, as the NECTP, DODOTRANS and ITE models were re-
viewed but have no real application to airport access since they
all suffer from the "weak link" problem, i.e., the overall model
may be reliable but the reliability and confidence levels with
respect to individual modules is highly limited. Also, experi-
ence with ITE re-emphasizes that the model concept is most re-
sponsive to the task for which it was designed, and reliability
and confidence suffer as the application diverges from the ori-
ginal design objective and assumption.

_A summary of the models/analyses reviewed is given in
matrix form in Table 1, Model/Analysis Input-Output Summary.

Success of any model is restricted by the availability of
realistic data for supporting and exercising the model. With
this in mind, a review of available data from airport user-travel
surveys was conducted. The review showed that many of the neces-
sary trip and tripmaker characteristics are available in the
Cleveland, Washington-Baltimore and New York surveys. However,
the review of these surveys cannot assess their completeness for
the study of airport access modal split. Nor is the lack of
successful and calibrated models an argument that the data bases
are inadequate. The analyses to which the data have been ex-
posed are extremely limited; thus considerable additional work
with existing data bases is required before realistic require-
ments for the collection of further data can be formulated.

on the basis of the above considerations, a research plan
was formulated. This plan calls for providing, on a continuing
basis, local authorities and communities with a better compre-
hension of their technical and fiscal options, and with the tools
to assess these options. Specifically, the plan calls for two
basic approaches:



NAME OF MODEL

OUTPUT

MO1
™I

MODES CONSIDERED

OTHER NOTES

1. Reg. Plan Moq | Rapid Transit Analysis was calibrated
Comm. Cugahoga Alp | private auto to estimate change in the
County (30) a/p ACY . Limousine use of a mode from pre-
Access Survey/ 4. Other-bus, taxi. rapid transit period to
Model post rapid transit period.
2. Koller and Moq . Limousine Discussed two forms of
Skinner (32) Alp A1l other modal split models -
Wilder Limou- Act Aggregate
sine Service, Disaggregate
New York
3. Aerospace (34) Mot sToL Used in two STOL feasibility
Monte Carlo Aly ool evaluations
Simulation ACY . Rail Passenger attributes are
l. Car assigned by random sample
probability distribution
4. N—Dimens%%g?l Mot private car PMM analysis of Baltimore -
Logit Model Ali  pental car Washington, D.C. Airport
AC{  paxi Access. Model is calibrated
Limousine to the Wash/Balt. data.
Bus
Any others
desired
5. Northeast Ge can handle all Model system is made up of:
Corridor Trans- | Mog.q including econometric model, demand

portation Pro-
ject Model
System(9

Moh

Yy new modes

model, supply model, cost
model, impact model, supply/
demand balancing model.

Table 1.

Model/Analysis Input-
Output Summary
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NAME OF MODEL

MODE!

TYPE
10DES CONSIDERED

OTHER NOTES

6. I3-Inter-
city(29)-Inter—
urban Inter-
faces

Gene-Oonsiders all modes

Mada-nput

Evaluates terminal facilities
and operations

7. McLynn and
Watking (16617)

Gene'®e NECTP (No.5)
Moda

Cross elasticity model used

for modal split analysis of
NECTP

Modall modes
Base
Beha
patt

Cross elasticity model

9. Lave{1l3)

Modafnsiders all
basecdes, two at a
havilme

patt

Uses probit analysis technique

10. Plourde(l4)

Modall ground modes

base
beha
patt

Models not calibrated. Models
based on utility/disutility of
auto (buy auto now/or use
public transit) designed to
evaluate Dial-A-Ride

11. Bock(ls)

Moda; ground modes
base

beha
patt

A generalized composite multi-
modal network model

Table 1.

Model/Analysis Input-
Output Summary
(Continued)
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NAME OF MODEL

“PUT

MC
U]

{ODES CONSIDERED

12. Chamber-
lain(37)

OTHER NOTES

Aj

Tell Intra- term-

Mchal modes -
walking, con-
eyor, etc.)

13. Rosen ‘37

Produces statistics for air-
craft, passengers and bag-
gage and daily operations
summary uses SIMSCRIPT,
provides 747 impact capability

Ir
T;°0P trans-

ortation system

Basically a cost model, deter-
mines No. of cars, size, etc.
needed to balance demand

14, Tanner(41)

gitra—terminal
(-
iggage flow

Model of delays to A/C as a
result of baggage handling

15. Karash(42)

Ba .
Ha99age flow in
:rminal
No. bags
indled
Wait time for
\gs
Man power re-
irements for
ggage handling

Model uses Monte Carlo method
to determine outbound baggage
flow, non-probablistic
queueing technique

16. Barbo (44)

?issenger/Baggage
ow
Queue lengths
Wait time
Total pass./
J flow rate

Deterministic queueing model to
explain interchange of pas-~
sengers/baggage at claim area.,
Fortran program

Table 1.

Model/Analysis Input-
Output Summary
(Continued)
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NAME OF MODEL

MODEL
TYPE

'DES CONSIDERED

OTHER NOTES

Satel pMoge1 considers
Termiytes based on
Planng /+ime
Provides
lumes of pas-
ngers through
twork

Work done by RAND for PONYA -
Passenger processing from
arrival at airport to de- -
parture, "normalized gravity
type model"”

18. Snell (46)

Satelnand filow rates

Termi jocess system

Plann

FASTSEM - demand shift to
satellite terminals, evaluates
design characteristics of
satellite terminals

19. Vertol(47)

Satel

- V/STOL Modal split ang demand model
Termi g o adapted from NECTP, looks
Planng .in at V/STOL as an intra-city
Auto factor
CTOL
20. Genest Sate

%el aggregates
Termlracteristics

Plann,q; modes into
abstract mode

Designed to optimize location
of transportation terminals.
Evaluates satellite terminal
accessibility - SITECLU

Table

l. Model/Analysis Input-
Output Summary
(Continued)

13/14
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1. Organize an Airport Access Planning Assistance Program
including the demonstration of new concepts.

2. Develop an Airport Access Technical Planning Package.

The Airport Access Planning Assistance Program is needed
since there is no one central authority responsible for airport
access either on the national or local level. Airport access
improvements are the responsibility of several agencies, each of
which has other more primary objectives. Thus, airport access
improvements will only be planned and implemented if they are un-
guestionably institutionally, fiscally and socially acceptable.
Since hardly any project is ever this acceptable, a concerted
federal commitment to airport access is required to overcome
jocal inertia. To bring this federal commitment to bear
on local authorities, an airport access planning assistance pro-
gram is proposed. This program, if fully instituted, will help
local organizations in their planning for airport access improve-
ments and will assist local and regional agencies in obtaining
and funding of airport access improvements which demonstrate in-
novative policy or hardware changes. Thus the program is envi-
sioned to function as a catalyst to encourage and improve inte-
grated planning petween the multitudinous federal and local
groups now directly or indirectly involved in airport access.

The objectives of the assistance program are:

1. To make available technical planning methods and data
to local agencies.

2. To assume consideration of a greater number of alter-
natives by local agencies.

3, To demonstrate new concepts in conjunction with local
agencies.

The development of an Airport Access Technical Planning
Package is required to furnish local agencies not just with un-
related data and methods, but with standardized techniques and
data packages. This will assure that the information gathered
and developed with respect to one airport or one demonstration
are, as far as possible, transferrable to new locations. The
objectives of the planning package development are:

1. To specify planning methods which direct attention to
and allow trade offs between many alternatives.

2. To develop a data base available to planning agencies.

15




——

UNIQUE FEATURES OF THE ACCESS TRIP

To what extent is the airport access problem a part of the
more general urban transportation problem? First of all, these
situations have many common characteristics. Those airports
which have significant access problems are located in large met-
ropolitan areas. As a result, a large portion of most access
trips are contained in the metropolitan area and use the same
transportation facilities as the intra-urban travelers. Further-
more, the same state, regional and local planners who are re-
sponsible for urban transportation system planning are also re-
sponsible for providing good airport access, at least to the ex-
tent that the airport traveler uses urban streets, highways, and
urban transportation systems.

Undoubtedly, the airport access problem will ccntinue to be
closely related to the urban transportation problem. For instance,
airport access systems must be fairly extensive in order to col-
lect and distribute passengers having widely dispersed origins
and destinations. It is thus unlikely that major capital system
investments will be justified either economically or politically
unless the systems serve the intra-urban travel market in addition
to airport access travel. Therefore, any planning for airport
access systems should take into account the impact between air-
port access and other intra-urban trip making.

On the other hand, the airport access situation is suffi-
ciently distinct from urban transportation problems to justify
individual consideration during analytical studies and the plan-
ning of improvement projects. Travelers to the airport can be
classified as air passengers, employees, and visitors. It has
been estimated3 that these travelers comprise approximately 45%,
22% and 33%, respectively, of the average daily airport popula-
tion. Of these, the air passenger makes the airport access trip
unique. First, the primary purpose of the access system is to
serve the air passenger. In addition, the air passenger brings
with him the largest portion of the airport visitor population.
According to the Cleveland survey, there are six visitors, on the
average, accompanying every ten passengers. At the three Wash-
ington-Baltimore airports, passenger-related visitors outnumber
casual visitors by two to one. The Cleveland data further sug-
gests that there is a relationship between the number of visitors
accompanying a passenger and the passenger's modal choice. Third-
ly, there is evidence that air passengers exhibit different be-
havior from intra-urban travelers with respect to modal choice.
For instance, according to the Cleveland Phase II survey, 87% of
the airport employees traveled by private automobile, while only
57% of all airline passengers and 53% with an origin or
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destination in the metropolitan area used this access mode (see
Table 2). 1In fact, there appear to be intrinsic reasons why air
passengers exhibit more modal flexibility in access trips than
other urban tripmakers, although there exists little data to
substantiate this thesis. The personal experience of many trav-
elers lends credence to this idea, as do several unique charac-
teristics of air passengers which often can be substantiated by

data. Some of these characteristics are as follows:

1. A large percentage of the population at a given airport
is comprised of non-residents (50% at Cleveland,4 70%
at Miami,® 30% - 50% on New York Limousine Service.
Obviously, a non-resident is much less likely than a
resident to have a private auto available, and therefore

likely to choose a different access mode than a resident.

For instance, in the Cleveland Phase Il survey, 67% of
the residents used private cars while only 36% of the
non-residents employed this access mode.

2. Air passengers fly infrequently (68% of the air pas-—
sengers surveyed at Cleveland made seven or less air
trips per year). It is probable that people making
frequent or regular urban trips such as the work trip,
the school trip, or the routine shopping trip are
forced by time and cost considerations to adopt a rou-
tine mode of travel which makes the most efficient use
of their resources. Due to the infrequency of their
air trips, it is unlikely that air passengers have the
same pressure to adopt a routine access mode.

3. Arrival and departure times of air travelers vary con-
siderably. Clearly, the availability and attractiveness
of different modes of ground transportation depend on
the time of day. The availability of a friend or rela-
tive to pick up or drop the passenger off, public
transit schedules, levels of congestion, availability
of taxis, and personal safety on public vehicles are
among the many characteristics of an access transporta-
tion system which vary throughout the day. Since the
air traveler is presented with a variety of situations
in which to choose his access mode, it is likely that
he uses different modes in different situations.

4. Origins and destinations of air travelers are widely
distributed throughout the area served by a major air-
port (see the Cleveland Survey results,4 the Washington-
Baltimore Survey results,’ and the paper by Sutherland,
et al).3 The only urban situation resembling the air-
port with regard to funneling of passengers from di-

verse locations into (or out of) a focal point is the
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central business district. The difference between these
situations lies in the wider distribution of trip ends
in the larger CBD, and in the fact that most existing
urban transit systems focus on the CBD, while little
except highways and city streets have been provided for
airport access.

5. Air passengers usually have baggage (according to the
Cleveland Survey, 75% of all passengers checked at
least one bag;at Miami, 67% of all passengers checked
at least 2 bags). Clearly the presence and amount of
baggage has a strong influence on modal choice. Trips
involving change of mode, or vehicles not designed for
the easy handling and storage of baggage will be less
attractive to travelers with bags.

6. A large portion of air travelers are relatively afflu-
ent, or are traveling on business trips, and are there-
fore less cost conscious than the typical urban trip
maker. On the other hand, the CARD study has pointed
out that aviation is mistakenly viewed as an elite trav-
el mode. While the median annual income of air pas-
sengers based on passenger trips is $11,992, the median
income based on the individuals who fly is only $9,905.
These figures show that, while the wealthier air pas-
sengers take more trips, there are certainly many users
of air transportation of limited means.

Another unique feature of airport access systems is the de-

sign of their airport terminal trip end. The trip end design will
depend on the airport's terminal design. A major airport may have
a central terminal complex or a number of separate terminal build-
ings configured in linear or various types of loop patterns.
Some of these configurations require an intra-airport transporta-
tion (IAT) system for access to some or all airport access/egress
systems. It can be expected that the requirement for IAT trans-
fer and/or excessive walking distance will be factors that deter-
mine modal choice.

Some other special problems are uniquely associated with
the access trip. The presence of non-residents and infrequent
travelers unfamiliar with travel to or from the airport requires
better dissemination of information to potential users, perhaps
more signs, maps, printed schedules, etc. Another potential
difficulty lies in the volatility of modal choice. This implies
high sensitivity of modal choice behavior to changes in the ac-
cess system, which might make it difficult to predict the con-
sequences of a planned change. Finally, the dispersion of ori-
gins and destinations makes it difficult to find an alternative
to the automobile.
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The major conclusions of this section are as follows:

1. Solutions to the airport access problem should be devel-

oped within the framework of the general urban transpor-
tation problem.

2. The airport access problem deserves special considera-
tion not only because of its relative importance to the
urban economy, but also because of the travel features
that distinguish it from other urban trips.

3. The uniqueness of these features poses special problems
in the areas of analysis, design, and operation.
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UNIQUENESS OF THE INSTITUTIONAL FRAMEWORK

Development of new and improved transportation services re-
quires agencies that can do the planning, the constructing, and
finally the operating of these services. This section examines
the institutional frame in which these functions for improved
airport access will have to occur.

In airport access travel, one trip end is in the general
urban environment while the other trip end is on the airport.
Thus development of airport access systems are subject, on the
origin/destination end, to the institutional frame applicable to
urban traffic, while on the airport end they are subject, in ad-
dition, to the institutional frame surrounding the airports.

During the past year, DOT sponsored two studies of the
problems associated with this institutional frame. One study
was the IDA (The Institute for Defense Analysis% study on the in-
stitutional framework for urban transportation. The other study
with A. D. Little, Inc. concerned the institutional factor in
Civil Aviation.8 This study was part of the CARD Study. IDA's
study reached the following major conclusions with respect to the
institutional factors affecting urban transportation planning and
implementation.

"In spite of the apparent spirit and intent of Federal leg-
islation, as reflected in the Urban Mass Transit and Fed-
eral-Aid Highway Acts, there is evidence that many urban
transportation decisions are not responsive to urban needs
and that a mutually satisfactory dialogue has yet to be es~
tablished among communities and cognizant governmental
agencies. This is despite the fact that since 1962 compre-
hensive planning and local review of Federally assisted
projects have been legally required in urban development
and highway legislation.

"As a result of the existing institutional framework (i.e.,
administrative procedures, hearings process, decision proc-
ess, organizational framework, etc.), several important
problems have arisen.

1. Decision-making powers have been diffused.
2. There has been an overwhelming commitment by the vari-

ous State highway departments to complete the highway
network.,
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3. Agencies with decision-making powers have focused on
immediate needs and solutions to specific situations.
Often they do not have the authority to consider the
entire spectrum of alternatives and the long-range im-
pact of the immediate solutions.

4, The relative power of the bargaining agents is uneven.

5. The public hearing process does not allow a community
to evaluate alternative systems."?2

IDA's recommendations were as follows:

"Recommendation 1l: DOT administrative procedures should be
modified to promote or remove constraints on the considera-
tion of a broader spectrum of community objectives and
transportation system alternatives.

"Recommendation 2: Federal legislation is required if it
is desired to remove some of the constraints on development
of feasible alternatives.

"Recommendation 3: In order to promote comprehensive anal-
yses that will provide the information necessary for choos-
ing among alternative transportation systems, appropriate
DOT administrative procedures should be developed.”

The A. D. Little study describes the state and local gov-

ernmental response to the landside challenge as follows:

"a. Pseudo-Governments: Conventionally, where the private
sector is confronted with many social problems, and where
third-party effects abound, the government steps in and
fills the vacuum. Let us examine governmental involvement
in the airport problem and determine the pattern of its re-
sponse. First of all, virtually all certificated airports
are operated by either pseudo-governments (i.e., government-
created independent authorities which may finance airport
activities through revenue bonds) or by agencies of local
general governments. In the former case airport revenues
and governmental subventions amortize the substantial debt
involved and cover operating costs. In the latter, some
combination of grants, revenues, and appropriations from

the communities' general fund keep the operation in the
black. In practice, despite these financial ties to local
government, airport operators behave as if they were private
operators. That is, they are frequently well insulated

from federal, state, and local government interference ex-
cept within certain prescribed areas, i.e., the FAA dic-
tates operational rules, and state and local governments
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restrict the geographic scope of airport activity and the
general terms under which they may charge for services and
raise capital. Their insulation permits them to channel
funds into projects that are especially remunerative and
satisfying for the operators, mortgagees, and bondholders.
These projects may have little to do with improvements or
research into the landside subsystem. This may be why, for
instance, that one authority has gone into the lucrative
real estate business but has made no successful attempt to
solve its ground access problem. Such authorities pose
special problems. Part of their freedom is attributable to
their insulation from general government and the voters.
But their incapacity to aggressively deal with problems
like airport siting and access may also stem from this same
insulation., Under such a mandate, the public interest suf-
fers,

"b. Governmental Fragmentation and the Decision-Making
Locus: The proliferation of local governmental bodies with-
in a metropolitan area is a sizable institutional constraint
on airport siting and access in particular. During the
1950's it was believed that consolidation, confederation,
and metropolitanization of an urban region could produce a
tier of government which, if not a general-purpose govern-
ment, would at least be a special district with wide geo-
graphic scope. Challenged by representatives of very di-
verse political persuasions, consolidation and metropolitan
governments floundered during the 1960's. Some saw efforts
at consolidation as a plot to eliminate their right to home
rule, Others charged that local control was absolutely
necessary for a participatory democracy. Left largely on
the starting blocks were those who saw airport congestion
problems growing, and an increasing disparity between the
needs and the authority and ability to meet them on a com-
prehensive basis., The difficulty of reconciling basic at-
titudes toward local government with needs originating from
an entire region is a major reason for the present impasse.

"This impasse may be seen most clearly in the case of air-
port siting within a large urban region. Historically, land
use determinations were made at the local level. The great-
er the number of local planning bodies and commissions, the
more difficult it becomes to assemble the vast acreage
needed for major airports. Only by vetoing local objections
or by finding some unifying issue can siting or access
right-of~-way acquisition proceed. The former policy in-
volves changing the locus of land use determinations within
the governmental structure. The latter requires "super is-
sues" which galvanize support and mitigate opposition blocs.
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"pPerhaps the primary factor constraining the development of
improved airport access is fragmented government within an
urban area and the resulting lack of coordination among the
planning and action agencies within the fragments. Each
governmental entity considers airport access from its own
viewpoint. None consider it from a regional viewpoint.
Thus, the residents of San Mateo County are less than en-
thusiastic about an extension of BART (Bay Area Rapid Tran-
sit) from Daly City to the San Francisco Airport (located

in San Mateo). The interest of San Francisco in an SFO

1ink on the other hand is heightened by the prospect of a
BART link with Oakland Airport, a connection that could
place SFO at a competitive disadvantage with Oakland as far
as hub bound passengers are concerned. Hence, each locality
tends to evaluate airport access in either competitive terms
or from the standpoint of direct political impact - the
number of resident air travelers.

"It is hardly surprising to find that the lead time involved
in airport access approaches 20 years. First, the aviation
industry had to become aware of the need. As one New York
City official expressed it, Up until recently, no one faced
the problem of airport access. The airlines and airport
operator took the position that access problems of the air-
port were someone else's concern. But unfortunately, it is
relatively simple for a community to delay ‘access planning.
Politicians respond to strident local opposition - voter
sympathy is biased against large, bulky, costly projects
with selected clientele. One New York regional transporta-
tion executive states that, Local footdragging set back

our planning 18 months and necessitated coming in with
state-enabling legislation at the 'llth hour.' With local
opposition at the legislative level, we did not have a
chance. It is also difficult to generate support among
politicians for projects that involve long lead times and
which are not highly visible during the term of the incum-
bent. In short, a multiplicity of government jurisdictions
insure multiple headaches for proponents of access.

"e., Financing: Airports and related projects require mas-
sive capital outlays. And capital requirements are accel-
erating. The new Dallas-Ft. Worth Regional Airport calls
for project capital costs of nearly $450 million. Even
STOL ports requiring modest facilities and runways may cost
this much if a center city STOL strategy were to be imple-
mented. Since most airports do not have revenues as great
as those flowing to the metropolitan giants, it is difficult
to market the necessary bonds unless a pledge of the com-
munities' credit is also forthcoming. The price tag on the
MTA's Kennedy rail access link along may run as high as
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$150 million. With public concern over increasing public

expenditures, airport development becomes a high political
risk venture with visible effects on a community's fiscal

capacity.

"Even with the advent of the Airport and Airway Development
Act with its 50-50 Federal grant-matching formula, the fin-
ancial burden to communities will still be great since Fed-
eral monies cover only airside developments - and the land-
side costs may amount to about three-quarters of total
project cost. (So Federal matching is really more like
12.5% Federal, 87.5% local.) However, non-hub airports may
place much less emphasis on terminals and put about 20% of
project funds in them. It is not surprising to find, there-
fore, that legislators and voters are closely scrutinizing
landside proposals.

"Recently, the New York State Assembly voted down the $150-
million Kennedy rail access project. In San Mateo, the West
Bay Rapid Transit Authority's bond issue was resoundingly
defeated, By contrast, Cleveland had to put up only $6 mil-
lion to get two-thirds Federal funding from HUD because it
was the pioneer access project, and the airport service was
easily achieved as part of the expansion of an existing re-
gional rapid transit system. The SFO and LAX projects now
under study must soon meet the financial test. Without fin-
ancial help they could fail."

The CARD study concluded that institutional constraints have
major effects on solving airport access/egress problems and rec-
ommended that demonstration programs be used as one way to cir-
cumvent, at least temporarily, many of the major institutional
constraints. The CARD study also concluded:

"Used in this way, carefully conceived demonstration pro-
grams can be very important to the future of civil aviation.
Demonstration programs are experiments designed to embrace
new concepts, procedures, regulations, or the blending of
new technologies into existing systems. These programs
should collect information and required data in a real-world
environment involving the ultimate users of the system. Two
types of demonstrations have been considered. One may be
termed an 'operational demonstration' and would test the
effects of new elements on the operations of present systems
(e.g., testing the effects of a STOL vehicle on the ATC sys-
tem). The other may be termed 'market demonstrations' and
would test market reaction to new elements and other changes
in such factors as equipment, fares, routes, and service.

In either case, the demonstrations should be carefully de-
signed to test key variables and to collect required data
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so that the information necessary for the guidance of R&D
programs can be obtained. The role of operational demon-
stration in this regard is clear but market or regulatory
experiments can also be very important to the R&D process.
With accurate data on price, frequency, and service elas-
ticities available, the manufacturer can better evaluate
tradeoffs and requirements for new systems. Both types of
demonstration programs will provide important data required
for cost/benefit analyses of proposed new operational sys-
tems,"

From the A. D. Little study and the CARD study report, it is
apparent that local authorities and the private sector require
strong assurance of the market and financial feasibility of any
proposed project. From these studies and IDA's analysis, it fol-
lows that local decision makers tend toward solutions that meet
immediate needs or require least local investments, even if these
solutions do not promise the best long-range impact.

The conclusions and recommendations of these studies imply
that because of the institutional frame, the implementation of
airport access improvement will require "hard sell." Local
authorities must be convinced of the advisability of the improve-
ment to overcome the inertia of the institutional frame. Demon-
strations are one approach, but alone they cannot convince.

Also needed are hard data and accurate forecasts drawn where
possible from demonstrations that show the impact of the improve-
ment in terms directly related to the immediate objectives of the
various local regional and national decision makers.
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METHODS FOR ESTABLISHING FEASIBILITY OF SYSTEM CHANGES

Before local authorities and federal sponsors will make
major commitments to the implementation of airport access system
changes, they require assurance that these changes are beneficial:
Is the new system fiscally viable? What will be the impact and
secondary effects of the system change on the community and the
environment? In addition, there must be methods for comparing
alternative plans and for measuring the sensitivity of critical
evaluation parameters to variations in system design and opera-
tion.

To appropriately promote and sponsor airport access improve-
ments, DOT needs a generalized methodology for properly forecast-
ing the effect of system changes resulting from the introduction
of new services, technologies, operational procedures, schedules,
pricing structure, and regulatory/legal policies. This methodology
must be supported by an adequate data base and must include the
ability to model a wide variety of systems in reliable settings.

The development of methods for forecasting airport access
system changes involves the collection and analysis of empirical
data from present systems in order to identify commonalities
among various sites, discover causal relationships among key pa-
rameters, and formulate systems concepts.

The most readily available sources of data describing the
present system are the airport access passenger O/D surveys.
Large-scale surveys have been conducted at Cleveland, Washington-
Baltimore, New York, Philadelphia, and Miami. Information fur-
nished by such surveys include:

1. Modal choice distribution
2. Demographic distributions
3. Trip-making characteristics.

With the exception of the Cleveland survey, these surveys
are limited by the fact that they are one-time snapshots, and
thus do not reveal trends or time dependent properties of the
variables. Another limitation of existing surveys is that stan-
dardized data collection techniques are lacking, with the result
that data sets from different sites are not always compatible.
One or more critical items may be missing from any two data sets.
Federal standards should be developed to ensure that all O/D
surveys collect certain critical information.
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The inability of "single snapshot" surveys to give informa-
tion about trends, or to support any inferences regarding the
effect of access system innovations, can only be overcome by
gathering additional data. Surveys taken before and after major
access system changes such as the Cleveland rapid-transit (air-
port access) survey are invaluable for this purpose. It has
been advocated by Hearle? that major centers build and maintain
a data bank, continually adding data by taking, for example, 0/D
surveys every "k" years. Such a practice could be very helpful
to the airport access planning. One apparently good, although
little used, source of before, during, and after data are "sur=-
veys of opportunity;" that is, gathering data whenever the im-
plementation of significant changes in access systems are
planned. A mechanism should be established wherein DOT would be
aware of any significant changes in local access systems, fares,
schedules, etc., with sufficient lead time to carefully plan and
execute before and after surveys.

Forecasting methodologies are necessarily based on data
representing existing situations. Therefore their accuracy and
reliability are proportional to the magnitude of the planned
change whose effects are to be forecast. If the planned new
system is expected to represent a dramatic change from the pres-
ent system, special data gathering efforts may be required. For
instance, one might conduct special detailed surveys of situa-
tions closely resembling the new system, even if they are at a
different locale. Also, this need for data might be an excellent
application of demonstration programs. Demonstrations could be
used to create special situations for data gathering that approx-
imate planned new systems,

In addition to an adequate program for assembling empirical
data, models are required to analyze the data, conduct tradeoffs,
and forecast crucial evaluation parameters. The models must be
flexible enough to assess the effects of tradeoffs among costs,
service levels, and other variables. The data base, together
with the models, constitutes a technical base for forecasting
and evaluating the effects of candidate access systems and in-
novations. The first step to be taken in providing this tech-
nical base is a survey and review of past and current methodol-
ogy and surveys that relate to the airport access problem. Dur-
ing FY 1971, such a review was conducted and the results of this
effort are reported in the following sections.

The main conclusions concerning methods for assessing fea-
sibility are:

1. DOT needs an integrated methodology, applicable to a

wide variety of airports, to forecast the results of
airport access system changes.
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A variety of well-chosen empirical data is needed to
provide the insight necessary for the development of
this methodology.

Federal standards should be developed to ensure that
all O/D surveys collect certain critical information.

A mechanism should be developed so that "surveys of op-
portunity"” may be conducted before, during, and after
locally implemented access system changes.

Demonstration programs may be needed to provide data in
the situation where dramatic system changes are being
considered or planned.
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EXISTING INVESTIGATIVE METHODOLOGIES

Modeling is a "means to the end" of problem analysis and/or
synthesis. In the context of this review, reference is made only
to mathematical modeling methodologies, specifically, those which
can be used to provide guidance in the selection of airport ac-
cess improvements. As stated in the introduction, the prime
thrust of the overall review is to be in the area of modeling -
to review prior as well as state-of-the-art efforts and locate

any promising approaches for evaluation of concept effectiveness
and impact.

The basic direction of the current effort is to determine
the feasibility of and, if proven, to develop a generalized meth-
odology for evaluation of improvements at the conceptual stage.
The capability requires two broad stages of development:

1. An analysis of the characteristics of demand for travel
modes to the airport.

2. Incorporation of the analysis results in a cost/benefit
methodology allowing system concept synthesis, integra-
tion, and evaluation.

The first stage involves determination of traveler behavior
when faced with a choice of modes of travel to the airport. Un-
derstanding the mode choice behavior provides a capability to
construct models which can be used to examine defined mix-of-
modes system options with researcher-controlled flexibility. The
ultimate goal is to duplicate, within the realm of feasible in-
vestment, the decision-making behavior of airport tripmakers
having defined trip purposes who have access to a spectrum of
modal options including new and untested concepts.

To cover the full set of alternatives, the investigation
into the traveler decision-making process should consider the
total trip to the physical point where there are no further de-
cisions to be made which may influence his selection of access
travel modes, e.g., for the departing air traveler, from his
landside origin to the point where he is relieved of the respon-
sibility for transporting his own baggage and only the walk to
the aircraft remains. Where the access trip would be influenced
by decisions related to the return trip or the trip duration it-
self, these factors must also be considered.

The second stage, that of developing an overall evaluation

methodology, is required for assessing the ability of new con-
cepts to satisfy the demand characteristics of the airport

30



travelers. Implicit is an understanding of the overall impact
that a new concept would have on airport and community environs,
i.e., does the new concept create a general improvement for all
affected or does it improve the air traveler's mobility while
creating negative impacts to other elements of the community? Is
only a small element of the population served at the expense of
a much larger segment? Are there hidden benefits for the larger
segment? Which, if any, segments of the access/egress trip can
be improved independently without known impact on the other trip
segments?

The scope of this report has been directed to a detailed
review of mode choice analysis, since determining the nature of
the modal split-~decision process is an essential part of the de-
velopment of an overall airport access evaluation methodology.
However, to provide initial insight into the factors influencing
analysis of system interfaces and cost/benefits, a limited selec-
tion of related methodologies was reviewed. The analysis method-
ologies are reviewed in three loosely homogeneous groupings. Sec-
tions are included for models emphasizing:

1. Analysis of mode choice factors characterizing demand,
2. Planning satellite terminals,

3. Understanding specific subsystem operations,

The discussion deals with the specifics of model development and
application., Details of the methodologies - logic~flows, formu-
lation, tabular presentations, etc. - are included. Treatment
of survey data analysis and data expansion which were available
as input to models is included in the section entitled Travel
Surveys of Airport Users.

The intent of this review is to determine the applicability
of available methodologies to the study and improvement of air-
port access., A natural followup is to develop a framework around

which one can formulate overall system specifications and evalua-
tion criteria.

ANALYSIS OF MODE CHOICE FACTORS CHARACTERIZING DEMAND

A broad criterion for model review was developed from the
unique problem characteristics previously discussed. From the
general nature of the problem, it was concluded that airport-
access trip purpose and tripmaker characteristics were signifi-
cantly different from the urban work trip and interurban travel.
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However, the review was structured to examine both urban and in-
terurban models. The broader review would serve a two-fold pur-
pose:

1. To locate methodologies purporting an ability to predict
the split between (among) the various travel modes under
consideration.

2. To give insight into the difficulties other researchers
have had in establishing reliable modal split relation-
ships. The latter is an important consideration since
there has been only limited effort directed toward an-
alysis of airport access mode splits in comparison with
extensive work with intercity travel and the urban work
trip. The most recent modeling efforts were examined
along with expository critiques of earlier efforts. By
this approach, the lessons learned from the earlier
methodologies could be appropriately weighed in the air-
port-access realm of interest. There was no attempt to
find all existing airport-access modal split models.
The review limited itself primarily to those models
currently being developed under some form of U.S. De-
partment of Transportation support and those located by
cross reference. Any applicable methodologies that are
located as the program takes direction will, of course,
be considered at the time.

General Discussion of Mode Choice Analysis

To gain perspective of the problems with modal split anal-
ysis, several summary documents and generalized approaches were
Yeviewed. Fertall0 detailed nine models used in early modal
split analyses, comparing urban automobile versus aggregate pub-
lic transit., Table 3 tabulates the characteristics considered
in the models. All of the models require aggregation of data on
a broad scale.

Lakshmananll completed an exhaustive critique of the earlier
modal split methods outlined by Fertal plus the work from the
NECTP and two "urban-micro" models. His following statements
are relevant:

1. Analytical approaches: "... even (best) have often

been modified to accommodate the absence of all the
data necessary to transcribe the original theories into
mathematical models".ll Most are deterministic, i.e.,
"constant in/constant out."
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2. Time Orientation: Points out lack of progress in de-
velopment of "peak-period" modal splits due to: "the
lack of agreement on the relevant factors in the modal
choice process, weak data bases, and inadequate theo-
ries."

3. Independent Variables: States that a factor too often
ignored is "that measure which cannot be forecast with
some high degree of certainty should not be included as
independent variables in the model."

He directs attention to areas for caution in model development:
1. Identification of independent variables,
2. Consideration of the possibility of induced demand,

3. Use of a detailed behavioral approach over aggregation
of "macroscopic measures of microscopic behavior."

In closing, he provides general recommendations and directions
for research. They were specifically directed to the "work trip"
and are not relevant here.

Kraft and Wohll2 are exponents of the behavioral approach
stating it should provide a better explanation of why traffic
performance or flow varies as conditions change. Demand rela-
tionships are discussed comparing the differences between "dir-
ect" (effect on demand for a particular mode by changes in its
own independent variables, e.g., price and time) and "cross-
elasticity"” (effect on demand for a particular mode by changes
in a competing mode's independent variables). Cross-elasticity
models provide the desirable feature (over traditional "gravity"
approaches where the amount of tripmaking held constant) of
treating tripmaker decisions as simultaneous and interrelated
rather than sequential, separate, and unrelated.

Kraft and Wohl believe that it is "necessary to account for
different valuations of travel characteristics as the ultimate
objective of the trip varies."12 Also by use of a behavioral
approach, "for the people having no readily available automobile,
clearly the existence of a reasonable transit alternative will
stimulate (induce) the generation of trips. _The nature of the
trip determines the model parameter values."l2 The paper
stresses the important factors influencing a traveler's behavior
where options exist:

1. Trip purpose

2. Alternative modes
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3. Transportation system performance
4, Alternative routes
5. Hour of the day

6. Elemental price and travel time segments of the total
trip, i.e., valuation of sub-modes for total trip. For
pricing, consider both out-of-pocket and perceived
costs.

The authors add notes of caution and direction: "Data re-
quirements for the statistical estimation of behavioral param-
eters ... are enormous." Degrees of aggregation will be neces-
sary. "... The best approach would be to develop the demand
equation for an individual, to estimate its parameters and to
aggregate overall individuals in zone i in order to determine
the total tripmaking demand from, say, origin zone i to zone J."
Collinearity problems must be confronted by a priorl assumptions
about the behavior of individual variables; this is due to the
a priori requirement for stating sign conventions of elasticities
and slopes of demand/performance relationships. "The method of
statistical estimation to be used depends on the nature of the
assumptions regarding the signs or behavior of the slopes or
elasticities." A final model requirement is stated, "... that
the output units of demand and performance submodels be compat-
ible and related directly to the engineering design problem."12

Besides the general behavioral model developed by Kraft and
Wohl, two others were reviewed for approach and applicability.
Both are urban models. Where cost and time (including the influ-
ence_of income and distance) are the usual variables of interest,
Lave examines the influence of comfort, sex, age, auto owner-
ship, and family size on the mode decision. His use of the
probit analysis technique, though more complicated to employ,
does lend itself to binary choice decision logic when consider-
ing only two modes. A linear probability function describes the
influence of the following parameters on traveler behavior:

1. Difference in relative travel costs
2. Difference in relative travel times

3. Use of a commuter "value of time" (derived as 42% of
wage rate)

4. Comfort variable influenced by income and distance
5. Age (if data confirms influence)

6. Sex (if data confirms influence).
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Techniques for deriving relative cost (out-of-pocket or
perceived) were not discussed. Relative time is a measure of
total trip time rather than a comparison of the effect due to
various temporal segments. Evaluation of the model was per-
formed by maximum likelihood techniques with a resultant coeffi-
cient of regression (R2) = .379, a stated higher value than
earlier approaches had achieved. The Cook County (I1linois)
Highway Department (1957) data was used for calibration.

Plourdel4 develops a model based on the utility/disutility
of an automobile vis-a-vis a public transit option. A short-run
(mode choice now) and long-run (buy auto for future use) formu-
lation is structured for each of 12 markets (time-of-day, in-
come, trip purpose). The model was designed as a tool to evalu-
ate Dial-A-Ride, but is intended as a general model applicable
to other transit modes. The assumption is that travelers view
travel modes abstractly and place value on the level of service
rather than the mode itself.

Plourde develops a grouping of "]ife cycle dummy exogenous
variables" to consider traveler taste and preference factors.
After inclusion of the short-run and long-run travel decisions
of household members, he develops two linear models, one for
short-run and one for long-run, both for travelers over l6 years
of age. Formulation is included as Appendix A. Perceived time
and cost variables are used for all modes. Several causal rela-
tionships were eliminated due to probable lack of data for cali-
bration or possible problems with data multi-collinearity. The
models were never calibrated using real data.

Bockl5 provides additional critique of earlier modal split
models and completes a detailed analysis of factors influencing
trip assignment. Included is a discriminate analysis of mode
choice using several distribution estimators. The study is use-
ful as a review of pertinent factors which possibly influence
tripmaker decisions. The factors were selected from "attitudi-
nal" guestions asked by a special survey. The significant fac-
tors, which also had detailed subcategories, were:

1. General preference or absence of real alternatives

2, Cost

3. Travel time

4. Variability of travel time

5. Safety

6. Convenience
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7. Comfort
8. Effort and strain of travel
9. Effects of weather

A generalized composite multi-modal network model was de-
veloped. The network, which considers walking, driving, and
transit, depends on the functional relationships involving the
multiple characteristics of both the user and the transportation
facilities. Use of the model was considered successful for es-
timating auto and bus trip times but was poor for rail. The
reasons given involved zonal averaging techniques and limited
rail data samples (1957 CATS survey) .

An investigation using area accessibility ratios as a mea-
sure of auto/transit modal split proved inconclusive.

Two interurban modal split models recently have been devel-
oped, one for the Northeast Corridor Project (NECTP) and the
other for an evaluation of intercity traffic flow at an intra-
city terminal interface (I3).

The crgss—elasticity model developed by McLynn and
Watkinsl_G'l was used for the intercity modal split analysis of
the NECTP. References 16 through 27 provide background in the
development and model-selection process. The modeling effort by
the NECTP provides insight into many of the problems and pitfalls
of integrated modeling.,

The NECTP analysis is applicable to intercity demand and
does not address intra-city travel problems, These models were
sponsored by the U.S. Department of Transportation and developed
as parts of an integrated modeling and analysis effort extending
over several years. The basic elements of the model system are
as follows:

"l. An econometric model which forecasts population, income
employment, and land use for each of 131 analysis dis-
tricts (mostly counties) of the Northeast Corridor.

2. A demand model which predicts intercity passenger trav-
el in the corridor by city pairs and by modes of travel.

3. Supply models for air and high-speed ground modes which
are sensitive to changes in output levels.

4. Cost models which, based on parametric relationships,
predict elements of mode and system cost.
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5. Impact models which predict the effect of transporta-
tion changes on population, employment, income and land
use in county-size analysis areas.

6. Supply-demand balancing techniques which make possible
simulation of supply-demand equilibrium,"19

Figure 1 is from Technical Appendix 3 of the Northeast Cor-
ridor Transportation Project Report,9 which provides an over-
vView of the NECTP integrated modeling activity. Reference 27 is
a brief summary of the entire effort. References 18 and 19 out-
l1ine overall conclusions and recommendations. Reference 20 is a
detailed bibliography including abstracts of the major documen-
tation generated toward the goals of the NECTP. References 17,
21, 22, 23 and 26 document a sampling of the preliminary founda-
tion analyses leading to the report_ _Passenger Demand and Modal
Ssplit Models by McLynn and Woronka.l3 Reference 23 provides a
Jetailed analysis of an attitudinal survey of NEC travelers -
air and ground.

The attitudinal survey was conducted to determine:
1. The process of mode selection

2. The influence of the nature of the trip

3. Value considerations of travel

4. Traveler evaluations and images of the modes
5. Reactions to the future

Because intercity flow was the prime concern in the NETCP
study, access time and costs to the various intercity modal in-
terchange points were approximated from average values for all
travelers within a “superdistrict.“26 The forecasting approach
is summarized as:

"mhe models for forecasting transportation demand have
proved their capability to predict the 'split' of demand
among several competing modes. This allocation of demand
among the modes is based not on each mode per se but on
three basic characteristics of transportation service,
namely trip time, user cost, and frequency of service. By
approaching the modal split in this way, it becomes pos-
sible to predict the response of the travel market to
totally new modes such as tracked air cushion vehicles
(TACV). Reliance by the model on three characteristics of
transportation to determine modal split undoubtedly omits
some of the factors which influence travel behavior. In the
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analysis of transportation alternatives in this report,
other considerations such as comfort, safety, and fashion
have been assumed to be equal among the modes. When these
attributes differ to a degree which significantly affects
modallgplit, the Corridor demand model becomes less use-
ful."

NECTP 23016 and 21725 devote considerable documentation to
the problems of demand model calibration using the often sparse
and disjointed data available during the development stages.
Specifically, data problems existed in the following areas:

1. 1Intercity actual origin, destination, and mode—-access
characteristics

2. Traveler impedances in the terminal areas

3. Comprehensive and stratified intercity travel demand
characteristics

4, Temporal patterns of intercity auto travel covering
hourly, daily, and seasonal variations

5. Bus travel data

Additionally, the researchers conclude that there is a

n . .dearth of knowledge concerning the relative affect of
the individual travel impedances on the magnitude of travel
and the choice of mode. The manner in which the traveler
perceives an intercity trip and the tradeoffs he makes be-
tween access time, terminal time, line haul time, and their
associated costs are not fully appreciated."2

Several recommendations toward data gathering met fruition
in the NEC Air, Auto, and Bus Travel Survey2 completed in 1970.

Ccomments relative to the finally accepted demand model
(prior to availability of the NEC Travel Survey) were:

"These versions of the calibrated models were subsequently
incorporated into Northeast Corridor Simulation Models
(CORRN) and exercised for a variety of proposed/alternative
transportation configurations yielding results which were
judged to be 'adequate.' The term 'adequate' rather than a
more superlative descriptor of the outcome is used because,
given the present state of transportation science develop-
ment, great reliance must still be placed on the judgement
and opinions of the working experts in this field, in eval-
uating the feasibility of outcomes produced by any model-
ling systems."
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Appendix B, which comments on the final formulation, is
taken from Appendix 3 of the Northeast Corridor Transportation
Project Report. The final Composite Analytical Gravity demand
model resulted from the desire to complement the previously de-
veloped McLynn-Watkins cross-elasticity modal split model.
After log-linearization of both models, the method of linear
least squares regression analysis was used in the calibrations.
The forecasting methodology is in a continuous state of refine-
ment as supporting data becomes available.

The Final Report, Research Study of Intercity - Intra-Urban
= Interfaces (I°) “° evaluated terminal facilities and operation
at the mode change interface between intercity passenger and
commodity flow and the urban destination. The study is limited
to intercity flow via common carrier. Simulation techniques are
used. It is primarily a sophisticated network analysis model
where minimum impedance is the desired goal. Impedance is a
function of travel time, cost, and "other factors" (e.g., safe-
ty); impedances can exist within the travel arcs between termi-
nals and at points within the terminals. Limited discussion is
provided relative to determination of impedance values; discus-
sion is directed more to their effect on flow volume. Total im-
pedances over an arc are computed by iterative techniques with
manual override options.

Appendix C is a statement of the interfacing of the three
modules: demand, network, and terminal. During model develop-
ment, the single most important obstacle which prevented imple-
mentation of the desired model system, without alteration, was
the lack of appropriate data. (The Philadelphia-Trenton Metro-
politan areas were used for calibration.)

The following important assumption is quoted:

"... it was necessary to accept a rather critical assump-
tion, occasioned again by lack of data to test alternate
hypotheses. The assumption was made that the total flows
(passenger or freight) between the areas mentioned above,
would not be sensitive (i.e., a function of) to the changes
in the transport facilities. Rather, given the total flow
from area a to area b, the path(s) taken by the flows (in-
cluding decisions of mode and change of mode) would be a
function of the characteristics of transport facilities
(including terminals) serving between area a and area b.
This assumption, while effectively eliminating area-to-area
competition, as realized in flows of goods and passengers
in the model system, does not vitiate the ability of the
system to investigate the principal effects of transport
facility changes on the patterns of those flows. It does,
however, leave for future analysis an investigation of how
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changing transport facilities (particularly interface sys-
tems) will affect the competitive positions of different
areas. This is a particularly important question when con-=
sidered in the context of 'through traffic,' i.e., flows
which originate outside the geographic area of interest,
pass through it, and terminate outside of it. When a mode
change is an implicit component of passing through the area
of interest there may be significant response to such
changes."

In the initial stages of model development, feedback was a

desirable design goal; two types were considered: economic and
demographic activity response to levels of transport facilities,
and improved terminal flow due to changes in facility character-
istics. The Final Regort, Research Study of Intercity - Intra-
Urban - Interfaces (I

) states that the second type 1is quite

possible; however, it 1s pessimistic about the first as noted:

nThe feedback from levels of transport facilities to levels
of economic and demographic activities was not operational-
ized in this study. After careful study of existing "urban
activities and land-use" models, it was decided that it was
neither feasible, nor necessarily desirable, to implement
such a model for this study. In particular, regarding the
desirability, there are virtually no existing models which
operate at a sufficiently micro-level of detail to usefully
model the indirect consequences of the location or reloca-
tion of an interface facility. On the other hand, the de-
velopment of a model to specifically deal with such micro-
level detail might well prove to be too case specific to be
generally applicable.”

The authors conclude:

"The system of models developed here is in fact useful for
testing interface alternatives .... It must, however, be
made clear that, due to extreme limitations of data, the
ability of the model system to make absolute forecasts is
rather limited. The usefulness of the system is in mul-
tiple sets of forecasts for comparison purposes. In other
words, the model will provide only rough estimates of vari-
ables say in 1980, but should provide rather more accurate
estimates of the differences between variables in 1980 fore-
cast as resulting from different interface alternatives."2?

Specific Airport Access Mode Choice Models

In light of the experience gained by researchers in earlier,

more general modal split efforts, it is now appropriate to ex-

amine previous oOr ongoing works dealing specifically with airport
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access. Five models designed specifically to analyze mix-of-
modes to airports are covered in this section. Two are based on
an analysis of the Cleveland-Hopkins Airport Access Survey, one
restricted to evaluation of a New York limousine service, one a
Monte Carlo simulation technique, and one developed for use with
the Washington-Baltimore survey of 1966.

Cleveland Modal Split Analysis

The Regional Planning Commission of Cuyahoga County, Ohio,
attempted to develop a modal split model30 using the data from
the Cleveland Hopkins Airport Access survey. The objective was
to determine air passenger diversion from prior access modes to
use of the new rapid-transit link to the airport. The report is
a statement of the analysis of data required to develop the mode
split model. At the outset of the analysis phase of the study,
it was decided to emphasize the analysis of air passengers and
passenger-related visitors. The conditions that attract casual
visitors to an airport or the factors that influence airport em-
ployees' mode of travel vary to a greater extent from city to
city.

A preliminary analysis was conducted to identify any gaps
in the data that could influence future analysis and to check
the data from the origin-destination surveys against data col-
lected from independent sources.

In summary, the conclusions were that:

l. The rapid-transit interview sampling and expansion pro-
cedures possibly contributed to total count discrepan-
cies among the various surveys, e.g., 8% difference be-
tween air passenger survey vs. rapid-transit interviews.

2. The small number of respondents in some mode-use cate-
gories made it difficult to develop a modal split model
that stratifies the users of these modes., This also
happened with passenger-related visitors (4%), and they
were dropped as a separate grouping.

An exploratory analysis was conducted "to identify those
groups of airport travelers that are similar and could be grouped
together for modal choice analysis and to identify those vari-
ables that appear to influence modal choice decisions for differ-
ent groups of airport travelers."30 From the earlier analysis,
only air passengers would be stratified into different subgroups.

Tables D-1 and D-2 of Appendix D show the percentage of

passengers that use the different modes of ground travel by 12
different groups in Phase I and Phase II. The selection of these
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groups was pased on the residence of the passenger, the purpose
of the air trip, and the 1and use at the origin or destination
of the trip. The groups include two categories of residence,
three categories of purpose, and two categories of land use at
the origin or destination and are defined in Table 4. The table
shows that 12 groups were too fine a stratification of air pas-—
sengers to be used in developing a modal split model because the
total number of responses in most of the groups was too small.

Table 4. Definitions of Analysis Groups
for Clevelend Hopkins Airport Access study 3g
for Phase I & II Air Passenger Mode of Travel

Analysis Group

1 Resident - Business - Private Residence

2 Resident - Business = Other

3 Resident - Personal - Private Residence

4 Resident - Personal - Other

5 Resident - Other - Private Residence

6 Resident - Other - Other

7 Non-Resident - Business - Private Residence
8 Non-Resident - Business - Other

9 Non-Resident - Personal - Private Residence
10 Non-Resident - Personal - Other

11 Non-Resident - Other - Private Residence

12 Non-Resident - Other - Other

Residence Code

Resident - An air passenger who resides in the seven
county region of Cuyahoga, Geauga, Lake, Lorain, Medina,
Portage, Or Summit or who resides in the general service
area of Cleveland Hopkins Airport and whose local origin
or destination address is the same as his residence ad-
dress.

Non-Resident = An air passenger whose residence cannot be
covered by the nResident" definition.

Trip Purpose

Business - Business oOr convention.
personal - Personal or family affairs or vacation.
oOother - School, military, crew member, other.
Land Use
Private Residence

Other - School, regular place of employment, other place
of business, other.
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It was desirable to analyze these 12 groups separately, since
the use of the different modes of travel varied from group to
group, and analysis files for the 12 groups were prepared with
the option of combining as many of these groups as necessary
during the model development phase.

An analysis was undertaken of the relationship of trip and
tripmaker variables to assist in selection of modal split fac-
tors. The characteristics selected for the analysis are shown
in Table 5.

Table 5. Trip and Tripmaker Characteristics

Residence
Age
Sex
Frequency of air travel
Income
Trip purpose
Baggage
Duration of trip
Day of flight
Land use at origin or destination
Private residence
Hotel-motel
Regular employment
Other business
Other
Persons accompanying to/from airport
Mode of travel
Private car
Taxi
Airport bus-limousine
Rapid transit
Other

A coefficient of contingency analysis was performed to mea-
sure the degree of association between two characteristics. The
coefficient of contingency does not assume normality of the pop-
ulation distribution but is especially useful when dealing with
two characteristics that are not ordered or continuous.

"There are several disadvantages to the coefficient of con-
tingency (C). Its maximum possible value only approaches
1.0 and varies with the number of rows and columns. There-
fore, two different values of C are not directly comparable
unless computed from tables of the same size. For a 2x2
contingency table, the maximum value of C, that is Cpax, is
.707. The maximum value increases as rows and columns are
added."30
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The results of the computations are shown in Tables D-3 and D-4
of Appendix D. To summarize the analysis:

"1.

Land use at the origin or destination of the trip is the
the variable most highly related to mode of travel.

This variable is also very highly related to purposes

of travel and residence of the air passenger. If the
number of trips would allow stratification of air pas-
sengers by only one characteristic, land use appears to
be the most desirable one, especially since it is also
highly related to purposes of travel and residence of
the passenger.

Purpose of travel is very highly related to most vari-
ables, especially age and sex of the air passenger,
duration of trip, and land use at the origin or destina-
tion of the trip. If the number of trips would allow
stratification by more than one variable, residence and
purpose would appear to be the best choice.

The highest coefficient of contingency for both Phase I
and Phase II was computed between the same two vari-
ables: residence of the air passenger and land use at
his origin or destination.”

An analysis was also conducted to identify the modes of
travel that the transit riders were diverted from and the areas
where they originated or terminated their trip. Comparison of
before and after data for each analysis group provided informa-
tion on the diversion from each mode of travel to the rapid

transit.

Table D-5 of Appendix D shows the percentage of all

air passengers that were diverted to the rapid transit from each
mode by analysis group. Conclusions from this analysis include:

lll'

Most air passengers using the rapid transit are diverted
from private cars and limousines. Some passengers are
also diverted from taxis and few are diverted from any
of the other modes.

The number of passengers diverted from rented cars,
hotel-motel vehicles or other modes of travel is an in-
significant portion of the air-passenger population
that rides the rapid transit. However, for selected
groups, depending on the stratification used, it might
be desirable to include rented car users."

"An analysis of the areas served by the airport rapid tran-
sit was undertaken to determine the geographic areas that
were served by each rapid transit station for use in devel-
oping_travel times and costs to the airport by rapid tran-
sit."
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The data was stratified in several groupings by land use at
origin or destination. A rapid transit service area was delin-
eated which contained 88% of the air passengers who had local
origin/destination within the rapid transit service area.

Based on the three stages of analysis, the development of a
modal split model was attempted. Requirements were identified
as:

"]. The model must accurately predict the total rapid tran-
sit ridership to the airport.

2. The input data must be available or easy to collect for
most major metropolitan areas.

3. The model must be simple to apply.

4. The model must be sensitive to changes in travel time,
cost, and other transportation system characteristics.

It was felt that these requirements were necessary if the
modal split model develoged with Cleveland data was to be
useful in other areas."3

"The data collected before and after the opening of the ra-
pid transit extension to Hopkins Airport provided a unique
opportunity in developing a modal split model. Several
structural alternatives were available:

1. Calibrate a model based on the Phase I data and test
the model with Phase II data.

2. Calibrate a model based on the Phase II data and test
the model with Phase I data.

3. Calibrate a model that estimates the Shange in the use
of a mode from Phase I to Phase II."3

The pros and cons of the three alternatives were discussed
with the following conclusion:

"The third alternative was considered the simplest and most
practical approach. The possibility of developing a modal
split model based on data from one phase to be tested with
the data from the other phase was considered a desirable
research effort requiring more time and money than was
available,

The most important objective in developing a modal split
model was the forecasting of rapid transit ridership. It
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was then hypothesized that a model could be developed that
would predict the change in the use of other modes as a re-
sult of introducing the rapid transit service. The diver-
sion from all modes to rapid transit (assumed to equal the
decrease in the use of each mode from Phase I to Phase II)
should then equal the rapid transit ridership. The advan-
tage of this type of model would be its simplicity and the
ease of application.... As the savings in time and cost of
riding the rapid transit compared to mode M] increased, the
diversion from mode M] to the rapid transit is hypothesized
to increase. The diversion was expected to vary from group
to group, depending on the characteristics of the tripmaker

and the trip."3

Discussions also included:

1. "Airport access study districts: The geographical units
used in the attempt to develop a modal split model were
selected based on the following criteria:

a. The number of weekly transit trips to and from an
analysis district should be at least 50.

b. The shape of an analysis district should not be ir-
regular.

c. An analysis district should be predominantly tied
to one rapid-transit station (based on the rapid-
transit service area analysis discussed previously).

d. The total number of trips to and from an analysis
district should be at least 100."30

Census tracts or aggregations thereof were used as traf-
fic analysis zones. Also, two individual areas in the

CBD and at Shaker Heights were included due to high ac-
tivity from those areas.

2. Air passenger groups: The 12 groups defined in Table 3
were used.

3. Selection of modes: Curves representing diversion to
rapid transit were to be developed for three groups:

a. Private car
b. Taxi

c. Limousine

All other groups were considered insignificant.
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Transportation variables: Travel times and costs were
computed for private car, taxi, and rapid transit. Air-
port bus-limousine values were also computed, but were
not completed due to problems with data. Several as-
sumptions and formulations were used in computing costs.
Several iterations were attempted to determine "average
car" costs and travel times. Actual changes in the ef-
fective "traffic network" were made between Phases I
and II which compound problems encountered when esti-
mating travel times. Transfer and waiting times were
computed. The following costs and thoughts are per-
tinent:

a. Private car, out-of-pocket cost = $0.04/mile, and
parking cost = $0.35.

b. Average taxi fares for minimum-time path, 10% tip,
and two values of waiting-time penalty were used.

c. Airport bus-limousine: Several multi-modal combi-
nations were involved: e.g., limo/bus, rapid tran-
sit, and walk. Expanded data techniques were used
to determine weighting factors for each mode se-
guence involving the bus/limo.

"A comparison between the weighting factors and the al-
lotment of analysis districts to limousine stops re-
vealed some illogical situations. In some cases, anal-
ysis districts that had 90% of their responses indicat-
ing 'walking' as their additional mode were tied to
limousine stops that were 2 or more miles away, hardly
a possibility. Consequently, logical adjustments to
the weighting factors were made to bring them more in
line with the transfer address data."30

The various time and cost formulations and assumptions
were included.

d. Rapid transit: Formulation of time and cost in-
cluded consideration of access modes to RT stations
plus RT factors.

"The attempt to calibrate a modal split model using the
procedures outlined above proved unsuccessful. Curves were
plotted only for private car and taxi for two different
analysis groups and the result was a scatter of points.
Groups were then aggregated by land use only, with similar
results. Finally, all groups were aggregated and no pat-
tern or trend was noticed in the resulting plots.
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The unsuccessful results can be explained by the following
reasons:

1. In attempting to obtain travel time and cost data for
small areas, the number of trips when stratified by
group was too small to be able to compute meaningful
percentages.

2. When all groups were combined, groups with different
characteristics were being aggregated. 1In addition,
the total number of trips was still too small to com-
pute meaningful percentages, especially for taxi trips
that are concentrated in few areas.

3. During the Model Development phase, several inaccuracies
were encountered in the coding of downtown addresses for
the Phase I survey. Similar problems are known to exist
in the coding of addresses in other areas."30

"Although coding inaccuracies and data limitations are
known to have influenced the curves that were plotted, the
main problem in the attempted approach to calibrate a modal
split model is the areal unit utilized. If differences in
travel time and costs were measured at a smaller level,
e.g., the traffic zone level, utilizing a different ap-
proach, it would probably hsve been possible to develop and
test a modal split model. "3

Even when dealing with a survey structured to model develop-
ment, as was the Cleveland-Hopkins survey, the vague and elusive
nature of the data bases cannot be overstated. Much data mani-
pulation and analysis at various levels of aggregation and from
widely diverse directions should be attempted to assure identi-
fication of causal relationships. Only after this exhaustive
search for tripmaker behavioral patterns can an attempt be made
at modal split model development.

Airport-Access Mode Choice - Analysis Alternatives

Wiggers31 presents a treatment of the factors complicating
an analysis of airport-access mode choice. Among these are:

1. The airport access trip represents only a part of the
total trip.

2. Travelers to the airport consist of resident/non-resi-
dent factions with different mode options.

3. Many tripmakers are on an expense account.
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4. Many air travelers are accompanied to the airport cre-
ating a unique tripmaker combination.

5. Baggage-handling is a complication.

6. Airport-access tripmakers have radically different
travel patterns which vary throughout a day or year.

7. Land use at O/D appears to have an indirect effect on
mode choice.

8. Peripheral modes have been difficult to analyze due to
limited data, e.g., motel courtesy cars.

9. The multi-modal nature of limousine and rapid transit,
e.g., park-and-ride, may be handled in several ways:

a. By representative cost and time averages of access
to prime mode,

b. By representing each combination as a separate mode,
e.g., taxi/limousine,

c. By using a complex network analysis scheme.

10. Scheduling and frequency of service and the attendant
interaction with airside trip scheduling influences
mode choice, as well as the tripmaker concern for delay
in meeting the airside schedule.

11. There is need to consider the tripmaker's option of
making the outbound trip by air and returning to another
terminal or by another mode.

12, Institutional factors influence the availability of
some access modes.

Wiggers addresses the various models that have been devel-
oped to forecast mode splits for airport access. The distinc-
tion between the two broad categories of models, a "change model"
and a "cross-sectional model," is stated:

"The change model is calibrated using the change in rider-
ship on the various modes from one time period to another
on the basis of a change in mode availability between the
two time periods. The cross-sectional model considers the
mix of mode usage during a single time period and is cali-
brated using variances of that mix as a function of a set
of independent variables. The former model is limited to
describing only the effect of the change between the two
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time periods and requires an assumption of adjustment to a
condition of ... [all other things being equal]. The cross-
sectional model runs into certain problems of determining
coefficients of non-existing modes and of transferring a
calibration from one area to another with possible contra-
dictory results."31

Elaborating on various subcategories of the two basic ap-
proaches:

"Change Model. In a sense, a change model is based on the
future being used to estimate a forecast. It requires that
a demonstration be made and that the effect of the demon-
stration be the explanation of changes in conditions before
and after the demonstration. This is very similar to tech-
nigques used in laboratory experiments in which the effect
of procedure is tested by using it under controlled condi-
tions. In applying this method to behavioral situations,
the use of a control group is generally required. The pur-
pose served by the control group is to meet the condition
of ... [everything else being equal].

"Unfortunately for empirical airport access studies, it is
virtually impossible to use a control group. This defi-
ciency makes it extremely difficult to obtain any statisti-
cal measure of the confidence one may place in the results
of the study. However, some tests may be made of the simi-
larity of the before-and-after data, and used_to form a
subjective confidence level of the results.”

A "graphical change model" is developed which provides a
series of curves reflecting diversion from one mode to rapid
transit. Wiggers comments on the problems with the earlier at-
tempt by the Cleveland area Regional Planning Commission30 and
suggests another direction to calibration. He suggests use of
individual response data and forming traveler class intervals
based on stratification by cost and time factors versus the for-
mer approach of aggregating by traffic analysis zones. The ap-
proach has the advantage of using larger sample sizes exhibiting
similar trip characteristics. A "value-of-time" estimate is re-
quired. Wigger's paper includes an Appendix which provides a
proposed calibration flow. Items considered in the model are
included here as Appendix E. The proposed model generally has
the form:
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where R = Number of rapid transit responses.
Di' = The percent of persons on mode i in class inter-
] val j.
Ni'b = The number of trips on mode i in class interval j
] before (b) the rapid transit is opened to the air-
port.
ija = The number of trips on mode i in class interval j

after (a) the rapid transit is opened to the air-
port,

"Essentially, the above calibration looks at usage of mode i
before and after the introduction of the rapid rail for re-
sponses having approximately the same time/cost differential
with respect to the rapid transit. These changes must be
normalized with respect to the change in trip generation
from the before to the after period by dividing the number
of trips by mode i by the total number of trips in the
stratification in the before and in the after time
periods."3

The model approach is stated (from Wigger's Appendix) as one
"... that requires the minimum amount of calibration in its
application to a specific city, and the most accurate fore-
cast for the near future. 1In contrast to a cross-sectional
approach, however, it will not predict the use of non-rapid
transit modes for airport access, nor will it forecast the
use of rapid transit for an extended period without an
independent forecast of the usage of current modes of air-
port access.

"In its calibration, the model makes use of as many variables
as the data base will allow, so as to minimize its dependence
on characteristics unique to Cleveland. At the same time,
the amount of data needed to drive the model in its applica-
tion to other cities is kept at a reasonable level.

"Since the use of before and after data in the model results
in consideration of the percent change in usage of modes
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competing with the rapid rail, it assumes those that are di-
verted to the rapid transit have the same characteristics as
certain stratified groups which are not diverted. To adjust
for the comparative travel time and cost from a competing
mode to the transit, an average travel time and cost for

the transit is computed on the basis of the responding air
travelers who used it. The average travel time and cost

to the airport via the rapid are stratified similarly to

the stratification for access by other modes to the air-
port, but are not mode specific. In other words, the

choice of taxi, walking, public bus, or private automobile
as a means to reach the rapid are not considered individ-
ually in the diversion from auto, taxi, and limousine, but
are considered as averages for the air passenger groups.

"The use of 'land use' and 'residence' in the model are con-
sidered to substitute as strong indicators for the availa-
bility of the private automobile and limousine. The use

of 'trip purpose,' 'income,' and 'baggage' should serve as
indicators of a group's propensity for more expensive and
service-oriented modes."

Wiggers states the following limitations:

"The use of the diversion curves obtained from the before-
and-after data reduces a multi-modal (more than 3) situation
to a bi-modal problem, i.e., diversion from mode m to the
rapid. In so doing, it limits the flexibility of examining
changes other than the introduction of rapid rail service,
but at the same time, it considerabl{ simplifies the analysis
with a potential gain in accuracy."3

His assumptions include:

1. All things remain equal between sample periods, e.g., NnO
major change in a transportation mode as well as intro-
duction of a new mode in Phase II.

2. There is no interaction between the share of the market
possessed by the other modes and diversion to the rapid,
other than that accounted for with the calibrated bi-
modal diversion curves.

3. The service offered by the rapid transit used in calibra-
tion will be essentially the same as that under investi-
gation.

4, A possibly critical assumption is that stratification by
the characteristics of the travelers and their trips
will account for most of the variances of access to the
rapid.
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The model is at the proposal stage and no data is available
for review. The author proposes that verification of the model
can be accomplished by selecting a specific traffic zone for
analysis since calibration would be done based on responses of
traveler "class intervals."

He states advantages and disadvantages for using diversion
curves with a "change" model:

1. Advantages

a. Simplicity of application, if the purpose is to
forecast ridership for a new rail transit service
to an airport where it does not now exist.

b. Minimal or no adjustment ... calibration is accom-
plished on a one-time basis using the Cleveland
data, and the diversion curves may then be applied
'as is' to any other U.S. city. This will result
in maximum transferability of the experience in
Cleveland to other U.S. cities.

c. Since the diversion curve generated from a change
model relates to the time and cost savings of an
individual traveler, the model would facilitate
cost-benefit studies of rapid rail service to air-
ports."31

2. Disadvantages

"a. Interaction between the other competing modes is

not explicitly considered in the diversion to the
rapid.

b. Examination of substantial changes in the service
offered by the other modes must be handled by an
independent method. Diversion from a mode for
which a curve was not calibrated uging the
Cleveland data cannot be handled."

Wiggers mentions development of a "mathematical change .
model," one which would be to curve fit the results obtained in
the development of a graphical model. Any number of equation
forms could be used; the form producing the smallest standard
error would be selected. These, however, would also not account
for the interaction between existing modes as affecting percent
diversion to the rapid.
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The author then elaborates on the cross—-sectional models:

"The cross-sectional models are based on the extrapolation
in time of modal choice that was measured during one histor-
ical time period. Ccalibration is dependent upon differences
in the accessibility speed, cost, and other factors of the
various modes. The formulation of the model is generally a
rationalization of the difference in demand for each mode

as a function of the differences in the mode and traveler
characteristics."

He further comments that "graphical cross-sectional models"
are restricted to bi-model situations and therefore are inadequate
when applied to the multi-model nature of the airport access
problem.

He then examines "mathematical cross-sectional models,"
several of which have been developed for intercity applications.
A summary is included in his paper of the approach and applica-
tion for the following models:

1. McLynn Model

2. Discriminant Models
3. Logit Model

4. Probit Analysis

5. Regression

They are all capable of handling three or more modes and several
independent variables. Advantages and disadvantages are included
here as Appendix F.

Finally, the author references "abstract mode models," those
having the characteristic

v ..That the choice of a mode such as private automobile,
limousine or taxi, is not influenced by the fact that it is
a private automobile, limousine or taxi, but solely on the
basis of the measurable characteristics ?f that mode such
as travel time and travel cost (fare).“3

Airport user groups other than air travelers are mentioned
and dismissed due to inadequacy of sample data necessary for
analysis.

Contact with the author indicated that there is a current

effort to develop a better representation of the highway network
necessary to generate better trip time and cost characteristics.
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In closing, the author outlines Federal and State/Local
needs for accurate evaluation tools used in making decisions
for implementing transit service to airports.

Modal Split Models For Airport Access

The _discussion of models developed at MIT by Koller and
Skinner3? limited its scope to analysis of non-resident business
travelers using an airport limousine service (Wilder - New York).
A supporting survey® was conducted. Two approaches to mathemati-
cal derivation were attempted:

"Specifically, the report discusses two general forms of
modal split models, aggregate and disaggregate, and their
application to airport access. Aggregate models are cali-
brated with zonal averages of passengers and trip
characteristics. They may explain the effect of variations
between zones but not those that occur within different
zones, since information about these are best in the
aggregation. Disaggregate models, on the other hand,
attempt to explain intrazonal as well as interzonal varia-
tions."32

The authors completed an analysis proving that limousine
and taxi price and travel time ratios exhibit low enough collin-
earity to allow use of both as exogenous variables in a model.
They concluded that:

"The effects of price and time can be estimated separately
in this analysis although no distinction can be made

between the effects of limo price and taxi price or, of limo
time and taxi time."32

An aggregate model was developed using multiplicative demand
relationships since their ability to reflect the mutual depend-
ence of explanatory variables provides a significant advantage
over linear additive models. An analysis of collinearity
problems was performed resulting in identification of factors
for use in the model. The final form of the model used the ratio
of prices and times:
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where: VL - Volume of travelers using limousine
Vto= Total travelers to the airport from the zone of
interest
p = Average price of ride from zone of interest

T = Average time of ride from zone of interest

Limousine

t
I

t = Taxi

The model was designed to determine the mode share for access
modes by non-resident pusiness travelers. Koller and Skinner
provided the following observations and conclusions:

"Phe most obvious observation is that the model ... [abovel
... is more sensitive to changes in the ratio of prices
than to changes in the ratio of travel times. Remembering
that the model has been calibrated using the responses of
passengers on business trips, this seems surprising. Many
studies of trip making have suggested that businessmen are
more sensitive to time rather than prices. Most of these
studies have been concerned with the trip to work in urban
areas, whereas this airport access analysis deals with a

different process.

wrhe indicated sensitivity of the airport travelers to

price can be explained in two ways. First, many of the non-
resident businessmen are in unfamiliar territory, and are
probably not heading to or from an "obligation" and are

less concerned about meeting specific deadlines. They,

in fact, plan to arrive at the airport far ahead of the time
of departure. Secondly, there is a large and significant
difference in the magnitudes of costs being considered.
Costs in the urban work trip study are in the range of
fifty cents to perhaps three dollars. Costs in the access
trip for non-resident businessmen are more likely to range
between eight to twenty dollars. The higher costs for the
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airport access trips would naturally scan to greater inter-
est in costs,”

From the comparison of the airport-access situations to
other studies:

"It would seem that the results of an analysis of the demand
for airport-access systems would resemble those of a study
of intercity travel more than those of intra-city analysis.
Intercity travel on a personal basis tends to be irregular
and to cost more than the regular commute to work,"32

The authors plan further testing of the model validity
during controlled experiments with limousine fare changes. A
disaggregated model was developed for comparison purposes. It
"...attempts to explain intrazonal as well as interzonal varia-

tions in behavior by using individual rather than zonal data."32
The model developed is a binary choice model of the form:

"P (X) = f(individual passenger characteristics and modal
service characteristics)
in which P(X) is the probability that an individual passenger
chooses to use a particular mode. For large groups of
passengers with similar characteristics and similar alterna-
tives, P(X) can be interpreted as the modal split. Natural-
ly, if there are more than two modes, all but one mode must
be lumped together into one alternative,"32

Of the three commonly used calibration methods, discriminant
analysis was selected over probit and logit statistical tech-
niques because of its less tedious mathematics.

Problems with a disaggregate approach are:

l. Usually, several alternatives exist.
"A disaggregate model of a situation where there are
many modes, such as airport access, can define the
percent of air travelers using a particular access
mode but_not, in general, the split among other
modes."32 Because of the need to deal with binary
choices, the desirable approach would be to model
what the traveler considers to be his best two al-
ternatives.

2. Also the "cost" implications are not straightforward.
"Assignment of costs to the automobile used in the
airport access trip is difficult due to the bi-modal
nature of the auto for this trip. If the air traveler
is driven to the airport, it is usually the non-
traveler who actually pays the costs.
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If the air traveler drives his own auto to the airport
and parks, the costs depend on the length of the trip.
Automobile costs for the airport access trip are there-
fore much more difficult to estimate than for the com-
muter trip where it can be assumed that each traveler
drives his own auto and parks for the same period of
time. This difficulty extends to estimates of the costs

of other modes used in airport access."

3. A "risk time" factor is involved.

"Risk time is the time interval between the time of
arrival at the airport and the time of departure
minus airport processing time. It is too often as
long as the trip itself...Risk time might...depend
on both the modal choice and the passenger charac-
teristics...[Therefore,] the behavioral effects of
travel time canngt be summed into one variable for
airport access."

4. Rather than stratifying data by trip purpose (a
common approach), the authors suggest: "It may
pe more insightful for the analysis of airport access
to stratify the traveller's residence, which seems
more to determine alternative modes of access and
his knowledge of their operating characteristics
than does his trip purpose. Perhaps residency
merely determines the alternatives open to par-
ticular passengers whereas trip purpose determines,
at least in pag%, the way passengers perceive these
alternatives."

A comparison of aggregate vs. disaggregate models points
out:

"The disaggregate approach ... uses more of the available
data than aggregate models since it takes each passenger to
be a data goint, whereas the aggregate model uses zonal
averages.” 2

The drawbacks to the disaggregated approach (for this application)
were the data 1imitations, which did not allow establishing the
effects of changes in other modes on the mode of interest
(limousine). A l1imitation was that the model could not consider
variables such as family income, seX, and family structure, since
the information was not available for non-limousine travelers.

An initial formulation included consideration of travel time
difference, cost difference, auto travel time and a private auto
availability factor. Categories and estimating functions for
travel time and cost data are explained.

60



Actual limousine fares and estimated taxi fares were used
to compute difference in travel costs. Travel times were esti-
mated from maps; equal speeds were assumed. Total limousine
travel time was based on travel time to limousine pickup, the
waiting time at the pickup, and the scheduled travel times. For
‘non-limousine users, the potential travel time by limousine was
based on the average pickup access times and waiting times for
limousine users from the particular zones. The latter was stated
as an assumption. Auto travel time (TT) is incorporated as a

equal for both limousine and taxi users. Calibration of three
forms was attempted with limited success. The final form of
disaggregate model for non-resident air travelers was:

Y = -1.40 + 0.08 TT - 4.7A R2 = 61
for ¥<0 the probability of riding the limousine was

<I

p
where, TT

I wn

auto travel time

A =1, if there is someone to drive the traveler to
the airport in a private car; A = 0 if otherwise

This model would not predict the effects of fare policy change
for the limousine.

The authors question validity of the "t" hypothesis test
results, which eliminated travel time and cost differences as
insignificant, and the apparent causal relationship between auto
availability and modal choice. They suggest that use of a two-
mode approach is more suitable to modeling than is the "multi-
modal" (one mode plus an aggregation of all others) concept,
since variables representing the two competing modes can better
represent the differences in modal characteristics.

The report concluded that the aggregate model would be more
useful if it examined limousine policy changes. Reference 33 is
a follow up and related demand study. A summary of the study re-
sults is:

1. The use of the service is strongly asymmetric in that it
carries many more people, especially residents, away from
the airport than to it.

2. The social and economic characteristics of limousine

passengers do not differ appreciably from those of all
other airport travelers.
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3. A significant fraction of the riders, especially the
non-residents, are "captive" to the public service to
the extent that they would have great difficulty in going
any other way.

4. It can also be inferred that many potential riders from
out-of-town are unaware of the service.

5. Many travelers arrive at the airport well ahead of flight
time, 50% of them being there about an hour ahead of
time. This risk time suggests that longer distance
airport access travelers are relatively insensitive to
speed but quite sensitive to costs, as indeed is indicat-
ed by the calibrated modal split equation.

Aerospace Monte carlo Simulation

Aerospace Corporation developed a Monte Carlo simulation34
in which random samples from probability distributions are used
to define traveler attributes. The traveler is ultimately
assigned to a mode by use of these attributes. The simulation
has been used in two applications for evaluation of sTOL feasi-
bility.

1. Feeder service study: Many origins with a single point
destination, i.e., Palmdale International Airport from
areas in Metropolitan Los Angeles.

2. General service study: One or several aggregated
origins to one or several aggregated destinations
(e.g., intercity), i.e., Portland-Seattle corridor
evaluation.

The simulation sequence is generally as follows:

1. The "arena" 1is defined as in Figure 2.

2. Probability distributions are used to describe each
traveler's attributes:

a. Purpose and duration of trip

b. Origin and destination door locations
c. Traveler's "value of time" £ (income)
d. Party size

e. Preference factor/mode
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core

£. Waiting times/mode f (service freq.)

The traveler's "cost functions" /mode/service path are
computed and reflect:

a. Perceived out-of-pocket costs
b. Trip time

c. Mode service frequency

d. Traveler preferences

The traveler is assigned to the mode with the minimum
cost function considering mode capacity.

The mode split is determined by generating a sufficient
number of travelers and assigning each to his minimum
cost function. Inputs are selected so time is implicit-
ly defined as a particular interval of interest, €.9.,
morning rush hour.

The simulation model inputs are shown in Figure 2. Each of
the input guantities represents distributions except for the
simulated time interval and the total number of travelers. Out-
put of the simulation can be obtained in two categories:

1.

During simulation, outputs are traveler's records for
every npth" traveler including all attributes, service
path, and all cost and time components.

On concluding simulation, a standard set of output is
available including model split reflecting various
combinations of traveler attributes and modes.

gimulation is programmed on a CDC 6400/6600 using 23K words
storage in FORTRAN IV because:

Time is not explicitly represented,
Sets and gueueing are not required,
FORTRAN random variable generators are available,

FORTRAN has an efficient compiler (minimum run time) .
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For the Palmdale and Portland-Seattle studies, the report
provided data base sources and values from which the purpose of
trip, relative demand, value of time, and preference factors
were determined. The studies were basically to examine the
modal split of adding a new system (STOL) into an existing
Situation. Bureau of Census and 1967 Cenus of Transportation
data were used for demand data. Value of time for business (B)
and non-business (NB) used standard values. Preference factors
were determined by cenus data or set to zero. STOL was assumed
equal to CTOL. To determine mode split for near term improve-
ments, the approach was generally to "hold characteristics of
current modes fixed and vary parameters of proposed new service"
(e.g., STOL schedules and fares). The studies selected 2500
travelers as the sample size (n) which gave a worst case modal
split standard deviation, ¢, of 1% for a worst case probability
(p) of 50% (by o =‘/np(l—p) ). Running time is situation-depen-
dent with number of service paths and traveler's records being
first order effects. On the CDC 6600, the simulation is sug-
gested as very cost effective, since the running times were only
70 seconds (Palmdale) and 15 seconds (Portland-Seattle) to
simulate and complete trade offs for all optional paths and modes
of the 2500 travelers.

Future plans call for exXpansion of modeling details to pro-
vide more representative traveler impedances by mode, to allow
accurate representation of mode networks, and to create more
explicit door-to-door modes, e.g., park-and-fly, see-off-and-fly,
etc. Expansion of the simulation scope is proposed to answer,

"Who takes the various modes" and, "What is the effect of a new
mode on overall demand (induced);" also, being added is the ability
to generate more detailed statistical comparisons of various
traveler attributes. Contact with Jon Buyan of Aerospace indicates
they are well into the development of an urban model. This
application will include various subcategories of access modes

to transit ports (e.g., "kiss-and-ride" and "drive-and—ride"),

as well as inclusion of more transit modes (e.q., bus, rapid rail,

externally prior to integration into the total simulation.
Also, the concept of "traveler's records" provides discrete
examination of the influence of traveler attribute change
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or transportation system characteristic change on the total mode
split. Perceived out-of-pocket costs, traveler trip time, mode
revenues and total mode ridership are good examples of influ-
enced parameters. "port" processing schemes (e.g.. parking time
and cost, waiting times) use distribution functions to create
the desirable effect on traveler flow through the system.

The simulation technique has the stated ability of allowing in-
sight into the sensitivity of mode split as a function of
traveler attributes due to the process of testing all mode and
alternatives available to the traveler, each of which can be
reviewed by the analyst.

The Monte Carlo approach warrants further examination since
it possesses many of the features desired in an investigation of
airport access. Areas warranting further critique are:

1. Possible expansion of trip purpose to include further
detail(e.g.., resident/non—resident and the associated
effect on value-of-time) .

2. Origin/destination area considerations.

3. Concept evaluation and approaches to calibration of
"negation" and "preference" factors.

4. Level of breakdown of traveler's attributes and
problems of assigning distribution functions.

5. Examination of transportation network replication
schemes, (i.e., implicit versus explicit defintion).
SIMCRIPT is currently used to do detailed network
analysis prior to approximating in the mode split

simulation where no sets or queueing are employed.

N-Dimensional Logit Model

This modal split model was designed by Peat, Marwick, and
Mitchell by Ellis, Rassam, and Bennett35 as part of a study 6

for the Metropolitan Washington Council of Governments funded by
UMTA/FHWA. The objective of the PMM study was "two-fold: to
develope an immediate-action airport access improvement program

for the Baltimore-Washington region, and to develop a planning
methodology useful to others in planning access improvements.

1t focused on the three air-carrier airports serving the Baltimore-
Wwashington region: Washington National Airport, Friendship
International Airport, and Dulles International Airport.”
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In selecting an approach, PMM considered the following
transportation System variables when determining the market
share of "new mode" pPlaced in a competitive environment:

l. Access (egress) time to (from) main mode

2. Line haul time

3. Number of transfers, including associated waiting times

4. Schedule delay, i.e., the difference between desired
and scheduled times of departure

5. Frequency of departures

6. Access (egress) cost to (from) main mode

7. Line haul cost
instead of specific traveler behavioral characteristics in
analyzing the mode split. A separate model is developed for
each combination of trip purpose and trip direction. The
analysis addresses only business/non—business to and from the
airport. Data permitting, any level of stratification appears
possible, remembering that each combination involves Creation

and calibration of a separate model. Travel behavior is reflect-
ed in the broad content of trip purpose and trip direction.

all competing ground transportation modes simultaneously. Mode

measures, again in terms of time and cost. Aal1l impedance
Mmeasures and combinations thereof are defined by exogenous analy-
The model has the following Properties:
1. The sum of the modal shares should equal one.
2. A given mode's share (i.e., percent traveling by mode)
increases with increasing levels of that mode's service

measures (e.g., travel time) .,

3. The shares of other modes increase or remain unchanged
within the given mode's service measures.

4, Specifically, "The model is based on the assumption that
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the ratio of a small change in modal split of a given
mode to that of a given transportation variable is pro-
portional to the modal split of this mode and to a
linear function of the modal split of all modes. It is
shown that this assumption is equivalent to stating that
the elasticity of a share of a given mode, with respect
to one of its own attributes, is proportional to the
level of this attribute and to its share of the market,
whereas the elasticity of a given mode with respect to
the transportation attribute of another mode 1s propor-
tional to the level of this attribute and to the market
share of the remaining modes. In conjunction with the
mathematical definition relating to modal split, these
assumptions lead to a system of differential equations
defining modal market shares as functions of the
transportation attributes. This formulation does not
reguire that the same set of variables be used to
define gge transportation attributes of each of the
modes."

"In the N-dimensional logit model, the modal split (w) of
a given mode m is given by

I
exp(iuj_mXim + am)

z Loy «Xs o + O
jexp(ial]xlJ aj>

Wm=

where:

1. xjq 1is the ith impedance attribute of mode J
(evg.., limousine in-vehicle time, item across
top of [Figure 31),

2. 0j5 is the calibrated coefficient corresponding
to Xij

3. is a calibrated mode-specific constant.

%3
As shown by the above relationship, the modal split of

a given mode is least sensitive to variations in modal
attributes when this mode tends to capture the greatest

or smallest possible share of the travel market; it is
most sensitive when the given mode captures one half of
the market. These properties of the model can be
graphically illustrated by singling out a given mode m and
plotting, as shown in [Figure 4], its modal split,
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Wms cost (the other attributes being held constant) , "36

The significant feature of the model is the prior postula-
tion of certain relations which define and constrain the system
of differential equations, e.q., property 4 previously quoted:
"...modal split ... is proportional ... to a linear function of
the modal split of all modes." This apparently represents an
attempt to give the model some kind of causal structure,
although Reference 26 did not supply a heuristic discussion of
the reasons for choosing the given postulates; it only stated
them. Further exploration into the implied reasons is recom-
mended before consideration of any general application.

Mathematically, the derived assumptions are stated as best
handled by logit analysis., Use of a logit function allows con-
sideration of the independent variable that has unusually high
or low values and may require the non-linear form of the
cumulative distribution function to cover the spectrum of
interest. Logit analysis requires the technique of "fitting"
the data by iterative procedures. The modal split equation was
estimated by maximum-likelihood techniques based on the Washington-
Baltimore Airport Access Survey data (1966). Two estimating
techniques were tried: least squares (L.S.) and maximum like-
lihood (M.L.). Due to the unavoidable non-linearity of the
equations describing the model (the "logit" equations), trans-

perform a standard least-squares estimation. 1In the M.L.
estimation, however, the mean-square errors for each model share
equation were minimized individually.

Because of its iterative nature and, in some cases, the
large amount of observations to be processed, maximum likelihood
is more time-consuming than the least-squares method. 1n spite
of the fact that the M.L. estimation required more computing
resources than L.S., Ellis, et.al. state in their conclusion
that M.L. estimation might alleviate many typical calibration

techniques.

The authors continue:
"Two observations should be made at this point. The
first concerns the general consistency of the models
within each trip purpose stratification. As much as
feasible, the structure of the model should be the
same for both directions. The second concerns the
nature of the time and cost impedances which, in many
instances, were derived from distance measures,
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As might be expected, time and cost are correlated and
the resulting collinearity is a source of problems since
it increases, sometimes substantially, the standard error
of estimate of the coefficients.”

gseveral prototype models were tested using various combin-
ations of time and cost variables with directional stratification.
Due to lack of data, many desirable stratification efforts were
abandoned. The authors state:

"mesting indicates that the model displays the appropri-
ate sensitivities and adequately reproduces the aggre-
gate trips for each mode. At a disaggregate level,
estimates of the modal shares for particular zone-airport
pairs displayed, at times, relatively high dispersions,
due to a great extent to the lack of specific information,
particularly whether a traveler was a resident or non-
resident of the study region."”

The final model was calibrated by combining total time and
total cost for each mode to yield a single impedance measure
using the relationship between these variables:

(Total Cost) = A* (Total Time) + b

where A» and b are two coefficients determined by regression
analysis. (Table G-7 of Appendix G)

Regarding calibration of the modal split model, "Component
measures of the travel service provided by each mode were
derived from hetwork analysis, fare and time schedules,
ground counts at airports, and data reported and processed
from the Baltimore-Washington Airport Access study. Imped-
ance (i.e., transportation service measure) estimation is
open to a considerable range of detail and specification,
particularly with respect to perceived impedances vis-a-vis
actual time measures and cost estimates pbased on marginal
or average cost models. Limited variations of an average
cost impedance model were tested during calibration to
determine the relative ability of different impedance speci-
fications to discriminate between modes. The component
measures were selectively combined to form impedance
measures for each mode as shown in [Figure 3].* One set

of impedance measure equations used in the calibration are
shown in  [Table G-1, Appendix Gl.

* Time measures and costs were broken down for each mode and
submode as shown at the top of the figure.
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taxi
were

"A data set was constructed for the references survey
pPeriod (1966). This consisted of travel volumes by
purpose and direction and average daily values of im-

"Two calibration techniques were investigated: least
Squares and maximum likelihood. The latter was selected
inasmuch as it provided better results, particularly with

regard to the Eign of the coefficients which must always
be negative. "3

Testing indicated consideration of Ooccupancy for auto and
was warranted and values of 1.67 and 1.40, respectively,
assumed. No reference for the values was stated.

"By adding an empirical constant to the linear forms
attached to each mode, the modal mean trips were matched
and the dispersions reduced for each mode. Because of
the structure of the model, it is sufficient to findg
three such constants for the ?gsiness models and two

for the non-business models."

"The calibrated coefficients ®ij and mode-specific con-
stants o4 for the four models are shown in [Table G-3].
Measures of the ability of the calibrated models to
reproduce observed data are displayed in [Table G-4].

modal split to changes in the levels of system service
measures. For instance, the models were applied to a
data set with a 10% greater cost for private car travel
to and from airports. The results of tgg sensitivity
analyses are presented in [Table G-5].n»

To summarize:

“The modal Split analysis performed in this study is, to
a large extent, comparable to those performed in classical
urban transportation studies. These studies have
generally attached a great significance to the nature

of the trip end, i.e., by distinguishing between home
ends and non-home ends. In the present analysis, the
corollary is whether a traveler resides in the area
under study. This distinction is important inasmuch as
it generally determines the availability of a private
car. This important information was not collected by
the study. Had it been available, the stratification

by residents ang non-residents would have precluded,
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for most cases, the use of private car for the latter
type of travelers. An attempt was made to supplement
this deficiency by assuming that, in all likelihood,

most non-resident travelers would originate in or be
destined to the central business districts and, therefore,
that trips should be further broken down by central
business districts and residential districts. However,
this approach did not improve the quality of the

business—to—airport model to which it was applied.“35

Four separate models were formulated as follows:

Travel Purposes Direction Modes

Business From/to airport Private auto
Rental auto
Taxi
Limousine/coach

Non-Business From/to airport Private auto
Taxi
Limousine/coach

"Experience derived from this study suggests that the
model can be a useful tool for predicting modal split.
1t is felt, however, that additional data could improve
the model's forecasting capabilities in an airport
access application. In particular, as mentioned earlier,
it appears important to know whether a traveler is a
resident of the region under study . several other
measures also could be used. They include: relia-
bility of a mode as reflected by the standard deviation
of travel times; income, which greatly determines the
ability to payi trip duration, which would give better
information on parking cost; group size, which is
necessary for better cost estimation. Finally, it
appears that smaller and more homogeneQus zones could
contribute to more accurate results."

Although the authors alluded to the ability of examining a
new mode with the model, no discussion related to calibrating
the o coefficients was included.

of interest is the commentary from Reference 36 which the
FHWA and UMTA state a need for a simultaneous, multi-choice model
applicable to examination of airport-access situations. The
planning guide noted that the N-dimensional model was the type
model meeting these requirements. An outline of the approach
suggested by the Planning Guide is included in Appendix G.
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Though limited in coverage, the selections reviewed are
considered a representative sample of current thinking in mode
choice analysis, generally, and in airport-access situations,
specifically. To properly determine and utilize travel behavior
patterns, an integral consideration is understanding the
influence of the Ooperational environment and the transportation
System variables on traveler flow. This area will be dealt with
next,

UNDERSTANDING SPECIFIC SUBSYSTEM OPERATIONS

demands becomes Mmore meaningful. a limited selection of method-
ologies necessary to system design and operation were reviewed.,
The models are grouped by broadly homogeneous categories related
to airport access and terminal flow improvement:

l. Airport terminal flow
2. Intra-airport flow and parking

3. Baggage handling

Airport Terminal Flow

Chamberlain, et, al.37 developed a model for the DOT Office

of Economics and Systems Analysis for a study of 747 impacts.
In abstract,

"This report contains the documentation of the computer
program that simulates the operation of an airport ter-
minal facility. The simulation model is designed to’
allow for the examination of any terminal facility, with
any schedule of aircraft arrivals and departures and

any mix of aircraft types. It produces statistics of
aircraft, passenger and baggage traffic for each arrival
and departure flight, as well as a summary of daily
operations at the completion of the daily schedule. In
addition, Space utilization within the terminal is also

monitored along with the utilization of terminal personnel."37
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The model uses SIMSCRIPT gueuing techniques to modify air-
plane arrival times for determining airport operation impacts.
outgoing passengers' arrival and movement through airport; air
traffic controllers' operations; aircraft "greeter" arrival; on-
ground aircraft operations including baggage handling, disposition
of passengers and baggage from an arriving aircraft; and airport
staffing including shift changes are only a partial 1ist of the
items considered by the model. The model uses random number
generation and probability distributions to select attributes
and various event processing times.

The program was written for a Control Data 3600 computer
which has two panks of core memory, each bank containing 32,768
memory locations.

Chamberlain38 provides a 747 impact analysis using the mod-
el. Based on the results, the model is extremely valuable as a
sensitivity tool. A noteworthy conclusion was that "the ulti-
mate capacity of the terminal building [at Kennedy airport] being
studied was not reached even when all flights employed 747 equip-
ment, provided that sufficient staffing was available."

The model has broad application due to its general and
flexible nature. Appropriate data must be collected to provide
accurate, site-specific distribution functions for several of
the parameters.

Intra-Airport Flow

Intra-airport transportation (IAT) systems provide an inter-
face between the travel method of accessing the airport and the
desired point of entry into a specific terminal or terminal area.
IAT's may handle air passengers and/or guests, airport employees,
baggage, and air cargo. The acceptability of an IAT transfer
between the access/egress travel mode and the ultimate terminal
destination/origin may strongly influence the airport user's
primary access mode choice. Many new systems exist in the concept-
ual stage; several are being implemented(e.g.,Dallas/Fort Worth-
International Airport) and others are in operation(e.g., Houston
International, pulles International, LOS Angeles International,
etc.). Each system designer has his own analytical methods for
providing implementation alternatives. Rosens? develops a cost
model evaluating an airport access transportation 1ink using an
exclusixe right-of-way. The IDA'Ss modeling methodology by Freck,
et.al. was reviewed because of its general nature and possible
application.
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The report Provides Statements that:

1, Develop the intra-airport traffic flow problem pointing
out that the Prime reasons for intra-airport delay are:

4. Terminal design(i.e., airlines having their own
"corporate image gatesg")

b. Extensive parking requirements Creating long
walking distances

a. 1In Centralized terminals, IAT's must solve walking
distances.

b. 1In decentralized terminals, IAT's must satisfy
interterminal transfers,

C. In both configurations, IAT transfer from parking
areas may be required.

d. For remote termina] configurations(e.g., Dulles),
transfer to aircraft ig necessary,

The report discusses 15 IAT configurations for airports
Serving major hubs. fThree applications are illustrated in
Appendix 1I:

1. Parking/transit/terminal movement

2. Intra-terminal movement

3. Interterminal movement

_ e ————



The model jllustrates cost trade offs involving speed, capacity.
power etc. A gensitivity analysis was conducted to determine
parameters having the strongest influence on design character-
istics. Table 6 reflects the results. Other cost models were
developed to assist in trade-off analysis:

1. Parking facility cost
2. Access road cost
3. IAT system costs

Model details and sensitivity curves are included in Freck

and are not here pecause of the specific application.

Rosen's model is

"for examining the economic feasibility of constructing
an automated cargo transportation 1ink between some
urban point and a major hub airport serving the area.
additionally. this technique was to be able to determine
the marginal cost of transporting people on the 1link,
as well as cargos and to determine an overall measure
of the resulting reduction in airport congestion. The
full cost of procurement, development, operation and
maintenance of the system was to be borne by the cargo
carried on the system. passenger revenues were to re-
flect only the additional exp Bses incurred by pro-
viding passenger facilities."”

wrhe model 1is constructed of modules which represent the
yvarious functional components of the system; these are
illustrated in [Figure 5]. Most of the components are
seen to be located at the remote station portion of

the system, including:

1. A cargo loading/unloading area with docks and truck
parking space,

2. Caxrgo handling, sorting and storage spaceé.
3. A passenger check-in and baggage handling facility,

4. A parking lot for passengers and employees of the
cargo and passenger facilities.
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Figure 5. Transporter Link System Components39
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"Loading/unloading platforms for the vehicles which travel
on the link are considered part of the passenger facility
and cargo docks. The remote station facilities are repre-
sented in the model inputs in terms of area, employees, and
other special requirements per unit of service provided.
The model determines the total requirements based on the
specified demand.

"The vehicles and the link guideway are represented in terms
of capacities and trip time. Four types of vehicles are
considered: all cargo, all passenger, mixed cargo/passenger,
and engines. Although the model was designed with high-
speed automated ground transport vehicles in mind, proper
choices of input parameter values could make the "vehicle”

be a helicopter in the air or a bus on existing roadway.

"The model also provides for a guideway and vehicle main-
tenance facility to be located along the guideway and a
communications/control facility to be located at the station
or along the guideway. These facilities are represented

by size, number of workers, and the special equipment they
entail.

"The airport end of the transportation link is just an inter-
face. The question of whether the link would connect with

an intra-airport circulation system or branch itself to
service cargo and passengers at multiple destinations is
basically immaterial to the model. If the link vehicles

are also used as part of the intra-airport system, some
redefinition of input parameters would be required.

"The modules constituting the computer program are illustrat-
in in [Figure 6]. These modules are called and executed in
sequence by an executive program. The intermediate and

final output results can be printed at various levels of
detail.

"rypical peak hour demand of passengers and cargo are the
driving forces in the model. These demands are specified
independently for each direction of travel on the link, and
with appropriate load factors, are used to develop the
cargo, passenger, and parking facilities required. The
station arrival and departure rates (to and from theg link),
when combined with vehicle capacities and link distance,
yield the number of vehicles needed, round trip time and
average number of trips per year. The model develops these
resource requirements to keep queue delays to low levels
during peak demand periods.
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INPUT: TRANSEOETER AUXILIARY MISCELLANEOUS ENVIRONMENT
SYSTEM FACIEILIES FACTORS AND DEMAND
DESCRIPTION DESCRIPTION
SYSTEM l
REQUIREMENTS : CARGO PASSENGER GUIDEWAY
(FACILITY UNITS, FACILITY FACILITY AND VEHICLE
LAND AREA, REQUIREMENTS| | REQUIREMENTS REQUIREMENTS
NUMBER OF
EMPLOYEES) v
PARKING
FACILITY
REQUIREMENTS
|
2 v v
PROCUREMENT OPERATIONS
SYSTEM LAND AND AND
COSTS: COSTS CONSTRUCTION MAINTENANCE
COSTS COSTS
TOTAL
COST
OUTPUT: £t *
: EREECHED ATREOT
REVENUES CONGESTION
AND REMOVED
PROFITS

Figure 6.
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"The model then applies cost factors to develop procure-
ment, construction, and operation and maintenance costs for
the transport link system. Charges for cargo transport are
then calculated by prorating the cost plus a profit margin
over the expected demand. Passenger fares are determined
similarly, but reflect only the additional cost to the
system of providing a passenger facility, modifying vehicles
for passenger comfort, and adding vehicles to satisfy
passenger demand."39

"It is basically a cost model which converts service demand
into system costs through the consideration of various
physical factors and design options. The major types of
studies in which this model is expected to find application
include:

1. Analysis of the economic feasibility of adopting a
transporter link system for a specific airport,

2. Comparative analysis of competitive transporter
(vehicle and guideway) systems,

3. Cost reduction analysis for a transporter 1link
system,

4. Resource requirement analgsis for a proposed
transporter link system,"39

Baggage Handling

In addition to the possible ability of intra-airport trans-
portation systems to influence the choice of access transportation
mode, baggage handling also creates unavoidable decisions for the
air traveler. Several analytical methodologies exist for eval-
uation of baggage-handling procedures and system design. Three
methods were reviewed.

Tanner41 developed a model for analyzing delays to departing
aircraft as a result of inadequate levels of baggage~handling
service. The model was developed as follows:

"Since the demand for departure baggage service can fluctu-
ate over a wide range depending upon flight schedules, a
deterministic model based on hydrodynamic or fluid flows is
used. Application of this model is based on the assumption
that, for any given airport, passenger arrivals prior to
flight departure will have a characteristic distribution
which can be measured and reduced to a mathematical
equation. Baggage flow rate equations over any time period
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and for any flight schedule can then be determined by
summing appropriately scaled passenger arrival equations
over the desired time period. Derived flow rate equa-
tions, when applied to the fluid flow queueing model,
will yield minimum fervice levels necessary to prevent
departure delays."4

The model was designed to examine the check-in service levels
under the influence of several departing flights scheduled in
close proximity. Conclusions drawn from the study are:

"1. Scheduled flights of air carriers tend to cluster during
particular intervals of the day producing large varia-
tions in the demand for baggage-handling service.

2. As a result of the time-dependent nature of demand for
service, a deterministic model is most appropriate for
representing baggage-handling systems.

3. Passenger and baggage arrivals prior to scheduled flight
departures can be measured and described by an appro-
priate equation from which baggage flow rates over any
interval of time can be derived.

4, Such passenger arrival distributions are believed to
be characteristic of a given airport and locality;
however, in the writer's opinion, large samples taken
over a relatively long period of time are necessary in
order to insure the validity of the distribution....

5. Inadequate levels of baggage handling service can
produce sizable delays to departing aircraft. Through
the use of the fluid flow queueing model and a derived
baggage flow rate, such delays can be minimized or
prevented by predetermining the required level of
service.

6. Maximum delays to passengers standing in queues can be
determined, providing an air carrier [has] an indicator
of customer inconvenience caused by baggage check-in
systems."41

Karash42 used Monte Carlo simulation (probablistic) and
deterministic queueing (non-probabilistic) techniques to investi-
gate the flow of outbound baggage (departing flight) systems.

The models were evaluated for their ability to satisfy an air-
port planner's and manager's needs. A report by the Ralph M.
Parsons Company 43 getails the characteristics of various baggage
systems which might be evaluated using the models.
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Karash develops the simulation model by the following
rationale:

"One method for predicting the effects of future passenger
volumes on baggage systems is to simulate the system under
the expected future conditions. For this purpose a GPSS
System/360 simulation model has been implemented. This
model simulates the processes of group arrivals before a
flight, groups queueing for and being served by airline
agents, and the movement of bags in and out of the bag room.
The loading of the aircraft is not modeled; rather, a number
is computed for the average number of man-minutes required
to deliver and load the bags. The transfer process is
included only for the computation of the aircraft loading
time,"42

The required data for the simulation model are listed in
Table 7 and the model output is listed in Table 8. Figure 7
shows the flows of passengers and baggage as they are represented
in the simulation model.

Given a schedule for departing aircraft and the number of
passengers per flight, the simulation randomly generates arrival
times for passenger groups, the number of bags carried, and the
number of persons in a group. The distribution of bags per
passenger is dependent on the type of flight. All outgoing
passenger decisions dealing with ticketing and baggage handling
are determined randomly. The queue discipline at ticket
counters was to place the simulation group in the shortest queue
and break ties systematically to favor one gqueue over the other.
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Table 7. Data Required for the Simulation.42

10.
11.
12.
13.

14,

Flight departure schedules for the period of interest.

An arrival pattern for groups utilizing the bag check-
in options and ticket counters.

Proportion of transfer passengers.

The number of groups arriving per flight.

Bags per flight.

People per group utilizing the bag check-in options.

Proportion of groups utilizing curb check, express,
and the ticket counters.

Number of agents on duty at ticketing for different
periods in the afternoon.

Queue discipline.

Service time at express and ticket counters.
Conveyor travel time.

Schedule for bag train departures.

Towing time for the carts to reach the aircraft.

Bag loading rates from carts to aircraft.
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Table 8. Output from the Simulation.42

Average line length for each 15 minute interval during
the period of interest.

Average wait and wait distributions for groups served
at express and ticketing.

Number of groups missing bag cut-off time and their
arrival distribution before flight time.

Fraction of time agents are busy.
Bags per flight handled through the bag room. An
estimate of carts required to hold these bags can

be made given capacity of a cart.

Total number of bags arriving in the bag room for each
15 minute interval during the period of interest.

Manpower required in man-minutes for towing of carts
to the aircraft and the loading of bags.

FLIGHT
SCHEDULES

Y

GROUP BAG TRAIN
ARRIVALS DEPARTURES

l
v v LOAD* BAGS

TRAHSFER ORIGINATING ON FLIGHT
GROUPS GROUPS
1

\ Y

CURB TICKET EXPRESS
CHECK QUEUE QUEUE

v

SERVICE SERVICE

Y

BAGS TO
BAG ROOM

Figure 7. GPSS Simulation Model Flowchart42
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The journey of the bags is modeled through to the loading
point on the aircraft.

"Output from the simulation includes the number of arrivals
at each service during each 15-minute interval, wait time
distributions for passengers at ticketing and express, and
the number of bags arriving in the bag room for each 15-
minute period. The length of line over time is given using
a measure of the average line for each l5-minute period.
Utilization of check-in agents and ticketing agents are
given, and the number of persons missing bag cut-off time
is recorded. The accumulation of bags by flight in the

bag room is given as each bag train departure is scheduled
to occur. Average loading times are given for each flight."42

The second model (deterministic queuing model)uses the same
approach as Tanner described and as seen in Figure 8. Inputs
are in Table 9. However, a diffusion correction is added to
approximate the nature of queues as they pass through saturation.
A FORTRAN program was developed to compute the queue statistics.
Unlike the simulation model where the basic unit is the group,
the deterministic approach uses the individual passenger as the
basic unit. To obtain queue length, Karash states:

"To get an approximation of the average queue length pre-
dicted by the deterministic model, queue lengths for all
unit time intervals are averaged. Queue length at the end
of an interval is given by the sum of the queue length at
the start of the interval and the number of arrivals during
the interval less the number of services. Queue lengths
are constrained to be greater than or equal to zero. The
average queue length for an interval is taken as one half
of the queues at the beginning and the end of the interval.

"Output values for the deterministic model include passenger
arrivals per interval at ticketing and express, queue

lengths at the end of each interval, bag arrivals per inter-
val, and cumulative bag arrivals. Values for average wait
time at each service are given. The departures of bags

from the bag room and the loading process were not modeled. "42
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Figure 8. Deterministic Model Flowchart.42

Table 9. Inputs to the Deterministic Queuing

Model Program, 42

Number of flights, flight departures; passengers per
flight.

Arrival distribution characteristics.

Time at which to begin gathering line statistics and
time to end the simulation.

Number of separate services; fraction of passengers
using the services; fraction of persons going directly
to the gate.

Number of changes in staffing for the ticketing and
express counters; service rates at these counters.

Average bags carried per passenger.
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Karash provides the following model evaluation:

"The main advantages of the simulation technique are its
capability for handling the time dependent, probabilistic
flows of passengers and baggage and its ability to give
detailed results about passenger wait time, agent utiliza-
tion, bag flow rates, and bag accumulation in the bag room.
Given a particular demand, the model developed for this
report can be used to plan the amount of counter space that
must be made available, the capacity of the sorting
mechanism required, and the bag room space needed to store
outbound bags.

"One drawback to using the simulation for planning purposes
is its cost to run in view of the uncertainty about what
the future demand for air travel will be. The price per
run at the present level of detail on an IBM model 360/65
is about eight dollars at academic computer rates. Because
the simulation results are probabilistic, several runs are
required to determine what the future situation will look
like on the average. Furthermore, the model does not search
for an optimal staffing arrangement. Several runs must be
made for each staffing arrangement that is to be evaluated.
Since demand for airline travel 5 to 10 years away is a
highly uncertain quantity, use of a less detailed and a
less costly technique would seem justified provided results
could be obtained that would be useful for planning
purposes. Deterministic queuing theory appears to be such
a technique.

"The disadvantages of the deterministic model as developed
for this report include a loss of detailed results as well
as a probabilistic measure of the bag input rate. Results
on agent utilization, wait distributions, and the break-
down of bags accumulated in the bag room by flight are not
conveniently given by the model.

"The deterministic technique with the diffusion correction
nevertheless appears to be as useful for staff and counter
space planning purposes as the simulation model. 1In view
of uncertain demand in the far future, the deterministic
estimates of staffing requirements and bag flow rates com-
bined with crude estimates of bag room space needs may be
all that is required. Data requirements for the deter-
ministic model are fewer than for the simulation because
the deterministic model deals with averages rather than
probabilistic distributions. Since the model is not
probabilistic only one run is needed for each staffing
configuration to be analyzed. The cost of the deterministic
model run is only about half the cost of a simulation run;
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thus, the deterministic model could be practically used to
examine a number of different staffing situations and to
determine_the sensitivity of the system to changes in
demand. "42

Barbo44 developed another deterministic queueing model to
explain the interrelationship of passenger and baggage arrival
patterns at the baggage claim areas. The patterns are con-
sidered of growing concern with the coming influx of jumbo jets.
The pattern is dependent on a number of factors such as terminal
design features and unloading rate of the aircraft.

In contrast to passengers, baggage does not arrive at the
claim area in a predictable fashion. This is due to constraints
in the system or operating policies of the various airlines and
airports. The model was developed to analyze the effect that
different baggage delivery strategies have on the amount of
space needed to handle baggage for an arriving flight. Experi-
mental data for the study was obtained at San Francisco Inter-
national Airport. The model is based on carousel operation
but is generally applicable to any type of self-claim baggage
retrieval system. Barbo establishes the major factors in the
manual handling segment of the system which affect overall
baggage flow, and discusses modeling of the mechanical portion
of the system. A queueing model is developed.

Many more models exist for use in analysis of airport
terminal and internal systems operations. The items selected
were readily available and provided perspective from the
macroscopic site location methodologies down to the microscopic
analysis of various trip segments of the airport traveler.

PLANNING SATELLITE TERMINALS

The models in this general area provide background in
current approaches for improving major airport access by appro-
priate satellite terminal location using either V/STOL systems
or remote check~in facilities. The idea was to locate a cross
section of models and review the conceptual approach to analysis
without rigorous investigation into the mathematics or program-
ing details.

Landi and Rolfe43 and Snell46 offer techniques for evalu-
ating airline (V/STOL) and access transit terminal locations.
VERTOL47 evaluates an integrated V/STOL transportation system
consisting of intermetropolitan and intra-metropolitan networks.
Genest48 examines how terminal location affects airport accessi-
bility.
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The model by the Rand Corporation45 was designed for the
Port of New York Authority to study air passenger processing
strategies from trip origin to the entry point of the airside
trip. It is proposed for use in evaluating passenger terminal
locations and related transportation systems in terms of either
average passenger trip time or average passenger trip cost,
assuming that passengers will place emphasis on minimizing time
or cost.

"The data inputs required are the nodes and arcs of a road
travel-time or road travel-cost network, the locations of
passengers terminals in the network, the times or costs
associated with each destination served by each terminal,
and the volumes of passenger trips that will generate at
points in the network representing population centroids.
The program computes volumes of passenger trips processed
by each terminal from each trip origin, the average passen-
ger trip times or costs associated with each terminal,

and the average trip time or cost for the entire system; it
will also find, if desired, the locations of passenger
terminals or airports in the nezgork that minimize the over-
all average trip time or cost."

The program uses a "normalized gravity-type model" to
allocate volumes of passenger trips to given terminal locations
in the network. Travel time is the sum of roadway travel time
and terminal processing time from zone centroids to destination.
Various ground modes can be used. Network links, because they

are abstract representations, do not include capacity restraint.
Optimization is included as follows:

"Given a fixed system of aircraft and passenger terminal
facilities, the program can be asked to search for the
locations of one, two, or more additional terminals that
will augment the existing system in such a way as to
minimize the average total trip time of all passengers.
This feature of the program is usually used when site
specifications are not unique or particularly complex and
can be met almost anywhere in the region."45

However, the authors add this note of caution when attempt-
ing optimization of more than two terminals, e.g., a STOL net-
work:

"The optimization mode of operation is considerably less
efficient than the evaluation modes discussed previously.
It takes about 30 minutes to select two sites simultaneous-
ly out of a 100-node network; it is totally infeasible to
select more than two."45
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The authors are attempting to develop an improved methodology
to cope with this problem.

A "value of time" is inherent in Landi and Rolfe's cost mod-
el, and they reference universal uncertainty in determining the
parameter, especially in the new market area for STOL aircraft.

In closing, the authors state:

"The method (model) we have described is not by itself a
predictor of passenger trip-making behavior. It merely re-
flects the number of trip origins and destinations that are
closer (in terms of trip time or trip cost) to each of a set
of terminal facilities. If other important trip attributes,
such as frequency of service, reliability, comfort, and con-
venience were equal among the available alternatives, the
model might have considerable predictive value."

Details of the mathematics, program flow, and computer im-
plementation (including sample program listing,) are included
in the reference.

The study by Snell was funded by the Office of Aviation
Policy and Plans, FAA. The abstract is quoted:

"To evaluate a variety of off-airport (satellite) air ter-
minal concepts, an iterative evaluation model is developed
that is focused primarily on time and cost impedances. An
analysis is made of the entire process by which a passenger
gains access to an aircraft and from this analysis, compo-
nent sub-models are developed to define system demand flow
rates, level of service supplied, and system costs. These
sub-models are then synthesized into the desired evaluation
model and a methodology to be used in establishing off-air-
port (satellite) terminal system planning guidelines is de-
veloped. The approach utilizes generalized or gross charac-
teristics for the airport access process and avoids specific
details of regional characteristics, airport design, and
transport technology. A hypothetical example is tested and
sensitivity analyses are made for a number of cost and

time parameters."

The FASTSEM model w3s developed referencing earlier works of
Koller and Skinner (MIT) and several Rand Corporation papers
for the Port of New York Authority. Six distinct types of satel-
lite terminal systems (STS) were studied and are included here in
Table 10. Equaticns for cost and processing time were developed
for each system to provide impedance input allowing analysis of
the demand shift to the satellite terminal. Economical feasibi-
lity of the satellite concept was analyzed. Several recommenda-
tions for further research were included based on the study
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conclusion that satellite terminals are viable.

The report includes thorough documentation of the model
development, Analysis results are not included here due to the
much broader approach taken.

Boeing Vertol47 describes a model for the evaluation of an
integrated V/STOL transportation system consisting of inter-
metropolitan and intra-metropolitan networks. The model
emphasizes the interactions between the two networks. Hub~
satellite city pairs may be evaluated with the model. Figure 9
is an example of the combinations. It shows the following
combinations:

1. Bus, train, V/STOL, CTOL, and auto modes are competing
for intercity travel.

2. The intra-city V/STOL is a feeder system to and from
both intercity V/STOL and CTOL systems and is competing
with other intra-city ground transportation systems
for this service.

3. The intra-city V/STOL is a competing transportation
system for travel between points within the metropoli-
tan area.

4. Intercity modal connections may be either direct or
indirect links.

The authors describe the following specifics used in the model:

"The V/STOL travelers: The intercity V/STOL system will
service the traveler who is willing to pay a premium fare

for a time savings or an increase in comfort and convenience
over the competing intercity modes. Such a person will most

likely be a business traveler.

"The intra-city V/STOL system will service three different
types of travelers:

Type I The short-haul intercity traveler who wishes
to decrease his total trip time by taking
the intra-city V/STOL to the CTOL or V/STOL
airports at city H.

Type II The long-haul CTOL traveler who wishes to
decrease his travel time to and from the
CTOL airports at city H.

Type III The intra-city traveler who wishes to de-
crease his total intra-city trip time within
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city H with the possibility of paying a fare
premium over competing modes.

"The model differentiates between these travelers because
each one used the intra-city system in a different way, dur-
ing different times of the day, and for different trip pur-
poses. Note that the Type I intra-city traveler is a special
type of intercity V/STOL traveler (i.e., one that uses
intracity V/STOL).

"The V/STOL airports: The inter/intra-city V/STOL systems
will have at least one common V/STOL station within the

hub city metropolitan area, thus minimizing transfer delays
and encouraging the entire trip to be taken by a series of
V/STOL flights. V/STOL stations will be located at existing
intra-city transportation nodes, and parking facilities at
the V/STOL station will be adequate to accommodate all
potential V/STOL travelers.

"The V/STOL vehicles: The configurations used for the two
systems may be different. The long-haul V/STOL may be a
jet or fan STOL, a tilt wing, tilt rotor, stowed rotor,
lift fan V/STOL or compound helicopter configuration, while
the most economical intra-city vehicle is likely to be some
helicopter configuration."47

Appendix H contains the overall model logic and basic flow
diagram. In summary:

"The total passenger demand is forecast using a traffic
generating model. The dcor-to-door trip is divided into
three legs - two intra-metro and one intermetro, and the
various feasible combinations of different modes of
transportation are generated. A modal split model is then
applied to determine the total demand for the V/STOL
system. A scheduling algorithm is then used for route
assignment taking into account demand variation over time
of day. The impact of the V/STOL system on CTOL airport
congestion, airport access and profitability are also
investigated."47

The modal split and demand models are adapted from the foyms used
for the NECTP.

Genest developed his model as part of a series by the MIT
Civil Engineering Systems Laboratory. The following is quoted
from the abstract:

"This model report investigates the sensitivity of terminal
locations with respect to accessibility as measured in terms
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of the time required to go from various parts of the urban
area to the terminal. The analysis considers the influence
of various environmental and demand conditions such as the
geometry of the urban area, the demand distribution, the
direction along which the terminal is located and the speed
of travel. Under all conditions investigated, many near-
optimal terminal locations exist, as long as the terminal
is located within the metropolitan area. (A "near optimal"
location is defined as having an access time less than 1.2
times the minimum access time). If the terminal is locat-
ed outside the metropolitan area, the travel time increases
more rapidly. Thus, within the metropolitan area, termin-
als should be located primarily on the basis of factors
other than accessibility; however, outside the metropolitan
area, accessibility becomes increasingly more important.
These theoretical conclusions are supported by examinations
of the relocations of the Detroit and Chicago airports."48

A summary of the model operation follows:

"SITECLU (Systematic Investigator of Terminal Configurations
and Locations in Urban Areas) predicts accessibility
consequences for exogenously-specified terminal locations.

"SITECLU represents the urban area in which the terminal

is located as a group of zones defined by radial and circum-
ferential boundaries, as in [Figure 10]. It aggregates the
characteristics of all access modes into one abstract mode,
and represents intra-city travel impedances by exponential
or logistic isotropic travel velocity functions. The
spatial distributions of population and demand may be
represented by negative-exponential density functions or
exogenously-specified for each zone.

"Several terminal options may be analyzed with SITECLU.
Each individual terminal is specified by its location and
its four impedance times. A terminal configuration may be
made up of up to 10 full-service terminals located at
different points of the urban area. Alternatively, up to
nine satellite terminals may be specified which provide
transfer to a principal full-service terminal. Finally, a
network of high-speed access links may be superimposed on
the continuous travel surface. Of all these options,

only the location of a single terminal is considered in
this report.
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"Three environmental conditions were varied to test their
effect on accessibility for a given terminal location: the
geometry of the urban area, the spatial distributions of
travel demand, and the distribution of intra-city speeds.
The geometry of the urban area was varied by considering
four abstract urban areas, namely circular sectors of 90°,
180°, 270°, 360°, all with a 20 mile radius."48

The distribution of demand for intercity travel was varied
by considering eight negative-exponential demand density
functions. The distribution of intra-city travel impedance was
varied by assigning different values to the parameters of
logistic travel velocity functions.

SUMMARY AND CONCLUSIONS

In the selection of works reviewed, modal split models
dealing with urban and interurban travel provided insight into
modeling where the trip purposes and mode selection had received
greater study. Modal split models dealing specifically with
airport access were reviewed for applicability in a generalized
airport access improvement methodology.

Other models reviewed inclucded terminal location techniques,
inter/intra-terminal flow analysis schemes, cost-effectiveness
approaches, integrated transportation system analysis (including
impact consideration and optimization methodclogies), and other
detailed analyses relating to airport access in some application.

A detailed restatement of conclusions from the various
modeling approaches would be redundant but the following high-
lights are pertinent:

Observations

Modal Split

Modal choice decision logic can best be defined if the be-
havior of an individual traveler facing a selection of trans-
portation alternatives can be predicted. To better understand
the advantages of %ravel behavior analysis, works by Kraft
and Wohl,l2 Lave,l3 and Lakshmananll were reviewed. These
proponents suggest the use of cross-elasticity models treating

trip-maker decisions as simultaneous and interrelated. The
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nature ofsthe trip determines the modal parameters. Plourdel4

and Bock provide insight into evaluation of user/mode

selection causal relationships. The models developed were
aligned to the urban work trip and, though different from the
airport access trip, elaborated on the potential of an understood
travel behavior. All point to the significant data requirements
implicit in the study of travel behavior.

The NECTP1Y9 and I329 methodologies consider modal split in
a very broad scope as part of the intercity travel picture, and
are not specifically aligned to a detailed analysis of the
demand characteristics involved with accessibility of the prime
intercity mode. Both modeling efforts do stress the sensitivity
of the overall methodology to a successful forecast of modal
split. Determination of "impedance" functions, so strongly
used by I, represents the most pressing area for research, i.e.,
the factors influencing modal split. The ultimate use of them
in evaluating proposed traffic flow strategies is the area best
address by I3.

The airport access modal split models were generally
unsuccessful or unproven. The Cleveland4 and Wiggers3l models
are of interest since the Cleveland-Hopkins survey data was used.
Cleveland's model was unsuccessful due apparently to data
aggregation techniques; Wiggers' "change" model, using a differ-
ent approach to analysis, is untested and is restricted to a
determination of single mode diversion to transit, The airport
limousine service analysis by Koller and Skinner,32 though
analyzing a very selective problem, has identified several
characteristics of non-resident air travelers using a limousine
service. In light of their results, the concept of small
scale experimentation is given credence. Though generally a
costly approach, the Aerospace Monte Carlo24 simulation has in-
herent flexibility and control available to the analyst. The
approach is worthy of more detailed review to determine the
true capabilities and limitations when considered for airport
access. The current specification of trip purpose and trip
characteristics is insufficient to allow a detailed ggalysis of
airport access modal split. The N-dimensional logit model
allows detailed specification of service measures and mode
attributes to be reflected as trip time and cost characteristics,
but does not consider specific travel behavioral factors.
Rather, the behavioral characteristics are implicit in the
specific model of interest, e.g., non-business/resident from
airport. The model is the most flexible reviewed that allows
definition of a spectrum of multi-modal characteristics.
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Calibration and performance are somewhat unclear because of data
base problems in the situation reviewed but may prove useful
after further calibration and application.

Subsystem Operations

Freck (IDA)40 details 15 basic configurations of intra-
airport transportation systems, each serving in various
degrees of accommodation; the parking areas, transit connec-
tions and intra/interterminal flow. Th%s study is the most
comprehensive available to date. Rosen develops a cost
tradeoff model to_ evaluate an exclusive right-of-way access
system. Tanner, 1 garash, and Barbo develop simulation
techniques which allow detailed analysis of baggage handling
operations, important since this consideration may influence
the trip-maker's decision process.

Many analytical tools exist to duplicate physical system
operations. Most have been developed for examination of
this facet of overall airport operations. These models are
most useful for establishing individual system operational
sensitivities to determine system effects due to temporal
changes in traveler flow patterns into, through, and out of
the airport for both land and airside. For instance, the
simulation model by Chamberlain38 contains a flexible, gen-
eralized approach to evaluation of terminal flow considering
impacts on either the air or landside.

Satellite Terminals

facets of airport location and planning, e.qg., Landi,45 Snell,

Methodologies are available for examining most conceivab136
Boeing VERTOL Corporation,47 and Genest. .

. Conclusions

Mode Choice Analysis:

Airport access mode choice analysis must be sensitive to
traveler behavior. A basic understanding of individual travel
behavior patterns continues to be the most feasible and widely
accepted approach when attempting to determine the effect of
placing new transportation concepts into an existing area.

Relevant factors influencing the behavior of the air trav-
eler must be agreed on. In all three areas of review - urban,
inter—urban and airport access - many models exist or are being
developed which attempt to predict modal choice decisions based
on analysis of behavioral factors. Various statistical tech-

102



niques have been used to confirm causality, eliminate colli-
nearity, and calibrate mode choice relationships. As yet, none
agree on any standard causal relationships. Levels of statis-
tical significance differ with varying explanatory comments.
Methodologies vary in all areas: Stated assumptions, hypo-
theses, analytical approaches, results, and conclusions. All
admit weakness of one form or another, especially inadequate
data to convincingly identify causality.

It is possible that causality is not clearly hypothesized
because of lack of familiarity with the situation being investi-
gated. Analysts may choose data which gives only a partial view.
Viewing this cannot adequately give the entire perspective.

Selection and confirmation of trip purpose and tripmaker
causal relationships are essential when calibrating models by
using situation data where a bias may exist. A generalized
methodology will necessarily require calibration using several
data sources, probably where different causal biases have been
detected. Calibration of a truly generic model to all (or most)
situations may not be feasible; however, any approach to mode
choice analysis should begin with a basic selection of causal
factors related to the situation of interest.

Confirmation of these factors and their level of influence
may require a continuing evaluation of situations where a
significant transportation system change is planned. Continual
research may also be required to determine the values and
sensitivities of various causal factors, i.e., coefficients will
themselves be a function of the socio-economic~political envir-
onment existing at the forecast period of interest.

Data inadequacies must be defined and factored into future
research efforts, and data gathering, storage and retrieval

procedures should be standardized. Data and its meaning in the

environment being investigated seems to be the significant
inhibitor to identification of causal relationships. Survey
data from traveler surveys is generally coded and readily avail-
able for analysis. However, pertinent supporting data essential
to network synthesis seems to be available in random fashion
with varying levels of completeness. Indeed, the relevant depth
and complexity of network replication is unclear and not uniform.
To further complicate analysis, statements of possible bias are
seldom available as part of a data package. Where data is
collected from different time periods, expansion to a common
time point increases the probability of significant bias,

i.e., during the expansion period significant local events or
traffic route changes may be overlooked and distort the approx-
imations necessary in the network configuration. Because of
unknown biases, data aggregation procedures are invoked which
disguise the causal factors being pursued. This often restated
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data problem continues to support the theory that a Federally-
sponsored transportation data bank requiring standardized up-
date procedures mav be a worthwhile investment.

A standardized analytical technique to perform mode split
computations is desirable. Standardization of airport access
modal split models (similar to the BPR packages) does not now
exist though it seems possible. As described in a previous chap-
ter, the trip to the airport does have several unique charac-
teristics. Yet, some.degree of generality is required. Iden-
tification of causality, as already pointed out, needs further
research and agreement.

Standardization permits better overall understanding and
confidence in modeling results as well as reinforcing the con-
cept and applicability of common data bases. Two basic analytical
approaches exist:

1. Simulation: Very appealing from the aspect of giving
the researcher visibility into the influence of many
variables on an individual's travel decisions. Also,
the most costly modeling technique due to the inherent
flexibility allowed.

2. General mathematical formulation: Does not allow
the researcher as much freedom in changing variables.
The researcher must be ever conscious of the assumptions
constraining the validity of model results. This
approach, though often requiring iterative computations,
is generally more cost-effective than simulation.

To properly evaluate a standardized approach, trade offs
of the features of the two basic approaches must be considered.

Satellite Terminals and Subsystem Operations

Catalog generalized system operations models as a package
available to planning groups. The outputs must be sensitive
to system design specifications. Individual model input/output
should be compatible with interfacing system considerations
and with a baseline data format. All system details cannot
be generalized, but the objective is baseline analysis and
specification of an integrated system operation. .
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TRAVEL SURVEYS OF AIRPORT USERS

Traveler surveys provide a portion of the data base which
is the input to transportation studies and generally result from:

1. Evaluation or determination of specific proposed
transportation system changes:

a. Policy changes in existing system
b. Physical changes to the existing system
c. Addition of new modes into the system

2. Assemblage of information to understand transportation
behavior for long-range planning.

Those surveys comprising the first grouping are generally
done as part of a metropolitan area planning effort, some to
determine the degree of success of new ideas exercised in
demonstration projects. Group two surveys, such as the
Cleveland Hopkins Airport Access Survey,® are few. The "1967
Census of Transportation" also falls in this grouping, but is
generally too broad for application in detailed analysis.

Many past data-gathering efforts have been oriented toward
expansion of highway facilities. As a result, reliable traffic
forecasting techniques have evolved over the years. However,
few of the data bases from the past have supported an analysis
of the "character of demand" for travel. Rather, they support
an axiom that all people prefer to travel by auto and provide
only enough_data to forecast an even greater demand for auto
facilities.ll Data bases often are incomplete in that they
consist of the survey material in combination with:

1. Limited supgorting transportation network analysis
information23

2. Supporting data from a different period of time with
broad assumptions necessary about demographic or
transportation system changes that have occurred in the
interiml

3. Incomplete information on alternate modes of trans-
portation available to the surveyed travelersl3

Often analyses are weakened by the assumptions required

105



in order to "fit the analysis to the data." A CONSAD study, 11
the Northeast Corridor Project,25 a modal split analysis by the
Cuyahoga County, Ohio Regional Planning Commission,30 and a

model calibration effort by Rassam, Ellis and Bennett35 specific-
ally mention difficulties in detailed analysis of transportation
demand due to data-base inadequacies.

The "approach to analysis" is the driving function when
weighing the value of, or need for, data. Obtaining new data
is expensive; therefore, every effort should be made to take
advantage of existing data bases including travel surveys. The
selected approach to analysis would hopefully avoid some of the
problems already mentioned above and minimize the need for new
data. Therefore, to support any further analysis, a selection
of surveys was reviewed having specific applicability to air-
port access:

1. Washington National -- 1960
2. New York -- 1963
3. Washington - Baltimore -- 1966

4, Philadelphia -- 1967

5. Toronto, Canada -- 1968

6. Cleveland - Hopkins -- 1968-9
7. New York Limousine -- 1970

8. Boston Logan -- 1970

9. Lambert - Saint Louis Municipal - 1969
10. Northeast Corridor Study Efforts

Tables 10, 11, and 12 reflect the type of data available
in the surveys. Table 10 contains trip purpose and trip maker
characteristics, Table 11 depicts the extent of the surveys,
and Table 12 the travel mode information available. Magnetic
data tapes for Washington - Baltimore, Cleveland, and New York,
are available; others may be: further applicable surveys will
continue to be sought after.

Several surveys have been used in developing modal-split
analyses - the Cleveland-Hopkins bg Cleveland4 and Wiggers3l,
the Washington - Baltimore by PMM35 and the New York Limousine
by MIT.33 The following paragraph entitled "Northeast Corridor
study Efforts" includes data gathering efforts that were
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required to investigate interurban modal splits for the North-
east Corridor Project and were considered useful in an overview
to integrated transportation system analysis. Demonstration
projects for which surveys were conducted are summarized in
"Review of Demonstration Program," since the approach to con-
cept demonstration was more pertinent than the resultant survey
data. Other comments relative to problems with surveys and
data bases are found in abstracts of analyses where particular
problems occurred ("Existing Methodologies"). The following
paragraphs review surveys of particular interest.

REVIEW OF SURVEYS

Origin/Destination of Washington National Airport Users - 1960

The specific goals of the survey were:49 to determine
local origins and destinations of airport users for all time
periods throughout a one-week period (serious snow accumulations
sharply curtailed survey operations on one of the survey days)
and to examine other factors (e.g., mode of ground transportation,
trip time) for relevance to the airport access/egress problem.

Included in the survey were both departing and arriving
scheduled airline passengers, airport employees, and passengers
on non-scheduled aircraft. There was a small number of respond-
ents among passengers on non-scheduled flights. Visitors to
the airport were not sampled. The analyses done were based on
data from two main sources: scheduled airline passengers and
airport employees. Questionnaires completed by the respondents
themselves were the means of data collection used throughout
the survey.

For departing passengers, questionnaires were distributed
and collected by flight attendants. When the flight attendant
was unable to perform these duties, a special short-form
questionnaire, which the respondent was asked to drop into a
mail-box, was employed (these comprised 9.3% of the total
departing passenger questionnaires given out). For arriving
passengers, the mail-back form was used exclusively. The
method of collection for airport employees was not mentioned.
The response rate for the employees was 95% from a sample of
12.5%. The report does not provide the total response rate of
all distributed questionnaires. ,

For a summary of the type of data collected by the survey,
see Tables 11, 12, and 13. As seen in Table 11, the survey
provides limited data relative to trip-maker characteristics.
The report made no mention of a data tape or deck.
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New York 1963-64

The data from this survey was extracted from Reference
6. Because of the nature of an ongoing effort by the
Port of New York Authority (PONYA), further investigation
as to relevance of the data is planned. The survey was
conducted between April, 1963, and March, 1964, to determine
if seasonal variations exist for domestic air travelers
departing from the three major New York City airports.
The reference comments on possible biases induced by the
study decision to drop certain categories which had a
lower than desired return rate. However,

"From the airport-access point of view, the most
valuable results of the survey are data on the
local origin of passengers which can be stratified
by user groups, time of day, and season of year."6

Initial contact with PONYA indicates that much related
survey data is available. New York is progressing in its
plans to develop rail transit service from Manhattan to
Newark and Kennedy airports. Because of the proposed
change in mix-of-access-modes to the airport, an ideal
opportunity exists to analyze before and after changes in
travel patterns in a situation where much of the before
data may already be available. The quality and guantity
of the data need further examination before any conclu-
sions can be drawn. In any case, the PONYA development
will provide a change in modal split, the analysis of
which should confirm or assist in the calibration of a
successful modal split model.

Washington - Baltimore Airport Access Survey 1966

The Washington-Baltimore Airport Access Survey7 was
conducted to collect information about the use of three

airports, National, Dulles, and Friendship, all of which serve

the Washington-Baltimore area. The principal objectives
were to determine the volume and variability of airport
traffic, the geographical distribution of points of local
origin and destination of the airport trips, and the ground
traffic characteristics of airport users. The data was to
be used by the DOT/OHSGT in their studies of the Northeast
Corridor.

The survey is a behavioral study of various groups of
airport users: air passengers (commercial airlines and
general aviation), airport employees, and casual visitors.
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The airports themselves were considered closed systems
within which vehicles and persons arrived from, or departed
to, the outside world. Data was collected from three
sources; a survey of people using each airport; a five-
day cordan count of traffic flows; and the records of
ground transportation lines, air carriers, and airport
employers.

Commercial airline passengers and airport employees
were given self-administered questionnaires. These
questionnaires were collected by assigned personnel except
when the respondents preferred to mail them back in the
pre-addressed, postage-paid envelope. General aviation
passengers were given mail-back forms only (these comprised
a small number of all air travelers). Casual visitors had
three options: return guestionnaires to a member of the
survey team stationed in the airport, place guestionnaires
in survey boxes located at convenient locations, Or mail
back the questionnaires. Air passengers and casual visitors
were surveyed everyday of the six days, selected randomly
in advance. Although initial plans provided for administering
the questionnaires to all flights, about 60% of the flights
at the three airports were finally surveyed. The return
rates of the arriving and departing passengers were 44.,5%
and 40.3%, respectively, leaving open the question of total
sample cross-sectional validity.

In order to determine the number of trips generated by
each type of airport user, the retrieved sample of respondents
was expanded to the counts provided by the Air Transport
Association and the airport employers records. Samples
of the casual visitors' survey were not expanded because
it was not known what percentage was surveyed. The tables
10, 11, and 12 summarize the type of data gathered.

A summary report of the study is in Volume I of the
Washington-Baltimore Airport Access Survey. The basic
data tabulations are contained in Volume II. Volume IIT
describes, in detail, the survey design, data collection,
coding, processing, sample expansion, evaluation, and
recommendation for future surveys. Data tapes are available.
Volume IV contains data-processing information. Reference
50 provides more detailed data description of the information
on the tape.

The survey data has been used in a planning effort by
the Washington Council of Governors; modal split model was
calibrated. The model was used to forecast area needs, and
results were reported in an Tmmediate-Action Improvement
Program.
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Details of the modeling effort and analysis are included
here in the paragraph called "N-Dimensional Logit Model."
The approach to analysis pointed out that lack of "resident/
non-resident"” information from the survey caused difficulty
in model calibration. From the survey, Figure 16 provides

a summary of the categories of users making trips to the
three Washington area airports. Reference 51 provides a
summary of survey results and suggests two suburban access
improving alternatives: an urban VTOL system or air service
patterned to airport transportation problems. The policy
change involves modification of the air service patterns

of the three airports in order to provide more balanced
(long and short hand) service from all three and implies the
addition of point-to-point, airport-to-airport transportation.
Though the residency information is missing, other useable
data relative to mix-of-modes is available and should be
evaluated in greater depth.

Philadelphia International Airport - 1967

The Philadelphia International Airport In-Flight Origin-
Destination Study of 196832 was conducted "to meet the
objectives of developing transportation criteria for
architectural and engineering planning and to test the
adequacy of access routes, and parking facilities."52,

Air passengers (departing and arriving) and airport
employees were surveyed in this five day (Monday-Friday)
study during November 1967. During the survey, there were
over 2,200 commercial take offs and landings. These were
comprised of 231 inbound flights and 229 outbound flights,
each of which was surveyed inflight once during the survey
period. Also included in the survey were air-taxi and
charter services. Parking lot and traffic movement was
determined from manual and automatic traffic counts and
analysis of several weeks of parking lot "time stamp"
tickets. Worthy of note by Corradino and Ferreri53 is that
the questionnaire return rate was only 67.2%(10,133 of a
possible 15,070). This seems out-of-order for an in-
flight survey, "captive audience," but no explanation
was provided.

The survey documents contain details of processing ,
techniques, statistical sample selection procedures,
and tables of summary data. Corradino summarizes the
survey effort including this comment about cost:
"An interesting fact about this survey was its cost.
In total, $1.49 per interview was required to complete
the surveying task. This cost included charges for
engineering work and its support, as well as machine
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and material costs. It covered the complete
operation from design of the questionnaires, through
coding of returns to editing and processing the
coded data."53

Traveler's trip duration is not available in Tables 11
through 13, which is essential in modeling "out-of-pocket"
cost considerations.

Table 14 reflects some principal findings. Via the
1968 basic documents, recommendations were submitted to the
Philadelphia Deputy Director of Commerce for Aviation.
These were based on the original forecast of air-travel
predictions. The 1969 supplement was necessary when the
air travel forecasts were updated by Airborne Instrumentation
Labs (AIL)54 and discussed by Stafford.55 The conclusions
from the earlier report indicated that rapid transit could
not be recommended without detailed capital operating cost
studies and proposed upgrading of highway facilities as
the alternate solution. AIL forecast much greater air
travel growth than originally predicted. After re-
evaluation, the supplementary study concluded that the
originally proposed roadway improvements and airport
parking facilities would be insufficient. It recommended
a rapid-transit extension to the airport to reduce traffic
levels to the capacity of the roadways.

Corradino applied the survey results to a study of the
asymmetry of access travel:

"Trip data developed through the in-flight survey
enabled tests to be performed to determine whether

the number of trips made by air travelers from locations
within the metropolitan area to the airport equal the
number of trips made from the airport on an average
weekday. Five statistical tests were conducted. Each
was performed for the Philadelphia metropolitan area,
the individual counties that comprise the metropolitan
area, and the Philadelphia CBD."56
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Table 14. Summary of Conclusions>2

@ Only 16% of all air travelers have a trip
origin or destination in downtown Philadelphia
—— more than 8 out of 10 air travelers are
going to other points in the Delaware Valley.

® Seven out of 10 air travelers are on company
business with "pleasure" trips as the next
highest category at 14%.

@ Private automobile is the predominant access mode
to the airport - - half the air travelers gain
access by private car with another 10% using
rental cars. Downtown Philadelphia generates
more "common carrier"” traffic than all other segments
of the region put together.

@ Male air travelers outnumber females by better
than 4 to 1. Approximately three-quarters of male
air travelers were on company business with the
largest category of females being the 44% who made
pleasure trips.

@ Approximately 70% of air travelers check at
least one bag.

® Airport employees also show a scattering of
origins with the largest group (44%) living in
the city of Philadelphia. Delaware County accounts
for the second highest proportion of ailrport
employees with 34% residing in that area. Almost
9 out of 10 airport employees travel to work by
private automobile.

Conclusions were:

n__.A one-directional survey, properly designed and
conducted, accurately mirrors the reverse direction

of travel. In this way, one-half the in-flight survey
effort can be eliminated and survey costs reduced
without lessening the survey accuracy. A comparison
of the trip information developed by the in-flight
survey with comparable data produced through a home-
interview survey indicates that the latter technique
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cannot be used to reconstruct fully ground travel
generated by airports because of the absence of

data on nonresident air travelers. Any analysis of
airport ground travel based on data drawn from
home-interview surveys should be supplemented by

an examination of non-resident air passenger traffic."S5%

The conclusion that a one-directional survey accurately
mirrors the reverse direction of travel was proven
statistically only for geographical origin/destinations.
There is no proof that the access modes to and from the
airport are symmetrical, information which is important to
transportation system planners.

The Philadelphia access improvement program should
provide good "mix-of-modes" information for incorporation
into future traveler behavioral studies. Investigation
into the details of improvement is appropriate to ascertain
the value and level of any further data collection.

Toronto International Airport 1968

The Toronto survey57 is quite limited in that only
6.2% of out-bound air passengers during the survey week
was sampled. In-bound air passengers, airport employees,
and airport visitors were not included. In view of the
small percentage of people canvassed and of the limited
scope of the survey, the study cannot be representative
of airport activity and thus is not useful in large-scale
analysis. Canadian air-traveler characteristics may also
vary considerably from United States patterns and possibly
reduce analysis of the data to an inappropriate academic
exercise.

Cleveland-Hopkins Airport Access Survey 1968-69

The Cleveland-Hopkins Airport Access Study4 was under-
taken to determine the effects of a new airport extension.
to the rapid transit line from the Central Business District.
Free parking lots were available to transit patrons at
most of the suburban stops except the airport. At the air-
port, pay-lots were available and an approximate S5-minute
walk separated the lots from the air terminal. .

The survey report is a behavioral study. Results are
to be used to help develop a modal choice model that can
help assess the feasibility of rapid rail service to air-
ports in other cities of the U.S. The survey and analysis
effort were sponsored by the DOT/Office of the Assistant
Secretary for Policy and International Affairs.
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Data was acquired by means of a survey of air passengers,
airport employees, and visitors going to and/or from

Hopkins Airport. Two surveys were conducted: one before

the completion of the new rail extension, the other, one

year later, after completion. Questionnaires were
distributed, completed, and collected immediately (passengers
in flight, employees at work). No mail-back format was

used. Personal interviews were used when questionnaires were
not suitable (visitors in the airport and riders on the

rapid transit extension line were interviewed in this manner).

Included in the study volume, "Survey Procedures," were

the following suggestions for improving future surveys:

1. Use survey personnel to the fullest extent in
actually distributing and collecting materials
from the airline flight crews.

2. Plan on-board airline surveys 3 to 4 months in
advance to insure adequate time for coordination
with the airline.

3. Use personal liaison with groups involved in
conduct of the survey to better stress the workings
and importance of the survey.

4. Use survey personnel to gather control information
essential to data expansion. They can recognize
omissions and inconsistencies more quickly than
airline employees.

5. Surveys of airport employees should be done by
personal interview or, if self-administered
surveys are necessary, use survey personnel to
distribute, explain, and collect the questionnaires.

6. Get larger samples of casual visitor responses
because of the indicated instability of this
segment of the airport travelers.

In addition to the traveler survey, other data was
required to support a comparison of travel time and costs
between the rapid transit line and other modes of travel.
All of the highway travel times and costs for private cars,
taxis, and limousines are based on data obtained from the
files of the Northeast Ohio Areawide Coordinating Agency
(NOACA) . All data obtained by the survey and the format for
computer processing are contained within the 5 volumes of
the survey study and the accompanying data tapes. The data
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collected in Phase I and Phase II of the Cleveland Hopkins
Airport Access Study indicated:

lll.

57.6% of the 3,600 average daily rapid transit
riders to or from the airport are air passengers.
Only one-quarter of the air passengers that ride
the rapid transit start or end their trip in the
Cleveland Central Business District.

13.2% of the air passengers using the CTS Airport
Rapid Transit transfer to or from the Shaker
Heights Rapid Transit System and make as many as
25 local stops in addition to the transfer on
their trip to or from the airport.

14.5% of all air passengers originating or termina-
ting their trip at Hopkins Airport ride the rapid
transit. Of greater significance, more than 25%

of all air passengers with origin or destination

in the rapid transit service area ride the rapid
transit.

The opening of the rapid transit extension to

Hopkins Airport resulted in declines for three

modes of travel - private cars, taxis, and limousines.
The limousine service showed the greatest decline
(46.6%), followed by taxis (26.0%) and private

cars (8.2%). Rented cars and hotel-motel and

other courtesy vehicles both showed an increase.

All modes of travel, however, showed a decline

in the rapid transit service area.

More than 30% of the air passengers with origins
or destinations in the Cleveland Central Business
District, the University Circle Area, East
Cleveland, Cleveland Heights, South Euclid,
University Heights, and Lyndhurst ride the rapid
transit to or from the airport.

The typical air passenger taking the rapid transit
is male (80.1% of the passengers who ride the rapid),
has an annual family income over $15,000 (6l.2%),

is on business or traveling to or from a convention
(58.6%), checks only one bag or none (82.4%), and

is traveling by himself (72.3%). Sixty-two

percent of all air passengers riding the rapid
transit check at least one bag on their flight.

4% of passenger-related visitors traveling to
Hopkins Airport use the rapid transit extension.
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The opening of the extension resulted in declines
in two modes of travel for this group - private
car (3.6%) and limousine (41.2%). Although
rented cars and taxis both showed an increase in
use, limousines, rented cars, or taxis are not
used by passenger-related visitors to any great
extent.

8. 8.4% of the airport employees rode a public bus to
work before the rapid transit extension opened.
A much larger number of employees (18.1%) expressed
the intent to make frequent use of the rapid transit
extension. After the extension was opened, 11.2%
of the airport employees were using the rapid
transit for their trip to work. However, there
is only one rapid transit station at the airport
near the Main Terminal Building. Only half of the
employees work in the Main Terminal Building and
most of them live near the airport and own at least
one car.

9. 17% of the rapid transit riders to or from the
airport are casual visitors, i.e., persons
traveling to the airport to sightsee, eat at the
restaurant, obtain trip information, conduct
business, or use the airport service facilities."4

Additionally, it was observed that all income groups were
represented in the ridership of the rapid transit line.
Non-resident business men and students used the line to a
greater degree than the other groups.

Since this survey was structured to develop a modal
split model, it contains more correlative data in a larger
sample than most other studies. Tables 10 through 12 confirm
the level of data stratification that is available. Limited
approaches to model development have been attempted as
seen in References 30 and 31. Both used discriminant
analysis with diversion curves as output. The former was
unsuccessful, the latter is not yet complete. The section
entitled "Existing Methodologies" of this report contains
more details of the two modeling efforts.

As was mentioned in Modal Split Analysis by Cleveland
Regional Planning Commission, 30 the total number of weekly
air passenger rapid transit trips from the rapid transit

interview survey differs by 8% from the air passenger survey
results. Possible causes are data-expansion procedures and in-
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correct modeling assumptions. Also, a modal split model was
determined not meaningful for respondents using rented cars,
hotel-motel vehicles. This survey has the most potential of
those reviewed and should provide the development of a

data base to conduct modal split analysis.

New York Limousine Service - 1970

The aim of this survey and study by Skinner and Koller®
is to answer several questions: Are the socio-economic
characteristics of airport-limousine passengers different
from those of air travelers in general? Are there signifi-
cant user groups of limousine passengers which have specific
characteristics in common? How do limousine passengers per-
ceive their alternate modes of access to the airport?

Data obtained by this behavioral study is listed in

Table 10. Two sets of almost identical questionnaires were used:

one for passengers going to the airport, the other for
passengers coming from the airport. The questionnaires
were distributed and collected immediately when possible,
thus insuring a high response rate (90%). Passengers
generally had ample time to answer the questions while
riding in the limousines. Mail-back questionnaires were
given to those passengers who did not complete them enroute
from the airport.

The survey results were summarized in tables and plots,
consisting briefly of:

1. Socio-~economic characteristics of limousine and
air passengers when compared to 1963 PONYA data

2. Resident and non-resident air passenger knowledge
of access modes available to them

3. Amount of luggage carried by various categories
4, Data on arrival times before flight departure

5. Tabular compilations of all the data obtained
including a market penetration analysis

Data from this survey was used to aid the following
studies: A Demand Analysis33 and Modal Split Models for
Airport Access.32 Both were conducted by members of M.I.T.
and are further treated in "Existing Methodologies" of this

report.
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Data format and storage techniques were not investigated
since the sample was small and too limited for assessing
the general airport-access, modal split choices. However,
a detailed treatment of a specific modal split situation,
where a fairly captive audience was available to analyze, is
provided. The study is of current interest since M.I.T.
and the Wilder Limousine service plan further tests of the
recommendations resulting from the survey, thereby providing
a "before-and-after" data analysis.

Boston-Logan, 1970

This survey's results is the preliminary summary of findings

for an access survey conducted in June, 1970 by the Massachusetts

Department of Public Works.58 A data tabulation includes:

1. Hourly volume of private passenger cars
2. Hourly volume of taxis

3. Hourly volume of limousines

4. Subtotal hourly volume of all passenger vehicles
5. Hourly volume of buses (excepting MBTA)
6. Hourly volume of all trucks

7. Hourly volume of 2-axle trucks

8. Hourly volume of multi-axle trucks

9. Hourly volume of all vehicles
10. Hourly volume of person trips
11. Hourly volume of MBTA bus person trips

12. Ratio of manually classified vehicles to automatically
classified vehicles by hour

A detailed schematic of the cordon area is presented

in the survey including influences of the main arterials
feeding the airport. Two data summary sets of interest are:
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"Occupancy rates per vehicle are predictably

higher in airport-generated trips. In addition,

the main access (Route C-1) generates significantly

higher occupancy rates than the secondary accesses

which service predominantly on-site work trips.

Sunday occupancy rates are highest of all. The

rates are as follows:

Route C-1 Ramps Sunday 2.4 persons per car inbound
2.6 persons per car outbound

Route C-1 Ramps Weekdays 1.8 persons per car inbound
1.96 persons per car outbound

Frankfort Street

Porter Street Weekday 1.2 both directions58

Maverick Street 5

A growth from 24,900 vehicles in 1967 to 28,600 in
1970 equals a growth rate of 4.7% annually on the
primary automobile arteries into the airport. The
study pointed out, however, that the most vigorous
growth at Logan is in truck service to the air
freight operations and that the service uses a
different primary access route than the noted
arterials.

An air traveler interview package was included.
Pertinent characteristics are recorded in Tables
10-12. As seen in Table 11, detailed information
on utilized access modes is being collected. Also,
a combination of rail transit service and shuttle
bus are one of the access modes available. Other
data taken by the survey but not noted in the
Tables includes attitudinal information collected
to determine traveler preference relative to
proposed rapid transit improvements. Improvement
options involved system changes; e.g., intra-airport
rail additions and express bus additions from
downtown and suburbs. Transit policy changes
included scheduling, improved terminal and vehicle
appearance, and baggage handling.

Muehlberger59 provides a good synopsis of the access
problem at Logan Airport. He discusses the present
system and its inadequacies in light of projected
demand. Improvements in the access rail transit
system and the need for an intra-airport transit
system are also included.
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The Mass DPW has been contacted to determine

the availability of data. The Boston improvements
involve significant mix-of-modes including use

of an airport IAT. In light of the forthcoming
changes and expected changes in existing mode
ridership, this development is a desirable area for
observation of passenger behavioral trends.

Lambert-St. Louis Municipal - 1969

Voorhees and Associates 60 summarized the results of
an airport-access study for the Lambert-St. Louis municipal
airport. The objective was to study air travel demand
impacts to 1990. Approximately 60,000 terminating and
originating air travelers were interviewed. The data does
not include information relative to trip origin or
destination. Linear-regression models were developed based
on "types and intensity of land use" of 387 transportation
zones surrounding the airport. Information on the survey
and study was limited to the referenced document.

Northeast Corridor Transportation Project (NECTP)

Three sources related to demand analysis and survey

procedures required for the NECTP were reviewed. Of particular

interest were the procedures for determining access/egress
parameters to the various modal terminals. Rothenberg and
Prokopy25 develop the elements of a traveler's intercity trip

including access time and cost and terminal access time and
cost, where:

1. Access time and cost are the time required to drive
from home to the terminal parking lot with the
associated out-of-pocket (OOP) costs required for
the trip. OOP costs..."vary from 2.3 cents per
mile to 3.8 cents per mile, depending on speed
of travel, and all toll charges."25

2. Terminal-access time and costs are the time
involved from entering the parking lot to scheduled
gate departure (purchase tickets, checkbags, etc.),
and the associated parking costs. ;

Egress times and costs are symmetrical at the trip
destination. Access and terminal impedances are developed
based on limited data. A basic assumption underlying the
access impedances is stated: v _.that the typical trip has
a residential origin and a central city (CBD) destination."2
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Travel time is assumed to be the most direct route and an
average of peak/off-peak travel times.

Because of data limitations, the analysis approach used
existing survey data wherever possible. The Washington-
Baltimore Airport Access Survey, the PONYA in-flight surveys,
the Philadelphia International surveys, and the Washington
0/D survey were used in the NECTP analysis. A complete
review of the study and results are beyond the scope of this
document; however, the summary comments related to data
problems are included in the paragraph called "Understanding
Specific Subsystem Operations." The Northeast Corridor
Intercity Travel Survey will fill a part of the data void.

Two related documents propose intercity survey needs and
procedures. PMM6l develops site-selection alternatives for
the Northeast Corridor based on a methodology of determining
travel behavior. Selection factors fall in three broad
categories:

1. Economic activity index
2. Spatial-cost separation
3. Level of service by mode

Definition of the factors is included in Appendix K. Based
on the factors and a factor weighting scheme, five alterna-
tive Corridor site combinations are evaluated.

ABT Associates2 propose a sample design and survey
procedures for regional travel between specific district
pairs. Screenline procedures are recommended over other
alternatives. Household surveying requires recall of
important travel details over a past period. However,
aggregation at the desirable level of geographical detail
would be difficult, and cost of field work would be prohibitive.
Real-time interviews at terminals and highway sites (nodal
sampling) may require sampling for long periods of time to
identify traveler groups representing a small fraction of
the population. Coverage would be inadequate because site-~
selection requires that the collected data be analyzed at
any desired level of geographical detail. Screenline ’
sampling provides, first, for sampling the target population
of the survey region at survey sites, and then for determining
the county pairs on the basis of information obtained
from the sample itself. The report covers the mathematical
design and definitions of the survey population, the survey
procedures and questionnaires and reasons for their selection,
the overall plan for implementation, and guidelines for
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controlling the fieldwork. Cost documentation and control
requirements necessary to implement a survey of this magnitude
are also discussed.

SUMMARY AND CONCLUSIONS

Many of the necessary trip and trip-maker characteristics
are available in the Cleveland-Hopkins Airport, the
Washington-Baltimore and the New York surveys. However,

a review of existing surveys cannot testify to the complete-
ness of an adequate data base for studying airport access.
Since modal split model calibration is a desirable end product,
continued evaluation is necessary to establish the adequacy

of correlative demographic and network analysis information.

As noted earlier, other analysts have had limited success,

put many variations of data manipulation are possible

and it is felt that the selected surveys have considerable
room for further exploration before thought is given to
stating new requirements for data.

The variability in existing survey techniques and
resultant data bases leads to the following suggestions for
a Federal role:

1. Provide new directions for standardized surveys and
data base correlation.

2. Develop a technique for review and evaluation of
transportation studies being conducted in all
metropolitan areas. The objective would be to
select candidate programs for before and after
surveys with prime consideration being a significant
change in one of the many transportation modes.
Cleveland-Hopkins is the only current example;
the general trend implies a cross section of data
from various metropolitan areas. At a minimum,
model consistency should be confirmed with data
from two metropolitan regions and the model must
be continually evaluated as new data becomes
available.

3. 1In correlation with 2, establish guidelines for
funding of surveys which would function as a
standard consideration for grants involving studies
by areas planning changes in existing transportation
systems.
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REVIEW OF DEMONSTRATION PROGRAMS

A limited review of demonstration Programs was made
to assess their usefulness in developing new airport
access systems and services. Demonstrations have many
purposes

l. They create an awareness of new opportunities among
local officials and the traveling public., Local
government units, airlines and ground transportation
operators are more willing to invest resources
in new access systems if they have assurance of
market and operational feasibility. Studies can
furnish this assurance only to a limited degree.
However, no argument is more convincing than:

"This system worked very well when it was tried
at the XYZ airport."

2. Demonstrations can be used to establish the technical

and operational feasibility of a transportation
concept in an operational environment. This is.
particularly useful for new, unproven modes of
transportation to provide a limited demonstration
prior to making the capital investments for a
full scale system.

3. Demonstrations can be used to establish market
feasibility, particularly to establish market
elasticity of various service and fare levels.

4. Demonstrations can be used to obtain transportation
pPlanning data, to forecast travel behavior with
respect to new and changed transportation services.

SAN FRANCISCO DEMONSTRATION

Demonstrations have not been widely used in airport
access. To the best of our knowledge, only one, the UMPDA-
funded air-cushion-vehicle (ACV) demonstration in the
San Francisco Bay area between the San Francisco and Oakland
airport,®3 has involved airport access. The purpose of
this demonstration was to determine the operational and
economic feasibility and public acceptance of air-cushion

vehicles as a means of airport access and public transportation

in metropolitan areas.
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Since the only vehicle available for the demonstration
was the l4-passenger SK-5, manufactured in England by
Westland Aircraft, Ltd. and modified in the United States
by Bell Aerosystems Company, the tendency to assign the
qualities of the SK-5 to all existing and future ACV's
must be carefully avoided. Vehicles which are larger, more
comfortable and more economical are being developed, and
many of the apparent l1imitations of the SK-5 may be
eliminated.

Where airport access and public transportation can
be performed primarily over water, utilization of ACV's is
operationally feasible. ACV's can operate compatibly with
and in close proximity to other airport and marine traffic.
Operation during low visibility and darkness seems possible
pbut the necessary procedures have not been fully developed.

Trip cancellations due to high winds and waves were
numerous, especially during summer afternoons when the
winds in the San Francisco Bay area frequently exceed 20
knots. However, this is considered due to the characteristics
and limitations of the vehicles used rather than to ACV's
generally. The use of larger, heavier craft would not
require cancellations under similar conditions.

Cancellations due to mechanical malfunction of the
vehicle or equipment were also more frequent than should be
experienced. However, much of the equipment used in the
SK-5 was off-the-shelf and not optimized for the operating
environments; for example, simple items such as windshield
wipers gave undue amounts of trouble. When items such
as these are developed with the ACV in mind, and when ACV's
are constructed by American firms so that spare parts are
readily available, mechanical reliability of the vehicles
will be greatly improved.

ACV's are primarily suited for over-water applications,
although they can operate over land. For regular overland
operation, clean rights-of-way or taxiways are essential.
Nonetheless, vehicle skirt wear is appreciable, and skirts
require considerable maintenance. Improved skirt designs
and materials, which would reduce friction between the skirts
and the ground, and proper operator technique should help
to provide increased skirt life with less maintenance and
greater flexibility.
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Although Acv operators do not require extensive training,
experience in a responsible position and sound judgment are
invaluable. The ACV control systems are similar to those
of aircraft; however, many of their operating characteristics
over water are like those of vessels. Flying experience

benefit, Thus, if the airman is adaptable to the way of
the sea and the seaman has the necessary aptitude
anticipation for the craft's high speed and aerodynamic
control, both have equal potential as ACVY operators,

Personnel assigned to maintenance should be fully
qualified mechanics, preferably with experience in the
maintenance of aircraft since ACV systems and maintenance
pProcedures are similar to those of aircraft. Proper
maintenance of the vehicles is essential to satisfactory
performance.

Of the three Principal factors affecting economic
feasibility-passenger revenues, direct operating cost, and
indirect operating cost, only the direct operating cost
developed during the pProject is useful. For the SK~5 Acv
it came out to be approximately $ 0.23 per seat-mile, based
on the following: use Primarily in an overwater environment,
annual utilization of 1,800 hours per vehicle, block
speed of 50 mph, and a 14 seat capacity,

This operating cost is high compared to most other types
of transportation. As larger vehicles are constructed,
the operating cost per seat-mile will undoubtedly be reduced.
Presently however, operation of the SK-5 vehicles in public
transportation appears to be economically feasible only
in special applications, such as on short, point-to-point
routes; over relatively calm water; connecting points generating
large volumes of Passengers who are willing to pay a
Premimum fare; and for which alternative routes are more
lengthy and time consuming,

operations since this cost can vary substantially
from company to company. Also, because the ACV fares were
the same as SFo Airlines' helicopter fares, including the
various reductions for through-fares used by agreement

with long-haul air carriers, there was no opportunity to
determine what the level of fare should be to generate
maximum revenue, Therefore, the revenue which was collected
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does not give a good indication of the potential feasibility.
on the other hand, the information obtained with respect to
the direct cost of operating SK-5 ACV's, primarily in an
overwater environment through an extended period, will allow
appraisals to be made of potential economic feasibility based
on individual estimates of indirect costs and local marketing
studies.

The passenger acceptance of the ACV service was gratifying
and encouraging. Even at this early stage of development,
people seemed to enjoy riding it. No doubt, much of the
enthusiasm was due to the novelty of the craft that "gkims on
a cushion of air;" however, larger vehicles are developed with
increased comfort and economy, passenger acceptance will
most likely increase also.

GROUP CAB RIDING AT LA GUARDIA

in addition to the yMTA-funded San Francisco Demonstration,
there have been innovative locally funded transportation
projects that can be classified as demonstrations. Two such
demonstrations occurred in New vork in 1968 and 1969.

in 1968, a group cab-riding experiment was conducted at
the Eastern Shuttle Terminal of La Guardia Airport in which
persons not traveling together share the same cab. If this
demonstration had been successful it would have been extended
to all of La Guardia and Kennedy Airport. When the experiment
ended prematurely on December 31, 1968, the New York Times
printed the following account of the experiment:

"Group taxi riding begun as an experiment last April
from La Guardia Airport, Queens to Manhattan, sputtered
to a halt last night.

"The experiment ran out of money with which to pay
dispatchers, who were directing passengers at the airport
to cabs.

"In its nine months of operation the program drew a mixed
reaction from passengers, cab drivers, and city officials.
1t was designed to provide those who arrived on shuttle
flights from Boston and Washington with cheaper rides
into Manhattan from the Eastern Airlines Terminal. If
successful, it was to have been expanded to other
terminals.

"But many travelers, particularly pusinessmen on expense
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accounts, were not concerned with the group-riding saving
of $1 or slightly more. Many other travelers, however,
liked the plan because of the saving and also because at
rush hours it virtually guaranteed them a taxi.

"Many cab drivers complained that the group riding should
have been allowed only during rush hours, because at
other hours the demand for cabs was so light that long
lines of taxis developed.

"The Lindsay administration which proposed the experiment
and helped set it up, praised it at the outset and again
yesterday. Deputy Mayor Robert W. Sweet issued a state-
ment yesterday noting that the "experiment was successful"
and expressing regret that no method of financing could
be developed to save group riding.

"Eastern Airlines financed the experiment during the first
eight months at a cost of $42,000, which the carrier felt
was more costly than the benefits it was deriving from it.

"The city, and the Metropolitan Taxicab Board of Trade,
which represents the taxi fleets here, then attempted to
develop a new financing plan.

"Bernard Lerner, executive director of the fleet organiz-
ation, suggested that the fleets pay a substantial part of
the cost of dispatchers, but he wanted Eastern and the

men who owned their own cabs and used the dispatchers to
contribute as well. Negotiations to work out this three-
way arrangement failed this week.

"Deputy Mayor Sweet expressed the hope that the experiment
could be revived, but he did not suggest how it could
be financed.

"The taxi fleets have proposed group riding from both

La Guardia and Kennedy International airports only during
the rush hours and with higher fares from Kennedy to
induce drivers to go there and pick up fares.

"The Lindsay administration has been reluctant to recom-
mend to the City Council any increase in cab fares."64

PAN AMERICAN'S SATELLITE TERMINAL

In 1969, Pan American started a satellite terminal and
bus collection service for Kennedy Airport in the New York
suburban area. This was mainly a market feasibility demon-
stration. Due to the institutional frame, however, it also
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contained overtones of an operational feasibility demonstration.
When the service was announced, the New York Times described
the demonstration as follows:

"In a major innovation for the air traveler, Pan American
World Airways has decided to go into the suburbs to
collect passengers and - it hopes - relieve crowding at
Kennedy International Airport.

"The airline said that under the plan, to be implemented
next month, it would establish a network of "subterminals"
on Long Island, in Westchester County and Connecticut,

and in the Bronx and Brooklyn.

"Passengers from those areas booked on Pan American
flights may go to the suburban terminals, present their
tickets, check in their baggage, choose the seat they
want on a plane and board a small bus. Then they will be
taken directly to Kennedy to board their planes, by-
passing the airline's terminal check-in facilities.

"In most cases, airline spokesmen said, passengers will
have to walk through the Pan American terminal building
to reach their planes. But in some instances, passengers
may be deposited directly on the airport ramp next to
their planes.

"Returning passengers will be able to ride the airline
bus back to the suburban terminals, which will have
'limited' parking spaces for private cars, the airline
said. As one spokesman said:

'A passenger will be able to check in his bag at
White Plains, or one of the other terminals, and he
won't see it again until he reaches Buenos Aires or
wherever he's going.'

"At some time in the future, the airline said, helicopter
service may be offered from the suburban terminals to
the Kennedy terminal. Pan American already offers

passengers 'on call' helicopter service to the airport
from a heliport on East 60th Street in Manhattan."

The new service ran into two problems. First, an
established limousine operator filed suit against Pan American
for operating an improperly licensed service since it had no
license from the City of White Plains or the New York Public
Service Commission. Pan American argued that since it is an
interstate carrier, CAB has sole jurisdiction over its service
and city ordinances do not apply to it. Secondly, and more
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importantly, the service never attracted sufficient passengers
to make the satellite check-in-limousine service fiscally
feasible. At times the buses carried only one or two passengers.

After operating the service for nine months, in March 1970,
Pan American joined American, Eastern, TWA, and United in a six-
month trial of what the airlines called "Metropolitan Airport
Terminals." The airlines utilized the local limousine carrier
from Greenwich, White Plains and Manhasset. However, because
of the airlines own financial problems and insufficient traffic,
the experiment was dropped at the end of the trial period.

Given stronger financial backing, more publicity, more
frequent service or different fare structures, it still remains
questionable whether the two New York experiments could have
developed successful access alternatives. However, one factor
is apparent: there are diverse viewpoints among travelers and
carriers on the desirability of various access mode mixes.

Some travelers do not care for group taxi riding; operators seem
to like it when taxis are in short supply (rush hour) and do

not care for the system when taxis are in excess supply (off
hours). Established limousine services considered the satellite
terminals undesirable competition, as indicated by the suit filed
against the experimental service.

OTHER DEMONSTRATIONS

Several other (non-airport-access) research efforts,
conducted in relation to federally financed Urban Transportation
demonstrations, were also reviewed. These studies, like those
in connection with the San Francisco experiment, concentrated
on assessing the technical and fiscal feasibility of the new
services. Many were unable to come up with a meaningful
assessment of market feasibility due either to the short
duration of the project or to the limited scope of the demon-
stration.

Both local and intercity travel patterns vary widely with
respect to time of day, day of week, month of year, holidays
and weather conditions. Thus a break-in period plus a minimum
of one year of operation is necessary to measure the acceptance
of the service. Furthermore, if the service is subsidized-that
is if, even in the long run and one does not expect to recover
the initial capital expenditures-it behooves one to question the
effect of the service (or service changes) on overall travel
patterns, i.e., Did the service generate new trip making, or
primarily mode diversion? Who benefits? Who is hurt? Very
few of the demonstration projects (for instance the Skokie Swift
Study) tried to answer any of these crucial questions specific-
ally, but these are precisely the questions which must be
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answered to effectively plan new transportation services.
Furthermore, these problems can only be solved empirically by
observing transportation service changes.*

CONCLUSIONS

l.

2.

Only limited use has been made of demonstrations in
airport access.

Only the study of changed travel behavior through
change of service can answer some of the basic

travel questions associated with airport access. Thus
demonstrations can be an important source for the
development of travel data.

The minimum length of demonstration needed to
establish the market feasibility of a new service

or change in service has not been established; however,
a break-in period plus one year of operation appears
to be the minimum requirement.

Most studies associated with demonstrations have not
addressed the question of the effect of service level
trip generation and modal split patterns, nor can they
be considered to be meaningful cost/benefit studies.

The attractiveness of new transportation services can
be handicapped by limited capital investment.

Since one important purpose of demonstrations is the
creation of public awareness of new transportation
services (or options), demonstrations that fail due
to underfinancing can give an unwarranted negative
impression of the new services, and thus fail to
enhance public acceptance of a promising new trans-
portation mode.

* Michael Arrow of Northwestern University is currently
conducting a review of federally-sponsored demonstration
projects as a master's degree project. His thesis reportedly
contains quantitative evaluations of some of the factors
mentioned here. The thesis, as an HRB paper, will be
available in late 1971.
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A RESEARCH PLAN

This plan is based on the conclusions drawn in the preced-
ing sections, many of which are neither new, nor revolutionary.
However, they do point to the continued worsening of the
problem of airport access at the major metropolitan airport and
reveal no overall plan for solving the problem. The long~range
plan presented here calls for providing local authorities and
communities with a better comprehension of their technical and
fiscal options, and with the tools to assess these options on a
continuing basis. Specifically, the plan calls for two basic
approaches:

l. Organize an Airport Access Planning Assistance Program
including demonstration of new concepts.

2. Develop an Airport Access Technical Planning Package.

The approaches are interwoven to a degree, using common
data and analysis wherever possible. Each are developed in
separate paragraphs. Table 15 lists a task plan. Figure 17
reflects the interrelationship of the tasks in a time-phased
schedule. Table 16 states various milestone outputs from the

Program,

135



sseooad bButuueTd sacadutr o3 weiboad JuswoTdul

ueTd @oue3lsTSse ajebTnwoad

4

T

wexboxg uoTrjejzuswaTdwI °D

sTte3ap weaboad Azytoads

saTousbe Teool pue ‘Teuotboax ’‘Teispsd JO IBUTWSS BTA 2nbTITID

'z

T

1deouo) ooue3lsSTSSY butuueld 9zZTTeutd pue anbr3tad ‘g

SIUTRIFSUOD pue sapnjitiet wexboxd {seoegadajur Ayroads °p
sjuswtaadxe burtdoTaadp UT STOXI TeIBPI4 K3toads (2)
eTIS]3TIO OTseq auriad (1)

suoTjeIjSUOWSP IO0J SDUTTSPINd aurysa °2
soTouabe bHutuueld pue sasbeueu 3xodate Asaans (Z)
s90aINn0s Teaadpad AKaaans (1)

ssuexboad JuswaAoIdwT ss900B SATIOR [T M3TAdY

3x0ddng Teaopdd JUSIIND MITAdY °®

suwexboxd goa utol dotsasd

sTeob LA3toads

*e

T

wexboxqg surreseg doraasq °yY

weiboig 9ouelsISSy burtuueld ssoo0o0y 3xodaty ue aztuebI0 °I

(¢ 30 1 399ys) UueTld sel °GT STABL

- .

136



yimozb ITe TeUOTIRU SOUSNTIUT URD YOTYM SIOJORI TeDOOT SUTWISLad (€)
S®TITATITSUSS 3SLOSI03F Y3jmoxb ITe ysTIqe3lsy (z)
| I0oTARYUSQ T2ARI} auTwaslag (T)

sdiysuoTjeiax azATeuy °e

puBW®P O3UT YDILP9SDdI OTSeq WwIoFIag °I

wexbold yoIesssy OISed © 93BTITUT
saanpeooxd 3ssnbax xesn auriag °o
we3sds jusueTdwr °q
suoTido jusuwsbeurw ejzep doreasg °e

wa3sAs juswebeuew ejzep B ojur o3erodioourl °c

elep STqeITeA®R JO3TT0D °¢

pe2atnbsx ejep oyy surTeseg °T

(TL6T X4 uT unbad) aseg ejeg SSo00Y 3I0dITY ue ystiqe3lsd

(TL6T X4 ut 239T7dwod) MOTASY SPOYISK PUR UOTFTUTIFOQ WOTJOId

‘d

‘¥

abeyoed butuueld ss9o0y 3xodity ue dorsaasg °IT

ueTd uorjzexjsuowsp e axedaid °q
sTsA{eue JJOo 9peIl B wWiojrad °e
ueTd uotjexjsuouwsp e doraaag °¢

(¢ 3O z 3I°99ys) ueldq 3selL -gT 2IdelL

137



obeyoeg butuueld 243 ajebTnuoagd °dHA

soTnpPOoW 93eabsajul

sjuswaIxTnbax adoevIIS3UT wexboad doraaad

4

T

AboTopoyleow pesiexbajul ue doteasg °d

sTopou 3sodo dolaasd °d
spoyjsu TeoT3IATRUER MOTAdY °q
sx030e] 3500 JO umijldads aurjisq °®
spoyjou 3sod @3ebrissaul
sTopou joedut dor2asa (2)
spoy3lau Teo13ATeUR aaebrissaur (1)
stsAteue 3oedwr JO sonbtuyosy doisaaad °9
souejdoooe Teuotbea burpadut sS1030E3 sutwralad (2)
K3t1Tqrsseooe 3rodate IO drysuot3jersx ystiqeisa (1)
sdtysuotie(ax 9zATeuy °®
sjusuweaoxdut ss900e AQ pasned sayoedwt JOo sTsAfeue OTse(q WIOFISd
sTopou 3TTds Tepouw pue pueuSp 2an3oniIls °q

(¢ 70 ¢ 3°o9ys) ueld 3sel °GT Tde=L

138



1 YEAR 2 YEAR 3 YEAR

UPDT

v

__ —_ o —_—— X
11 Zal)2 11
J1c2a(2)|r6 chb(z)l 3 e
C26(L P i_lupufr
(®
Bib | g ©
rRLY]4 I E::
6 4 pen [ :
@ Bla H FINAL} 12
H PG| ?
2
| Epg -
[s2} 6 :
3 {
A UPDT
NEW Bic '
DATA
3 REVIEW OF
Cla(3) | METHODS
Cla(2)
9
Cla(l)
12
REVIEW OF lcf T ((f J—LT T ? ?
METHODS bl -
PDT‘

Figure 12. Interrelationship of Tasks in a Time-Phased
Schedule

139



Table 16. Outputs from Research Plan

Beseline Organizational Concept

i Results of Federal Survey

Results of Airport Manager Survey

Statement of Demonstration Guidelines
Pre-Critique Planning Assistance Proposal

Final Planning Assistance Package

Results of Demonstration Trade-Off Analysis
Demonstration Plans

Report of Requirements for Data Base
Specification for Data Management System

Data Base Operational Procedures

Report on Travel Behavior Analysis

Report on Air Growth Forecast Sensitivities
Report on Local Accessibility Factors

Statement of Factors Impeding Regional Acceptance
Review of Impact Methods of Analysis
Specification of Impact Models

Statement of Federal Program to Aid the Planning Process
Specification of Cost Factors

Review of Cost Analysis Methods

Specification of Cost Models

Statement of Integrated Program Interface Requirements
Various Integration Studies

Final Program Definition Document

Final Technical Planning Package
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I. Organize an Airport Access Planning Assistance Program

There is no one central authority responsible for airport
access either on the national or local level. Airport access
improvements are the responsibility of several agencies, each of
which has other higher priority objectives. Thus airport access
improvements will be planned and implemented only if they are
unguestionably institutionally, fiscally and socially acceptable.
Since hardly any project is ever this uniquely acceptable, a
concerted federal commitment to airport access is required to
overcome local inertia. To bring this federal commitment to bear
on local authorities, an Airport Access Planning Assistance
Program is proposed. This program, if fully instituted, will
help local organizations in their planning for airport access
improvements, and will assist local and regional agencies in
obtaining and funding airport access improvements which demon-
strate innovative policy or hardware changes. Thus the program
is envisioned to function as a catalyst for integrated planning
between the multitudenous federal and local groups now directly
or indirectly involved in airport access.

Objective
A. Make Available Technical Planning Methods and Data

Supply technical planning methods and data to plan-
ning agencies to assist in their development of airport
plans. Methods will promote the concept of national
airport system planning stressed by the Airport and
Airways Development Act of 1970. The program will
involve a nucleus of professional DOT staff available to
consult and furnish technical guidance to the regional
planning bodies in their efforts to solve specific air-
port access problems.

B. Assure Consideration of a Greater Number of Alternatives

Initiate the mechanism necessary to encourage
direct intercourse between the airport planning and
urban/regional transportation planning processes.
Review and recommend new directions for Federal support
of multimodal systems which may cross various institu-
tions and regulatory lines. ,

C. Demonstrate New Concepts

Promote demonstration projects to create national
awareness of a spectrum of new transportation concepts,
all directed toward minimizing airport access difficul-

ties. New concepts of transportation improvement abound.I
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Public exposure is necessary where radical changes or
new systems are involved. Operational and/or market
feasibility must be proven. The U.S. Department of
Transportation should support demonstrations which ex-
pose new approaches to improvement and will be applic-
able to many airports and many types of travelers. To
meet these objectives, the demonstrations must be well
defined, planned, financed, executed, recorded and ex-
posed.

Program Management

To organize an effective Federal Airport Planning Assis-
tance Program, a planning, steering and review committee that
represents all the departments, agencies and administrations
which have policy responsibility for some aspect of airport
access is required. At a minimum, the committee should consist
of representatives of OST(TST,TPI,TEU), FAA, FHWA, UMTA, CAB and
the ICC. The responsibility for organizing and managing the
technical assistance program should be assigned to an intermodal
agency within DOT.

A. Develop Baseline Program

1. Specify goals of program

e General exposure of new concepts - hardware in
R&D, policy ideas, regulatory and institutional
change

e Taken to the level of public exposure where
general reticence to new ideas may exist

e Direct access to Federal/industry team of experts

e A planning methodology sensitive to dramatic
transportation system changes

¢ A data base reflecting details of "what has
been" and how it might relate to the area's
specific situation

e Demonstration of new policies and systems

e Should expand list of regional alternatives
by impetus of supporting Federal funding,
project development and assistance in avoid-
ing institutional delay.

¢ Will reinforce the idea of a National Trans-
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porta?ion Concept where the nation as a whole
benefits from individual regional improve-
ments.

e Improve portal-to-portal service for all air
travelers in general,

e Bring air travel within reach of lower income
groups.

e Apply an attractive force to the more public
transit oriented international market.

2. Develop joint DOT program

A

Review current specifications(e.g., grants-in-
aid) for Federal support to airport access
improvements in areas of:

Project planning and execution
Technological assistance
Institutional management

Regulatory change

Data gathering and project analysis

Financial aid

Review all active access improvement programs.

Locate detailed problem areas, general and
specific, which would require significant
change or "new concepts" to improve airport
access.

e Determine status of various programs where
exposure of new concepts is or could be of
value in the National viewpoint.

(1) Survey of Federal Sources
e Requests for study funding

e Grants-in-aid programs
e National needs study

e Modal agency offices

e Demonstration programs
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Other

Determine status of programs

Who has planned/rejected changes?
Who is making changes?

What is basic area of improvement?
e Access to airport

e On-site airport traffic flow

e Terminal flow, including baggage
e Airside

What is stage of study or implementa-
tion?

e Are any having problems?

e What kind?

What demonstrations are planned,
directly or indirectly related to
airport access?

Who, what, where are new concepts

and R&D projects having possible
application?

Compile Information

List of Federally-supported programs
ongoing & contacts

summary of desires from needs studies

List of area studies ongoing or
recently completed

e List of transportation planning
agencies working problems

List of recognized authorities in

Airport Design, generally, and Access
Problems, specifically
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(2) survey of airport managers and planning
agencies(selected from earlier Federal
survey)

¢ Determine status of Improvement Plans
¢ What is current plan to solution?
e What are individual immediate
problems? Should solution be a
short/intermediate/long range one?

¢ Why or how is it a problem?

e What are (were) alternatives con-
sidered?

¢ Against what background are
(were) alternatives selected?

¢ Institutional constraints
e Local
e Federal

¢ Trade-off Criteria

e Cost considerations, includ-
ing methods of financing

¢ Temporal (short/intermedi-
ate/long range)

¢ Unacceptable development and/
or implementation risks due
to
¢ Technological gaps

¢ Uncertain safety factors

o Questions of equipment
reliability

e Other

¢ Compile information
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e Status of programs including
problems of planning and imple-
mentation

c. Define guidelines for demonstration

(1) Define basic criteria for Federal support of
demonstrations

e Is of national interest i.e., could
emerge as an improvement having general
application.

e Would enjoy a significant level of public
exposure.

e Resulted from proper consideration of
alternative solutions.

e Justified by adequate analysis

e Tests new ideas to point of apparent
system stability.

e Policy change

e New system

¢ Improved system

e Regulatory change

e Crossing of traditional institutional
or regulatory framework (Federal or

local)

e Would provide data for new insight into
nature of transportation.

e Involves a risk which would have elimin-
ated it as an alternative without addi-
tional Federal support.

¢ Would require high capital investment
(possibly with uncertain return).

e Would require long-term implementation

period (against general political desire
to get quick exposure).
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¢ Requires technology at uncertain stage
of development.

e¢ Other

(2) Specify Federal role in developing experi-
ment

e Coordinate with regional authorities to
develop and agree on conceptual planning
and implementation of the experiment.
Specify review and approval milestones.

e Monitor progress of experiment; provide
periodic critique of progress.

e Collect data for further analysis and
use in developing reliable transportation
needs and forecasting techniques.
Continue to update national data base
and overall planning package specifica-
tion.

e Assure adequate national exposure to real
experiment and to conclusions related
to success or failure of the basic
objective. Emphasize possible impacts
on potential for air travel growth.

d. Specify joint DOT interfaces; assistance program
latitudes and constraints

B. Critique and Finalize Planning Assistance Concept

1. Critique assistance plan

a. via a seminar of public agencies, e.g. planning
agencies, consultants, academic community.

2., Specify program details

a. Specify final organizational structure and
operating procedures. ,

b. Establish an advisory staff familiar with new
transportation projects and concepts

° Must include specialists familiar with all
segments of airport access trip plus
foreseeable alternatives including alterna-
tives to improving Hub airport access
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(e.g. V/STOL, HSGT, terminal design changes,
airside regulation and redistribution to
increase capacity and reduce demand) .

C. Implementation Program

1. Promulgate assistance program.

2. Implement program to improve planning process.

a. Recommend Federal direction, where appropriate,
to minimize impedances to planning process,
e.g., funding procedures (grants) .

b. Establish a program to detect and eliminate
areas where Federal influence may undesireably
bias or eliminate selection of access improve-
ments.

c. Recommend new directions for changes in policy,
regulation, and institutional framework.

e Demonstrate feasibility, where necessary.

3. Develop a demonstration plan.

a. Perform a trade-off Analysis.

e Analyze each prospective demonstration
project and site in light of basic demon-
stration criteria and Federal support
required.

e Matrix of specific problems sites against
alternative solutions

e Listing of physical, political and
temporal constraints in implementation of
various alternative at specific sites.
Should include prospective sites where
improvement is:

e Required/desired; and is in some stage
of being:

e Accepted
¢ Planned

¢ Executed
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e List of projects using a new concept
which will influence airport access

b. Prepare a demonstration plan

¢ Recommend a matrix of demonstration projects
and sites for short/intermediate/long range
improvements. Reflect demonstration criteria
and Federal support required. Plan should
consider urgency of each of the various
projects and level of analysis required.
Emphasis will be placed on projects stressing
longest range improvements.

II. Develop an Airport Access Technical Planning Package

The methodology and survey review showed that considerable
work pertinent to airport access has already been performed by
local agencies with and without Federal assistance, and by the
CARD study. However, these materials have not been brought to-
gether and have major deficiencies. To effectively assist local
and regional agencies, a technical planning package is needed.
This particular program proposes to develop such a planning
package by making maximum use of already existing methods and
data.

Objective

A, Specify Planning Methods Which Direct Attention to and
Allow Trade Off of, Many Alternatives

Specify a methodology which allows consideration
of alternatives responsive to local/regional goals and
still supports the concept of an improved total air
travel service in the nation as a whole. The planning
process would be most sensitive to alternatives which
provide a more uniform, accommodating landside service
which takes advantage of the availability of an extreme-
ly flexible, ever-broadening air travel service. The
methodology will be available as a planning package
supplemental to currently accepted Federally-sponsored
packages and computer specifications.

B. Develop A Data Base Available To Planning Agencies

Specify and develop a data base responsive to air-
port access analysis. The data base would evolve with
the planning package. Demonstrations may be required
to fill the data gaps. It would be available to all
interested parties.

149

e ——

e ——




Program Management

Due to the intermodal aspects, the program should be
sponsored by OST (TST) rather than one of the modal administra-
tions. The technical management of this program should be
assigned to the same group as the technical development of the
Airport Access Planning Assistance Program.

A. Problem Definition and Methods Review (completed in
FY 1971)

B. Establish an Airport Access Data Base (began in FY
1971 continuing)

1. Baseline the data required to support concept of
Gniversality of methodology

a. Establish periodic review and update procedures
in light of evolutionary methodology.

b. State future data requirements, €.9.,
e Survey "situations of opportunity."”

e Specify demonstration projects where neces-—
sary.

2. Collect available data.

3. Incorporate into a data management system available
Yo the broadest spectrum of users (must interface
with other Federally sponsored programs) .

a. Develop data management options.
e Specify input/output formats

e Other special, but generally required data
manipulation routines

b. Implement system (abbreviate form early; final
configuration in 1 year)

c. Define operational procedures for user request

c. 1Initiate a Basic Research Program

1. Perform basic research into factors influencing_air
traveler demand and Jecision making criteria (began
in FY 1971).
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a.

b.

Analyze relationships

(1)

(2)

(3)

Determine travel behavior when facing
access alternative, i.e.,

Mode choice distribution
Demographic distributions

Trip-making characteristics, e.g. trip
purpose, duration

Establish factors to which air growth fore-
casts (demand) are sensitive, e.g.,

Greater ability to travel
e Four~day work week

¢ Larger international market traveling
to U.S.

¢ Lower relative trip costs (jumbo jets)
reach lower income groups

Improved accessibility to air travel mode
e Upgraded public transit

Reduced temporal constraint on capacity

¢ Alternative intercity ground modes

e Satellite airports

Determine local accessibility factors which
directly or indirectly influence national
growth of air travel

Structure Demand and Modal Split Models

Basic analysis of impacts caused by access improve-

ments

a,

2

Analyze relationships

(1)

Establish relationship of airport accessibil-
ity to overall regional development, e.q.,
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b.

(2)

e How does/can improvement of one relate to
other?

e What are cross-related area impacts-to
users, operators, local governments, and
physical region?

e Which of the unique characteristics of
the airport access trip should influence
the regional planning of transportation
systems?

Determine what specific factors are impeding
regional acceptance of new ideas.

e Determine which categories of impedance
to access improvement are most universal.

e Specify the interfaces which allow direct
intercourse between airport planning
projects and the urban/regional trans-
portation planning process.

Develop techniques of impact analysis

(1)

(2)

Investigate analytical methods of predicting
regional impacts as a result of a significant
change in transportation systems.

Develop (select) impact models.

Investigate cost methods.

ade

Define spectrum of cost factors.

e Must be generalized considering engineering

design specifications

Review analytical methods for predicting
resource requirements and costs of various
transportation alternatives.

Must be general enough to support the concept
of abstract modes, that is, functional
increment costs, e.g. a basic guideway can

be evaluated with several command/control
options

Develop (select) cost models
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Design an Integrated Heuristic and Analytical Method-

ologz

Methodology will be responsive to airport access
short/intermediate and/or long-range improvement It
should provide guidelines to a basic sequence of

analysis and have the following general capabilities:

1.

2.

Forecast demand for various trip purposes.

Accept various conceptual transportation system
options.

Establish mix-of-mode ridership equilibrium for
each alternative option basing decisions on
travel behavior.

Predict consequences of various alternatives when
satisfying demand, e.g., ridership of various
modes, demand shifts, resource requirements and
costs.

Aggregate consequences of each alternative set

of options and determine total impacts (benefits/
disbenefits) on users, operators, governments,
and social considerations.

Provide comparison of various alternatives using
goal-related factors to allow trade off and
possible redefinition of options.

e Must direct consideration to the total
spectrum of alternatives to regional airport
travel, e.g., satellite airport or intercity
ground modes.

Calibrate and verify elements of the methodology
by use of existing data. New data requirements
will be stated only when existing proves
unsatisfactory. The goal is to develop a sound
methodology compromised to a minimum by short-
comings in data.

Develop program interface requirements 4

Integrate modules

Promulgate the Planning Package to Appropriate Agencies

Provide for update and refinement procedures
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APPENDIX A

FORMULATION OF SHORT-AND
LONG-RUN MODAL CHOICE
FUNCTIONS14



"The short-run mode choice function for travelers over 16
years of age with drivers' licenses is defined as

MCSRij = o, + alAITij + 0t2AOTij + a3ASRCij
+ a4CHi + OLSEHi + a6UHi
+ a7YSMij + 0L8YSFij + agYMij
+ ulOMSMij + allMSFij + ozleMij
+ alBOSMij + ul4OSFij + alSOMij
where
MCSRi. = utility of choosing auto over transit in the
J short-run by traveler j in household i
AITi. = in-vehicle time difference between transit and
] auto for traveler j in household i
AOTi. = out~of-vehicle time difference between transit
] and auto for traveler j in household i
ASRCi. = short-run cost difference between transit and
] auto for traveler j in household i
CHi = number of children in household i
EHi = number of employed adults in household i
UH, = number of unemployed adults in household i

1

and the life cycle variables for each traveler j in house-
hold i [are below ]:

YSMi. = vyoung (16 to 29 years old), single, male (1 if
J yes, 0 if no)

YSFij = vyoung, single, female (1 if yes, 0 if no)

YMij = young, married (1 if yes, 0 if no)

MSMi. = middle-aged (30 to 54 years old), single, male
] (L if yes, 0 if no)

MSFij = middle-aged, single, female (1 if yes, 0 if no)



middle-aged, married (1 if yes, 0 if no)

ij
0OsSM = o0ld (55 years old plus), single, male (1 if yes,
0 if no)
OSF = old, single, female (1 if yes, 0 if no)
oM = o0ld, married (1 if yes, 0 if no)

The probability that a traveler j in
auto is equal to

P [choose auto]ij =

The value of in-vehicle time for the
equal to ag .

o

3

The value of out-of-vehicle time for
is equal to ey .

@3

household i will choose

eMCSRij

MCSR, .
e i

1 + |

short-run traveler is

the short-run traveler

"The long-run mode choice function for all travelers over

16 years of age is defined as

MCLRij = b0 + blAITij + b2

+bCHi+b

4 5

+ b +b

7

YSMij 8

+ blOMSMij + bll

+ blBOSMij + b14

+ b, DL,

167717
where

MCLRij =

AOTij + b
EH, + b

1
YSF. .
13
MSF. .
1]

OSF, .
1]

3ALRCij

60}

+ b YMi.

9 J

+ b, MM, .
i

12 3

+ b, .OM, .
i

15 |

utility of choosing auto over transit in



where

the long-run by traveler j in household i

ALRCi. = long-run cost difference between transit

] and auto for traveler j in household i

DLi' = driver's license status of traveler j in
] household i (1 if yes, 0 if no)

Other variables as previously defined.

"Since the long-run mode choice decision is a household
decision synonomous with the auto ownership decision, the
average (unweighted) utility of the household of choosing
auto over transit is equal to the following:

n,
i
z MCLRi.
j=1 ]
MCLR, =
i
n,
i
MCLR. = wunweighted average utility of all long-
le . .
run travelers in household 1
n, = number of long-run travelers in household
il

The probability that household i will purchase (choose) an
auto is then equal to

MCLR,
e 1.

P[ buy auto]i =

1+ eMCLR.

The value of in-vehicle time for the long-run traveler is
equal to bl .

e

by

The value of out-of-vehicle time for the long-run traveler
is equal to b2."14

b,



APPENDIX B

DEMAND AND MODAL SPLIT
EQUATIONS USED BY THE
NECTP19



"The present demand model, in forecasting travel between
zone pairs, uses only zonal population and income as '
travel-generating and attracting measures, and trip time,
trip cost and trip convenience (as measured by frequency
of service) as attributes of the transportation service.
The current form of the estimating equation for total

demand being used by the Corridor project is given by:

B IW. . B
Tij Bl(Pin) 2 (K ijk) 3

where

i3 Average number of daily intercity
] passenger trips between area i and area
j via all modes.

P.,P. = Total number of families with income
greater than $10,000 in areas i and j,
respectively.

Wi'k = The level of transportation service
J provided by mode k between area i and
area Jj.
Bl’BZ'B3 = Coefficients estimated by statistical

calibration.

The allocation of total demand to individual modes is
given by:
W.

ijk
i3k
L Wik
all modes
where
... = Average number of daily intercity
ijk . .
passenger trips between area 1 and area
j via mode K.
_ o o o
Wisk = 91 (E59x) 2 (ey4p) 3 (Figpd 4
i3k = Perceived trip time, including local

access and egress, between area i and
area j by mode k.



Perceived trip cost,. including local

1k access and egress, between area i and
area j by mode k.
Fijk = Convenience measure based on daily

departure frequency for mode k.

@yrlys0q,a, = Coefficients estimated by statistical
calibration.

"The explicit use of only three factors to characterize a

transportation mode assumes that other factors influencing
travel decisions such as safety, comfort, and reliability

are more or less the same for new modes as well as for the
old modes for which data have been derived.

"TAB-31 DEMAND MODEL

"The demand model which was used for the analyses for this
report was the one most acceptable to the project staff at the
point in time at which the analyses began. Much research was
performed on demand models under the project's auspices before
that time, and research has continued since then.

"The project has found it extremely difficult to forecast
patronage for many modes of transportation simultaneously and
consistently. Many models developed for this project and by
other investigations have predicted demand for one or two
particular modes acceptably well but have failed to, handle the
competition between several modes in a reasonable and consistent
manner. It has taken much research to finally find one accept~
able formulation.

"The particular formulation which was focused upon separates
the estimation of total demand for a city pair from the
estimation of the modal split or market share of a particular
mode. The total demand model is a function of socio-economic
characteristics of the cities and of the total transportation
service provided. The modal split model is a ratio of a term
representing the attributes of one mode to the sum of similar
terms for each mode.

"Two separate models were initially developed having this
general formulation. However, the two formulations differed
in the way they represented many components of the model. These
approaches were merged and the combined model was tested.
Further improvements were made on this merged model and the
result became the model used for this report.



"Further develpment of demand models has occurred since the
analyses of alternative transportation systems reported on in
the report were completed. No new formulations have been
developed, but the one that has been used has been modified in
two important ways. These are:

1. Demand can now be stratified into business
and non-business trips.

2. A new parameter has been inserted into the
demand model to control induced demand.
Without time series data to estimate this
parameter, the fraction of a new mode's
patronage which is .induced must be determined
from analyses of information from other
situations.

"The project has recently derived usable demand data
stratified by business and non-business purpose categories.
These data are not definitive, and represent the forceful
merging of data obtained from disparate sources. Still, they
have proven usable. New elasticities of demand for each strata
have been calculated. More stratification analyses will
continue as better data are acquired.

"For business trips, a price elasticity of -0.33 and a
time elasticity of -3.44 have been calculated. These values
agree with many observers' estimates. For non-business trips,
the price elasticity is -1.18 and the time elasticity -1.00.
Analyses of surveys show that non-business trips include two
types: trips of short duration, such as visits and personal
business trips, where travel time is important, and trips of
long duration, such as vacations and prolonged visits, where
price is more important than travel time. Probably the non-
business trips should be further stratified, if data become
available, to give more reasonable elasticity estimates.

"The Cenus of Transportation of 1967 has shown that each
of the existing modes has a different mix of business and non-
business trips. Hence, the average elasticities for each mode
based on these mixes and on business and non-business elastici-
ties can be calculated. For airlines a time elasticity of -2.8
and a price elasticity of -0.55 is obtained in this way. This
last number differs from the value of -1.3 which the CAB has
measured for the price elasticity for airlines, but is in line
with what most carriers believe. Rail elasticities for time
and for cost are -1.9 and -0.86, respectively. Bus elastici-
ties are for time, -1.3, and for cost, -l.1l. Auto elasticities
are for time -1.5, and for cost, -1.0."19



APPENDIX C

THE I3 DEMAND, NETWORK,

AND TERMINAL MODELS29




"The Demand Model perforns the following functions:

"The I3 Demand Model determines the relationship which
existed in a predetermined base year between selected
socio-economic variables and specified originating and
terminating areas, and the traffic flows of goods and
persons exchanged by the "centroids" of area sub-divisions
within the designated study area and the "centers" of
representative rest-of-the-world areas, and applies the
ratios expressing these relationships to projections of
the socio-economic variables which have been exogenously
made for at least one of the future years under study, in
order to produce projections of the traffic flows likel
to occur under the assumptions implicit in the model."2

The model is designed to operate on three types of goods
traffic flows: bulk, special, and general goods movements;
and two types of person traffic flows: business and other
person trips.

"The Modes Choice and Assignment (Network) Model is
described as:

"The Mode Choice and Assignment Model was developed
to simulate a multi-modal metropolitan transportation
system. The primary purpose of the model is to provide
a tool that will be useful in evaluating the effects of
terminal location on a transportation system. The model
operates in a network representation of a transportation
system. The effects of terminal location are dependent on
the efficiency with which terminals can process goods,
the structure of other network components and their
relationship to terminals, and on the demand for trans-
portation services (input) ."29

The model operates using a network of arcs between sources/
sinks or branches on the transportation system. The arcs
represent vehicle and route. Transfer between modes occurs at
"terminals." Access/egress arcs indicate that the source/sink
is served directly by a particular mode. The model performs
three functions in developing demand flow from point to point:

" (1) It determines the K(where K is prespecified by the
user) best paths from each source to each sink on
the network. A path is ‘'best' if it minimizes the
sum of the impedances on the arcs it contains.

The criteria for determining these paths is based
on the assumption that consumers of transportation



services will select their route from among the least
inconvenient routes. Inconvenience is expressed
mathematically in the model as a function of time

and cost. The time, cost, and other factors (such

as safety) influencing consumer choice are computed
for each arc on the network. The impedance or

total inconvenience, to travel on an arc is computed
as a linear combination of these individual incon-
veniences, or disutilities.

The impedance (inconvenience) on a path through the
network is the sum of the impedance on the arcs
comprising the path. Since consumers act to minimize
the combination of disutilities, the 'best' path

from a source to a sink is the path with the least
impedance and this is the path we would expect most
consumers to use. Several (K) of these paths are
computed by the model."29

"(2) It distributes demand along the lowest impedance
paths according to

where W, is the fraction of the total demand to be allocated
to the ktP pest path.

u. and u, are the impedance values of the ith and kth
best paths, respectively.

m is the total number of minimum paths calculated."29

"(3) The Mode Choice and Assignment Model utilizes a |
delay function which recalculates the impedance
(descriptors) of the arcs on the network as the |
network is loaded. The new impedances are a function
of the old impedances (input), the capacity of the
particular arc in question, and the volume exhibited
on the arc. New impedances are calculated after
each iteration through the model."29

To initialize the network, the user must pPlace an initial |
volume of traffic by commodity or passenger class on each arc. y
These represent the level of intra~urban traffic which will act |
as an impedance to the intercity traffic flow. The arcs have




direction, thereby allowing non-symmetrical traffic flow from
sources and sinks. Various combinations of manual control and
machine iteration are options available to simulate the impe-
dance and volume or capacity-restraint relationships. The
volume of traffic changes only for intercity traffic since
intra-city is fixed.

The Terminal Model (TERMSIM) is composed of two parts:
the simulation, a modified form of TRANSIM and the post proces=
sor which provides output. It is summarized as:

" ..a terminal is conceptually viewed as a network
of linked nodes through which pass various types of
traffic units. The nodes generally represent processing
stations, queues, and/or decision points that affect the
flows of the various traffic unit types in the model
system. The network links correspond to the paths of
flow from node to node that are available to the traffic
units, As far as the user is concerned, there are only
four main components that require definition in construct-
ing a model. These are: (a) traffic unit definition;

(b) operating element definition; (c) definition of
operating rules that establish prescribed, conditional,
and/or probabilistic flow patterns that traffic units must
adhere to in moving from one operating element to another
and (d) definition of the initial status of the system at
the time the simulation begins.

1. Traffic units are the entities that flow through the
model system.

2. Operating elements are the links and nodes of the
terminal network.

3. System operating rules define the logical decisions or
function distributions controlling the traffic flow
through each link or node.

The terminal model allows a combining of links and nodes
and their attendant impedances to replicate the flow of
various commodity or passenger categories through a terminal.

The following discussion details the model interfaces:

"The demand model having generated area-to-area
flows of goods and passengers, the next model in the
system, the Network Model, allocates the flows to
specific paths, both route and mode. In this model, all
modes are treated simultaneously, with the connections
between modes (the terminals) being included as pseudo-

c-4



links of the rnetwork. For example, at a railroad siding
where railroad cars are loaded and unloaded from and to
trucks, the network model would have a link representing
the truck-to-rail transfer. Given, for example, a

(1) For the specific traffic type calculate the net time

(2) Choose the k best paths (usually 2 or 3 paths) ., *

(3) Based on the relative impedance quantity of each
path, allocate a proportion of the total flow to it
such that the total flow is allocated to the k best
paths from area a to area b,

(4) After all origin-destination flows have been allocated
to paths, then for each link the total volume will
be computed. The total volume is then used in
computation in a volume~delay equation of 'new’
travel times for the network lines,

(5) Steps 2 4 are repeated until the changes in volumes
are negligible from one iteratior of this Process to
the next,

"Several assumptions and “PpProximations are made with
the network model and its datu. First, the 'networks'
processed by the network model are in fact abstract
T'epresentations of the actual transport networks., Second,
in the absence of the actual data, the time and cost
figures for the network links are estimates based on a
variety of figures from published sources. Third, in the
absence of actual flow data for the study area it is not
presently possible to do more than a rYeasonableness
evaluation of the model outputs. Finally, there is an

terminal of each type in each area] unit. This implies that
the numbers describing the terminal transfer links in the

future study efforts."

*

A path is "best"™ if it minimizes the sum of impedances on the
arcs it contains.

—_——




vVolume IITI of the Final Report—Research study of Intercity-
Intra-Urban Interfaces(fj)contains considerable Jdiscussion of
the various elements in the model, a detailed listing of

red inputs, output options (including sample

s computer implementation

assumptions, requi
program listings), and the variou
details including run times.
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RESULTS OF CLEVELAND REGIONAL PLANNING
COMMISSION MODAL SPLIT STUDY30
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APPENDIX E

INPUTS TO GRAPHICAL CHANGE
MODEL (FROM APPENDIX OF MODAL
SPLIT ANALYSIS30)




"7ONE FILE A records contain for each zone z:

- Nearest transit station code number.

~ Zone code number.

- Transit fare to airport.

- Distance to nearest rapid transit station.

- Travel time from zone centroid to the nearest
rapid transit station for each transit access
mode j.

- Travel cost from zone centroid to the nearest
rapid transit station for each transit access
mode j.

"7ONE FILE B records contain for each zone z:

- Zone Code number.

- Average travel time from zone centroid to the
nearest rapid station for each cell of theod'
stratification.

- Average travel cost from zone centroid to the
nearest rapid transit station for each cell
of the o' stratification.

- Average travel time from the nearest rapid
station to the airport.

- Transit fare to the airport.

- Travel time to the airport via mode i.

- Line haul travel cost to the airport via mode 1i.

"RESPONSE FILE A (Rapid only) records contain:

- Trip purpose. -~ Income.

- Baggage. - Residence.

- Local O & D. - Expansion factor.

- Land use. - Rapid Station.

- Transfer vehicle. - Distance of zone to
- # of related visitors, Rapid Station.

- Party Size. - Transit access time.
- Duration of Trip. - Transit access cost.

"RESPONSE FILE B (Non-rapid only) records contain:

- Survey period. - Party size.

- Trip purpose. - Duration of trip.

- Baggage. - Income.

- Local O & D. - Residence.

- Land use. - Expansion factor.

- Arrival/Departure Vehicle.

- 4 of related visitors. - Independent variable



TABLE 1
Competing Sub-modes

1. Auto-parked 5. Limou-auto

2. Auto-non-parked 6. Limou-taxi

3. Taxi 7. Limou-bus

4. Rent-a-car 8. Limou-walk/other
TABLE 2

Rapid Transit Sub-modes

l. (rapid) - auto
2. (rapid) - taxi
3. (rapid) - public bus

walk/other"30

4., (rapid)






APPENDIX F

ADVANTAGES AND DISADVANTAGES
OF CROSS-SECTIONAL MODELS30
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" (3.2.3)Advantage of Cross-sectional Models

"The general advantage of these models is that they
are capable of forecasting all modes simultaneously,i.e.,
they can forecast the share of market of all modes based
on the mix of values of the independent variables related
to those modes. Sensitivity analysis can be conducted
on any of the independent variables. The cross-sectional
model also can be calibrated with data from one point in
time.

" (3.2.4)Disadvantages of Cross-sectional Models

"Most of these models suffer from the 'red and green
bus syndrome.' This refers to the property that if one of
the existing mode is arbitrarily divided into two modes,
e.g. half the buses are painted one color while the other
half a different color, the model will forecast a greater
total demand for the arbitrarily divided two modes [than]
it would for the mode when considered singularly.

"Another problem is that when a new mode is introduced
for which an empirical calibration does not exist, either
coefficients identical to those of the existing modes
must be used, or that the coefficients must be subjectively
estimated.

"The McLynn and the Logit model in particular must be
calibrated on the zone level rather than the response
level. This limits the degree of stratification possible,
and also may place limitations on sensitivity to such
factors as walking distance to the rapid. The data can
be stratified to increase sensitivity to some of these
variables, but the sample size will increase very
rapidly."50
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TOTAL COSTS FOR EACH MODE36

Index of Regression Constant
Determination Coefficient Term
R2 A ($/min) b ($)

Private
" Car .842 .02130 .270
B
g Rental
& Car .846 .04370 4,528
)
< Taxi .892 .15753 -1,702
o
| Limousine .252 .02369 1.252

Private

Car .851 .02112 .314
0
E Rental
ol| Car .805 .04278 4.619
q,
[s4]
2 Taxi .833 .18613 -2.195
g Limousine .196 .01940 1.601
~
f

COST = A * TIME + b
Table G~2, RELATIONSHIP BETWEEN TOTAL TIMES AND



Table G-3. Coefficients for Selected Models36
Business Trips Non-Business Trips
To From To From
Airport | Airport Airport Ajrport

3 Time - .0401 - .0276 - .0342 - .0144
T
238 Cost -1.9097 | -1.3031 -1.6058 - .6767
"
H .

Const. 0.0 0.0 0.0 0.0
8 " Time - .0265 - .0150 - -
P d
g° Cost - .6030 | - .3505 - -
(4

Const. 1.7187 - .9498 - -

Time - .0624 - .0642 - .0631 - .0573
-
o Cost - .3962 | - .3447 - .4025 - .3082
[

Const. 2.0495 1.2519 .3610 1.2998
| Time - .0224 - ,0106 - 0177 - .0104
5 0
%_5 Cost -1.0646 - .5482 - .7922 - .5348
-A 0
= Const. 1.6664 | - .1488 -1.0416 - .0237
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AVERAGE NUMB

ER OF TRIPS AND PERCENT BY MODE

G-6

PRIVATE CAR RENTAL CAR TAXI LIMO/COACH TOTAL
MODE MEASURE | CHANGE
TRIPS % TRIPS 2 TRIPS TRIPS % TRIPS %
BASE 234.4 44.4 33.8 6.4) 168.1 31. 91.8 17.41 528.1| 100.0
SYSTEM
PRIVATE COST +10% 218.5 41.4 36.6 6.9] 175.6 33. 97.3 18.4| 528.0] 100.0
CAR
+10% 240.3 45.5 34.7 6.6 | 159.7 30. 94.1 17.8| 528.1| 100.0
TAXI COST +20% 245.8 46.6 35.4 6.7 150.5 28. 96.3 18.2 | 528.0} 100.0
+30% 251.0 47.5 36.2 6.9 142.6 27. 98.2 18.6 | 528.0| 100.0
+10% 238.7 45.2 34.9 6.6 170.4 iz. 84.1 15.9| 528.1| 100.0
+20% 242.8 46.0 35.9 6.8| 172.3 32. 77.1 14,6 | 528.1| 100.0
TIME
-10% 229.9 43.5 32.8 6.2] 166.0 31. 99.4 18.8] 528.1| 100.0
-20% 225.5 42.7 31.7 6.0| 163.8 31. 107.1] 20.3| 528.1] 100.0
LIMO/
COACH
+10% 239.7 45.4 35.0 6.6 170.8 32. 82.5 15.6 | 528.0 | 100.0
+20% 246.7 46.7 36.5 6.9 174.6 33. 70.3 13.3| 528.1{ 100.0
COST
-10% 227.4 43.1 32.3 6.1 164.5 31. 104.0| 19.7} 528.2 | 100.0
-20% 219.9 41.6 30.8 5.8 160.8 30. 116.6| 22.1| 528.1 | 100.0
. P 36
Table G-5. Modal Choice Sensitivity




Three study types suggested by Airport Access: A Planning
Guide are: '

"The assessment study includes:

~ a definition of the objectives, criteria, view-
points, and constraints;

- an identification of the problems or deficiencies
based on preliminary data;

- an identification of the possible improvements to
be gained from (1) a more detailed study of partic-
ular facets of the air-interface system and (2) the
study of trade-offs between functional sub-systems
or between operating policies; and

- the allocation of study resources leading to the
definition of detailed study design.

"The assessment study is perhaps the most crucial of
the three types; it provides the foundation for evaluation,
establishes the time frame for the study, selects the
scale and detail of study, identifies the political,
institutional, and operational mechanisms which character-
ize the situation, and channels study resources into
appropriate areas which show promise of improvement. Too
often the assessment study is virtually bypassed or given
insufficient consideration in the overall development
of planning improvements and, yet, many of the problems
of implementation and decision-making could be eliminated,
were an adequate assessment study undertaken.

"In the second type of study, a policy planning study,
alternative systems are tested and evaluated. Although
longer-range planning would be typically accomplished in
this study, there is no requirement for a distant planning-
horizon. This study type is just as valid for evaluating
short-range economic and operational policies with respect
to relative impacts on overall service and financial
feasibility. 1In all but the most resource-constrained
programs, this type of study is required to gain better
understanding of the complexity and characteristics of the
access travel market, and to enable an objective.trade-off
between alternative investments and policies. A policy
planning study would typically include: data acquisition,
access-demand forecasting, generation of alternative
system improvements, preliminary financial and management
planning, and systems evaluation.

G-7




"Operations studies include special-purpose studies
that are either reasonable to perform independently from
an integrated planning study, require greater detail, or
are necessary for input to the policy-planning study. These
studies might include such topics as airport network
circulation, airport signing, parking, information systems,
or selected link improvements for the highway system. These
studies may vary in time frame and detail as determined in
the assessment study. They may consist of special studies
that are linked to longer-range policy planning, such as
access mode technology assessment, impacts of evolving
governmental structure, and alternative financial and
management schemes. Short-range special studies are
discussed in Chapter III.

"The ‘'product' of the planning process is a recom-
mended program for implementing airport access improvements
stemming from the special or operational studies, the
policy studies, and the evaluation framework established
in the assessment study. Organizational, financial and
management recommendations should also be presented in
conjunction with the improvement program."36
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"OVERALL MODEL LOGIC

Table H-1 shows the overall flow chart for the
model. The blocks in the flow chart each reflect major
analysis segments of the model. Several of these 'sub-
models' will be individually described in detail in the
following section of this paper. Inputs to the model are

organized into seven different files. The file definitions
and summary list of input requirements are shown in Table

H-2 .

"V/STOL aircraft configurations are first generated
by the VASCOMP II routine. VASCOMP II (the VSTOL Air-
craft Sizing and Performance Computer Program)?* is
designed as a rapid computational tool to gice visibility
to comparative design studies of V/STOL aircraft systems.
VASCOMP II outputs will be used within the transportation
model for determining aircraft procurement costs and
aircraft mission-performance characteristics.

"The Intercity Market Share Module is designed to
determine intercity mode split. It will aggregate the
influences of intracity transportation systems to and
from intercity modal stations. In order to effectively
evaluate these influences, a multi-stage trip or true
door-to-door passenger trip is evaluated. Hence, a trip
from hub city H to a satellite Sl is defined as a three-
stage process:

o Leave origin at City H and travel by means of
intercity transportation mode(s) to an inter-
city modal station.

o Travel by an intercity transportation mode
from City H to an intercity modal station at
City Sl‘

o Travel from the intercity station at City S
to final destination by means of intercity
transportation mode(s).

"Within the Market Module, an element called the
MULTISTAGE TRIP ATTRIBUTE GENERATOR will determine the

attributes (i.e., travel costs, times, delays, frequencies)

of all multi-stage trip alternatives from zones in City
H to zones in City Sy-

*

Schoen, A.M., uses Manual for VASCOMP II, The Boeing
Company, Vertol Division, D8-0375, 1968

I



Table H-1. Overall Model Flow Chart47

[vascoMP 11 Aircraft Sizing Routine |

'

Intercity Market Share Module
e Multistage Trip Attribute Generator
e Traffic Generator
e Mode Split Model

7]

|

Intercity Scheduling Module
e Routing Heuristic
e Initial Schedule Heuristic
e Fleet Minimization Heuristic

!

Intercity Cost And Profit Model
e Revenue Model
e Direct Operating Cost Model
e Indirect Operating Cost Model

B Y

Intercity Threshold Control
e Flight Frequency Tolerance Check
e Fare Policy Optimization

v

CTOL Air Congestion Model

'

Intracity Market Shape Module
e Zone-Airport V/STOL Demand Model
e Zone-Zone V/STQL Demand Model

'

Intracity Network Scheduling Module
e Routing Heuristic

Initial Schedule Heuristic

Fleet Reduction Heuristic
Schedule Analysis Heuristic

T——

!

Intracity Cost and Profit Model
e Revenue Model
e Direct Operating Cost Model
e Indirect Operating Cost Model

v

Intracity Threshold Control
e Flight Frequency Check
e Fare Policy Optimization




Table H-2. Summary of Input Files47

FILE NO. FILE NAME- INFORMATION

(1)

Mode Files

V/STOL File (Cost function, time function, dummy
attributes)

CTOL File

Train File

Bus File

Auto File

Dummy Mode File

(2)

Hub City File

Location of City
Zonal Data
No, of zones
Zone locations
Population information(% of total travellers,
% of population, other)
Intercity mode data (station locations)
Intracity mode data (station locating, mode times,
costs, schedules)

(3)

Satellite City File

Index No.

Location

Zonal data (include no. of zones, location,
population information)

Intercity mode data

Intracity mode data

(4)

City Pair File

Index No.'s

Total travel demands - all modes

Demand pattern over day

Intercity Mode data (times, costs, schedules)

(5)

Technical File - Intercity

Demand parameters (demand function coefficients)
Multistage attribute generator parameters
Scheduling parameters

Threshold control parameters

Cost parameters

Congestion parameter

Control parameter

(6)

Traffic Data Intracity

Zone to airport traffic data
Zone to zone to traffic data

(7)

Technical File - Intracity

Demand parameters

Zone to airport

Zone to zone
Scheduling parameters
Threshold control parameters
Cost parameters
Control parameters




"A TRAFFIC GENERATOR routine will then determine the
total number of daily intercity passenger trips from the
hub-city zone to the satellite city zone. A MODE SPLIT
MODEL will then apply the abstract mode concept for
determining the number of travellers taking each competing
intercity mode. The abstract mode concept assumes that
a passenger views his trip as being a series of attributes
(i.e., costs, comfort, time, convenience, safety) rather
than a ride on a preferred piece of hardware. The MODE
SPLIT MODEL will also generate the number of intercity
travellers taking the competing intracity modes.

"Next, the Intercity V/STOL Scheduling Model will
schedule intercity V/STOL aircraft within the Hub-
Satellite framework. This routine will take demand levels,
aircraft size, aircraft block times and will determine
routes, schedules, and fleet size. The routine will
attempt to determine the smallest fleet necessary to
satisfy demand requirements at specified minimum levels
of passenger service.

"Once configurations, fleets, schedules, and passen-
ger traffic have been determined, the COST AND PROFIT
MODEL will evaluate the costs and revenues generated by
the 1intercity V/STOL system. Passenger revenues will be
determined from predicted demand levels. Profit or loss
will then be calculated.

"INTERCITY THRESHOLD CONTROL is a decision block
that serves a dual purpose: (a) It evaluates differences
between initial assumed frequencies used for modal split
and frequencies calculated by the Intercity V/STOL
Scheduling Routine and returns control to the Intercity
Market Share Module with the updated frequencies (if they
are not within some specified tolerance); and (b) it
evaluates the profitability of the intercity V/STOL
system, readjusts fares as necessary, and loops back to
the Intercity Market Share Module in an attempt to
optimize system profit. This model element may or may
not be used as specified by the model user, but may,
however, give valuable insight into fare structuring poli-
cies.

"The ATRPORT CONGESTION MODEL will show the effects
of the intercity V/STOL system on CTOL airport congestion.

"Work on the subject of airport congestion* provides

Warskow, M.A. Capacity of Airport Systems in Metropolitan
Areas, AD-623-134, 1964



relationships between average aircraft delays and airport
movement rates for different airports. Inputs to the
congestion model will be forecasted short-haul and long-
haul CTOL traffic. Hence, the penetration of V/STOL into
the CTOL short-haul air market (determined previously in
the model) will reflect changes in total traffic at the
CTOL airport.

"Outputs will include average expected CTOL delays
with and without V/STOL competition, distributions of
delays during peak hours of operation, annual hours that
the airport is expected to exceed specified limits on
average delay, and delay costs.

"INTRACITY MARKET SPLIT MODULES is an element that
contains market split routines for the zone-airport
travellers and zone to zone travellers and will determine
the Type II and Type III intracity V/STOL passenger
demands. These demands will be displayed in the form of
a trip table - an intracity V/STOL station to station
demand matrix. When this trip table (intercity passengers
taking intracity V/STOL), which was generated in the
INTERCITY MARKET SPLIT MODULE, a comprehensive trip
table of total intracity station to station demands will
have been generated.

"INTRACITY NETWORK SCHEDULING MODEL routes aircraft
over the intracity V/STOL network and attempts to satisfy
demands specified in the final intracity V/STOL trip table.
The logic and ground rules used in this subroutine is
similar to that used for the INTERCITY V/STOL SCHEDULING
routine.

"similar to its counterpart in the intercity model,
the INTRACITY COST AND PROFIT MODEL will compute costs
and revenues as a function of the intracity V/STOL
configuration, fleet size, schedules, and passenger
traffic levels. Direct operating costs will be based on
a cost methodology designed for the evaluation of an
ultra short-haul V/STOL system. Profit or loss for the
system will then be calculated.

"INTRACITY THRESHOLD CONTROL serves a function
similar to its counterpart for the intercity V/STOL
system. It is a decision block that evaluates profit-
ability and the compatibility of the frequencies generated
by the INTRACITY NETWORK SCHEDULING MODULE and those
assumed in the INTERCITY MARKET SHARE MODULE and the
INTRACITY MARKET SHARE MODULES. Changes in fare levels
are made and the model will transfer control to the




INTRACITY MARKET SHARE MODULES until a specified threshold
profitability or minimum loss posture is achieved. Control
may be transferred back to the INTERCITY MARKET SHARE
MODULE when assumed service levels were incompatible with
those generated by the INTRACITY NETWORK SCHEDULING

MODULE. "47
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Figure I-1l. Parking/Transit/Terminal Movement
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AIRPORT T3 MAIN TERMINAL PEAK NO. 1975 SOLUTION
(RANK) LAYOUT O  REMOTE TERMINAL DEMAND | STATIONS [15 T ENPIANING
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FIGURE 2. Intra-Terminal Movement

The application of an automated system to St. Louis and Pittsburgh
airports may include a requirement for baggage handling in addition to
passenger service. In this case, switching at the remete terminals and
main terminal may be required to permit baggage and passenger cars to
proceed to different pickup and delivery points.

In intra-terminal loop applications, the peak demand occurs at the
main terminal station since all passengers from one or more remote
terminals have the main terminal as their common destination. To
handle these capacities the central terminal station must be serviced
by a relatively large car. Assuming that two cars can load and unload
each minute, a 40-passenger car is required for a SOOO—passenger/hp

Figure I-2. Intra-Terminal Movement 40



Figure I-3. Interterminal Transfer
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"Economic Activity Index

A measure of economic activity was needed to reflect the
advantage that one area may have over another in compe-
tition for the travel market. Because population and
employment are generally considered good measures of
economic activity, they were selected as components of
an index formulation, as follows:

_‘/PiEj + \/i’JEl

Ieij 2
where

I.,. = Economic activity index for a pair of dis-
1] tricts i and j;
P; = Population of district i;
Pj = Population of district j;
E; = Employment of district i;
Ej = Employment of district j.

"While another form of this equation may provide equally
good results, the key question is whether an economically
large district combined with a small one will generate
similar characteristics of travel to two medium-sized
districts. Sufficiently fine stratification or groupings
should help to overcome this problem.

"Spatial-Cost Separation

"Spatial-Cost Separation is particularly important to
the selection process in order to reflect the effect of
distance, time and cost on travel characteristics. Be-
cause cost of travel is generally a function of distance
and because the average speed of automotive travel is
probably very nearly equal for all inter-district trips,
highway travel time was used as a selection criterion
for spatial-cost separation.

"Level of Service by Mode

"The third element used as a factor in selecting district
pairs was modal level of service. Combined in this
element are such variables as access time, headway or
trip frequency, and mode availability. An average



level-~of-service index was calculated for each common-
carrier by the following formulation:

10,000
Access Time + 1/2 Headway + Egress Time

Ig =

where

Auto travel time from the origin dis-
trict centroid* to the origin common-
carrier terminal.

Access Time

One half the average scheduled time
between common-carriers traveling
between the origin terminal and the
destination terminal.

1/2 Headway

Auto travel time from the destination
common-carrier terminal to_the desti-
nation district centroid."

Egress Time

*District centroids represent the center of district
movement and activity.






